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PREFACE

Research, design and construction activities in the repair and retrofit of structures
for earthquake resistance both in Japan and the United States have been increasing
rapidly over the last decade. One way to moximize the benefits of research and
experiences of others is to share them at an early stage of development and discuss
alternative approaches and techniques. This was the purpose of the US/Japan Co-
operative Research Program in Earthquake Engineering on Repair and Retrofit of
Structures sponsored by the National Science Foundation through grant number
CEE-7816730 to The University of Michigan.

A series of three seminars (May, 1980 in Los Angeles; May, 1981 in Sendai and
Tsukuba, Japan; and May, 1982 in San Francisco) were held to share and discuss
research results and field experiences. The Proceedings of these three seminars have
been published in three volumes. A fourth volume contains an English transiation of
several Japanese reports on evaluation of earthquoke resistance of existing buildings
prepared for Shizuoka Prefecture as part of their Earthquake Hozard Reduction
Program. _ SRS

The financial support of the National Science Foundation, and the personal efforts
by Dr. John B. Scalzi, NSF Program Manager, in establishing this program; the
contributions of Mihran S. Agbabian and James Warner in organizing the Los An-
geles meeting and field trip; and the contributions of Loring A. Wyillie, Jr, and Oris
H. Degenkolb in organizing the San Francisco meeting and field trip are sincerely
appreciated. The meeting and field trip in Japan was organized by Dr. Makoto
Watabe and by Dr. Masaya Hiresawa who receive the sincere thanks and appre-
ciation of all US participants.

The opinions, findings, conclusions and recommendations expressed in these vol-
umes are those of the individual contributors and do not necessarily reflect the views
of the NSF or other private or governmental organizations.

Robert D. Hanson
Ann Arbor, Michigan







PART A —

I
It
.
v,

V.
Vi
Vil
Vill.

PART B —

Il.
fl.

US/Japan Cooperative Research Program in Earthquake Engineering
on Repair and Retrofit of Structures

Volume 4—TABLE OF CONTENTS

(Translations of Japanese Documents)

EARTHQUAKE CONTROL GUIDELINES FOR BUILDING INSTALLATIONS

Policy for Preparation of the Present Guidelines

Seismic Design and Improvements for Building Instaliations

Actual Conditions of Damages and Problems

Earthquake Control for Functional Systems and Major Machinery and
Equipment

Dynamic Caleulations Method

Seismic Design for Bearings

Piping and Bearing Designs

Seismic Diagnostic Examples and Suggestions for Improvements

SEISMIC DIAGNOQOSIS OF REINFORCED CONCRETE BUILDINGS

Seismic Structure Plan for Reinforced Concrete School Buildings

Seismic Diagnosis of Reinforced Concrete Buildings

Summary of Seismic Diagnostic Standards for Existing Reinforced Concrete
Buildings

. How to Apply Seismic Diagnostic Standards
. Seismic Judgement Index Value (E;) and Its Concept o
. Establishment of Seismic Judgement Index Value (E;) in Shizuoka Prefecture

METHODS FOR DETERMINING EARTHQUAKE-RESISTANCE AND
EARTHQUAKE-PROOF DESIGNS OF PRE-EXISTING STEEL-SKELETON

- CONSTRUCTION

Basic ltems

. Computation of Structural Index VR

1. Evaluation of Quality [ndex Q
2. Computation of Standard Earthquake-Resistance Index V
3. Form Index $

DETERMINATION OF EARTHQUAKE-RESISTANCE OF BUILDINGS SUCH
AS GYMNASIUM

Basic Items

. Computation of Structural Earthquake-Resistance Index VR

1. Evaluation of Quality index Q
2. Computation of Standard Earthquake-Resistance Index V
3. Form index S

page

Al
A2
Al4

A27
A42
A45
A77
AB7

Bl
B38

B71
B98
B114
B144

C8
Ci4
Ci4

C101
C101

D1
D5
D5
D5
D11



Hl. Methods of Earthquake-Proof Design
1. Basic ltems
2. !mprovement Design Concerning Standard Earthquake-Resistance
Index V
3. Methods of improvement

Appendices

1. {Omitted from text)

2. Computation of Resistance and Other Data of Columns, Beams, and
Connections

3. Example of Computation of Index V of a Gymnasium

D11
D11

(|
D14

D24

D41
D56



INTRODUCTION .

In 1978 Japan formulated the Large-Scale Earthgquake Counter-
measures Act which cutlines the basic steps required of the national,
prefectural and local governments once an area has been designated
an "intensified area" (that is, an area that can expect significant
damage. Reinforcing buildings, lifelines and other structures
which are likely to receive great damage are part of these required
steps,

Shizuoka Prefecture is in the Tokal intensified area and has
initiated many efforts to prepare for the impending earthguake.
The documents included in this volume are the direct result of these
efforts. Shizuoka Prefecture commissioned the preparation of
reports and manuals necessary to assist in the identification and
evaluation of hazardous buildings and recommendations for their
retrofit and strengthening. The original documents (in Japanese)
were made available to the US Government. The Department of Housing
and Urban Development had these documents translated into English.
From the documents provided those included in this volume were
selected as being of the most interest to the US structural engi-
neering professionals.

) The opinions, findings, conclusions and recommendations
expressed herein are those of the individual contributors and do

not necessarily reflect the vlews of the NSF or other private or
governmental organizations. The accuracy of the translations have
not been verified and may not necessarily reflect the opinions,
findings, conclusions and recommendations of the individual contribu-
tions. :

Qur sincere appreciation is extended to the original contribu-
tors, and to officials of Shizuoka Prefecture and HUD for providing
the documents included in this volume.
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EARTHQUAKE CONTROL GUIDVLINES FOR BUILDING INSTALLATIONS

In Shizuoka prefecture, potential cccurrences of Tokai earthguakes
originating in the vicinity of Suruge Bay are being discussed. Atlempls are being
pmade by this prefecture to promote systematic measures to conirol earthquakes from

various angles as the most important program to be enforced.

Even earthquakes which originated in the sea near Oshima in Izu Islands
and in the sea off the shore of Miyagi prefecture caused numerous damages to build-
ing installations, such as, collapsing of boilers, destruction of water tanks on
the roof of buildings and breakdown of elevators.

Damage to building installations such as elevators, coolers, water tanks,
boilers, etes can cause a cut in the water supply, blackouts and suspension of
elevator services 1f they are slightly pushed out of perfect aligmment or their
accesaries or parts are damaged. Buildings looss functions and daily lives are
impeded after earthquakes, PFurthermore, long time and large expenses are spent

for restoration.

We have asked Assistant Professor Sskamoto of the University of Tokyo
to research seigmic designs, conduct a dlagnostic examinsiion of existing installa-
tions for earthquake resistance and study reinforcement methods, in order to design
building instailations more resistant to earthquakes, The guidlines we present

at this time are prepared based upon the results of his research efforts.

I hope you will utilize this publication and meke an earnest effort
to make building installations more earthqueke resistant,

April 1980

Shizuoka Prefecture
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I. POLICY FOR FREPARATION OF THE PRESENT GUIDELINES

The guidelines describe earthquake control for building installaticns,

and are prepared in line with the following peints.

i) Systematic and coherent earthquake control of installations is
emphasized, which can be achieved by giving thought to both the sarihquake resig%ance
of individual machinery, equipment and piping installations, and comprehensive
ecarthguake resistance which puts the former in perspective in respect to the entire
building.

ii) Views expressed and results obtained by related programs implemented
in the past or being in effect at present through public, academic and private
sectors were referred to as necessary in order to avoid conflicts as much as

pessible,

On the other hand, it is recommended to pay heed to the following details when
interpreting or making use of the contents of the guidelines,

i) It is desireble that related programs currently in progress in various
fields be referred to for detail at your convenience whenever the reéﬁlts of the
programs are made available,

h ii} In implementing the control measures presented in these guidelines,

it is necessary to examine fully the adequacy from the special conditions under
which each building concerned is placed, the economical feasibility and the techmical
adoptability of the equipment itself.
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IT, SEISMIC DESIGNS AND IMPROVEMENTS FCR BUIDLING INSTALLATIONS

1. CONCEPT AND PROCEDURE

The guidelines interpret seismic designs and improvements to imply widely
applicable earthquake countermeasures which include not only hard matters limited to,
for inctance, the dynamic strength of machinery, equipment and piping installations
but also what is so called soft control.

Seismic designs such as this, in a broad sense, are configured in accordance

with the systematic procedures shown in Figure 2,1,

Likewise, when improving the earthquake resistance of building installations
in a broad sense a problem (weakpoing) will be detected through the systematic
procedures in the same table as described above, and the most efficient idea will
be first implemented in consideration of the efficiency (expense required for
improvements and the magnitude of the results) to be achieved after improvements.

2+ ASSUMPTION OF SEISMIC MOTIONS AND DESIGN EARTHQUAKE LOAD

As the first step of the systematic approach to earthquake resistant
designs and improvements for building installations, seismic motions shall be assumed.
The seismic motions will be determined theoretically by the magnitude of the
earthquakes, the hypocentral distance and the ground conditlons. The trend of recent
years pertaining to the earthquake resistant design methods that govern mein structurer
generally takes into considerations the two or more levels of seismic motions
asgumable at the construction site of the bullding concermed.

a. Strong Seismic Motions: 3trong seismic motions that rarely occur,

b. Moderate Seismic Motions: Moderate seismic motions that occur once in
a8 while.

As will be described in section II~5, seismic designs ¢f main structures

aim to achieve a resistance level high enough to incur hardly any damages by moderate

A2



Figure 2,1=~key

1. stage of earthquake and its damage

2. stage of requirementis

3. Stage of seismic designs

4e asgsumption of seismiec motions

5. assumption of earthquake damages

6. preconditions

7, establishment of required earthquake resistance level

8. establishment of importance factor

9., seismic plan

10, mechanical designs

11, compensafing designs

12. use of buildings

13. factor for main structure

14. structure calculation

15, main structure

16, required carthquake resistance level for main structures

17. structure plan

18, escape plan

19« strong seismic motions

20, type of functions

21, loss of functions

22, required earthquake resistance level for functional systems

23, operational conditions

24s substitution systen

25. moderate seismic motions

26, surrounding conditions

27. required earthquake resistence level for individual machinery and
equipment

28. maintenance of functions

29. secondary damages

30, factor for individual machinery and equipment

31s arrangement plan

32, substitution machinery and equipment

33. installation strength
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34. stage of earthquake load

35, establishment of design seismic motions
36. behaviors of buildings

37. behaviors of madhinery and equipment
38, design load of machinery and equipment

seismic motions of "b" and to withstand destruction by strong seismic motions of
wgh, The New Seismic Design Method (regulation) requires a 2 step calculation

check for certain buildings (structures).

Since it is difficult to render a 2 gtep check for seismic designs for
building installations in the same manner as will be rendered for main structures,
ideally 2 levels of seismic motions are assumed as described above. However,
it ig the recent general trend to think of single level seismic motions in designing.
Concrete walues will be discussed in Chapter V, but if you insist, the level
considered in designing can be said closer to the level of strong seismic motions

Of L a'{l .

After the level of the seismic motions is set as above, it is necessary
to pregent these seismic motioné as the design seismic motions in order to create
seismic designs in a narrow sense. The latest trend in selsmic designs for main
structures generally sets up this as the "design {seismic motion) spectra”. This
"design spectra® has already teken into consideration the response (behavior) of
buildings, and the earthgquake input into the machinery, equipment and piping

ingtallations can be determined based upon this spectrum.

Nevertheless, ground properties and the oscillation characteristics
(proper period, proper oscillation form, damping constant) of the main structures
must be assessed in regard to individual buildings for the determination of the
earthqueke input into machinery and equipment installations, Since assessment of
this sort will be encountered with various difficulties, we would like to express
uniformally the input (floor response, floor seismic intensity) values by showing
the seismic intensity as is often practiced in the seismic designs for installations,

A4



according to the ratio of the installation height (story) of the machinery and
squipment concerned to the total height of the building, Values in detail will
be described in Chapter V.

3e ASSUMPTION OF DAMAGES

In assuming earthquake damages, we will think of potential damages extend-
ing over a range as wide as possible based upon the past cases of earthquake damages
and the predicfions by the engineers in charge, regardless of the degree of the
earthquake resistivity of the installations about to be designed or reinforced.

This work is necessary to determine whether or not the occurrences of such damages
are permissable when later undertaking the task of "setting a required earthquake
resistance level" (IJ-5),

An item "main structure" is included in the system shown in Fipgure 2.1,
so that seismic designs and improvements for building installations dealt with
in these guidelines can be worked out collectively from the viewpoint of the entire
building. Damages to main siructures can be adequately assumed by using commen

grading such as, minor damage, moderate damage, mejor damage and destruction.

In the case of functional losses of installations, these guidelines
inciude not only the functional losses of individual machinery, equipment and piping
ingtallations but also broadly the loss of functions (for instance, blackout
and cutting of water supply) to be serviced by the integral system of the installa-
tions such as the electric system and water supply and drain system, The installa-
tion system meant by the latter will be called the "functional system" (Classifica-
tion of the functional systems will be related in section II-4). Consequently,
the above described "functional losses of installations" can be described as
"destruction of the functional system", and this will be the grounds to decide
upon the "setbing of the reguired earthguake resistance level for the functional
systen" later in section IT-5. As reference materials for making such a decision,
conditions of damages to each machine and equipment classified i1n each funectional

system are complied in Chapter III.
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"Secondary demages pertaining to installations" are the inconveniel
incurred in the vicinity of destroyed individual machinery, equipment and pij
installations, and they are not related to the presence of the previously de
destruction of the ingtallation system"., Secondary damage is excmplified b,
veter spills and flooding due to broken water tanks (especially flooding of
elevator machine room and suspension of elevator:service due to the broken w

tanks in penthouses) and leaks and explosions due to the damaged gas pipes,

Lo SETTING OF PRECONDITIONS (FUNCTIONAL SYSTEMS AND SURROUNDING CONDITIONS)

For carrying out the V"setting of required earthguske resistance le
to be described in the next section (II-6), it is necessary to establish the
of the building concerned, the type of the funciional systems of installatim

and the conditions surrounding the machinery, equipment and piping as precont

In seismic designs for main structures, the idea tw differentiate 1}
the required earthquake resistance levels in correspondence to the use of the
building concerned is likely to be adopted by means of creating an importanct
in compliance with the use. The use will be usually dividied into groups ace
to the roles to be played by the building concerned during and immediately al
an emergency, the earthquake, Here, the following classification is>émploye(
(1) Buildings required (especially) ¢ maintain functions during a
buildings containing large amounts of hazardous materials and !
which contain a large number of people,

(2) Buildings other than described in (1) and (3).

(3) Buildings hardly likely to cause human casualties during a disc

In line with the above described main structures, it is rational t«
seismic designs and improvements also for functional systems of installation:
correspondence to the importance of the functions to be fulfilled by the syst
concerned, Therefore, here, we have decided to classify functional systems ¢

installations as shown in Table 2.1,



Concerning the secondary damages incurred in conjunction with the de-
struction of individual machinery, equipment and piping installations, the impact
of the effect of secondary damages can be one of the conditions to determine the
required earthquake resistance level for the individual machinery and equipment
(as will be described later, the required earthquake resistance level will be
put under restraint by another angle in that individual machinery and equipment,
needless to say, are a component which constitutes a part of a functional system),.
The impact of the effect of this secondary damage can be influenced by the conditions
around the machinery and equipment. Accordingly,the impact can be judged not only
by the details such as flooding, fire damage, poisoning and suspension of other
machinery and equipment but also by prospects such as the range of space that
can be affected, the use of the room and the functional system to which the machinery
and equipment that cause the damage belong.

5 ESTABLISHMENT OF REQUIRED EARTHQUAKE RESISTANCE LEVEL

Assumption of seismic moiions, assumption of damages and setting of pre~
conditions have been completed in the prior sections. Here, the required earthquake
resistance level will be set based upon theresults obtained in preceeding sections.
This required earthquake resistance level is set in terms of an allowable level
for each damage incurred under each precondition {functional system, surrounding

conditions) relative to each strong and moderate seismic motions.

In reference to the main structure, a comparatively general consensus
is obtained regarding this setting of the reguired earthquake resistance level,
Contents of the requirement set for buildings of average importance are more or
less as follows, and it is presupposed that this approach will be also followed
in these guidelines.

Strong Selsmic Motlons: Main structures shall not collapse, and human
lives shall be protected.
Mederate Seismic Motions: Main structures shall not be extensively destroy-
ed, (and of course, human lives shall be pro-
tected).

A7



Regarding the setting of the required earthguake resistance level for
for functional systems, we hope to mske decisions in these guidelines based upcn
references to scme past cases where funcitional systems were reviewed and mutually
compared in respect to the required earthquake resistance level. For instance,
naturally a high level of earthquake resistivity shall be required for an emergency
pover source installation which is expecled to demonstrate its funcilon particularly
during and immediately after an earthquake, one of the emergencies, On the other
hand, the required carthquake resistence level can be set relatively low for general
office use air conditioners. Also, the required earthquake resistance level for
individual machinery, equipment and piping installations are established primarily
from the three viewpoints: the required earthquake resistance level for the funce
tional systems that contain the said machinery and equipment, importance of the
said machinery and equipment to thé said systems and the impact of the effect of
the secondary damage, (Additionally, it is necessary to consider the degree of

importance accerding to the use of the building.)
One example of the degree of importance of each functional system and

each pisce of machinery, equipment and piping are presented in Table 2, 1.

Table 2.1 Degree of Importance of Functional Systems and Major Machinery and
Equirment Installations o
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functional system 7. piping
major machinery and equipment 28. others {instruments, bottles)
importance factor 29. emergency elevator
electric systenm 30, general elevator
power receiving and substation system 31 gas syastem
transformer 32. elevator system

power board
others (relay, main line)

emergency power source system

battery

home generator

lighting and light duty system
lighting

light duty (telephone and broadcasting)
water supply and drain system
(elevated) water tank

pump

piping

cooling, heating, air conditicning / ventilating systems
boiler

refrigerator

cooling tower

alr copditioning unit

package air conditioning unit

radiator

duct

A9



6, ESTABLISHMENT OF IMPORTANCE FACTOR

Ais one of the specific measures to secure the required earthquake
resistivity for individual machinery, equipment and piping installations, an impor-
tance factor will be established. When incorporating the importance factor in
seismic designs, there are, in a broad sense, the following two lines of thought

concerning the nature of the factor ®to be incerporated in the designs.

(i) Factor that gives extra (discounted) load values

(ii) Factor that expresses margin (safety ratio) of structures (materials)

The difference between the two relate to the basic approaches to seismic
designs., No matter vhich thought is adopted, beth can eventually bring the same
level ol earthquake resistivity for the designed structures. Therefore, we will
not go into the details of this subject, but the explanation below will be carried
assuming that the designs will be made in line with the approach in (i).

Values shoun in Table 2,2 are conceivable as an importance factor for

main structures in correspondence to their use listed in section I1-4.

Table 2.2 Importance Factor of Main Structures

use of structures importance factor

(n 1e5
(2) 1,0
(3) _ 0.7

Values shown in Table 2,3 are conceivable as an importance factor of
individual machinery, equipment and piping installations which are classified
into A, B and C from the viewpoint described in section II~i.

Table 2.3 Importance Factor of Machinery, Fguipment and Piping

Machinery, Equipment and Piping importance factor
A 1e5
1.0
c 0.7
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7« SEISMIC PLAN

The first step of seismic designs is to formulate a selsmic plan that

will measure up to the prescribed requiréd earthquake resistance level,

In case of the waln struciure, so called a structbursl plan 1s ecquivalent
to thiz, but an evacuation plan will be, in a slightly broad sense, included in

this discussion,

The seismic plan pertaining to functional systems determines operational
conditions regarding the maintenance of funciions during and immediately after
an earthguake. Another task is to determine which functional systems need a

substitution system. The following are the feasible types of operational conditions.

i) Totally earthquake resistant type

ii) Barthquake control automatic reinstating type
iii) Earthqueke control manual reinstating type
iv) others

The seismic plan for individual machinery, eguipment and piping instal-
lations primarily concerns the srrangement plan which decides the location (especially
the story) for installation, selection of machinery and equipment and cheoosing
of machinery and equipment supporti methods from the seismic point of view.

4

8. MECHANICAL DESIGNS

In this section, designs, in & narrow sense, based upon calculations
and experiments, will be described. This can be considered a contrcl befors the
fact in contrast to compensating designsg that serve as a control after the fact to

be described in the next seciion.

The mechanical design of a main structure entalls so called structure
calculations,



This section of "mechanical designs" is not necessary for functional
systems, Mechanicai designs required of the functionzl systems for the purpose
of earthquake resistance will be provided as mechanical designs for individual
machinery, equipment and piping to be described ‘in this section. The mechanical
designs for individual machinery, cguipment and piping are divided into the following

two main categories.

i} Function Maintenance Designs for the Machinery Proper: This concerns

mechanical designs, and manufacturers are responsible for them. Consequently,
construction companies are reguired to make special specifications relating to

the earthquake resistivity of individual machinery and equipment based upon the
degign load, importance factor, operational conditions, etc. Since the funetion
mazintenance designs for the machinery and equipment proper are, as described above,
produced by the manufacturers! side, it is desirable that z special specification
shall be prepared and machinery and equipment that meet the specification shall be
used as far as new machinery and equipment instellations are concerned.

Even now, makers display guarantee limit against external forces such
as vibrations for some products. But the values presented include a certain safety
factor, and they are in some cases lower than the value of an external force that
can be actually borne. Kvidentally, it is necessary to receive confirmation from
manufacturers that functions can be maintained at a considerabiy'higﬁér probability
+than the special specification values, although it is not necessarily required
that this guarantee limit values should exceed the special specification values,

The following are, for instance; conceivable as special specifications.

"Functions shall not fail under an oscillation of sine waves with a
dg (fefer to section V-3, d is the design seismic intensity on the floor where
the machinery and equipment are installed) acceleration amplitude and a 1-5 Hz
frequency”.

Incidentally, it is preferable to make special mention jointly with matters
effective for the improvement of earthquake resistivity after simple modifications,
such as, "In case of equipment with & door like a cubicle type, specify these

;
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which ceome with a lock on the door,™

ii) Dymamic Designs for Parts and Pedestals of Machinery, Eguipment and

Pipins: This determines materials and types of casings, support materials, frame
materials, pedestals and foundations, and also determines the required sections.
Some may overlap those in "i)", Constructors and manufacturers musti get together
for adjustment, but what is more important is that both sides should cooperate

and investigate lest something may be carelessly overlocked,

Refer to Chapter V for concrete methods.

9, COMPENSATIRG DESIGHNS

It is essential to formulate in advance a control after the fact in
case the control before the fact ends up in failure, from the standpoint of fail
safe thinking. Of course, this will not apply to functional systems and individual
machinery and eguipment with a low required earthquake resistance level.

In respect to the main structures, deciding on evacuation methods is
equivalent to compensating designs.

Compensating designs for functional systems propose substitution systems
that can render services in lieu of the destructed functional systems. For example,
emergency power source installations can be considered as a substitution system

10 an elsctric receiving and substatlon installation.

The following two different methotds can be cited as compensating designs

for individual machinery, equipment and piping.
i)Spere machinery and equipment which can render the same services as

the damaged machinery and equipment, shall be ready for use.
ii) An emergency repair system shall be established.
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ITI. ACTUAL CONDITIOKS OF DAMAGES AND PROBLEMS

1. ELECTRICAL SYSTEMS

(1)Electric Receiving and Substation System (Including Main Line Instellations)
i) Transformers
Concerning the electric receiving and substation system, transformer
demage is oubtstanding. Damages characteristic in that the transformer proper

shifts and breaks ite wiring contacts, occur frequently.

Cubicle power switchboards and power boards were damaged relatively less.
A few cases of damages to relays, discomnecting switches end circult breskers
are reported to have occurred during the Kanto Earthquake, the Niigata Earthquake
and the San Fernando Barthquake but not during the Miyagi Prefecture Offshore
Barthguake.

The major cause of the damage to transformers can be the use of improper
installation (bearing) methods. Those which had not been fixéd'on a floor largely |
shifted, and in some cases transformers alsc shifted by slipping or breaking of '
bolts even if they had been fastened, due to a deficiency in the strength of the
bolts.

Transformers come with various efficiencies and in various forms, but
tléy are all relatively heavy and shaped with a high center of gravity. Transformers
can be easily shifted or turned over by strong seismic motions unless they are
firmly fastened.

Generally, transformers are fixed to a floor by means of channel materials
but many of them are unstable and their upper section can readily vibrate.

ii) Others
In the San Fermando Barthquake, there was a case where a generator digd

not start durlng the blackout due to an operational error of a relay. There was

Al4



also a case associated with the Miyagi Offshore Earthqueke where a generator stopped
because it was unable to change over due to a brealkdown of a transformer in the
cubicle. These incidenits indicate that the possible damage to the electric
receiving and substation system will affect emergency power source installations.
(pote) It is desirable that the eleciric receiving and substation system associated
vith the installations in the buildings of electric companies be in com-
pliance with Seismic Control Guidelines JEAG 5003-198C for electric systenms

such as those in substations’.

(2) Emergency Power Source System
i) Bathteries

Only a few cases of damsges to batteries were reported in connection
with the Miyagi Prefecture Offshore Earthquake. However, with the Tokachi Offshore
Earthquake and the Niigata Earthquake, many such cases were reported,

The damage deseription of the majority of the cases refer {o broken
contacts of electrolytic cells and wiring, caused by the shifted or turned over
batteries which had not been fagtened. Other reported damages are simply shifting
of pedestals and electrolytic cells in the cubicles and damaged pedestals and
A cubicles. These incidents were attributable to the pedestals and elecitrolytic
 ?@ cells which had not been fastened or imporperly fastened to the floor. Cubicle

type batteries were also damaged when cubicle containers were not stabilized or

stabilizers were not provided for the internal electrolytic cells,

Batteries which serve as an emergency power gsource are for supplying

electricity to emergency lighting and surveillance machinery and egquipment, wnen
s commercial power is not usable. They should exhibit prescribed functions particu-
larly during an emergency., In some cases, emergency home generateors did not start

-:?é because the batteries failed to perform their normal function.

S The Tokachi Offshore Earthquake damaged many electrolytic cells which
B had been simply installed in line on the floor. Recently, however, many of thém
:;ﬂ are set on pedestals or in cubicle containers. Even so, those not fastensd

adequately to the pedestals or in the cubicles were often damaged.
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Damages were almost exclusively related to shifting and feiling, which
indicates that the most important point of earthquake control is to fasten an

object very securely.

ii) Home Power Generation Installations

Among power generation instellations, generators primarily suffered
demages. Damages tc the generator proper (including internal combustion engines)
were rare, but in many cases, connecting pipes were damaged duc¢ te the shifting of
the generator itself, resulting in operational failure of the generator. In one
of the said cases, an exhaust pipe was severed and continuous operation was withheld.
Usuaily, an-exaust pipe is comnmected to the upper part of a generator, and suspended
from a ceiling slab together with a muffler, It appears as if the damage to this
pipe is not essential to the power generating function, but the broken pipe cannot
fulfill the exhausting function, and the functions of the power generating installa-
tion as a whole will actuslly be lost, Likewise, in some cases, coocling water
pipes cracked, and operators coped with this situation by securing the cooling
water using backets. Various types are available for the generator cooling systenm,
but any of them cannot operate without a supply of cooling water (excluding gas
turbine type). In order te enhance the earthqueke resistivity of the entire system,
it i1s necessary to pay heed even to peripheral parts and minute parts.

Incidentally, generators are usually supported with rubber vibration
ingsulators so that the noise and vibrations generated will not be conveyed 1o
the chasis. Large sl ® generators are considerably heavy, and the bearing with
rubber vibration insulators is smaller in strength (sheaing strength, tensile
strength) than fixation by bolts, Furthermore, it is possible that machinery
and equipment may resonate with an earthquake. It 1s probably necessary to investi-
gate the bearing of heavy machinery and equipment with rubber vibration insulators.
Those projected tc shift shall be treated with some kind of measures such as
instellation of stoppers. Commecting pipes shall be connected by flexible joints
os that vibration and displacement of the generator proper can be absorbed to an

extent,
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Diesel generators are generally designed to receive the fuel supply
to the diesel engines from a fuel service tank which receives the fuel first from
the fuel tank. This fuel service tank sends fuel to the engines by means of gravity
end is usually instailed high on a pedestal. Although there have been no reports
on the damages to this tank, it is highly probable that earthquake damages occur
if the rigidity of the pedesteal is low or the fixation of the pedestal is inappro-~
priate. Damage to the fuel service tank can incapacitate the generator or cause
great trouble. Furthermore, not only the loss of the system function but alsc
secondary damages such as outbreeks of fire may occur, It is therefore degirable

that the control measures be in detail,

(3) Lighting and Light Duty System
The following are the details of damages to lighting fixtures classified
by the sites vhere damages occurred, '

a. Cracked bearings of lighting fixtures hanging from a ceiling.

be Cracked or dropped lighting fixtures hanging frou a ceiling.

Ce Shifted, slipped or dropped covers of a lighting fixtures directly
attached (embeded) to the ceiling,

de Dropped lighting fixtures directly attached {embeded to the ceiling).
Z ." \'I o o - O __/& 4
L_-—_ij  a— i '

(a) (b) () L()
d

Also, damages classified by causes are,

i) Damages to hanging materials by large oscillations (particularly
chain hanging and pipe hanging types)

ii) Inappropriately fixed light bulbs and lighting bubes

iii) shifting and dropping of ceilings
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Among the damege cases, some are damaged by the shifting of system
ceilings, This is one example of damages atiributable to the deficient strength
of non~structural materials in buildings and inappropriate fixation. System
ceilings integrate lighting fixtures and duct blow=-off openings, and can be easily
builte The earthguake resistivity of these system ceilings must be reinvestigated

including the bullding methods.

Many lighting fixtures are hung from ceilings. This may be because
the generai public is only vaguely aware of the danger of these lighting fixtures,
and they accept hanging lighting fixtures if installed secure enocugh not tp drop
during normal time, It is impossible to provide sufficient earthquake control
measures to all of them from the points of cost and design, but it is necessary
to give some earthquake control consideration to lighting fixtures. Of course,
lighting fixtures installed in important places of buildings (for example, near
evacuation routes, places where a large number of people gather like halls) absolute~
ly require seismic considerations. Especially, chandeliers shell be installed
with caution, since they are heavy and dangerous enought to cause casualties if they
drop.

All and only contrel measures to be rendered for them is nothing but
the enforcement of fixation.
(note) For electrical installations, mundane daily maintenance is just as important

as the implementation of earthquake control measures.

2. WATER SUPPLY AND DRAIN SYSTEM
i) Elevated Water Tank )
With the Miyagi Prefecture Offshore Earthquake, damages to the elevated

water tanks on the roof of buildings were very much noticed. The description of

damages are classified inte the following 4 categories,

a. Cracking and breaking of water tank itself.
De Breaking of joinis between piping and water tank,
ce Breaking of connecting pipes.

de Damage to bearings (water tank fixation site, pedestal and foundation).
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These demages do not necessarily occur independently. Damages may occur
sinultancously at different parts, or damage tc one area may invite damage to
other areas in some cases, However, the above classification may become useful
to assess which part of the elevated water tanks is most vulnerable. The causes
for the damages suffered were investigated and can be roughly divided into the

following three groups.

i, Defiecient strength of the water tank itself,

ii. Deficient strength of the water tank fixation site.

e B S matr L i, B s

o iii. Absent or deficient flexibility of pipinge

:E it often manifests as the side plates breask off the bottom plate or
crack due to a great load added to the side plates by the largely waving water
in the water tank. In the light that the majority of damaged water tanks were
nade of FRP and steel water tanks were rarely damaged, much remains to be investi-

gated. In recent years, FRP water tanks are very popular because of the merits of
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inexpensive and simple construction and cleanliness. Ye hope that manufacturers

will promptly work to solve this problem. (Refer to section IV-2),

Incidentally, spilling of a large body of water from the broken water
tanks and piping means an incapacitated total water supply system., Usually, the
water supply system provides water to other functional systems (for instance, fire
extinguishing system), which translates that damages to this system affect all
the related systems. Especially this system heavily affects the fire extinguishing
syctem since the indoor fire hydrants and sprinklers will be gravely impaired
to be able to function on the upper floors of buildings if elevated water tanks
break down.

In one case, a lot of water flowed into an elevator machine room due

t0 a broken water tank and elevator service was withheld. This can be regarded

as typical secondary damage by water., Thirty water related elevator accidents
were reported in assoclation with the Miyagi Prefecture Offshore Earthquake due to
the broken water tanks and cooling towers installed on the tep of buildings.

It is necessary to have some control measures against the secondary damages such

as these in case they should happen by any chance., As specific water damage control
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measures, we can recommend, for instance, not to install elevated water tanks

above or near the machine rooms, or provide adequale emergency water drain routes,

In some cases, the water pipe from a water pump was directly commected
to the water supply pipe (bypassing the water tank to shorten the supply liﬁe)
to cope temporarily with the situation when the waler supply was cut by the broken
elevated water tank. Providing substitution such as this or having an emergemcy
repair system at hand will enhance the earthquake resistivity of the machinery

and equipment per se as well as will be commendable as compensating designs,

ii) Others

Damages to the water supply system other than those associated with
elevated water tanks are the damages related to hot water fanks installed on upper
floors. These damages were caused by inadequatel& fixed pedestals and foundaticns
and insufficient strength of foundation concrete. It is desirable that tanks and
the like be installed upon firmly immobilized pedestals and foundations, and that
the foundation concrete be of an adequate size and made integral vith the slab
by the reinforcing steel,

In one case, a water ﬁump was operated without water and brcke down
because the power vas on in spite of the fact that the water subply was cut off.
This is an example which indicates the necessity of invesiigating the emergency
power machine and equipment control system,

Piping plays an essential role for tramsportation of water from ground
floors to elevated water tanks and for the supply of water to appointed machinery
and equipment installations, In reality, a large number of damaged piping cases
are expected to occur including minor damages. Minor damages may not have been
included in the results of the survey, since the damage inside a pipe shaft or
to the piping above the ceiling are hardly visible., It seems ve must correct our
notion that the piping which connects machines to machines are secondary to major
machinery and equipment, and must assess piping as a part of machinery and equipment
in administering earthquske control,
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* § Arong drain related damages, there was a case where a drain pipe broke
; and water was not usable in spite of the fact that the supply side was intact.
This example indicates that even a sectlon that belongs to the peripherels can
inflict functional loss of the total system depending upon the size of the damage,

[f Damage to the water supply and drain system not only makes daily life
I difficult but also affects the cooling of geerators and refrigerators, and may

ps even incapacitete fire extinguishing systems,

The sugpension of operaticn of air conditioners can result in no more

than a reduction in pleasantness, but an incapacitated fire extinguishing system

3 may lead to the loss of human lives, In view of these points, water supply and

i 'f drain installations should be given a high earthquake resistivity (slthough the

f level of the resistance differ in correspondence to the use of buildings and the
system of the installations).

3. COOLING, HEATING AIR CONDITIONING AND VENTILATING INSTALLATIONS
i) Boilers

In almost all cases, damages were characteristically related to broken
connecting pipes due to the shifting of the boller itself. Excluding some sectional

boilers, cases where a boiler iigelf was damaged were rare. Large size boilers

,13 have a steaming weight exceeding 20 tons.

It can be said that the main cause of the damages was generally unfastened
or inadequately fastened large heavy boilers., It is natural that the comnecting
pipes break when the boiler itself shifts or turns over. Consequently, sarthquake

damage can be controlled by:

1. Securely fixing the boiler itself.
iie. Providing flexibilify to comnecting pipes.

Inoperable boilers imply loss of heating or hot water supply functions

in air conditioning. Furthermore, the breaking of oil pipes and fuel tanks may

invite secorndary damage such as oil leaks and breaking out of fires. Incapacitated
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heating systems are not so important, but secondary damages (accidents) associated
with fuels may invelve human lives, and it is desirable that some care be taken

to prevent these accidents.

i1i) Refrigerators

Several cases of damages to refrigerators were reported in relaticn to
the Miyagi Prefecture Offshore Earthquake, The contents of the damages were shilting
of the refrigerator itself and the jmparing of commecting pipes. Damages to the

refrigerator itself were not reported.

There are various types of refrigerators, turbo refrigerators, absorption

refrigerators, gas water chilling and heating units and reciprocating refrigerators.

Exeept for the absorption type, generally a vibration proof bearing is
provided by using metal springs against the vibration and neoise that are generated.
(Only rubber vibration insulating pads are placed under an absorption type refrigeraw
tor sinee it hardly vibrates).

The cases of damage in the Miyagi Prefecture Offshore Earthquake were
dominated by impaired or disconnected vibration proof springs of the bearing.
It seems that a refrigerator proper supported by vibration preof springs resonaled
with the seismic motions of the earthquake vigorously resulting in a shifting of
the refrigerator itself and the discomnecting of the springs (Damaged absorption

refrigerators were merely placed on a rubber pad).

An unoperable refrigerator naturally disables the total cooling system.
Suspension of the cooling system during summer is anticipated to reduce drastically

the efficiency of the activities conducted within the bulldings.
Large size refrigerators, absorpition refrigerators in particular, exceed

40 tons. These damages occurred probably.due to the lack of considerations for

earthguakes in cormection with such heavy machinery and equipment.
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To deal with this, some kind of fixation must be provided to the refri~-
gerator proper and the foundation for the prevention of the disconnecticn of
vibration proof,springs. Stoppers for example must be installed to prevent the
refrigerator proper from shifting, Needless to say, those unsecured absorption

refrigerators must be fastened.

; In general, the importance and necessity of the cooling system which
ﬁﬁﬁ is for pleasaniness can be said to be lower than those of the emergency power
E installation, but control measures should be administered by all means since the
strengthening of fixation largely increases the egqrthquake resistance (however,
long suspensiocn of the cooling system is critical to computers and communications

machinery and equipment).

iii) Adr Conditioners {Air Conditioning Units)

Mr conditioning units were damaged by the Miyagi Prefecture Qffshore
Farthquake, for example, broken bearings with rubber vibration insulators and

vibration proof springs resulted in shifting of the refrigerator proper,

An air conditioning unit is an integral unit which combines an air blower,

cooling and heating coils, a humidifier and filters. In the past, respective partis,
iron plates and steel frames were assembled at the local site, but recently, in
many cases, air conditioning units are being manufactured as & unit in factories
and orly installed at the local sites, Air conditioning units come in considerably

large sizes and cause noise and vibration.

hvidentaily, they are provided with a vibration preof bearing and installed
ir an alr conditioning room or a machine rocom. Cases of damage by the Miyagi
- Prefecture Offshore Earthquake revealed sheared rubber vibration insulators and
l\f separated rubber materials and metal parts, The strength of rubber vibration
insulators and the method for their use must be reinvestigated., Imstallation of
stoppers can be cited as a countermeasure (especially in cases where the units

are installed on upper flocrs).

A 23



v) Coocling Towers

Cooling tower damages reported in relation to the Miyagi Prefecture
Offshore Farthquake were shifting of the tower due to the bending of its legs and
the tilting of foundations.

Cooling towers are classified inte four groups by the cocling system,
natural draft cooling towers, orthogonal current cooling towers, closed cooling
towers and countercurrent cooling towers (natural draft cooling towers are very
rarely used today). Also, various shapes and various efficiencies are provided
depending upon their use, Circular shaped cooling towers are usually supported by
three or four legs and weigh, if large, nearly 5 tons. Some square shaped ones
exceed 12 tons. In the common fixation method, the legs are fixed on a concrete
foundation by boxed anchors. In view of the fact that they may be installed on
the top of buildings with a large floor selsmic intensity, it is necessary to
determine whether or not the strength of the legs and fixation sites can fully
withstand the seismic motions. In one of the damage cases, a cooling tower fell
over and spilled a large amount of water which damaged the elevator installation.
This is an example of secondary damages by water spills similar to the previously
described elevated water tanks. Due to the nature of being installed on the top

of a building, cooling tower damages are likely to comnect to water related accidents.

Some sguare cooling tover foundations tilted, In these cases, concrete
Toundations were merely lined on a slab and not counnected to the sglab. There are
rlenty of examples of construction which do not have a concrete foundation and
the slab made into an integral body. If foundations are not fixed to the slab,
they may be shifted by the horizontal force of earthquakes or show different be-

haviors at different locations causing bending of the legs.

It is necessary to think of connecting the foundation with the slab by

means of reinforcing steel in stead of making an independent clustered foundaticn.

The suspension of the cooling tower function by its breakdown makes
refrigerators unoperable and eventually the function of the total cooling system
is lost. Therefore, we should administer control measures that not only maintain

the function of the system but also give thoughts to the prevention of the previously
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described secondary damages., Specifically, cooling towers should not be installed
sbove or near a machine unit with impertant machinery and equipment. Another

example is to secure drain routes with some margin,

4. ELEVATOR SYSTEM
Demages revealed in association with the Miyagi Prefecture Offshore
Earthqueke were derailing of balancing weights and shifting of lifters and. motor

generators.

Derailing of balancing weiphts claimed 40% of the damages to elevators.
The San Fermande Earthquake that hit the Los Angeles ares also reported an over-
whelming number of balancing weight related damage cases. Derailing of balancing
weights does nct merely end up with suspended operation, bui the weights which
pick up force may crash into the elevator box and endanger human lives., Althogh
no human lives were lost, 110 cases of damage to the box by the balancing weights
vere accounted for in relation to the San Fernando Earthquake (if ascending box
collides with descending balancing weights, an extremely large impact force will
be added).

Suspension of elevator service will be translated only as the loss of
& convenience for low and medium height buildings, but will be a tremendous reduction
of efficiency in a building such as a high rise where the elevators are essential.
In addition, damages to elevators are highly likely to endanger the lives of passen-
gers, The earthquake control measures for elevators must first consider the securing

of the safety for passengers and then the maintaining of the function.

The point of the countermeasures for the former is the control system
during earthquakes. It is absolutely necessary to let passengers off the elevator
promptly by stopping it at the nearest floor when an earthquake above a certain
level of seismic intensity occurs, For this purpose, azn earthguake detector must
be installed., Nevertheless, merely less than 10% of the total #6000 elevators
and escalators installed in six prefectures in the northeast region came with a
detector at the time when the Miyagi Prefecture Cffshore Earthquake cccurred.
it is, furthermore, revesled that only less than 1% of 146,867 elevators (as of
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Maréh 31, 1978) installed throughout Japan are equipped with detectors. t presents
a problem that only such a nominal number of detectors are installed in spite of
the fact that the installation of earthquake detectors are indispensible for the

controlled operation of elevators to secure the safety for pacsengers.

Next, speaking of the maintenance of functions, especially high earthquake
resistivity should be given to emergency elevators in high rise buildings for
evacuation and fire extinguishing activiiies. As described before, the Miyagi
Prefecture Offshore Earthquake reported lots of elevator damage due to water spilis
by broken elevated water tanks and cooling towers. It will be necessary to give

some sort of consieration to prevent these types of secondary damages,

5« PIPING

When classifying damage to piping by cause, the following groups are
made, '

a., Damage probably due to vibration of the piping itself (especially
piping with a long hanging length).

be Broken pipes dues to the shifted or fallen machinery and equipment.

ce Damage due to the displacement of piping relative to nonstructural
materials such as ceilings,.

d. Damage due Lo the inability tc follow the deformation of the constructed
structures (especially expansion).

e. Damage due to ground fluctuations and the displacement of the ground
relative to the structures.

Piping renders the function of blood vessels connecting machinery and
equipment to other machinery and equipment and terminals, and the functions of
systems in various places of buildings can be given life only after this function
can be normally rendered. In systems which depend upon pressurized water such

as indoor fire hydrants and sprinklers, damages to the piping are latal.

Damage inflicted by a large deformation or destruction of a comstructed
gtructure cannot be helped, but cases of "a" and "b" are preventahble.
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- Incidentally, broken piping can lead to the functional loss of systems

as well as secondary damages just like other machinery and equipment., For example,
broken water supply pipes, as described previously can cause water related damages
and broken oll supply pipes can invite fires due to leaking of oil. Control measure:

with consideration to these points ars required.

IV, EARTHQUAKE CONTROL FOR FUNCTIONAL SYSTEMS AND MAJOR MACHINERY AND EQUIPMENT

Te ELECTRICAL SYSTEMS (ELECTRIC RECEIVING AND SUBSTATION 3SYSTEM, EMERGENCY POUER
SOURCE SYSTEM, LIGHTING SYSTEM)

(1) Outline
Flectrical installation systems are generally required to have a high
earthquake resistance level. Therefore, the function of electrical systems are

often required to recover immediately after an earthquake seven if power may blackout

temporarily during the earthquszke,

Immediately after an earthquake, it is anticipated that electricity that

is normally obtained from outside will be outof service, and 1t is desirable to

secure an emergency power source (generators and batteries) as a compensating design.

However, if this emergency power source is destroyed, the compensating effect

can not be demonstrated. Apparantly, seismic designs and lmprovements for emergency
power sources are a priority matter, For the matters related to this, it is desirable
to comply with "Guidelines (Proposition) (Part 1) for Home Power Generation

Installation Selsmic Designs" issued in August 1978 by Japan Internal Combustion

Power Generation Installation Association (incorporation), Investigation and Research

Comnittee for Earthquake Control Messures,

Generators which are the center of an emergency power source system
generate vibtations from their internal combusticn engines, and are normeily provided
with vibration procf bearings. For this point, please refer to the section, "Stoppersg”

in VI-5, Also, in order to secure the function of the intermal combustion enginesg,
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cooling water is indespensible, In some of the past earthquake damage cases,

this cooling water supply was interrupted by the destruction of cooling water

tanks and breaking of piping. It 18 necessary to secure the earthquake resistivity
frem this peint by using the explanations relating to water tanks and piping in

the following section (IV-2) as a reference.

In numerous cases, batteries which are expected to pick up the function
during an emergency just as generators, were vulnerable to earthquskes, It is
necesgsary to increase earthgueke resistivity by adepting support frames, spacers

and flexible conductors.

As described above, if an emergency'powér source can display its funclion
as expected when electric supply from outside is cut during an earthquake, the
next selsmic problem to be solved is the earthquake resistivity of varlous machinery
end equipment for transmititing electricity of a rated voltage in the building.
Among them, transformers of a substation system are especially important. The
present state indicates that there are many cheap installation parts. It is
necessary to attempt to absorb the displacement in transformers using flexible
conductors for wiring as well as to prevent falling and shifting during earthguakes
by referring to sectlions VI-1 to VI-3, Begides the ones mentioned above, it is
alsc necessary to provide a measure first to prevent falling and shifting of
machinery and equipment such as circuit breskers and power switchboards., For this
purpose, installation of stay supports shown in section VI-6 is very effective.
) Seismic problems are relatively few as far as wiring in buildings is
concerneds Bath ducts and the like are alsc likely 1o withstand earthquakes if

installed in accordance with general installation methods,.

As a typical item that uses electricity, lighting fixtures can be cited,
They frequently fall off during earthquakes. Unless an electrical blackout, not
all of the lighl fixtures simultaneously cease te light. Secondary damages due
to dropped light fixtures are more problematic in respect to the lighting systenm
per se. Earthquake resistivity primarily depends upon the supporiing forms and
supperting details (including constructional precision).
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Telephones are essential as a means to transmit information during emer—
gencies, and it is especially necessary to provide earthquake resistivity to switch-
boards in separate buildings., It is assumed that telephone switchboards themselwes
have good earthquake resistance. The earthquake control therefore shall be fecussed
on installation methods which produce structures that can well resist shifting
end falling of the switchbaords, Particularly, it is belter to enhance the degree
of fixation by adding stays on the upper part in stead of using a self-supporting

type.

(2) Check Points

i) Transformers

,;5 a. The size of the transformer installation anchor bolts shall be large

4 enough ., endure shearing forces and reaction loads created by earthquakes.

b. Anchor bolts for a large transformer shall be desirably welded to
reinforeing steel of the slab and the f{oundation,

Ce When using post~driven andior bolts for installation of transformers,

an adequate size shall be chosen,

de Anchor bolts shall bhe installed with a proper pitch, and an adequate
concrete covering depth (edge distance) shall be provided when anchoring
the bolts on the edges of the foundatlion concrete. ‘

e, Fixation bolt pitch shall be not too large (A reaction locad by the
moment shall be kept small).

fo When the strength of transformer installabtion bolts is inappropriate,

s e AL L SRR

‘ﬂé supplementary measures such as stays and stoppers shall beprovided,
"_i g« Channel bases will be effective if they are inlayed in the lower part
'_ € of the concrete,
; h. Fixation and welding of the channel base to the transformer itself
shall be done firmly.
i. Joints at the ends of machinery and equipment shall be provided with
' flexibility {figure).
. j» Wiring shall beprovided with some clack (figure),
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Key-1. bus bar

rEsEbrts 2. flexible conductor

. 3. given slack

Power Switchboards

Ce
d.
Ce
fe

-8

iii) Others

e

b.

Ce

e

Large boards {special high voltage power switchboards) shell be in-
stalled closer to the basement.

It is desirable that the natural frequency of the board be made zbove
10 Hze. (to enhance regidity)

The top of the board may be supported by stays.

Relays may be installed at the lower section of power switchboards.
Locks on double doors be firmly placed to minimize the space,

Support space shall not be toc large. With a large support space,
internal wires vibrate extensively and may contact internal equipment
and devices or bresk terminal connections.

Refer to control measures for transformers for other hints,.

Static type relays and non~contact relays shall be preferably used
(Countermeasures may be provided to conventional mechanical or.electro-
magnetic contacts).

Equipment and devices with vibrating parts such as refays should be
installed at the lower section of a board.

Flexible wires shall be used for wiring in the area of expansion in
buildings. (Figure)

A frame made of angle materiamls shall be installed so the load will
not concentrate on the hanging metals of horizontal main linesg (Also
for the purpose of preventing vibration).
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Key-1. expansion 7. expansion

2. hanging bolt 8, inlet direction
. 3« bond wire 9. bond wire
4 pull box 0. earth terminal

fe sarth terminal : 11, pull box

6. bimetal flexible conduit tube 12. bimetal flexible conduit tube
(vibrations are absorbed here) 13. hanging bolt

9i e Cables above the cable rack shall be pulled togethér and fastened

£  to the racke '

f. Hanging bolts for the main line shall not be longer than necessary and
required. '

ge Supports for bends and joints of piping shell be firmly installed.

he Bath ducts and transformer comnections shall be flexible.

ie Stabilizers and rubber covers shall be used to safeguard rising main
lines and othsrs which mighﬁ contact building materials by oscillations,

as a protection against impact.

je Mounting of heavy items on walls shall be avoided, If necessary for
good reasons, those which are wall mounted shall besupported by a
pedestal which stands on the follor,

iv) Batteries

a. Batteries shall not be simply placed on a floor, but shall be framed
in and fastened to the floor,
b. Batteries which can beplaced on a pedestal shall be set on a pedestal
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Key~1.

Ce

Ce
f.

whieh will be fastened to the floor and the wall.

Elastic spacers shall beinstalled between electrolytie cells for the
prevention of vibration and collison (Figure)

Angle stabilizers shall be provided for batteries contained in a cubicle.
Wiring joints shell be flexible (use flexible conductors).

Some slack shall be given in wirirng (Figure).

778
? A=t I AR

spacer key-1. battery

spacer 2, give some slack

spacer 3. connection to batteries
battery

binding site

lauan material

installation of spacers

v) Home Power Generalion installations

e

De

c.
de

Ee

£,

Installation bolts chosen for prime mover and generator itself shall be
gulliciontly sirong.

Stoppers shall be installed on the lower section of the main body.
(Figure)

Rubber vibration insulators to be applied shall have high unit strength.
The joints of the main body to exhaust pipes, cooling water pipes,

0il pipes and wiring shall be flexible.

An oil service tank on a pedestal shall be fixed, 1f possible, all
around to the pedestal, and sections of the elements shall be sslected
so that the elements of the framework for the pedestal shall not buckle,
Starting air tanks shall be supported, for instance, by stays from a
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wall 1o prevent them from falling.

Examples of Stoppers

24 i r ,
i A X ;e
e =% l‘s‘g ?E
g i
i@ i
3 TR byt wamw [ Ham
A J (e R byt —mAHTHIR P B A g0
key-1. diegel engine 8. common bench floor end surface
2e generator e vibration procf pad
3e common bench floor 10, common bench floor end surface
Le stopper 11, base plate

5. (a) Stopper fixing condition 12, common bench floor end surface
6. vibration proof pad 13+ base plate

7. base plate 4. (b) various stoppers

vi) Lighting Installations

a, Lighting fixtures to be used shall be desirably an embeded type,
semi-embeded type or directly attached type with less inertia.

b, Pipes and chaing shall not be longer than necessary and regulred

when hanging fixtures directly from a ceiling.

c. Strength of hanging metal fittings for pipe hanging light fixtures
shall be appropriate.

ds Stabilizers shall be installed for chain hanging light fixtures to

prevent them from bouncing by the force of selsmie motions.

e, Light fixtures with acryl or other louvers shell be sc designed to

protect the louvers from falling off by the force of seismic motions.

f. Sockets of fluorscent lamps shall be so designed to protect lamps
from falling off Dby the oscillations of seilsmic motions.,

g. Hanging strength shall be fully adgquate for heavy lighting fixtures
{chandeliers).

h, Hanging bolts and metal fittings of lighting fixtures shall be strong

enough not to be deformed or detached by the force of seismic motions.
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vii) Telephone Instellations
a. Switchboards shall be firmly installed lest they will turn cver.
b. Wiring for terminals shall be given some slack.

viii) Broadecasting Installations
a. Amplifiers shall be fitted securely.
be HWall speakers shall be desirably fixed with mountlng aids such as

metel fittings rather than be hoocked up.

2. WATER SUFFLY AND DRAIN SYSTEM

(1) Outline

The water supply and drain services are indispensible functions when
buildings will be used uninterrupted after earthquekes., In some past earihquake
damage cases, the water supply was cut due to the destruction of water tanks and

broken piping. Simultaneously this breakdown caused secondary damage that manifested

as sporadic fleooddings in the buildings.

Pumps are either directly supported on the floor or prov1ded with vibration
proof bearings. In the latter case, it is necessary to install atoppers and Clexible

joints between pipings and joints.

- Many water tanks have a gquestionable main body from the aspect of earthquake
resistivity, and alsc not a few of them are placed on a pedestal which lacks in
strength. "FRP Weter Tank Seismic Design Standards" was prepared by Reinforced Flastic
Technology Association (Incorporation). Please refer to this publication for control
measures specifically for FRP water tanks which were markedly the victem of the
recent earthquake casualties among all types of water tanks. (It is justifiable
to consider that guidelines in this book and the standards above mentioned basically

aim to achieve a similar level of earthquake resistance.)

Concerning pedestals (a base for items to be elevated and installed
on top of an building), it is necessary to design then with full rigidity by
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referring to section VI-4. ({(Generally speaking, new ones shall be given much more

strength compared to existing pedestals.)

Independent elevated water tanks (independent outside a building) cen
be itself called a structure, and sc treated differently from other installations
starting with the design earthquake loadse. The design seismic intensity K shall
be given based upon the oscillation characteristics of the tanks concerned just
as for a building itself. However, in this book, we leave no doubt about the
value of design seismic intensity and designate it as the 0.5 level presuming an
elastic designe In this case, it is assumed that the structure of the pedestals
are constructed of steel with proper ductility (for instance,a static truss that
will collapse by the buckling of one diagonal element cannot be applicable),

Generally, septic tenks are embedded in the ground, and therefore it
is necessary to secure and harden the ground fully to prevent it from sinking and
shifting. Also, since water is lighter than soil, water tanks may float up when
cands are fluldized during earthquakes, When the bottom and circumference of
FRP septic tamks are to be enclosed with a concrete box, this box shall be constructed

with reinforced concrete in consideration of earth pressure during earthquakes.

Water supply and drain pipes in buildings shall be provided with flexible
joints at essential points so that they can cope with the relative displacements
oceurring in joints with water tanks snd machinery and equipment as well as to
cope with the interlayer displacement of buildings. Embedded pipes that connect to
weter pipes and sewége pipes inside and outside buildings shall be, if possible,
given considerations not to be directly affected (not to receive forced deformation)
by the destruction of the ground itself (sinking and shifting) {(For instance,
double piping is suggested).

The installations that supply cooling water to intermal combusition engines
that drive home gensrators described in previous sectlion IV~1 shall be designed
in accordance with the guidelines for water supply system described in this section.
The importance of the installations shall be duely reminded,
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As a wabter supply related substitution system, it is desirable o secure
emergency water, particularly, drinking water, One way to do this is to keep a
vessel filled with drinking water, -Also, it will be necessary to think in advance
of proper directions not to waste water remaining in water tanks in the building

immediately after earthquakes.

(2) Check Points

i) Elevated Water Tanks (Including Water Tanks in Machine Rooms on Intermediate
Floors)

a., Foundations shall be large enough for pedestals, and the concrete
cover for the anchor bolis shall be sufficiently provided,

be Fixation of pedestals and foundations shall be firmly secured,

ce Foundations shall be reinforced with steel and welded to the steel in
the glab tc become integral with the tanks. _

de Steel reinferced pedestals shall be given extra rigidity by braces
and corner gusset plates as well as shall be free of manufacturing
defectsa

8. Water +tanks shall be securely fastened to the pedestals, using clasps

as broad as possible.

fo If circumstances gllow, stays shall De instzlled on water tanks in
the direction vulnerable to displacement. T

ge Joints of piping on a water tank shall be given flexibility by use of
flexible joinis. .

he. Vhen heavy and large valves are attached to piping, valves shall be
supported by pedestals,

i, Water tank connecting pipes shall be made as long as possible in the
distance from where pipes penctrate through the building structure
to the water tank.

je Foundations for piping pedestals shall be directly instailed on the
floor surface to enhance the bond to the floor surface, or shall be
made larger than required to prevent them from slipping, shifting
and turning over.

X, in order to prevent secondary damages due to the spilling of water,

some measures shall be taken to prevent the water from entering electric
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rocms, clevator shafts and interiors of the buildings.

ii) Pumps
a. Fixing bolts shall be large enough to withstand the force of seismic
motions.,
b. In case pumps are provided wlth earthquake proof bearings, stoppers
shall be installed.
ce For joints, flexible joints shall be installed.
Ge Piping and wiring shall be given extra slack or shall use flexible

conduit tubes,.

3. (OOLING, HEATING, ATR CONDITIONING AND VIENTILATING SYSTEMS

(1) Outline

Including ventilation installations, cooling, heating and eir conditioning
systems are different from electrical and water supply and drain systems, and are
not of vital importance to buildings, However, in recent years, these facilities
have spread remarkably, and the.contents have been sophisticated. Seismic designs
for cooling, heating and air conditioning facilities shall be dealt with stressing

ecancmical effielency,

Nevertheless, air conditioning installations which primarily render
cooling service are necessary particularly for the maintenance of the functions
of electronic machinery and equipment headed by computers, In such a case, loss

of cooling functions long after earthquakes must be avoided.

Pumps used for these sysitems shall be treated in accordance with the

secticn relating to water supply and drain system.

The inherent design of some refrigerators cause vibrations, and vibration
proof bearings must be provideds In such a case, stoppers are necessary. FEven
when they are directly supported on the floor, it is necessary to provide some

countermeasures in commection with installation as will be shown _in Chapter VI lest
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they shift and turn over.

Cooling towers which funetion in conjunction with refrigerators are
usually supported by pedestals on the top of buildings. Tectonic installation
methods mainly dealt with pedestals are important. '

Regarding boilers, tectonic installation methods are the essential

seismic point.

Air conditioning units and air blewing and exhausting units both vibrate
and must be given vibtabion proof supports. Tectonic installation methods inciuding

stoppers are also very important.

Cooling and heating peripherals (fan coil units) are often independetly
erected from the floor or mounted on walls, In past earthguake damage cases,
there were numerous reports relating to fallen or disconnected peripherals due
to simple detall and cheap work of fittings. It is desirable that peripherals
shall be supported both from the floor and the wall.

Passages (ducts) for routing air itself, and piping for distribution
of liot water end steam are indispensible components of cooling, heating and air

conditioning system.

Duetes which are light and easy to deflect may appear advantageous from
the point of earthquake loads and relative displacements, but they vibrate widely
and are vulnerable to damages such as leaking of air depending upon how they are
bung. The basic policy for seismic designs, therefore, shall be preferably the
adopfion of a suspended pcde;tal structure that constricts vibtation. Please
refer tc Chapter VII for concrete types of this structure,

Piping shall be handled in accordance with the guidelines for piping
in the section relating to water supply and drain system.

Ventilation installations can be viewed by functional system as a

component in cooling heating and air conditioning system, In general, ventilation
' 1
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installations are expected te have a comparatively low required earthquake resistgnce
level as a member of functicnal systems, Also, the secondary damages inflicted

by demaged air blowing and exhausting units and damaged ducts are not expected

to amount to a great problem. WNecessity for the seismic designs is slightly lower
in this system compared tc other installation systems, and likewise the priority

for improvements can be also considered low.

However, it is reminded that fresh air is necessary both for machinery

and equipment and people in a nearly closed space such as a basement room,

{2) theck Points
i) Boilers
a, The main body shall be fastened firmly with bolts large encugh to
endure the force of earthquakosg.
be The main body and the channel base shall be firmly fixed.
c. Connecting pipes such as water supply pipes and oil pipes shall use
flexible joints,
de Flue duct bends and joints shall be strong enough to endure the force
of sarthquakes.

i
i
a

i
]
B
R

ii) Refrigerators

as. Foundation concrete shall be sufficiently large.
S b. Foundations shall be made integral with the slab by use of reinforeing
steel,
¢, For refrigerators supported by vibration proof springs,
# Vibration proof springs shall be fixed to the main body and the
foundation.
* Stoppers shall bhe installed
d, Connecting pipes shall be flexible.
{Same treatment shall be given even for absorption refrigerators
with minimal vibtations)
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iii) Adr Conditioning Units

a, Those with vibration proof supports,
* High strength and endurance vibration preof materials (devices)
shall be used.
% Joinbs of ducts andpiping shall be flexible.

(Use flexible joints and canvas ducts)

iv) Air Blowers
a., The type of air blowers which is hung from the ceiling shall be avoided.
If this type must be used, vibration shall bsprevented by installing
angle materials fixed to the ceiling slab.
be Stoppers shall be installed.
ce Canvas ducts shall be used for duct joints., It is desirable that
high strength canvas ducts be used.

v) Package Air Conditioners

a, For theose not fixed but merely set upcon a vibration proof pad, stays

and stoppers shall be installed to prevent them from vibrating and
shifting.

be Flexiblie joints shall beinstalled for connecting pipes to add flexibility,

vi) Radiators

g, Cast iron radistors are heavy and large, and must be fastened to
floors or walls.

b, Sufficient strength shall be given to piping joints.

vvii) Cooling Towers

a. Foundation concrete shall have a large area for stable shape or chall
not be segmented independently but shell be contimuous for siability
(Figure)

b, Foundation concrete shall be integral with the salb by use of reinforc-
ing steel,

c. Anchor bolts to be used for fixation of legs shall be of sufficient
strength.

ds When bending of legs is anticipated, reinforcing material such as
stays shall be installed frou the floor.
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e. Flexible joints shall be installed for piping joints,

Eeyal. piping outlet space

viii) Ducts

a, Ducts hung by henging bolts from a ceiling, shall be stabilized with
angle materials,

b. Sufficient strength shall be given to branch sections. (Figure)

Key=1. rivet

- Jeg b 2. vis nut
EXeFogp

4o GAS SYSTEM

(1) Outline
For urban gas service, the targets of the seismic designs are piping
and terminal appliances which use gas. Gas installations as a functiona system cannct
be deemed absolutely essential for general buildings. Since gas itself is toxdic,
the seismic designs must be primarily conceived from the point of secondary damages,

Piping shall be given a high earthquake resistivity compared to piping
for other purposes so that it can endure interlayer displacement and relative

dipplacement, Particularly, attention must be paid tc avold resonance with buildings.
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incidentally, efficiency of couplings shall be considered in calculating stress.

Individual terminal sppliances which use gas shall be given sericus
attention not because of their functions but because of the dangers of the possible
fire hazards as secondary damages. For this purpose, prevention of shifting and
falling are demanded., Different from cil stoves, these with an autometic fire
extinguisher are not available, Rather than depending on the earthquake resistivity
of the appliances themselves, it is necessary to formulate a system vhere people

close plugs of appliances and gas main plugs as a part of a compensating design.

It is difficult to make a decision as to whether or not to shut the gas
supply for the entire building, but the measures to be complied with during earth-
quekes can be formulated beforehand and make known to the public.

Also, it is desirable that the feasibility of adopting an automeiic gas
leak preventive device be investigated.

(2) Check Points

a, Piping in seclions that enter buildings and connect to appliances
shall be given flexdbility. L

be Piping inside buildings shall be fastened tc structures.

¢, Terminal appliances shall be fastened to floors and walls.

d. Gas leak automatic preventive devices shall be installed.

e. Gas bottles shall be comnected to structures or strong independent
frames for the prevention of falling shall beprovided.

5. ELEVATOR SYSTEM

(1) Outline

Elevators are either of the cable type or oll pressure type, but the
former dominates in nunber. Also, during recent earthquakes, cable elevator damages
are notable. Most of the damages were attributable to derailing of balancing
weights and shifting of lifters and motor generators.
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(2) Check Toints
2. Derailing of helancing weight shall be prevented. Specifically,
the balancing welght shall interlock 10mm more than the anticipated
deflection of rgils.
b, Lifters and motor generators shall be installed in such a manner
as to be able to endure horizontal seismic instensity of 0.1 and
vertical seismic intensity of 0.5. If shifting is anticipated, stoppers
shall be installed,
¢. Boexes and balancing weights shall be sc designed to withstand a
horizontal seismic intensity of 0.6.
d. When machinery and equipment such as control boards are anticipated
to turn over, they shall be fastened with stays.
e, With elevators above 50m 1lift (from ground surface), vibration stoppers
and guards are provided to prevent cables and cords from oscillating.
fo Elevators shall be equipped with an earthquake control system and
shall have an earthquake detector.
g. An emergency lamp shall be installed in the box.
k. Considerations must be given to prevent water damages due to broken

vater tenks and water cooling towers.

Ve DYNAMIC CALCULATION METHOD

To DESIGN FLOOR SEISMIC INTENSITY

4s described in section II-2, there are some proposals already made
in regard to input seismic intensity Kq (floor response; seismic intensity on
the {loor of each story; floor seismic intensity) for selsmic designs of building

designse Many of them fall into the range of Figure 5.1. According to this chart,

once the {loor on which machinery and equipment installations are to be installed
is given, an input value can be obtained correspondingly to the floor location.

Using this as a basis, an earthqusake design load for the machinery and equipmet

installations can be determined,
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The above described range is comparatively narrow, and the values within
the range are not significantly different, If il is our intention td determine
the one and only value, it will be best to adopi a distribution which designates
0.2 for the first floor and 1.0 for the roof top. This K1 value can be expressed
in an equation as follows.

Figure 5.1 Design Floor Seismic

- Intensity

03+0.7 5 ¢ first floor Ty 0910
K 1=

0.3 : basgement

whereas, N:Number of stories above the ground
of the building.
n:The story where machinery and equip-
ment are to be installed,

Incidentally, vertical seismic

intensity Kv is designated as 1/3 to 1/2 of Kq. Key=1. top £loor

2. ground floor
3. adopted value

2. OSCILLATION CHARACTERISTICS OF MACHINERY AND EQUIFPMENT AND RESPONSE MAGNIFICATION

- Behavior of machinery and equipment relative to {loor during earthguakes
is the same kind as the beharior of the main structure relative to the grouud.
Evidentally, the size of the response of the machinery and equipment to movemets
of the floor can be greatly affected by the cscillation characteristics (proper
osciklation, proper oscillation form and damping constant) of the machinery and

equipment and bearings.

Seismic designs for machinery and equipment are made by simplifying
these conditions to a great extent. Therefore, the concept of response megnification
is adopted, which expresses the ratloc of a seismic intensity that affects the

machinery and eQuipmen‘t to a seismic intensity of the floor on which the machinery
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and equipment are placed,

It is adequate to adopt the values as in Table 5.1 for the design value Kp

of this response magnification in consideration of the current trends,

: % Table 5,1 Design Response Magnification

conditions of machinery and equipment and bearings response k2
magnification

The main body of machinery or equipment is rigid enough
and suppo rted directly on the floor (those with total 1.0

e L i L

system vibration above 20 Hz)

The main body of machinery or equipment is set on
vibration proof bearings, supported by high pedestals 2,0
or stands independently,

Also, when it is necessary to know the relative displacement of various
parts of buildings in designing piping, the following values can be used as
standard values.

interlayer displacement Do 1/50 radian

expansion relative displacement Eo 1/100 x story with the expansion
wvhereas, 1f the main structure is of reinforced pure rahmen, it is better to give
values zboul double of thess values,

3. DESIGN LOAD AND STHUCIURE CALCULATION FOR MACHINERY AND EQUIPMENT

Design Seismic Ingtensity K relative to machinery and equipment is the
velue obtained from multiplying the standard design seismic intensity (Input Seismic
Intensity K1 x Response Magnification XK3) given in preceeding section 2 by Imortance
Factor I established in section II-6., Specifically,

K = K:-Kz,l
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However, as a real case, it is better to give the following ceiling.

Ki-K: £ 15

Mso, Piping Design Interlayer Displaccment D and Expansion Relative
Displacement E are the products cf the standerd values Do and Eo established in

the preceeding section multiplied by the importance factor. Specifically,

D = Dol
E = Eol

However, similarly as in the case of K, a ceiling is set.

p £ 1,120
E £ |, 75x3

The above dynamic ecalculations for lead values are made on the premise of

elastic designs.

VI, SEISMIC DESIGN FOR BEARINGS

1, FOUNDATIONS
Much of the damage to machinery and eguipment instellations is attri-
butable to improperly equipped foundations. Consequently, secismic designs for

foundations are extremely vital,

1]

Foundations are classified by shape and shown in Table 6.1,
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Table 6,1 : Shapes of Foundations

shapes cutlines
{i) ' = Filoor slab itself or the same surface as the flcocor slab
— .
(i) > Instellation surface made on a level above the floor slab
/ b—

% / %/ é

(i) Foundation is partially raised frem the floor slab, or raised
:>K<T surfaces are constructed., Some are merely blocks placed
P 7 7 on the slab.

Among them, (ii) and (iii) are sometimes inastalled on the roof top,
and it is necessary to attend to the waterproof layer treatment.

Also, Table 6,2 comments on the shapes by internal structure of the
foundations.

Table 6.2: Shapes of Foundations and Comments On Earthquake Resistance

Slab itgelf or same suface as slab
oo TWLNE Mettre Ty S et -
G . outline
Y : nent installed utlin

receiving board, After setting the position of anchor bolts

power switchboard,ja slab is installed (embedded anchor).

surveillarce hoard}This is not suitable for heavy machinery

Vi B A A
//;gj sﬁ;%“ and equipment since the embedding depth
7 ; 7 i

anchors is not deep enough, but suitable
for boards and light machinery and equip-
menta




receiving boards,

power switchboards

surveillance boardd sometimes called grout (secondary

‘oundation with boxed anchors,

he part which was installed later is

concrete).
As in the above column, this is not
suitable for heavy machinery and equip~

ment or for those that vibrate,

same as above

Post~driven anchors (expansion anchors,
chemical anchors) are installed.
Similarly to the above, great grength

cannot be expected.

Installation surface on a level above [loor slab

3
/{,
P

3

transformers, oil

tanks, pumps,

biowers, generatordthe concrete is poured in afterwards.

Reinforcing steel is preliminary raised

from the steel pleced in the slab, and

[he foundation and the strucvure are made
integral by using reinforc¢ing steel.

1t is generally used for heavy machinery
and equipment required to be vibration
nroofs The foundation is stable and good

in earthquake resistancs.

RN

cenerators

Steel meterial (reinforcing steel, H-
sheped steel, channel steel) base is
hssembled before the foundation is in-
stalled.

[t is used for heavy machinery and equip-—
pent and large machinery and equipment
nitse It 1s desirable that steel anchors
stick out of the body
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transformers
small pumps,

blowers

The foundation is installed after the slab
surface is made rough, simply on.to of the
slab.

Sometimes, reinforcing steel materials are
nct embedded, At any rate, it may shift
during an sarthquake since it is not con-
nected to the body, and evidentally it is

poor in earthquake resistance,

7

9 s prm
i 3 0 0

pumps, blowers,

refrigerators

Vibration proof materials are placed on
the slab, and the foundation is installed
on top of these materials {vibration proof
foundation).

Although the vibration proof effect is,
large, the foundation may shift or fall
off the vibration proof materials by the
horizontal earthguake load applied to the

foundaticn, machinery and equipment.,

Partially raised from

the floor slab

cooling towers, Concrete benches or blocks are merely
elevated water placed on top of the slab, There are many
7 ;%7 tanks, tanks (on jactual examples, but it is extremely in-
A 4// ) /% Am%% pedestals) adequate as a foundation for pedestals.
Shifting and falling during earthquakes
are anticipated.
cocling towers, Reinforcing steel was welded to the re-
g?{ .fﬁf’i; elevated water inforeing steel of the slab, and subse-
p// ,”/ A4 tanks, tanks {(on lquently the concrete was poured in. This
e . “— loedestals) foundation is more stable than the above
example._ Sultable for heavy machinery.
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2, ANCHOR BOLIS

(1) Variety of Anchor Belts

* Anchoring of machinery and eguipment ‘o the structure with anchor bolts
and building of foundations are often accomplished after the structure is virtually
completed. This will not result in full strength anchoring and often is connected
to the damage during earthquakes. It is important to deal with these works with
a clear plan from the initial stage of designing.

The following are the variety of anchor boltz.
as embedded anchors

b. boxed anchors

ce post—driven anchors{'mechanical anchors

resin anchors
Essentials of these anchors are shown in Table 6,3,

Incidentally, as a shape of the tip of anchor bolts, the J-type and those

with anchor heads (stud, nut and end plate) are desirable.

(Guidelines in paragraph (2) and below of this section are baged upon

"Guidelines for Home Power Generation Installation Scismic Designs (proposal)®,

Table 6.3 Variety of Anchor Bolts

embedded anchors boxed anchors
[ b,
I
: — : —— N
S 4 2 i 0
B o K " PR T
o) . ® -
[: & + . c 3 )v ° N
g , og . LN LN U 5
E . o . ® . . s v 0
L .
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: Anchor bolts are embeded in the When installing concrete, a hollo.
| foundation concrete itself, and have boxed-in space is set aside for setting
i a large reaction load than boxed of anchor bolts. When installing a
; enchors, Consequently, this anchor machine or equipment, anchor bolts
: is desirable when a heavy load is are set in position and embedded with
4 3 installed on it, mortar.
i , . . : 14
S % Incidentally, since the setting will Since the anchor is indirectly placed
i . . . .
A g be completed with the installation of } ., the foundation through the mortar
g -% the foundation conerete, high work which is filled in at a later time,
: _§ precision is required. reaction strength is not so large,
; © and its relaibility is poor,
o | Bolts are set accurately in position Installation of foundation
o]
3 J J
&0 Installation of doundation concrete| Temporary placement of machines and
et bolts
3
] 3 l{
4 ot
: 3
g filling of mortar (grout)
?g mechanical anchors resin anchors
: j i w7
? vy 2
‘J‘ ‘j@ ;.._ls'n —ﬂﬂ:‘“ ; :4 ‘e
' R S R
5 = ) SEES IR
2 p N o154 T
fﬁ “ .
A prescribed hole is drilled in the Key-1. cap, <. reteiner, 3 hardener
concrete and an anchor is set in Lo aggregate, 5, glass tube
position., The lower part of the an- A glass tubular capsule (figure tc the
chor is mechanically expanded to left) filled with resin, hardener and
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pind the anchor to the concrete.
Tt indicates significant strength
in a laboratory. AT an actual work
site, the reaction strength is anti-
cipated to fluctuate largely depend-

ing upon the condition of the

aggregate is inserted inte a vertical
hole punched in theconcrete, and an
anchor bolt is driven in on it by the
rotational impact of an impact drill.
The resin, hardener, aggregate and

the crushed glass tube are mixed,

@ conerete and the appropriateness of harden and are bonded by the bonding

3 Jthe work, A large safety factor must  strength.

'E be taken into account. Comparatively high strength can be

§ Some makers put out various structure obtained. Incidenteally, -threaded

.E types on the market, When using these, bolis or speclal reinforcing steel

“ lcarefully work with them following shall he used in stead of z round bar.
respective instructions.

a Make a hole in concrete Puncture a hole in concrete and insert

§ . the capsule

i embed the bolt Attach a bolt to a2 hammer drill or a

3 - machine drill and drive it by rata

a tighten the bolt tional impact.

A

(2} Reaction Lead and Shearing Force Applied to Anchor Bolts

i) Reaction Lead

Assuming a rigid machine, let usthink of the dirsection to which the
machine is likely to fall,

Reaction load per one bolt Rb applied by the force of an earthquake can
be given by the following equation in accordance with the balance with the moment.

{see figure)

F-h—- (W—-F. 2)
n,S2 - f

f 2

Rp =
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where, F: horizontal load by the earthquake
h: height to G from the installation floor surface

,ﬂ: bolt span viewed from the direction to which the machine is

likely to fall

F/2: vertical load

. ¥
n: total number of bolts , GUMEEL)
w: weight of the machine

A . W iR‘
T T AT

Key=-1, center of gravity of the machine

ii) Shearing Stress

It is assumed that the horizontal force applied to the machine is equally
received by all of the anchor bolts. Shearing stress® is given by the following
equation,

where, A is the nominal sectional area per one bolt.

iii) Selection of Anchor Bolts
1) When Rb< O
Reaction load by the earthquake will not affect bolis,.
Bolits shall be selected in such a way as to make the shearing stress
below the allowable limit calculated by equation {1=2)

2) When Rb 0
Reaction load affects bolts. Obtain {by equation (1-2), then select
bolts according to the following procedures,

Be Bb =0 and T SheSkg/mm?
Bolts shall be selected in such a way as to make Rb below the allowable

reaction load limit to be discussed in paragraph (3).



be RbZ 0 and I > 4.5 kg/mn?
Bolts shall be selected in such a way os to make Rb below the allowable
limit. Additionally, the tensile stress of the bolts shall be obtained,
and the strength of the bolts that simultaniously receive tensile and

shearing forces shall be verified based upon thetable below.
iv) Values from Bolt Allowsble Stress Table 6.4 shall be used.

Tablie 6,4 Allowable Stress of Bolts

s g 2 3 ‘ Le M OHF BE BB
e BRA (Sy) | 313k % (Su) TR (0 [ TR
d € 16 %L L) 41 ~ 52 180 135
16<d < 40 24»11.}7 ALY 180 135
d >4 2L AL 165 123

5 B {r ke  od

Key-1. volt diameter, 2, yield point, 3. ‘tensle strength, 4. short term
allowable stress, 4, tensile, 6. shearing, 7. above, &, same ag above
Y. unit

Strength of bolts which‘simultaneously recelve tensile and shearing
foerces shall be verified by the foilowing,

fts = Mft =16t 0  fis<S i, r < g

When tensile stress of bolts is below ft, the strength of bolts is adequate.
fis: allowable tensile force on bolts that also receive shearing force
ft : Allowable tensile force on bolts that only receive tensile force
(values in Table €.4)
{ : Sheering force that affects bolts.
" fs : Allowable shearing force on bolis that only receive shearing force
{(values in Table 6.4)
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(3) Allowable Reaction Load on Anchor Bolts

Table 6.5 Allouwable Reaction Load on Anchor Bolts

hoxed anchors

embedded anchors

setting on a general floor or ceiling slab

/. z
FL] 25 71 & (m)
%/ 120]150]180[200
M1l 270% 400" 550 660%

iz 320 | 450 | 630 | 750
Mg 430 | 590 | 760 | 910
M2 540 | 740 | 950 | 1050
M24| 650 | 890 | 1140 | 1200

320 50 KEOFURF~T 1200ke)

x5 TME

S

e

If the shape and the embedding depth
of belts are different from what is
shown in the drawing, follow "% helowd

key-1l. bolt diameter

2. slab thickness

3. (all velow the fat line in the
table are 1200 kg).

4e thickness of slab

y. <
T 23 T E(m)
FE[120]150]1807200

M10| 400™ 610" 8330"}z 990‘7
MI2| 480 | 670| 950 1130
M6 650 | 890 11401 1200

M20; 810§ 1110 120014 1200
(M2d) 970 11200} 1200 | 1200

3

(LOHFEDIIBD THIZT~T 1200k:)

If the shape and the embedding depth
of bolts are different from what is

shown in the drawing, follow "#" below.

key-1. bolt diameter
2, slab thickness

3. (all below the fat line in the
table are 1200 kg).
4o thickness of slab

(Same both for hoxed and embedded anchors)
Use the larger result of the 2 equations described below,

{F1="d€1fc
Fa=15ndfq/c
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setting on a hard concrete foundation

Where, Fqy: Allowable Reaction Load (Kg) obtained
by using.ﬂiin the drawing to the right.
F,: Allowable Reaction Load (K } obtained
u51ng,ggln the drawing to the right.
(It is’ assumed that the hook shares 1/3 and the shaft
shares 2/3 of the reaction load,)
d: nominal diameter of bolt. {cm)
A 4: bolt embedding depth (cm)) refer to the

. drawing to
: bolt embedding depth (cm .
’Q 2 g P (om) the right

fc: Allowable adhearing stress level to
Key-1. thickness of
reinforeed concrete

(note) It ie assumed that anchor
lbolts installed on the slab are

unable to bear more than 1200 kg per
bolt, Key-1. bolt diameter

2. allowable resction load

slab
fe ='TEE.FC tnd fc<:2025kg Z, above 20mm
Fc: conérete design standard strength
boxed anchorseesessss Fe= 120 kg/cme
embedded anchorSesse. FoI 180 kg/cm”
mechanical anchors resin anchors
S
o {kxactly as shown in the table. Assuming that the anchor bolts in-
& , % — stalled in the slab are unable to bear
, o b X HE
f:‘:*: ! ik A more than 120G kg of reaction load per
M 6 80 .
5 s ” ke bolt, the allowable reaction load for
I8 1
.0 - bolts above M 10 is designated as 1200
N M 10 140 .
o g.
E M 12 220
M 16 360
o
b M 2 500
fgo M 2 550
=]
o
o]
up
5|
-
L]
L
{
0
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Same as above. Exactly as shown in the table,
j=!
o}
e
kS HoubiE | AMEEAEEE
g M 10 1300 kg
: t; M 12 2000
4 ‘§ M 16 3600
v 2 M 18 4500
=
5 8 M 2 6200
i 7 M 24 8100
; = M 30 12700
B o M 36 18300
: o
»
- b Key-1. bolt diameter
; '§ 2, allcowable reaction load
.

(4) fnchor Bolt Arrangement
For arrangement of anchor bolts, machine makers often designate the
nunber and the location of the anchor bolis. For those spocified, installation

standards and points suggested by the maksrs shall be folloved.

For installing other machinery and equipment, the following points shall
be considered.

2. For those vwhich will be fixed by weans of stesel material such as
transformers, the length of the steel material shall be sufficient
and the bolt span shall be ample if possible. (Reaction load per bolt
will be reduced.)

pe Considerations as shown in the figure below shall be given for the
anchor driving locations.

c. Fmbedded anchors, if possible, shall be welded to the reinforcing

steel of slabs and foundations before the concrete is poured,
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\ SdLlE( A h=hny v —-DOff)
A 150wt { BIRT v H — RUE QM OUBE

(note) In case of concrete without reinforcement, it is a standard
practice to adopt measurements two times more than the above.
However, 1f the actual anchor supporting strength is less than
1/2 of the allowable reaction load described in paragraph (3),
the measurements in the drawing can be adopted,

Key-1, above 10d, 2. reinforced concrete, 3. above 53 (for mechanical

anchors), 4. above 150mm (for resin anchors and others)

3. DIRECT BLARINGS

Types of bearings for machinery and equipment can be claspified as

follows according te the location relative to the supporting body (floor, ceiling).
a, direct bearing
b« pedestal bearing

c, swing bearing

Adirect bearing ameng these can be divided into the following two classes

gecording to whether or not the machine itself vibrates.

a. fixed bearing

b, elastic bearing (vibration proof bearing)

Vibration proof bearings encounter lots of seismic protlems, and instal-
lation of stoppers is necessary as shown in Szetion VII-5,
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Types and concerete examples of fixed bearings are shown in Tables 6.6

and 6.7, and Lypes and concrete examples of elastic bearings are shown in Tables
6.8 and 6.9.

Incidentally, please refer to section VII-4 for pedestal bearings and

Section VIII-R for swing bearings.

Table 6,6 Types of Fixed Bearings

[vielele]

drawing

machinery and equipmeny

concerned

outline and comments

1
=

oil tanks

machinery and equipment-——anchor boltg—~-
foundation
* Be mindful of the strength of the bolts

and the anchoring sites of the machine,

power switchboards

surveillance board

machine-——anchor bolts-——embedded stecel
materials——~foundation

* Same as A, but a slightly higher
strength can be expected becguse of tha

embedded steel materials.

transformers

power switchboards

machine-—anchor boltig———steel materials
——anchor bolts——-foundation

¢ Be mindful of the strength of the
fixation of the machine and the steel

materials,

pumps

maching—-—ancher bolts~—-stell bage——-—
foundation——-machine———boits—-—base-——
anchor bolts=~——bolts-—=foundation

¥ Point is the bolt strength.

cooling towers
water tanks

machine—=—boltg=-——steel material ge—-—

independent foundation---slab
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# This ig¢ not suf'ficient for heavy
machinery and equipment, Toint is in
the bolt fixation site. Incidentally,
the shape of the foundation shall e
stable and the foundation shall be
integral with the slab,

water tanks

cooling towers

machine——~boltp~——steel rodosiaieme—
independent foundation-——anchor bolts—-—glal
#The poing is in the fixation of the
pedestal with the machine and the founde-
tion. As for the foundation, the same

can be gaid as in L.

water tarks

cooling towers

machine-—=welded bolts——=steel materials

~—(welding)~-——steel bench---({anchor

bolts)———slab
# Same ac in I, DBe careful of those with

unfixed benches and foundations.

e

pressure water tanks
cocling towers
crude fire foam tanks

machine-~—legs of the main body-—anchor
bolts-—~foundation
% Be careful of the fixation sites of

the base, legs and the foundatiocn.

A
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EXAMPLE explanations and comments

0il tank for home power generation
The bottom of a 2800L (1800 x 1000 x 1700Y) tank

is fixed with angle materials and four anchor bolts.

L~6x580x 50\
Trfi—=da b 15 o

R | R e Vhen an earthquake hits, a large siress is expected
: SUSRORA | FI R ] to develop in the welds of the tank and the angle
. PR | G R { materials.

Key-1. tank, 2. anchor bolt Fixation merely at the bottom is not secure encugh.

| I d B
3 /o ik Special High Voltage Power Switchboard
Wy, k@t t
|| erm £ An example of installing a 2000 kg, 1400 x 2800 x
- 40008, board.
LB *i*x;”*“ 7 Bolts are short, but embedded channels serve as
-2 4 anchors.
key~1. foundation bolt
2e finish board
3. mortar packings
4e foundation base
C
L L ——1 Cubicle Three~Phase Transformers

It is very common that transformers are supported

¥ S

e e e Y .

through chamnel materials.

i ' ;]
[[:Efj] [:] Channel materials are premounted on the main body,

b

Also, boxed anchor belts are dominant among anchor

. J AN BUMIZ{ 8~80) e
s M12{75.100 ’
o HT.100) bolts.

Key-1, bolt and MIZ

O

High Voltage Power Switchhoard
An example of installing a 2100 x 1960 x 2300

cubicle high voltage power switchboard.

The main body is fixed fto this channel material.
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=
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~ > : .
X L - -
et - = z A
f— i - r- 49,
\ . §
' Y ke
T
5( ok

foundation bolt
cedar hand pump
installation surface

Key-1.

~e

Pump Common DBase

A motor and a pump are placed on 2 rigid commenbase
lest they get out of alignment.

Suffigient strength shell be given to bolis.

steel wall panel
bottom panel

cuter frame steel
material

bolt, 5. anchor bolt
. concrete base

3, motor installation
surface
4+ bage
5. foundation
E | VWater Tank
There are only two pleces of steel materials
— JIl1 (chanmnels) on which to rest the water tank. It is
desirable to have a pedestsl which can support the
water tank on the entire surface, since large loads
éﬁ iiz }<r, | will be shouldered on the fixed sites between the
- SN P
S Toneman ;??n—ﬁwr water tank and the chamnels and the fixed sites
between the channels and the feundation.
key-1a anchor bolt
2« anchor bolt
T SR _ LI Water Tank (Pedestal, Foundation)
it jm M Sener] An example of a panel water tank by T company.
l - 4
i | It is desirable that the foundation shall be made of
i%—-m J 4 s Ul

a considerably high strength concrete, and be made
integral with the structure using reinforcing stesl.
Be careful of the strength of the fixation between
channel materials and the main body of the tank.

A6




Water Tank (Pedestal, foundation)

An exanmple of an FRF panel water tank by B company.

%ii\ It is said that a great deal of consideration has
{} f? r}'“ \\;g\\ been given to earthquake resistivity (Various re-
1 %{ Al inforeing materials are installed inside the tank).
; | [ | 1 ; . . d . .
" <& The foundation shall be desirably integral with
o ekl @ the slab.
F Water Tank (Pedestal, roundaticn)
HR S8 Znd gk ater edestal, roundation
[t An example of an integral water tank by T company.
T u_er§”:L The main body is fastened by clasps. The maker must
: ‘ — | have completed its investigation, bul there was a
1273012 case where these clasps were broken. Sufficient
) X B rm=16 | strength must be given.
‘:?-—C:r% ;?:;zsm;:xmoz 1t is desirable that the foundation be integral with
A Aavsyora-x3 the slab (Pedestal steel material dimension: { shape
key—-1., material quality:
88 Zn plating 150 x 75 % 9).
<. steel ocuter frome
3. concrete base
E.
H Cooling Tower

—_—

i
; 2%
! 1
8 g N
e
I.l 1 __.l + @" ’/®

A cooling tower is small and weighs only 122kg
(during operation) (an example of H company product).
The strength of the fixation on the joints of legs,
legs and the foundation is questionable,

The foundaticon must be integral wiilh the slab.
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1. 801 1,801
v !
C

Cooling Tower

This is large and weighs 3870 kg (during operation)
(Also, an example of the towers made by H company}.
It is necessary to in&estigate if the strength of
the fixation by the anchor bolts is adequate.

The foundation must be integral with the slab.

\
/
\
EESENY 1 ] (SR
S TR}
FUEEANE M T

Key-1. congrete foundation

2, anchor bolt

Pressure Water Tank

Compared to the height of the vessel, the cente of
gravity is not so high, but the tank is unstable.

It is doubtful if the strength of the joints of legs
is sufficient.

6.8 Types of Elastic Bearings =

Table
g Drawing machinery & equipment outline and comments
& concerned '
refrigerators machine~—-~vibration proof material-—e—
a _Jjgzééggi_ package air conditionersjfoundation .

* Be mindful of the strength of vibra-
tion proof materials, Stoppers are
required.

generators machine———steel base———vibration proof
b naterial——~foundation

& blowers
R

* gsame as "a"
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pumps machine-—-boltg~~—vibration proof
foundation~——vibration proof materiale—-
) foundation
© . * A large load will be added to the
vibration proof materials, Be mindful
of the vibration proof materials,
Stoppers are required.
Table 6.9 : Concrete Examples of Flasbtic Bearings
EXAMPLE jtype explanations and comments

2]

ORI |- EF WIS | Er

main body

adjusting bolt

side board

the main body
vibration proof spring
rubber pad

fundation

Q ,(D and the adjust-
ing bolt are on the

side of the main body

Closed Single Stage Turbo Refrigerator
The main part of the body measures 11004 x 6000L

(rough dimension), and weighs 9300 kg during opera-
tion.,

It is supporited by vibration proof springs at a
total of 6 sites, on both ends and the mid scction,
which involves 24 springs. The body is merely sit-~
ting on the vibration procf springs and is anticipat-
ed to fall of by strong cscillations.

are required.

Stoppers

Lo ]

U F e 2= )

AR T

Pump
An example of the vibration proof bearings for

machinery and eguipment, using rubber vibration

ineulators inserted under the common pedestal,
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Foerdhn—2A

-k L

42

Koy~
2.

pump

common pedestal
{channel base)
concrete foundation

3.
N
Se
6.

slab

channel base
rubber vibration
insulator

7. concrete foundation

,,avJU—rlu7'

t Stoppers are required to restrain large vibration
and displacement.
The shearing yield strongth of the rubber vibra-

Ld
tion insulators is questionable,

Adr Blower

1|

G
lm;iruu!:;E ’

2

L 2
REME A 3‘»
* v‘/:-hK—ZS
BEAF D
/er/u ‘/!uﬁﬂn\-fi

key=-1. hot zir blowm

2. canvas connection

3. vibration proof spring

4e motor

5. common pedestal
(channel base)

4, slab

7. concrete foundation

e adjusting bol®

An example of the spring vibration proof bearings.
It is desirable to install stoppers just as in

the above examples,

Iubber Vibration Insulator Fixation HExample

Bolts are attached to the top and the bottom of the
rubber vibration insulators, and it is designed

to be fastened by nuts to machinery and equipnment
and steel materials,
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Key-T1.
2]

e

3
die

Je

>

common pedestal
rubber vibration
insuiator

embedded base

plpe

conerete foundetion

pump
motor

vibration proef bhase
vibration proof
naterial

Pump
A bearing example with a vibration proof base for
The

weight above the vibration preof material will be

enhancement of the vibration procf effect.

heavy, and it is necessary to be careful about the
strength of the vibration proof material itself
and the fixation to the foundation.

Installation of stoppers is desirable.

C

/

_ . 'lyﬂlhff‘
' -:fg(’“lih 2

| c j

- | #8 E;

6

~
GRS L L2 ATY v

blank pipe

rubber vibration
insulator

cap nut

anchor bolt
reinforcing steel
vibration proof spring
or rubber vibration
insulator

Pump

The rubber vibration insulator is fastened to the
angle material below but not fastencd to the vibra
ticn proof foundation.

The elastic bearing may pop out by vertical seismic
motions. Vertical and horizontal stoppers are

desired.
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<
mE~-3 2 g Floating Foundation for Vibration Proof
svry- HEN
B~lmzansn & [There are problems related to the durability of
S ECREIIERETORR
—— STHRS LeiT 3 cork against water and the bonding of concrete.

/7 Tym-dal

<X

/ z In the above case, the part above the cork may

Tep-dad

LLEEE

EFFEENF 1] 5 Shif't.

key-1. anchor bolt

2. plate base

3. concrete foundation

fe 25-12mm raw cork board

5. The surface of the
slab must be always
roughened before the
foundation is install-
ed.

6. wood material trap

7. 50mm raw cork

4. PEDESTALS

(1) Structure of Pedestals

Supperting by a pedestal may not only increase the response.magnification
but also will be -disadvantageous from the peint of strength. If it is nscessary
to provide pedestal bearings from the structural aspect of the machinery and equip-
ment installations, the bearings shall be rigid and strong emough to resist the
design seismic force. In this section, in view of the contents of the damages,

points to be noted when designing pedestals will be indicated.

In the following, pedestals are viewed from the four grouped parts.

Pedestal and machine fixed junction

Pedestal frame
Pedestal and Foundation fixed junction
: Foundation

TR L ErY)

Do
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(2) Pedestal

N

Y

.y

[ ARSI R RS

1
pe ]

i i

1
L ‘l‘."

and Machine Fixation Junction
Bolts and metal fittings shall have sufficient strength.

a‘
b. Bxcessive concentrations of stress shall be avoided (Figure).
c. Legs of the pedestal shall be extended to support the machine at an
upper level. (Figure)
57 | Wit 2 Key-1. rug
LEEERLR 2. reinforcing material
—
3. angle moterial
i
T N
(3) Pedestal Frame

Qe
b.

Ce

{(4) Pedestal

Qe

Corners shall be propped and bonded securely with gasset plates.
The size of legs shall be large enough not to buckle,
Braces shall be used as much as possible (to enhance the total regidity..

and FPoundation Fixation Junction
Anchor bolts to be used shall have a sufficient strength, and shall

be welded to the arranged reinforcing steel.
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b, 4 large enough concrete covering depth shall be given lest the anchor
bolts slip through or the surrounding concrete chips off.

¢« The base plate shall be sufficiently large and strong, and the base
legs shall be reinforced with ribs,

d. Batten bridging shall beconstructed the base of legs. (Figure)

Key=1, batten bridging

{(5) Foundation
a, A sufficient contact surface shall be given,
b. When an equipment(pedestal) is not so large, it shall be in sinngle

continuous shape (Figure),

@QQM@

12

- ¢. Reinforcing steel shall be installed and welded to the steel afranged
in the slab.
d. A high strength concrete shall be used.

(6) Reinforcement and Improvement of Existing Pedestals
A great number of existing pedestals are soft in earthquake resistance.
In Table 6.10, examples of methods to reinforce these weakpoints are

Presented.
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Table 6.10: Existing Pedestal Reinforcing Lxamples

pefore reinforcement after reinforcement

o S < | reinforced with
1 [ weak cormers

gasseb plates

TN RN I e

> no braces < braces installed

- —

4 < chord element

i supplemented
-

reinforced with

base of legs

yAver e

ribs
—_—
> et I . ,
[74J r* } " reinforced with
i wall mounted
p ’ stays

5« STOPPERS

Internal combustion engines of home power generators, recipro type refrigerators,
biowers, etcs generate vibraticns when operating, and they are ususlly provided
with vibration proof bearings. However, these vibration proof bearings do not
demonstrate a vibration proof effect under earthquakes, but rather give the effect

of raising the response magnification of the machinery and equipment.

A 70



Thus, sometimes earthquake resistive stoppers are installed to deter
excessive displacement of these vibration proof bearings during earthquakes.
There are different kinds of stoppers to be used depending upon the type of the
vibration proof bearings and the shape of the machinery and equipment, for instance,
stoppers that inhibit horizontal directional shifts and stoppers thati inhibit

vertical directionel shifts.
Examples of stoppers are shown in Table 6.11 and Table 6.12.

Incidentally, the following considerations are required in respect to

the stopper types and setting locations,

a. Direction of the movement 1o be restrained shall be accuraiely checked,
and the stoppers which render proper service shall be adopied.

b. Stoppers shall be instalied on a solid foundation which can give a
large reaction force to them. If the foundation size is not large
enough, an additional portion of the foundation shall be installed.

c. Stoppers shall be arranged in such a way as to divide equally the
load by the machinery and equipment as much as possible.

d. Stoppers shall be fitted to the sirong and hard part of the machine,
or fitiel so as to restrain the strong and hard part.

e. When dealing with heavy machinery a nd equipment, étopbefé shall be
placed al two points on one side.

f« Contact surface shall be lined with a buffer.

- g. Stoppers shall be arranged in such a way as to prevent a large dis-
placement of connecting pipes.

he Stoppers shall be fitted properly so that they will not interfére

with the operation and repair of the machinery and equipment.

Table 6,11: Examples of Stoppers for Horizontal Constraint

Slip guard angle, the simplest type
Unless the material is thick, strength will be insuffi-

cient.

one way constraint)

AT




i
)
4
i
4
2
i
=
i
"
24

Reinforcement added to the above example
This type is desirable when constraining heavy machinery
and equipment or constraining them at a high positicn.

(one way)

Further reinforced second example.
Thiz type 1s suliable for heavy machinery and equipment
such as generators.

(cne way)

Those installed on the corners of machinery and equip-
ment.

(two way)

key-1. seating base
2. rubber vibration
insulator

Seating base of a rubber vibration insulator functioning
as a stopper since it is surrounded by the (base of) a

machine.

& s

key-1. elevation
2. main body
3. plane

Example of multi-directional constraint stoppers with
3 complicated structure and mecderate strength.

It seems a simpler decsign may be of greater henefit,

AN

’n,kmi ,r/# 2.
@2 N
x X
(Eph
ﬁﬁfi,ﬁzwmmww w

key-1. vibration proof pad
<. common base wheel
end

A vibration proof pad placed at contact with the machine.
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Table 6,12: Examples of Stoppers for Vertical Constraint

Simplest type of crank
Those with sufficient thickness shall be used.

h

Type which holds the pedestal from top and bottom through
buffer pads (rubber material)

Type which constrains displacement with holes and holts.
The bolts are attached with rubber vibration insulators

and must be firmly tightened.

icey=-1, rubber material
2, rubber vibration
insulstor

m Bolts which penetrate through rubber vibration insulators
serve as stoppers.

Loosening of nuts shall be prevented.

Type which constrains displacement with holes and bolts,

yal! —
-
E %l% Be careful of loosening nuts.
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6. STAYS

fi Stays are very effective prevent machinery and equipment installations

from turning over. Furthermore, they camiot only be incorporated when designing

but also can be applied when improving the earthquake registance., The installation
of stays will be restricted by the conditions of the environment such as availabllity
of walls and ceilings nearby, but they are classified as follows according to

the objeets to which they are fastened.

a. Stays {ixed on walls.

b, Stays fixed on celling slabs and beams.
¢, Stays fixed on floors.
'13 d. Stays fixed in cubicle containers (iron plates).

¢, Stays fixed on other secured machinery and equipment,

Examples of stays for earthquake control are shown in Table 6,13,

Table 6.,13: Examples of Stays

Fixed eon Yalls

8l

’

1ﬂv; wrapped with a band| fixed with horizon- | fixed with clasps
% tal bracket and engles

A7,



fixed with brackets

fixed with angles

fixed with a frame

on the top on the back on ihe back
4 r s LS
r - . l V
Y a /Q Y
VRN \/
A4
4
fixed on both walls wrapped with a band| vibration proof

Fixed on ceilings and beams

vith angles

\/
A

fixed with a frame

/
X
7 S 7 S

fixed with angles

A'75

X

s /L7
fixed on a bean
with angles




. 2 N/

\ /’ \ // I

 ”% P’Mj?'éj7F;:7r— ;7r*f%F=£§r—j7 A machine hanging 3 N
|
|
i

: from ceiling en-
i fixed on a girder fixed on a girder closed with a frame
= vith brackets with angles {or possibly with
3 ';'~'r‘qk.:vl‘c)
Jg 3 #¥ixed on floors
@ ;
| 1
/X X %
i / a 17
| e GV a4 T 7
; Fixed on a f{loecr Fixed with wires Inclosed in a frame
| with angles
i
!

P [

¥ixed in cubicle containers

‘i 1 =2l

B /

| vavarar il oy ey ravar eyl
Fixed on a closer Fixed on both side [Mixation of hanging ‘
side plate with plates with angles m;gginery and equip-
angles
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Fixed on other machinery and eguipment

i

X
Va4

integral with securad
mzchinery and equip-
ment nearby

VII PIPING AND BEARING DESIGNG

1o EARTHCQUAKE RESISTIVITY OF PIPING

Piping is subjected to force of inertlis (force of an earthquake) corres-

ponding to its own weight and the forced deformation due to the relative displace-
ment between fulcrums.,

Regarding the force of inertia, the former, the earthquake force can
be established according to the machinery and equipment. It ie however wise to
avoid destruction by implementing countermeasures such as increasing the rigidity
of bearings and shortening the distance between bearings in order to prevent

machines from resonating with the vibrations of buildings.

As for the latter, the forced deformation, it is necessary to provide
some measures to prevent piping damages inflicted by interlayer displacement and
the relative displacement of the expanded area as explained in section V2.

However, in the present state, it is very difficult to verify this by calculaticn.
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Destructio n of piping of a high required earthquske resistance level shall be

avoided by prearranging of flexible joints,

2, STRUCTURE OF BEARINGS FOR PIPING
Following types of piping bearings are available,

a, Pedestal bearings from the floor
be Swing bearings from the ceiling
c. Bracket bearings from the wall

Also, solid vertical pipes penetrate through other objects and are support-—
ed at those breakthroughs.

Concerning the seismic considerations for the piping bearings, swaying
of piping in excessive amplitudes shall be prevenied, Also, the piping shall be
designed to vithstand interlayer displacement, relative displacement and expansicn

of the piping itself due to the temperature changes.

Bspeciaily with swing bearings, braces applied to hanging materials are
very effective in preventing horizontal vibration. When the hanging lengih is
long, stabilisers are particularly important. Likewise, the distance between

bearings shall be on the short side.
Types of piping bearings and related earthqueke contrel examples are

shown in Table 7.1 and Table 7.2, and types of the floor penetration of piping
and related earthquake control examples are shown in Tables 7.3 and 7.4.
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Table 7.2 Exemples of Earthquake Control for Iiping Bearings

Solid and hard supporti from a frame

a a

£z & _ £ 7 .4 r v " A \Q’ 4 r.-13

1 AN E g BN t 1

L-30x30x3 99 L= 40x40x5 Ia¥
1 : L L (Y NN G B
Support of ducts by frames Support of duets by reinforcements
key-1, elbow

a a

A

Solid and hard support from a bean

Solid support by a frame

/li‘) P RFTHETEAT

rxTiwvaty ¥ L’:

Vibration wroof fixation of pipes running
across

key-1, pipes below beams and ceiling
slabs
2. anchor bolt,
Lo gap,
pad

3. supporting steecl
5. pipe clamp, ©. neoprene
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Stabilizers for bath ducts

&

y, S
WeleTo
WOele

Fixation of muwltiple piping by a rigid
frame pedestal

nuELER
TRER

Mxation of mufflers

Key-1. adjusters angled or channei—
ed on the side

Bearing for exhuasti pipes

key-1. reinforcement,

<. exhaust pipe,
3. slab (welded)

c
.88
ﬁgﬂr A5
. —p
= == R N

Reinforced pedestal foundation

d
Lo ™
FHT T
. > 1 I
o
{ Tn-

¥l

Fixation of wall penetration

fey-1. cupport angle, 2. anchor
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Table 7.3 Types of Floor Penetration of Pipes

Eﬁpigrt symbod concgptural outline (comments)
support drawing
L Rising pipes (rising ducts) are fixed on the floor
r;{::fl"jﬁy angles and channels. (Fixed to steel with rivets and
ii‘“ﬂ‘L>“lL‘L‘“ welding). YMo particular problems are anmticipated
1if designed not to concentrate the stress on the fix—
ed part of pipes.
M o) Shape steel is fixed to floor slabs. Pipes are fixed
E to U bolts that connect to the steel. It is desir-
5 l ; able to see to it that the stress will not concen-
% > trate on the bolt tightened part,
2}

This type is used where water proofing is required,
such as on a roof tep. Lhe peneirated area is cover-

ed by iron plates, or the slab is made to rise,

Sleeve is installed to re-embed the pipe with mortar
or lockwall,

penevration only

Only sleeve is irfstelled. OSometimes lead caulking is

applied.




Table 7.4 Ixamples of Zarthguske Contrel for
Floor Penetration of Fipes

1

L
Ak
'I : i i 1
1'-'*E;tj—'—@z—1'

Ny
LA oxmEms (HEf s ) ORALHED | RIS )

/oL

F-
1
1.

S A .

-
—
T

TP 4-5-

Key-1. rubber vibration insulator
2. hard heat insulator
3. iron plate

proof)

proof)

4w supported area (with vibration

5. stabilized area (with vibration

5

. meﬂ+
7 J?:ﬁ;b b .ﬁ—
i T L "ATNR
TYi—=dw

.1

Elagtic Support for Penetration of A
Bath Duct Through iloor

Key-1, rubber vibration insulator
2, anchor belt
3. L shape adjuster
4e bolt, 5. grooved sitecl

ko,

Key-1, stabilized area,

2. stabilization

OGBS (L)

Key-1. complete welding
2, supported area (without
vibration proof)
3. stabilizntion




3, JOINTS OF MACHINERY/EQUIPMENT AND PIPING

Relative displacement develops in the joints between machinery/
equipment and piping due to the responses of the two. The maximum value is estimated
to be almost the came as the simple addition d the maximum value of the respective
responses. However, 1t is very difficult to obtain the response displacement
of machinery/equipment and the response displacement of piping by calculation, and
such data is presently virtually non-existant, Therefore, it id desirable to arrange .
flexible joints as required for these joints in consideration of the required earth-
quake resistance level of the funciional systems to which these joints are included
end the rigidity of the machinery/equipment and pedestals. Dspecially, with vibra-
tion proof bearings, the joints must be flexible against the displacement until the

stoppers work.
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PRIMING WATER TANK

Functional System: - Fire Extinguishing Installation

Floor Installed: Basement

Boundary Dimensions: tank 1000 x 600 x H755:
Weight:

Capacity: 360 L

Fvaluation: B

AT 6 SE209% 303 3090 363 30 A 030 3 3038 I 20 3050 30 I 3630 30 3E 2030 50 SR EIE3E IS0 I N e et

INSTALLATION CONDITION AND COMMENTS

The tank is placed on two brackets
mounted cn the wall,

Tips of brackets are pulled by round
steel, However, round steel is low in rigidity,
and it is not expected to be effective against
horizontal oscillations,

Brackets also seem vulnerable to
transverse oscillations. Also, the joints of
the tank and the pipe lock unstalbe.

It is recommended that the upper
portion of the water tank be fixed to the wall,

bracket: L- 50 x 50 x 6V

swing bolt: 128

SKETCH DRAWING AND DETALL DRAWING PROPOSAL FOR REINFORCEMENT & IMPROVEMENT

* Side View # Fix on the wall with a band,

F__*I | N4 ]
N
L__. //x\\’ \\>K<//
L VRN
AN

Y \\ A S Y
\\
~
i
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TRANSFORMER (SPECTAL HIGH VOLTAGE 2000KVA OIL_COOLING TYPE)

Functional System: Flectrical Installation

Floor Installed: Basement

Boundary Dimensions: Essentials of Main Bedy 657 x 1920 x H29.40
Weight:

Bvaluation: B

3636 3035 30363 300 2 H I H R IO M0 0020 T KR KON I UBA R

TNSTALLATION CONDITION AND COMMENTS
‘ It is fixed on the foundation
o] approximately 160 mm high with 4 bolts (24¢)
s ~ through channel materials (& - 100 x 50 x 5).
o It is connected to the wiring in the
cable pit at the back,

(hannel materials were welded to the
main body in the factory, and the details of the

welds are unknown.

ixation span appears to be narrow

relative to the proportion of the transformer,

SKETCH DRAWING AND DETAIL DRAWING

* Qutline of the transzformer
1250 --T-——lmﬂ

L_V%'gf

,‘mﬁ%l

key-1., front view, Z. side view
#¥ Channels and bolts fixation location

PROPOSAL FOR HEINFORCEMENT & IMPROVEMENT
* Provide stays on the upper part
r pu.l—u-&—-lﬂ—‘

7

7 oLe 2 key-t. L gteel
(2 sites)
2, side view

( BE ) Rz
% Enlarge lateral bolt span.,

(Under the present condition, it is

rT: 7 (100X x5 small)
H
| .
' Ba -
e (j/ ' key-1. photo
i
i
|

Age

-
|

;
S



#* Bolt Fixation Site

Even if bolts will not slip

off, chamnecl-plate weiding may break. up,
Channel-main body welding is,
in this case, unknowm, but the strength

is questionzable.

Some clearance is present in the

concrete around the bolts., Is the work
done properly?
It is fe=lt that the details of

the channel is too complicated.

% Roll Fixation Site (Boxed)

It is requested that the ade-

quacy of the bolt diameter be invegti-
gated, _

The ancor bolt is 24¢, thick
enough in calculation, but the slab side

is anticipated to bresl.

* Yiring Jeints
It is anticipated thgt the
insulators break due to the oscillations

of the main body during earthquakes,

ALY




THRE~PHASE TRANSFORMER (HIGH VOLATGE 300KVA OIL COOLING TYPE)

f Functional System: Electrical Installation
,; Floor Installed: Upper Floor
’é Boundary Dimensions: 810 x 1330 x H1295
4 Weight: 1550 kg
: 3 Evaluation: c
7 FE3E I S0 SR 30 3050 30 324 30 3635 2H ST JE 20 AR 20 30 30 0 20 31 A AR S0 3L A S 3NN M e

INSTALLATION CONDITION AND COMMENTS

The transformer is supported with rubber
vibration insulators on an H shape stesl semi~
embedded in the foundation.
o There are 4 fixation sites,
! It is expected to receive a considerable

amount of earthquake force since the transformer is

installed on an upper floor, Fixation on the top
is likely to improve earthquake resistance.

This bearing is insecure, sincec some=
times, vibration proof bearings resonate with
earthquakes creating large acceleration.

Il shape steel gize: 200 x 150
(estimation; confirmed by drawing)

SKETCH AND DETAIL DRAWING

# Deteil of Vibration Proof Bearing

(Probably the bolt appearing on the top
and the bottom of the insuwlator is not connected

inside the rubber vibration insulator, which means

{ T5x40x6

that the support is weazk against the up and down

earthqguake motions.

If comnected, the bolt can function with

7k
.j?i / the nut as a verticaldirectional sStoppe€reess)

Key-1. rubber vibration insulator
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PROPOSAL FOR REINFORCEMENT AND IMPROVEMENT
* Given enough strength to the welding of the channel and the main body.
¥ Use high strength rubber vibration. insulator,

* Apply stays on the top extending from the floor.

By FEAT
7 (BEDLD) Key-1. wrap with a band loosely (for

vibration proofing)

1779 | 2, angle

*Sling with wires (if it can be anchored on the top).

*Vibration Proof Bearing

Bolts are 16 mm in diameter.
A large lcad may be applied to the bearing due
to the resonance of the rubber vibration 3

insulator.

#Channels in Bearing
N The welding of channels and the wain body
is unknown.

i shape steel was probably selected to
support the transformer for vibretion proofing
purposes but the rigidity will be low compared to
direct fixation tc the floor.
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DIESEL GENERATOR

‘:jg runctional System: Home Power Generation Installation
E Floor Installed: Basement
Boundary Dimensions: 1820 x 4288 x H2015
Weight: 8850 kg (Bngine 5450 kg, Generator 3400kg)
% {10100kg including the commcn base)
BEvaluation: C

HE A R I 0 R IS 0303 IS 00 2050 3 3038 30 A SE B 2SS e 0N

INSTALLATION CONDITION AND COMMENTS

It is supperted on a foundation of
approximately 100 mm high with rubber vibration
insulators {see drawings below).

There are 10 rubber vibration
insulators. The machine is heavy and contains
many connecting pipes. Solid stoppers must be
installed. ¢

Flexible pipes are used for fuel inlet

Sl
13
&

pipe, cooling water outlet pipe, cooling water
inlet pipe and starting air inlet pipe.
Incidentelly, foundation bolts and
nuts are accessories.
(bolt diameter: 24 mm)

SKETCH AND DETAIL DRAWINGS
ro——t——v
¥
*Location of anchor bolts and rubber vibration insulators
(#fixation of embedded steel material)
*bolts
o rubber vibration insulators S imlmlm‘—“j
-ml-:m -——L—-mo—-
m -

#* 3ize of Boxed Anchors (from drawing)




* Main body and rubber vibration insulator
fLas 7/ Key-1. main body

2, embedded stesl material

PROPCUSAL FOR REINFORCEMENT AND IMPROVEMENT
¥ Tt is absolutely necessary to install stoppers (water table) and constrain the

sides of the common base. At least 2 stoppers are desired on each side.

VAL

* Lower Diesel Engine

It is supported on steel materisls
embedded in the foundation with rubber
vibration insulators.

The boltis used for fixing the body
to the steel materiels are 22 mm,

Stoppers that stop the lower side
plates are necessary.

) Incidentally, the pipe to the right
from the center is the starting eir inlet

pipe, Some slack 1s given to allow for tensile.

¥ Rubber Vibration Insulator

Stoppers are necessary.

A93
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* Cooling Water Inlet and Qutlet Pipes

Rubber flexible pipes are used to

absorb the vibration of the generator.

#* Upper Muffler

A canvas duct is used, The nuffler
is slung from the ceiling by vibration proof
hanging bars. Transverse osciilation

preventive measures are desirable.
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QIL SERVICE TANK AND DEPRESSURIZED WATER TANK

Functional System: - Home Power Generation Installation
Floor Installed: Bagement
Boundary Dimensions: Upper Tank 830 x Haer
Lower Tank 900 x 780 x 914
Weight: unloaded Upper Tank 45 kg, Lower Tank 100kg
Bvaluation: C

F3t 3 6 RS0 HH IR M I N R K H M IN IR R R HSERIE SR %

INSTALLATION CONDITION AND COMMENTS

An upper and lower two stage pedestal
is built with 50 x 50 x 6 angles. A fuel service
tank and a depressurized water tank are installed

on the upper shelf and the lower shelf respsc-
Lively.

Capacity of the tanks are 390 liters
and 500 liters respectively,

The oil service tank supplies fuel to
diesel engines by a gravily system and is placed
on a high plane. The pedestal is made of pure
rahmen and seems dangeous without modification.
If this tank breaks down, not only is the
emergency home power generation jeopadized but
also this may cause secondary damages.

Since there is a wall nearby, it is

perhaps necessary to fasten the pedestal by stays.
Pedestal Angles: L- 50 x 50 x 5
Anchor Bolt: 104

960
SKETCH AND DETAIL DRAWINGS f:ggﬁ@;j
# Pedestal Dimensions I rﬁ

&

E,‘__ «.\\W‘w

| g

boe
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1
4
i
i

% Fixation of Two Tanks (Drawing 1)
Relation to Wall (Drawing 2)
Fixation of Base of legs (Drawing 3)

7 _/_‘ _/_ { L - 50x 50X6
Zlofntaa)
-4
~

Key-1. tank AR
2. (4 of these) 0e i““
3. fuel service tank @ g
;4

3 7 y

2 MEh J Luo

PROPOSAL FCOR REINFORCEMENT AND IMPROVEMENT
* Reinforce the fixation of the pedestal to the tanks.

. key-1. angle
)
Tvrvid
—
o I 4
. 3 W 4
* Give stays from the wall. . ) A
, (BBRE )’ { 140
ke ""1. a1, le . /
y g ] »
2. fixation by bolts (or welding) 'mﬁsim :
Y

3« gusset plate TR 7 : / @ :

4e post~driven anchor

* Fixation of Depressurized YWater Tank
on Lower oneli

Clasps and bolts appear inadequate, )
There are 4 of thse fixation sites,
{clasp: L-50 x 50 x 6t) (bolt diameter 10mm)
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* Base of Pedegtel Leg

Angles of legs are welded to a
plate which is fixed by an ancor bolt of
10mm diameter.

Diameter of bolts and welding

must be investigated.

o
£

Flexible Pipe on the Upper Part of
the Fuel Service Tank

It is desirable to use flexible
pipes for the joints of machinery and

equipment and piping as seen here,
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OIL STORAGE TAHK

E Functional System: tiome Power Generation Installation
b Floor Installed: Basement

| Boundary Dimensions: 1800 x 1000 x 21700

: Weight: Approximately 270 kg

3

g

(Unloaded condition, calculated from the
plate thickness)

Tvaluation: G

A I IR IO TR WK H A MR KRNI KR A S R

i INSTALLATION CONDITION AND COMMENTS
| It is merely fastened by 4 anchor bolts of 10mm diameter.
Y When it is full, the weight increasss. ‘ihen
i; sloshing occus, a large lecad will be added to the
] bottom.
! When this tank breaks down, not only i
the function of power generation leost but also
secondary damage may occur,

fieinforcement of the bottom, and support

$IRa20in 33

on the upper section arc desirable.
Incidentally, out of the 4 bolts, one of them
had a loose nut.
" Bolt strength is adquate in calculation,
but the strength around the legs on the main body

side was questionable, Stays are desirable.
side 3.2mm
steel plate thickness: bottom 4.5mm

1id 2.3um
¥ SKETCH AND DETAIL DRAWINGS A
1 #* Fixation of 0il Storage Tank - 1200 ri‘%
. . \ (I
key-1. bolt L ‘°‘}i“ Y2
;i +
—4

\
i




* Detail of Fixed Site
key-1, anchor bolt # 10

2. (* in the drewing, it was indicated
L.~ 50% 506 as "16¢)

AL

s T vn-dnt 104
L(‘EETBIGG EHatl)

PROPOSAL FCR REINFORCEMENT AND IMPROVEMENT

# Increase the number of bolts (for each side).

% Use reinforcement with larger sectional surface for the bottom.

* Provide stays (Make sure that the apchor side is not the block wall),

/ 2 :
key-1. band j T .pTyfwM

2. angles

3. (standing view)

4e angles

3. plane view

(%) §
% Bolt Fixation Site # Block Penetration of 0il Supply Fipe
Bolt Diameter : 10Omm There is a possibility that the

Bottom heinforcement: L-50 x 50 x 6 block walls will collapse and the pipe
: mat break.




ALKALY BATTERIES { 100V 200 AH)

Functional System: Eectrical Installation
Floor Installed: Basement
Boundary Dimensions:  Batteries 115 x 170 x I 400
E (Refer to the drawings below for the pedestal)
Weight: 935 kg in toal
Evalusticns C ' -

B 33T 4 20 S0 30 230 30 3 S0 TR T J 00 30 AR A H 3030 3T 36 30 31 S8 2 3 S0 SIS 2 I AL AL AN

INSTALLATION CONDITION AND COMMENTS

A total of 80 batteries are lined
on the 3 stage pedestal, 27,27 and 26
batteries from the bottom tc the top shelf.

The batteris and the pedestal are
not fastened, This arrangement has the risk
of having the batteries fall down by vigorous
oscillations. '

Some measures are necessary, for
instance, securing of battries by fixation,
since these batteris supply electricity to
the central surveillance board during an
emergencys

The wall in the back is earthquake
proof and solid, One idea is to fasten the
pedestal to this wall,

Incidentally, pedestal is composed of L -« 40 x 40 x 5.

SKETCH AND DETAIL DRAVWING
® Total View
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PROPOSAL FOR REINFORCEMENT AND IMPROVEMENT
# Fix the upper part of the pedestal with stays from the wall (Draving 1)

e

Lay a stabilizer across the lowest shelf (Drawing 2)

B

Bind two pedestals (fixing) (Drawing 3)
* ¥ix legs of the pedestal to the floeor.

o

(Drawing 1) {Drawing 2) (Drawing 3) ( Drawing 4)

]

{3l = =
fL-~———-;é;g;f7 Weld with plate(or Side view

Az

simply tie with
key-1. angle bracket (at 2 sites)wires).

R. stabilizing angle

*Pedestal Legs
Not fixed.
The pedestal may fall in some

ogccasions, and fall proof measures are

necessary.

* Battery Connections
Since the pedestal is divided
into two sections, the wiring over the

boundary shall be given some play.

(The case shown here indicates no slack.)
Alsc, it 1s desirable to have

the two sections of the pedestal integrai.

A 101
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BOILER OTL SERVICE TANK (FUEL SERVICE TANK)

Functional System: Alr Conditioning Unit
Floor Installed: Basement

Boundary Dimensionss: 4 700 x L1400

Weight: capacity 500 liter
Evaluation: c

FHRFRFIFRR UM XRNH IO I038% %98 H003030 30383030 3030 3035 33030 3 3030 3 3e B 30 3038

TNSTALLATION CONDITION AND COMMENTS

This is just as dangerous as the tank
previously shown,

At least, braces should be installed
for the pedestal. Also, it is desirable that
the fop of the tank or pedestal be fixed with
stays from the wall., |

Mso, flexible joints must be used

for connecting pipes.
Pedestal; L-50 x 50 x 6

SKETCH AND DETAIL DRAWINGS
* Relation to YWall * Pedestel Dimensions #Fixation on the Base of Legs

%7
2
700 518x150“//i] : T

I
—niT ,!,o,."é
| 8 I~ J TEn—K o
L 450 g 150, 50,90
sl HLI r )
L 12001 {7004 key-1. anchor bolt
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PROPOSAL IFOR REINFORCEMINT AND IMPROVEMENT
* Reinforcement of Podeslal.....Install braces

* Fix the top of the pedestal with stays from wall ( at 4 sites ).

f
al
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ATR CONDITIONAER OUTSIDE ATR CIRCULATION DUCT

Funetional system: Alr Conditioning Unit
Floor Installed: Upper Floor

Boundary Dimensions: ¢ 1000-1100

Welght:

Bvaluation: B

3645 3436 34 038 30336 3330 28 3636 20 30 96 34 9636 38 3% 303628 36 3L 306 36 3698 36 3% 3% 30 36 3H3E I 308 303838 3 S e A0 3 34 34 303 L SE e e

INSTALLATION CONDITION
It is hung by round steel rods of approximately 12 mm in diameter.
The strength of the round steel

fixing sites at both ends is questionable,

 JW Bending of stoppers were seen

in several sites on the side of the duct,
Transverse oscillation control

measures are necessSarye.

Also, fluorscent lamps hunb by
chains, might bresk by bumping into the
side walls due to resonance,

The outline of the fixation of
the tope of the round steel rods is as

shown below,

SKETCH AND DETAIL DRAWINGS PROPOSAL FOR REINFCRCEMENT AND IMPROVEMEUT

* Fixation of the Nound Steel Upper End  # Prevent transverse oscillations

A A A A

— Tty

ERVRCOFIBOC P RN O RPS S EE R T

#* Round Steel Lover End

Key=1. round steel
124

key-1. angle




TURBC REFMRIGERATOR

Functional System:-

Floor Installed: Upper Floor
 Boundary Dimensicns: $ 1116 x 5995 (Cyrinder of the main body)
Weights 9300 kg ‘
wwvaluation: C
R R IR I 2 IR SR 3 20 SE IR S 2 2 20 U SH IESE 5SRO 30 A S S S SE N N

INSTALLATION CONDITION AND COMMENTS

A total of 6 sites are supported
by a vibraticn proof spring. In appearance
this machine is merely sitting on the
EDPTrings.

If this assumption is correct,
the main body will easily shift during
earthquakes.,

Stoppers are absolutely necessary
(Springs are also not fastened to the

foundation).

The structure of the bearing is

shown below,

SKETCH AND DRAWINGS PROPOSAL FOR REINFORCEMENT & IMPROVEMENT
*Vibration Proof Bearing ¥ Install stoppers.

# Install additional foundation.

A lla *

BB p 2
BEAT 7D

lf &

. . . Key-1. stopper
The main body is merely seated on springs . .
with adjusting bolts. 2. additional foundation

key-1, main bode, 2. adjusting bolt, 3. vibralion proof spring, 4. Tubber
vibration insulator, 5. side plate, 6. foundation :
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# Yibration Proof Serings
This is the picturs of the

central installation among the 3 sites on
one side.

There are 4 springs in one site,
a total of 24 springs.

The plate in the center is the
{lange from the main body,

The width and the height of the

foundation are 490 and 205mm respectively.

* Vibration Proof Springs {(Magnification)

This bolt appears to be the only meansg
to support the main body on the springé.

Also, Springs appear not to be fixed
tc the foundation at all,

It so, it is very likely that springs

fall off and the main body shifts by earthquakes.

Control measures are necessary.
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EXPANSION WATER TANK _ S

Functional System:- AMr Conditioning/Ventilation
Floor Installed: Upper Floor ’
Botndary Dimensions: 12004 x 1200"

Welght:

Evaluation: C

L R R L S R e L e R R R R E R

x

INSTALLATION CONDITION AND COMMENTS

it is hung by 4 round steel bars
mounted on the girders of the ceiling.

Without modification, transverse
oselllations ocecur, and round bars break
off at the base causing the tank to drop,
or in a less critical case, the connecting
pipes may break off at the joints with the
tank.

Transverse oscillation control

measures are indispensible, for instance,

construet a frame with angles,
Bottom Chamnel: [J - 125 x 65 x 6%

SKETCH AND DETAIL DRAWING PROPOSAL TOR REINFORCEMENT & IMPROVEMENT
“Bottom of the Water Tank (from drawing) * Install stabilizers
e — {125x65x6 1 1"y W
-~ Y
/
! }L—wxmxs r
\\ / . / TXrag ) ><
&ﬁ- - o s N
A - A 3

—

*Yater Tank Installation Pedestal Detail (from drawving)

S—r——
B L - s0x40%5 key-1l. angle
. " 9#x25%B.1 2. swing bolt
N (- 125%65x 6!
e
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PACKAGE ATR CONDITTONER

Functional System: Air conditioning/Ventilation
, Floor Installed: Upper Floor
} Boundary Dimensions: 1100 =~ 565 x HZOOO
! Weight:

Evaluation: &

FEIFEA KR F I AWK H RN F I3 R R MM RN R R

INSTALLATICN CONDITIOQN AND COMMENTS

The unit is fixed on the upper part
o band from the girder behind the unit.
The bottom is mot fixed but the unlt

> merely sits on a vibration proef pad.

Therefore, theexistance of this band

makes a distinctive difference.

This unit is worth referring to as an e

earthquaeke control example. gl £

The earthquake resistivity will be
further increased if metal fittings for the
prevention of transverse shifts are installed
at the botton.

SKETCH AND DETAIL DRAWINGS
#Band on the Upper Portion
Section of the flat steel is
30 x 4. It prevents the unit from falling

EE forvard.

Vertically long machinery and
equipment can be effectively protected by

S fixing the upper portion as shown in this

cases The band is fixed on the back of

the girder, PROPOSAL FOR REINFICIMENT & IMPROVIEMENT

¥ Prevent transverse shifts,

R
i
4

PSP

SRS I



ZLEVATED {(PALCED HIGH) FERD WATER TANK

Functional System: - Water Supply andDrain Installation
Floor Installed: Upper Floor

Boundary Dimensions: 4000 x 2500 x HBéOO

Weight: (capacity 25,000 liters)
Evaluation: ?

R R IS R IR RN R R RN R R RN R H IR ERRXIINRK

INSTALLATION CONDITION AND COMMENTS

Two foot lock foundations made on
the slab receive the tank,

Presence of the fixation to the
foundations is not known, but it appears the
tank’ is merely seated on the foundations,

If not fixed, the tank may shift
earthquakes, and as a result, piping may fail.

Although not related to the water
tank, some transverse oscillation control
measures are probably necessary for the ducts
and fluorscent lamps which are merely hung
from the ceiling.

The tank bottom detail is as shown below.

SKETCH AND DETAIL DRAWINGS

# Detail of Tank Bottom

N key-1, condensation receiver
[ 180X 75%x7

2+ no apparent fixation
L-80x90x%7?!

3. condensation receiv

Iilf/ﬁ‘ 4\—’<@Elif£ &£3 %

¥ Relation to Surroundings

* Foundation and Water Tank / F?
r_r——1 N :liuﬁ 3 1900
: £l 2
IL ;
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PROPOSAL FOR REINFORCEMENT AND IMPROVEMENT

#*The suction water pipe (vertical pipe in the photo) and water tank joints may

fail. The valves are heavy. Preferably, theé pipe shall be supported at the part
where it rises, so that a large load shall not be added to the joints with the water
tank. Also, flexible joints shall be desirably used as appropriate.

¥ Since it is tremendously heavy, an easy treatment is insignificant. It is also
feasible to fix the two tanks and then fix them to the steel columns on both
sides or to the girders.
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ELEVATOR (ONTROL BOARD

Functional System:- Elevator Installation -
Floor Installed: Upper Floor

Boundary Dimensions: 609 x 1372 x H1969 (one unit) 2905 (3 units)

Weight:

Evaluation: B

4 FE IR T I I I M IO RN NN H R R KR PR HRINRZTHRNRNN

INSTALLATION (ONDITION AND COMMENTS
Fixation to the floor is unknown.
At any rate, the installation work is not
secure enough,
The center of gravity is high,
and it is an important equipment. Some
fall preventive measures are absolutely

necesgsary.

SKETCH AND DETAIL DRAWING PROPOSAL FOR REINFORCEMENT & IMPROVEMENT
# Fix the control boards to the floor
or to the ceiling {when ther is a frame)

vith stays.

r AW 4B A 4

key-1. angle
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C0n BOTTLE

Functional System: Fire Ixtinguishing Installation

Floor Installed: Basement

Boundary Dimensions: (tank) #270 x H1515
Weight:

Bvaluation: C

Fo 336K 303 303 20 03030 3030 K K AN A0 00 3030 202630 330363 e 33k % T ve—

INSTALLATION CONDITION AND COMMENTS

These are bottles for (0p fire fighting.

Apperently, 12 bottles are comnected
to the frame with metal fittings, but the frame
is flimsy and may fail,

Either the frame must be reinforced,
or stays must be provided from the floor or the
wall as a desirable control measure.

The upper horizontal pipe is fixed to
the frame, but may not be able to meet large
oscillations of the frame and breake,

It is requested that the strength of the
freme and the fixed bolts be investigated.

SKETCH AND DETAIL DRAWING PROPOSAL TOR REINFORCIEMENT & IMPROVEMENT
#Frame Dimensions * Relation to Wall * Fix the upper portion with stays.
L-50 x 50 % 4 (Stays from the floor are not appropriate
' - ’ since they will be in the way when ex-

A ] . . t r
J : changing tanks) | r

4 l 4 4
A4 Yt % A
- ~)’ ;gﬂ‘
| BO0
| 1s00_ & ~

key-1, frame

Tr e
M 2. angle
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FIRE FOAM PRESSURE FEED TANK

Functional System:: Fire Extinguishing Instaillation ;
Floor Installed: Basement

Boundary Dimensions: #850 x H1700

Weight: 510 kg (tank weight)

Eveluation: B

64 303 SEAT 330 303030 3H 34 3030 36 AL 34330 2 I W I WA H I IR H R I A H

INSTALLATION CONDITION AND COMMENTS
The tank is supported with three
angle iron legs, but the strength is questicnable.
It is necessary to investigate the
problematic welding of the main body and the
fixed sites to the floor.

As a control measure, the main body

may be wrapped by a band or supported by stays.
Inc1dentally, legs:s L= 75 x 75 x 60
tank capacity: SDO,a

Refer to the photo for the base
of legs.

SKETCH AND DETAIL DRAWING
% Relaticn to the Wall

*Fixation of the base of legs




PROPOSAL FOR REINFORCEMENT AND TMPROVEMENT
* Provide stays from the floor,

Key~1., welding(directly or on the band

’ that wraps around the body)
BE(H

Bz 2. angles (four)
8 37

* Provide stays from the wall.

key-1. angles
20 band

RS

U N
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SEISMIC DIAGNOSIS OF REINFCRCED CONCRETE BUILDINGS

SHIZUOKA PREFECTURE URBAN HOUSING DIVISION







FORWARD

In Shizuoke prefecture, potential occurrences of Tckai Earthquake
(Magnitude 8) originating in the vicinity of Suruge Bay are being discussed.
Attempts are being made by this prefecture to promote systematic memsures to control
earthquakes from various angles as the most important program to be enforced.

Shizucka prefecture will be shortly designated as an earthquake disaster
prevention reinforcement area based upon the Law for Large Scale Earthquake Special
Control Measures. Once designated, emergency disaster control measures and control
measures esgential for the prevention of disasters such as providing evacuation
sites are expected to be stipulated., Currently, the task of formulating "Tokai
Earthquake Control Measures" under the Shizuoka Prefecture Ares Disaster Prevention

Plan is being undertsken.

As you know, in respect to the earthquake control measures for buildings,
we developed seismic diagnostic methods for existing buildings, and compiled
guidelines for seismic designs for newv buildings to be constructed in 1978, primarily
for wooden housing, and they are already in use,

On the other hand, research on the earthquake resistivify of reinforced
concrete buildings is actively encouraged. In 1977, the national govermment
developed a technique to evaluate the earthquake resistivity of existing buildings.
In-addition, New Seismic Design Method (proposal) has been announced.

Consequently, technical standards of the Building Standard Law will be
furnished one after another. In Shizuckae prefecture, as previously mentioned,
in view of the announcement of the Tokai Earthquake Theory, we live under a special
condition and the earthquske resistivity of reinforced concrete buildings must
be promptly bolstered. Among reincorced concrete buildings, special buildings
and buildings which serve as a base for activities involving disaster prevention,

evacuation and rescue during earthquakes should be given special considerations.
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" Under these circumstances, it is thought necessary to raise the
criterie for the evaluation of the sirength of existing buildings and the standards
for the design target strength of buildings to be constructed in the jurisdiction
of this prefecture. Professor Kai Umemura, former Dean of Engineering Departmant,
University of Tokyo {currently, professor at Shibaura Institute of Technology);
Professor Hiroyuki Aoyama, University of Tokyo; Assistant Professer Tsuneo (iada,
University of Tokyo and Professor Masaya Murakami, University of Chiba, are assigned
to conduct research on possible earthquake inpur forces that can affect buildings. I

This publication is a compilation of the resulis of the commissioned
research and the research results achieved in the past by the professors mentioned
above, and it is meant t© be used as a text in the future service training to be
administered. I trust you will use this document effectively and hope for the
further improvement in earthquake resistivity of the reinforced concrete buildings.

February, 1979

In this publication, Part 1, Part 2 and Part 3 were borrowed from the
Fiscal 1978 Public School Technical Employee Service Training Text, Journal
Kenchikukai vol 26 No 12, 1977, and Journal Kenchiku Gijitsu No 317, 1978
respectively.
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PART 1

SEISMIC STRUCTURE PLAN FOR REINFORCED OONCRETE SCHOOL BUILDINGS

Hiroyuki Aoyama
Professor, Engineering Department
University of Tokyo







1« PREFACE

You will remember for a long time 1978 a&s a year with a lot of earthquakes.
On January 4, when the general public was still euphorious with the celebration
of the New Year, the Izu Oshima Nearses Earthquake cccurred, On February 20th,
the Miyagi Prefecture Offshore Barthquake followed it. School buildings suffered
considerable damages. On top of it, the Miyagi Prefecture Offshore Earthquake
recurred causing sizable damage primarily to the city of Sendai,

It is therefore quite appropriate that the public school technical
employee service training class of this fiscal year chose the seismic plan for
gchoo) buildings as its main topics The author of this paper will be vefy heppy
and honored if this small contribution can be of any service during a group
discussion. For this purpose, school buildings which suffered some desgree of damage
during the above three eqrthquekes are introduced in the text, if possible, with
drawings and analytical research results, in order to discuss the relationship
between the seismic structure plan and earthquake damages.

However, I would like ito mention before entering into discussion that
it is actually just a little too soon at this point of time to write something like
this, since the research relating to the earthquake damages is in its initial stsge
and has not yet produced any significant quantitative conclusions as I am taking =z
pen to write this paper. Accordingly, the content of this text is mot only
inconclusive but also may be subjected to future partial correction by.necessity.
Incidentally, the suthor gave a lecture titled "Seismic Structure Plan
for School Buildings" at the Public School Facility Service Technical Staff Lisison
Conference of this fiscal year, and the essentials of the speech was printed on
the Conference Data1).

The conference was held on 22«23 June, immediately after the second
Miyagi Prefecture Offshore Earthquake, and the contents of the date is limited to
the earthquakes which occurred in January and February. This time, in writing the
text by putting the three earihquakes together, T ﬁbuld like to mention that some
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parts of the previously written compositions are reused as indicated below,

The part relating to the Izu Oshima Nearsea Earthquake which occurred
in January, is almost the same in content as in the previous ecase, and the drawings
and photos of the school buildings are also largely the same, However, the content
of the part related io the analytical research was made more substantial,

The part relating to the Miyagi Prefecture Offshore Earthquake which
occured in February, contains the general explanation and the photos virtually
the same as the previous report, but the drawings are complete and the analytical
research results have been newly added.

The part concerning the Miyagi Prefecture Offshore Earthquake of June
has been written for the first time in this article, and naturally analytical
regearch has hardly been conducted, This is the least accomplished part.

The writings regarding the above three earthquakes are expected to be
incorporated in "Construction of School Buildings—Plans and Designs" scheduled
to be published in 1978 by the Architechtural Institute of Japan.

2, ESTAELISHMENT OF SEISMIC DIAGNOSTIC STANDARDS

When promoting a seismic structure plan, the future direction will be the
utilization of so called "seismic diagnosis“z). The conference datat) rather
elaborately describes the history and the essential content of the established
seismic diagnostic standards. In the following, the data will be summarized.

The Tokachi Offshore Earthqueke which occurred on 16 May, 1968, exactly
10 years ago, was the greatest test to the history of the development of the Japan‘s
seismic‘designs since the Meiji Er33)4). The earthquake demonstrated very clearly
that regular medium and low rise buildings designed in accordance with the Building
Standard Law and Architectural Institute Calculation Standards were not necessarily
safe against earthquakes.
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The seismic structure research workers who took this as a lesson given
by mother nature have been invelved in various activities since that time, which
are shown in Table 1, .

Summing up these activities, the following is the common knowledge of
today shared by those related to the architechturel tectonics. Specifically, the
force of the earthquake motions that affect medium and low rise buildings during
mejor earthquakes can be tremendously greater, 3 times or 5 times more than the
design seismic intensity stipuleted in the current Building Standerd Law. In order
to withstand this force, the strength that is about to be able to meet the stipulated
level in the Building Standard Law is not at all sufficient. Larger strength
{superflorous strength)and ductility are required. On the other hand, the actual
gtrength of buildings varies significantly, although the design seismic intensity
is set at 0.2, The strength of some buildings only bearly meets the design seismic
intensity (Anthing lower than this is not expected to exist.) while the strength
of others can be more than 5 times the design seismic intensity. Therefore, all
of the real buildings will not be flattened like dominos during major earthquakes.
Indeed, most of them can manage to stay intact. (In this respect, Japanese seismic
designs have spread and reached the world's top level, owing to the long standing
efforts of the forerunners. Japanese buildings are probably the strongest in the
world against earthquakes), but those with insufficient strength and ductility are
unfortunately mixed in and suffer demages during earthquakes,

Spreading of the awareness as described above entails various pronouncements
regarding seismic designs shown in Table 1, and also embodies items regarding
the seismic diagnosis of existing buildings. Among them, a lively exchange of
opinions concerning the earthquake resistive designs for new buildings are repeated
presently at the Ministry of Construction and the Architecturel Institute of Japan,
However, it appears to take much more time until a final conclusion can be reached
in view of the fact thal the issue of the design seismic intensity has & long
tradition since the Urban Building Law.

In contrast to that, the seismic diagnosis of existing buildings promtly
materialized since it was a new issue. The Japan's capital of the high economie

growth period has accumulated as facilities such &s buildings., Today, outstanding
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street districts spread out no matter which city is may be throughout 3apan.

When we think of earthqueke control measures now in Japan, it is of course important
to improve the geismic designs for new buildings, dbut it is much more important

and urgent to eveluate whether or not existing urban buildings are safe,
Incidentally, checking of the seismic design calculation does not help at all when
trying to evaluate the adequacy of the earthquake resistivity of existing buildings.
They are certainly designed in accordance with the Building Standard Law and the
Architectural Institute Stendards, and there is no difference in earthquake resis-
tivity as far as that is concerned,

The real difference in earthqueake resistivity is dominated by the size
of the reserve yield strength of a building and its destruction mode. The reserve
vield strength of medium and low rise buildings is always expected to be above 0.2
in terms of seismic irtensity. If the reserve yield is high and the destruction
mode is rich in ductility such as bending destruction, buildings will be safe.
Inversely, if the reserve yield strength is low and the destruction mode lacks
ductility such as shearing destruction, the buildings are critically vulnerable
to earthquekes. Depending upon the level of the danger, necessary measures such as
reinforcement may have to be implemented.

What is generically called seismic diagnosis entails a process of judge=-
ment such as above, and works to cull out buildings with questionable resistivity
from the existing buildings.

It may be considered naturel that the reserve yield strength of actusl
buildings exceed the design seismic intengity since it is after all a design.
As far as reinforced concrete structures are concerned, the difference between the
two varies depending upon buildings and the desigrers, almost to a hopeless extent.
Table 2 indicates the examples of these conditions 3)5)6). Reserve yield strength
is expressed by yield layer shearing force coefficient in this table, As it is
revealed, there are buildings which exceed the design seismic intensity only by
10% whereas some buildings exceed it by 400~500%.

I have described in the previous report1) vhy yield strength increases

differently in various structures., An especially large factor is the presence of
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of external walls such as a lower sectional wall which is considered not to

contribute to the structural yield strength and is ignored in calculation. In
genuine pure rahmen structures which do not include these external walls, generally,
the reserve yield strength "is low, On the other hand, actual buildings that have
these external walls, for instance, Nemuro Elememtary Schocl and Hachinohe Specialized
High School, indicated a very high reserve: yield strength. If shearing destruction
of columns are not incurred, external walls made of reinforced concrete and instelled
on the spot are very helpful, Unfortuantely, shearing destruction often occurs

at a location where the effective length of columns are shortened by these lower
sectional walls, and thus the lower sectional walls are blamed as the cause of

hazards,

In the seismic diagnosis, a seismic index is computated, teking into
consideration both the reserve yield strength and the destruction mode, as the
product of strength index relative to the former and the ductility index relative
to the latter., This is designed to give high scored to both the buildings with a
high strength but a low ductility and the buildings with & not so high strength
but a very high ductility.

Originally, the seismic diagnostic standards were for existing buildings.
It is however & great step forward even for new building siructurel plans since
the diasgnosis has made it possible to express the seismic efficiency by a countinu-
ous quantity. Conventionally, qualitative guidance singly dominated "notabilia®
of structure plans such as "Place walls as evenly as possible", Titilization of
- seismic diagnosis-in the stage of structure plan will allow more quantitative

planning.

Table 1: Progress After Tokachi Offshore Earthquake

Date Particulars

1968, 5. | Tokachi Offshore Egrthquake (M 7.9)

ADMINISTRATIVE AND TECHNICAL GUIDANCE
1969, . 1, | "Earthquake Control Measures for RC Structure" (Journal Kenchiku Zasshi)j

1970, 12, ] "Bullding Standard Law Enforcement Ordinance" revision

s i
i
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1971,
1975.

Se
11,

1968~ 70,

1968.
1971,
1971.
v71.
1971,
1973.

1976.
1978,

1973,

1975,

1977

1978,

1970,
1973.

12.

9.

8.
e
8o

Be
bo

.

6

be

Ge

e
9.

1973= 75

1975,

e

"RC Galculation Standards® revision
NSRC Calculation Standards®™ revision

INVESTIGATION AND RESEARCH

Casualty and Damage Investigation, Experiments, Analyses

"Tokachli Offshore Earthquake Casualiy Investigation Reporit
(Architechtural Institute)

"Tokachi Offshore Earthquske Composite Report" (Keigaku Publishing Co.
Symposium based upon the Science Paper Reports (Architectural Institute)

TRIAL SEISMIC DESIGNS
“Special Reinforced Concrete Design Method" (Edited by the coumittee
for the same)
"School Building Plan" (Architectural Institute)
"Dynamic Seismic Design Method for RC Buildings" (Edited by Kai Umemura
"Seismic Safety of RC Structures" (Edited by Minoru Yamada)
"Seismic Design Methed for Medium and Low Rise Reinforced Buildings"
(BEdited by Steel Material (lub)

EXTSTING BUILDINGS
"Seismic Judgement Standards for Existing RC Buildings"
(Architectural Institute)
"Seismic Diasgnostic Methods and Reinforcement Methods for RC School
Buildings" (Architectural Institute)
"Seismic Diagnostic Standards for FExdisting RC Buildings"
(Special Building Safety Center)
"Seismlic Diagnostic Standards for Exdsting Reinforeed Structures"
(Special Building Safety Center)

INTERNATIONAL COOPERATION
"Japan/US Seminar (Tokachi Offshore Earthqueke)" Sendai
"Japan/US Seminar (San Fernando Earthquake)" Berkley
Japan/US Cooperative Research {RC School Buildings)
"Japan/US Cooperative Research and Investigation Meeting" Homolulu
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1977- "Japan/US Joint Hesearch and Project with Large Scale Experimental
' Facilities"
'ﬁEISMIC DESIGNS
1974 Earthqueke Load Joint Committee (Architectural Institute)
1977, 1. "Earthquake Load and Earthquake Resistivity of Building Structures®
(Architectural Institute)
1972- 77, Comprehensive Project (Ministry of Construction)
1977. 3. "New Seismic Design Method (Proposal)" Ministry of Comstruction
Table 2: Design Seismic Intensity and
Reserve Yield Strength
T 2 . = a4
2 R g IANLLINS. ML . it
Sl oM (d2 o |73 B ¢
<16 B G o oA # 3 0.30 0.49 0.51 0.56
" A’ ﬁ*) 3 0.20 0.30 0.31 0.34
" B # 1 3 0.30 0.56 0.64 0.7
" c @%3 0.30 0.33 0.32 0.33
: cEI 3 0.20 | 0.25 | 0.26 | 0.28
FE B ¥ B O(CR) 3 0.18 0.61 0.56 0.86 33
la e w wowom| s | one [(GH BB e
3 &) T 4 0.18 0.63 D.54 0.69
'Y & st A - wol 3 0.30 0.45 0.36 0.92
4 B - WG 3 0.30 0.44 D.47 0.86 °
Xy ” B-#5-42 3 0.30 0.37 0.35 0.80
i " B - jEE: 3 0.30 0.45 0.52 0.87
% ” gy es| 3 0.30 0.49 0.52 1.03
FE&E A O (2FHED 3 0.30 0.51 0.52 1.07
;3 " (y#Hm) | 3 0.30 0.47 0.47 0.95
2 Olive View # B 5.B! 0.086 0.39 (P- a2y 3)
0.52 | (Wbt 22
3? BB A 3 0.20 0.27 0.35 0.44
amm p 8 0.20 | 0.32 - -
258 A A C (xHED) 3 0.20 0.93 1.20 1.49 6)
ZL (y ) 3 0.20 0.42 0.55 0.68

27 *HABHBERLLVE LIEOME
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Key-1. buildings
* 2, number of stories
3+ design seismic¢ intensity
4e Teserve yileld strength
5« first floor
6. second floor
7. third floor
8, literature
9, standard design type A
10« Type B
11. Nejiro Elementary School (Type C)
12, Hachinohe Specialiged High School, South Wing
13. Hachinohe Specialized High School, West Wing
14« trial design
15, B= pure rghmen
16, lower sectional wall
17. entire building
18, design example 1 (x direction)
19. (y direction)
20, 0live View Hospital
21s (P=§ curve)
22, (simple sum)
23+ applicational example A
24+ Applicational exzmple B
25, Applicationsl example C (x direction)
26, Applicational example ¢ (y direction)
27. ¥ values when shearing destruction is not assumed to occur




3. IZU OSHIMA NEARSEA EARTHQUAKE DAMAGE TO SCHOOL BUILDINGS

A moderate earthquak of magnitude 7 origineting on the sea bed of
approximately 17 km in depth between Izu Oshime and Izu peninsula occurred at 12:24,
14 Jan.,1978. The seismic intensities reported at various localities were V in
Izu Oshima and Yokohams, and IV in Tokyo, Shizuoka and Ajiro. Actually, the damagse
suffered in Izu Oshima was minor. The major demage, namely, buildings roads,
rail-roads and water system damages, was seen in Higashi-Izu-machi (Inatori, Atagawa}
and Kozu-machi located in the east coast of the south Izu peninsula.

Acecording to the investigation by the Shizuoka prefecture Board of
Education, 59 schools throughout the Izu peninsula suffered demasges, if damages to
finished materials and broken glasses were accounited for., However, only four of the
reinforced concrete school buildings reported damages to the structure of the build-
ings —=Inatori Elementary School, Itatori Junior High School, Atagawa Elementary
School and Atagawa Junior High School in Higashi-Izu-machi. The level of the damage
was also minor, and theschool buildings were reusable after partial repairs except
for the Inatori Junior High School. It can be stated that the damage to the
reinforced concrete school buildings was generally lighter than the ground damege
such as landslides, or damages to wooden buildings and steel structure buildings.

The heaviest damage was noted in the Inatori Junior High School
in Photo 1, It is a three story building built in 1955, and has & plane which
offsets at the east side of the center entrance hsll as seen in the plane view
indicated in Figure 1. There were no expansion joints. Damages found were bending
and shearing cracks on the columns and wing walls on all floors in the building due
to the oscillations in the direction of the cross beams. As seen Phic 2, the slab
of the staircase rooms on each floor were cracked. Some cracks were es much as
2 cm wide., An inspection of the building revealed 4=-5 em axial expansion displace=
ment in the east and the west wings. The major cause of the damage was joliing of
the Jjoints and the forced displacement which worked as if to tear the entire top
apart from the foundation due to the complex oscillations occurring in both wings.

Judging from these conditions, it is possible that the footing beams in the enirance
were broken off,



Figure 1. Inatori Junior High School Second Floor Plane View
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Photc 1, Inatori Junior High School South Front

In Table 3, cross-beam Photo

direction seismic diagnostic results are
shoun7)82 Incidentally, beam direction
earthquake resistance was also diagnosed,
but both first and second diagnoses often
inciated a high seismic index value of
around 1.0 because of the presence of
numercus reinforced concrete seismic walls
in the beam direction used as room dividers,
Therefore, there is absclutely no problem
in respect te the beam direction earthquake
resistance.

2+ Instori Junior High School

Cracked Center Staircase Room
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The east wing of the Inatori Junior High School is struectured with
an uniformal rahmen consisting of an array of columns with a 3=4m span, without
lower sectional walls, and it is dominated by curved columns high in firmness,
In contrast, the west wing is basically a 9m span Type A building. Many shearing
destruction sites were present in the columns. Columns with wing walls on the north
side have a not-so-high yieiding strength. Because of these, the seismic index
of the west wing was much lower than the east wing. Furthermore, what must be noted
is the fact that the seismic index obtained for the entire building combining the
east and west wings, was lower than either of the west or east wing. This happened
because it was disadvantageous for both wings to be joined only by partial contact.
It is obvious that the earthquske resistivity of this building will be improved
by instelling expansion joints.

Table 3. Seismic Index of School Buildings (Cross-beam Direction)

s & X S B hEgE 2 ®2KREH

B 1 2 3 4.1 5 | 2 3 4 5

S #EEeeh - B8 10.48/053{084] - - 054058125 - ~
4 ®m -@®@®m |0.54066/1.02] - - |040|0.49| 066 - -
4 @ &tk |0.44]051(082] ~ | - |033{040]064] - -
| B 0.36/ 034/ 055 - | - |0.32)034]068] - -
q 8 0.52]0.44{ 056|097 - |057(063{074({109] -
sb-mNs o dbpE | 0.550050(080]1.46f - [062|058|080(1.38| -
’ W -@#% {0.43/054/090f - | - 1067|062 123 - -
A FEEE - &=t |0.24]025/032{053] - |035]042]{038{075] -
‘I RES® 0.25] 0.25{ 0.23{0.30{0.45|0.53 | 0.59]| 065 | 083 | 1.74

Key-1. order, 8. Atagawa Junior High School

2. first di i
irs dlff@ﬂSlf 9. Inatori Elementary School
3. second disgnosis 10, Atagawe Elementary School, north wing

4e floor .
- 1. same, south wing
3 i:z:orl Junior High School, east 12, Inatori High School, classroom wing
. . . 13, Ito High School
6 Inatori Junior High School, west
wing

7. same, entire building



Atagawa Junior High School is a three s%ory B type buildings (span 4.5m)
built in 1962, and has = plane which elbows in & mild angle as shown in Photo 3 and
Figure 2. The cross~beam direction structure is practically made of pure rahmen.
Columns on each floor indicated bending cracks due to cross-beam direction oscilla-
tions, The surrounding ground was considerably jolted, and piping on the north side
of the school bullding was broken. A wooden room divider in the science room at the
wvest end of the first floor was buckled as shown in Fhoto 4 due to the swelling of
footing beams and the concrete floor by the sinking of the school buildings. The
foundation of this building has independent footings without piles. Incidentally,

a steel brace broke in the gymnasium.

Figure 2, Atagawa Junior High School
First floor Plene View

Photo 4. Atagawa Junior High School
Buckled Wooden Room Divider

Photo 3. Atagawa Junior High School South Front

From the seismic diagnostic results in Table 3, seismic index values both
in the first and second diagnoses were low, especially the earthquake resistivity of
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the first and second floors was insufficient. When buildings are of pure of near
pure rahmen structures at s design seismic intensity of 0.2, the earthquake fesisti-
vity will be deficient unless the firmness of buildings is very well attended to.
This point has been often reminded in the pastB)s) but it is reconfirmed by the

seismic diagnosis.

Inatori Elementary School is a four story A type building (span 9m) built in
1970, and it is in straight line as shown in FPhoto 5, a picture of the south front,
end in Figure 3, a plane view of the first floor, Stairways, bathrooms and other
rooms are all arranged to the north of the middle corridor, The arrangement gives
a structural plan with some walls in the cross-beam direction. Main damages were
seen in shearing cracks of cross—beam direction walls in the corridor and bending
destruction o f the entrance hall eaves at two sites, Qthers noticed were broken fixed
sash windows of the enmtrance hall, fallen bookcases on the second floor, a flown grand-
piano on the fourth floor and = dropped ceiling of the gymnasium in a separate building.

Photo 5. Inatori Elementary School South Front
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The seismic diasgnostic results in Table 3 elso show values over 0.5-0,6 both
in the first and second diagnoses owing to the well demonstrated supportive effect
of the cross-bseam direction walls, -

However, in the case of this school, it is gquite disturbing to find that the
dasmages concentrated around the vicinity of the doorways, for instance, bending
destruction of thecantilevers of the entrance eaves and broken fixed sash windows,
since it Is & school building. Fortunately, the warthquske occurred on a Saturday
afternoon, and bhuman casualties in the vicinity of the doorways were not reported.
But under different circumstances, it could have been very dangerous. "Designs" for

the doorways and their immediate area should not be elaborate but desirably stress
safety.

Atagawa Elementary School was build in 1975, and has & H shaped block plan
as shown in Figure 4. The four story north wing and the three story south wing are
connected by the two story comnecting corridor with expansion joints, Photos 6 and
7 show south front and north front of the north wing. The building has some walls
in the cross-beam direction as in Inatori Elementary School. It is &alsoc characterized
with a middle corridor stype with four rahmens installed in ‘the cross-beam directio,
Damages were primarily shearing cracks of seismic walls and some external walls.
Expansion joints were designed and constructed very carefully and demonstrated their '
full function. Incidentally, e ceiling in the gymnasium in a separate building
dropped just as in the Inatori Elementary School,

Figure 4. Atagaws Elementary School Second Floor Plane View
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Photo 6, Fouth Front Photo (7. North Front

Atagawa Elementary School North Wing

The seismic results are also similar to those of the Inatori Elementary

School, and considerably high index values were obtained both in the first and the
second diagnoses. It may be possible to increase further the seismic index by tidy-
ing the external wall of the north front in Phoio 7.

The above discussion of some Izu Oshima Nearsea Earthquake damages to the
four elementary and jupior high schools mainly focussed on the structure plan
comparing the state of the damage and the results of the seismic analysis. The
studies on the absolute seismic index values and the selsmic judgement have not been
completed in detail, and it is better to think of this value, in this paper, as
a8 yardstick that indicates relative size of the earthquake resistivit& of each
school. In this'perspective, Table 3 apparently indicates that the earthquake
resistivity of Inatori and Atagawa elementary schools was better than that of Inatori
and Atagawa junior high schools. This trend also coincides with the trend in the
size of the damages incurred to a certain degree., There is a meaning in that this
difference was produced not because of the appropristeness of the structure
calculation but because of the difference in structure plan tied to the plane plan,

The seismic diagnostic results of two high schools in the same area are
shown in Table 3, although they did not suffer damages., Inatori High School was
build in 1965 and has an A type four story administration/general class room wing
and a B type (cross=-beam direction 1 span) four story special class wing connected
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by connecting corridors with expansion joints. In Table 3, the administration/general
classroon wing was diagnosed, but the seismic index in the first and second disgnoses
was very low. The school did not suffer damages because of the low earthquake input
force and probably because of the virtual absence of the cross—beam direction
secondary elements such as non-structural walls that give an impression associated
with damages. MNevertheless, these buildings can be classified as problematic
buildings with respect to earthquake resistivity judging from the seismic index values.

In comparison, Ito High School was built in fiscal 1976 and 1977, and is a
B type (beam direction 1 span, partially middle corridor style with 2 spans) five
story building with a cross-beam direction design seismic intensity of 0.24. Also,
the seismic index value is considerably improved by installing wslls such as bathrooms
to the north of the corridor. If rigid frames are installed in the boundary of
classrooms and the corridor to raise the beam direction span to 2 spans, more superior

earthquake resistivity can be achieved.

4s MIYAGI PREFECTURE OFFSHCRE EARTHQUAKE (FEBRUARY) DAMAGE TO SCHOOL BUILDINGS

This moderate earthquake of a 6.8 magnitude occurred at 13:37, 20 February,
1978, and originated in the sea bed of 56 km in depth, approximately 110 km northeast
of Sendai and approximately 40km southeast of 0funato9). The seismic intensities
reported at various localities were V in Ofunato and IV in Morioka, Miyako and Sendai,
but the oscillations in the city of Sendai were rather severe and many cases of broken
window glasses in medium and high rise buildings were reported, for instance, some
strong motion seismograph recorded maximum acceleration of 170 and 144 geals. Damages
to wooden houses, roads and railways were generally light, but reinforced concrete
school building and other public building damages occurred in Minamikata-machi,
Ishikoshi-machi, Tsukidate-machi, Shiwahime-machi and Ichihasama-machi in Miyegi
prefecture, and Ichinoseki-shi in Iwate prefecture, in the inland 60-80 km from the
hypocenter, The majority of the buildings which incurred damage had flimsy "non-
structural walls" over the cross-—beam direction low rigidity pure rahmen, and only
a few cases incurred damage to the main structure, However, it is desirable that a

deliberate investigation be conducted regarding whether or not these demages by
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noderate seismic motions as seen at that time can be tolarated, and whether or not
it is better to add regidity to the main structures to provide for the future.

The largest school building demage was seen in Nishigo Elementary School in
Nishigo, Minemikata-machi (Photo 8, Figure 5). This school incurred damage to the
wooden school building of that time during the Nerth Miyagi Prefeciure Earthquake of
April 1962, The school was reconstructed as the first 7 span structure and completed
with reinforced concrete as a disaster restoraration in March 1963. The second and
third term econstruciicn works were done over in 1973 and 1974, snd it became a very
long school building as seen in Photo 8, The first term construction work was
designed in accordance with the old RC standards of the Architectural Institute of
Japan, and the second and third term construction work was aesignated in accordance
with new standards revised in 1971 which incorporated lessons learned from the Tokachi
Offshore Earthquake.

Figure 5, Nishigo Elemgntary School First Floor Plane View

T T OIS s

J N
- Sl
{‘_.!_T » » » o (490 ‘_‘g___‘_ﬂ-_l-t I IA) x{r]l » II s UMM 2 | |+ 4R

@ ® ¢ @ @ ¢ @& @O
s ImIB . 31N

@
18 ) 2MIW LTIMTE g_“——"

key~-1. first term construction work
2, second term construction work
3. second term construction work
4e third term construction work

Photo 8. Nishigo Elementary School South Front
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The structure of the Nishigo elementary school is of the B type, 4.5 span in
the cross beam direction. The corridor is cantilever stype and has only iwo lines
of cross-besm rahmens, Damages suffered indiceted good contraste-shearing cracks
and/or shearing destruction of columns (Photo 9) built during the first construction
work completed in 1963 and bending cracks and/or bending destruction of columns built
during the second and the third construction works completed in 1974. The north
side 12 cm thick reinforced concrete external wall is considered as non=structural
element and suffered damages as shown in Photo 10. The structursl body is reletively
thin (column dimensions 50 cm x 55 em), and it deformed largely due to the absence
of cross-beam direction seismic walls, The external wall probebly could not follow
this deformation. It should have been designed with the extermal wall as a pert of
structurel body if this wall was made of concrete installed right on the spot, or
it should have been designed to give much more rigidity to rahmens sc that the
deformation that destroyed "pon=structural wall" could have been prevented. Likewise,
inversely, if it is preferred that the structural body should remain thin as in the

_eurrent building, deformation during earthquake is unavoidable, and the external wall
should have been a curtain wall that can better cope with deformation.

Phioto 9+ Shearing destruction Photo 10. Destruction of North Front
of columns External Wall

Nishigo Elementary School

The Ichihasama elementary school in Ichihasame-machi and the Shiwshime
Junior high school in Shiwehime-machi{Figure 6) are both A type 9m span three story
buildings. There are balconies on the south side and corriders on the north side
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extended by centilevers., There is a bathroom wing built separately on the north

side connected by staris to the corridors. Accordingly, the floor of the bathrooms
are offset by a half floor level. In the Ichihasama elementary school, the two wings
built side by side are conmected by a two story structure with expansion joints
{Fhoto 11) whereas the Shiwshime junior high school building stretches straight in
‘line (Photo 12). However, the structurel seismic efficiency of the two are consider-
ed practically the same, to begin with the dimensions of the columns (southside

45 x 90, north side 50 x 90), The former was built in 1963 and the latter was built
in 1967 both in accordance with the old RC standards of the Architectural Institute,

Photo 11, Ichihasame Elementary School South Front

Photo 12, Shiwehime Junior High School South Fromt

Most of the demage concermed the shearing destruction of the non-structural
walls installed on the edge of the corridor held by cantilevers. In this point,
these cases resemble the case of the Nishigo Elementary School. Some columns received
shearing cracks which are not as bas as shearing desctruction. Considering that
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these buildings were designed in accordance with old standards, if the selsmic
motions had been just a little more fierce, demages such as shearing desiruction
of columns and further the collapsing of the entire building as seen during Tokachi
Offshore Earthquake might probably have occurred.

™ » | . » ” " " » » .

Figure 6, Shiwahime Junior High School Second Floor Flane View

The Shiwshime elementary school waes designed end constructed in 1973, six
years later than the junior high school in accordance with new standards (Photo 13,
Figure 7). The entire building is divided into several blocks some with middle
corridor style and others with side corridor style, Each block has cross—~beamn
direction walls and columns are comparatively fat., The damages found were heair
cracks surrounding the cross-beam windows, shearing cracks of the cross-beam direc-
tion walls in the joints and peeling of the cover mortar of the expansion joints,
vhich were considered light damages to the structure.

Photo 13+ shiwshime Elementary School South Front
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Figure 7. Shiwshime Elementary School First Ficor Plane View

The Kurihara Agriculture High School (Photo 14) in Wakayanegi-machi is a
B type cross=beam 4m span three story building wiih a span of 2 spans in the side
corridor stype structured in 1961, The rahmen to the north of the corridor hes
lower sectional walls, drop walls and wing walls, and the entire rahmen is constructed
like one sheet of wall. Damages were light-~shearing cracks in one of the columns )
on the first floor on the sourth side, cracks around the openings of walls on the

north side and peeling of the finishing coat.

Photo 14. Kurihara Agriculture High School
North Front

The Yasakae Junior High School (Photo 15) locates in the east end of Ichinoseki-
shi, Iwate prefecture, and it is a three story building completed in 1965, The plane
is of the battery type as shown in Figure 8, Structurally, it is virtually a pure
rahmen in the cross-beam direction. As seen in the photo, there was a 3-layer
pentohouse, but this penthouse suffered the heaviest damage. The three story pure
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arranged for the prevention of shearing destruction.

Tgble 4 Seismic Index of School Buildings (Cross~Beam Direction)

T 2T K 2w 3 %2 K2
Ly B ! 2 3 q i 2 3 4
e % & & 0.18 | 0.23 | 0.38 - |o.30 | 0.30 |0.95 -
bt g ® - W% | 0.38 | 0.58 | 0.80 | 4.87 | 0.67 [ 0.68 |0.84 | 3.88
4 A - @M | 029030044 1.10 [ 0.65 | 0.80 [1.14 | 1.22

key-1, order, 2, first diagnosis, 3. second diagnosis, 4. floor
5. Shiwehime Junior High School, 6. Shiwahime Elementary School, east
wing, 7. the same, west wing

5. MIYAGI PREFECTURE OFFSHORE EARTHQUAKE (JUNE) DAMAGE TO SCHOOL BUILDINGS

On 12 June, 1978 at 17:14 vwhen the momory of the February earthquake was still
fresh in everyone's mind, a 7.4 magnitude major earthquake occurred in the sea bed
approximately 40 km in depth &and approximetely 130 km to the east of Sendai10).

This location is approximately 80 km to the sourth east of the hypocenter of the
February earthquake, Seismic intensities in various localities were V in Sendai,
Fukushima, Yamagata, Ishinomaki and Ofunato, and IV in elmost all areas of Tohoku
region and Kanio region. Especially, the seismic motions were violent in the city of
Sendai and the adjacent city of Izumi. According to the recording of the strong
metion seismograph in Sendai, the south north directional seismic motions were fierce,
and the maximum acceleration was 250-300 gals on hills and soft grounds and 150-180

gals on hard groundlo).

Disasters caused by this earthquske presented various problems pertaining to
urban type lifeline damage, housing ground damage, ways to meke up 8 loss of shared
property such as condominiums and deficiency in earthquake resistivity of outside
structures such as block fences, Damages to building structures extended over to
RC, SRC, S and wooden structures, and among RC, the collapse of the five pilotis
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3-J story retail store/office buildings in Wakatake and Oroshi-machi districts in

Sendai, were the focuss of attention.

A joint investigation team from the University of Tokyc and the University
o £ Chiba investigated, especially with emphasis on school buildings, almost all cases
of damsges to them11). Table 5 is a list of school buildings which incurred damages
to the structural body, and the damage ratio of school buildings calculated for Sendai
is presented in Table 6,

The classification basis for major, moderate and minor damages was in com=~
pliance with that used for the Tokachi Offshore Earthquake12). Roughly spesking,
major damage implies bulldings with loss of horizontael resistance, moderate damage
implies partial destruction of the siructural body and minor damage means cracks in
the structural body and destruction of non-structural materials,

When plotting damaged schools on a map, a good number of schools were con~
centrated in a zone 3km in the north to south direction, spproximately 1 km to the
east of Sendal station, which coincided generelly with the damage disiribution of
general buildings. It is assumed that the seismic motions of this zone was larger
than any other areas in Sendai,

Table 5, List of Schools Damsged by Miyagi Prefecture 0ffshore Earthquake
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key-1. place, 2, major damage, 3. moderate damage, 4. minor damage, 5. Sendai,
6. Tonan High School (City Operated), ‘7. Higashi Sendai High School
8, Minami-Zaimokucho Elementary School, 9. Comprehensive Health Academy (Prefec-
ture operated), 10, Atago Junior High school, 11. Happonmatsu Elementary School,
12. Tohoku Institute of Technology (private), No. 3 Building, 13. Nagamachi Junior

High School, 14. Wakabayashi Elementary School, 15, Seiwa Gekuen High School

(private), 16, Dainohara Junior High School, 17. Yohoku Institute of Technology
(privete), No. 5 Building, 18. Sendai Ikuei High School (private), 19. Sendai
Deisan High School (prefecture operated), 20. Tokiwagi Gakuen (private),
21, Sendai Business High School (eity operated), 22, Electronic Technical
High School (private), 23. Mjyagi Gakuin (private), 24. Izumi, 25, Isumi
High School (prefecture aperated), 26, Shokan Nishi Elementary School,
27, Minami Kodai Elementary School, =28, Mishima Gakuen Junior College {private),
29, Mishima Gakuen High School (private), 30.Ichinoseki, 31. Yasakae Junior
High School, 32, (note) numerals in ( ) are the pumber of stories,
33, Elementary and junior high schools in the teble are all public.

In Table 6, ten city elementary and junior high schools mot investigated are
all in the mountains to the west of the city., These schoolscan be ireated separately
without any préblems from the schools in the streets of Sendai. The demage ratio
of urban Sendai rather should include thecity of Izumi adjacent to the north.
However, the investigation did not cover the total area of the city of Izumi, and
the demages in Izumi were omitted from Table 6,

In Column K of Table 6, a damage ratio above moderate damage was indicated.
The similar damage ratio calculated pertaining to the school building damages by
the Tokachi Offshore Earthquake was approximately 25%3). Compared to that, the
demage ratio of this earthquake is low,

The damage ratio for private schools is higher than for the public schools,
One of the reasons for this is accountable for the uniformal and monotonous design
of the public sechools in Sendai. The elementary and junior high .schools of Sendai
are almost all designed by the Construction Division, Building and Repairs Section
of the city, and there are many school buildings with a good structure and design,
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Table 6, Schocl Damage Ratic in Sendail
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E R C R 47 21 14 24
F X % 0 0 ! 2%
G i 1 2 0 3
H % 1 2 2
. % 16 14 8 12
'] ® B = 27 4 3 6
K # = % . 021 . 095 . 071
§ (E£0) : —= . 208
L B & ¥ . 085 . 143 . 214
T 122 - 292

RERETREZ—ELEHAD.

Key-1s city elementary schools, 2. city junior high schools,
3. prefecture and city high schools, 4. various prefecture schocls,
national elementary and junior high schools, private schools
A. totael, B. not investigated, C. schools investigated, D. wooden
buildings and special buildings, E. RC schools, F. major damage
Ge moderate damage, H., minor demage, I. slight damage, J. no damage
K., damage ratio, L. damage ratio, * note: Tohoku Institute of

Technology was counted as one school.

Alsc, there are city standard designs, It is = fﬁture subject to evaluate the seismic
efficiency of these schools, but probably they are considerably high in earthquake
resistivity. In comparison, the designs of the private schools are unique and ine-
dividuale. Schools with high and low earthquake resistivities are mixed, and thus
approximately 20% of the schools incurred moderate or greater damages.
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Among the schools which suffered major damages, the Comprehensive Health
Academy (prefecture operated) uses as a school building & renovated agricultural
experimental station built in 1952.  Theshearing destruction of the walls penetrated
the columns. The quality of the concrete also appeared to be guestionable. Other
severely damaged schools except for Izumi High School incurred shearihg destruction
of cross~beam direction pure rehmen columns which were designed in accordance with
0ld RC standerds. As one of the examples, a panoramic view of Tonan High School
and the shearing destruction of columns are shown in Photos 16 and 17.

Phcto 16. Tonan High School East Front Phote 17. Tonan High School
Shearing Destruction of Columns

The plane of Izumi High School is as shown in Figure 9. Tﬁree 3 story
buildings are connected by connecting corridors with expansion joints. The structure
was designed in accordance with the new standards revised in 1971. Since the columns
were designed without paying attention to the cross-beam direction lower sectional
walls, shearing destruction of columns, as a result, occurred just as in other
buildings. (Photos 18, 19). The new standards do not require total and complete
prevention of shearing destruction. Therefore, destruction such &s this, in a way,
camnmot be helped, It is apprecieted that the shearing destruction which occurred
in this school was not as severe as the destruction in Tonan High School, and the
buildings tentatively resisted vertical loads. However, this case once again
indicated that utilization of seismic walls is the most practicel solution as it is

very difficult to design earthquake resistant pure rshmen structures.
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Figure 9, Izumi High School First Floor Plane View
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Photo 18, Izumi High School C wing Photo 19, Izumi High School
North Front Shearing Destruction of Columns

Shokan Nishi Elementary School in the city of Izumi located approximately
400m to the northeast of Izumi High School is & B type four story building, and
incurred sizsble damage--shearing destruction of some columns andcracks on the joints
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of lower sectional walls and floor slabs (Photo 20), which distinctively suggests
that the earthqueke input in the general area of Izumi High School was larger than
other areas. Also, the Shokan Junior High School located spproximately 400m to the
east north east of the elementary school suffered only slight damage. Figure 10
indicates a plane view of Shokan Nishi EKlementary School. Shokan Junior High School
also has practically the same plan except that it does not have the sourth side
balcony., The span is basicslly 1 span and haunches are instslled on the beam, Cross-
beam class rooms and corridors are divided by block walls, Tow staircases, one for
outdoor footwear and the other for indeor footwear, are instelled side by side on
the north sides Each floor has footwear shelves, The building is characterized by
installation of a considerable volume of cross~beam direction wells which utilize

staircases and bathrooms.

Figure 10. Shokan Nishi Elementary School Photo 20, Shokan Nishi Elementary
Plane View School Damage

In Izumi, Nankodai Elementary School suffered
ninor damage., Characteristics of the structure plan of

this school also indicates, as seen in Figure 11,
an installation of cross-beam direction walls by
dividing staircases for indoor and outdoor footwears and additionslly an installation
of wing walls for the north side rehmen. From the point of earthquake resistance,
column shaped seismic walls are much more advantageous than wing walls, but the

intent of the design can be appreciateds The damage to this school appeared primarily
as cracked external walls of upper structures due to the unequal settlement,




Figure 11. Nankodai Elementary School plane View
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Many plane plans similar to those described sbove are adopted in public
elementary and junior high schools in the city of Sendai. TFirst, explaining the
special ones, Kimachi Dori Elementary School and the Second Junior High School have
8 3m cross-beam span, C type building constructed long itime ago, probably around 1955.
Both are a three story buildings and characterized with a look of multiple windows
placing window sashes outside the columns on the second and third floors. Among
school buildings of the A type, 1 classrcom and 1 span in the cross-beam direction,
there are the five story Higashi Nibancho Elementary School and the three story
Nakada Junior High School. Both are somewhat specially designed, but did not suffer
any damage.

The outstanding buildings among those built comparatively earlier are
what is generically called a battery type school building without side corridors.
there are three styles in this type. The first one is seen in Dainohare Junior High
School which incurred minor damage, and Miyagino Junior High School which drew
attention because it did not incur damage although it is adjacent to the south of
Tonan High School. Figure 12 shows a plane view of Miyagino Junior High School.

Figure 12, Miyagino Junior High SchoolPlane View
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The south wing (constructed in 1951) is a battery type three story building whereas
the north wing {cOnstructed in 1966) is a regular B type four story building. The
south wing is shown in Photos 21 and' 22, Dainchara High School is almost the same
as this, and received shearing cracks on the columns of the south front of the south

wing.
Miysgino Junior High School South Wing

Phote 21, South Front Photo 22, North Front

The second one is the style adopted only by elementary schools, for

. instance, Toricho Elementary Schho, Shichinosato Elementary Scﬁoql, Tekasago Elementary
School, Kuroshiro Elementary School, etc. Representing them all, a plane view of
Takasago Elementary School is shown in Figure 13. The central building has corridors
from which connecting corridors extend to the north and the south to two sets of
classrooms. This plan is seen im many of buildings built after 1963. Photo 23

shows the south front of the south wing of Takasago Elementary Schocl, and Photo 24
shows the east front of Shichinosalo Elementary School, These buildings are commonly
characterized with landings installed on each floor and outdoor staircases with
elaborate design decorated with school emblem in the center wing.
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Figure 13, Takasago Elementary School Plane View
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Photo 23. Takasago Elementary School Photo 24. Shichinosatc Elementary School
South Wing South Front East Front

The third style is alsc adopted only by elementary schools, and can be
seen in Higashi Rokubancho Elementary School, Uesugi Yamadori Elementary School,
Haramachi Elementary School, Nagamachi Elementary Schoo, Shinden Elementary School,
Asahigaocks Elementary School, Tomizuka Elementary School and Nekayama Elementary
Schools They were designed in 1967 and built from that year to 1976. Representing
them, Nakayama Elememtary School is shown in Figure 14 and Photos 25 and 26, The
south wing has corridors, and outside staircases with an elaborate design. Three
or four connecting corridors that extend from these staircases lead to the classrooms
in the north wing. The above three styles of battery type buildings suffered no damage
or minor damage by the earthquake of this time except for Daihara Junior High School.
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The cross-beam direction was virtually pure rahmen, and it remains to be investigatied

in the future as to the level of ithe earthquake resistivity.

Figure 14. Nakayama Elementary School Plane View

key-1. entrance hall
2. outdoor stairs

Nakaysma Elementary School
Photo 25. South Wing South Front Photo 26, North Wing North Front

After 1966, "B" type school buildings have become the main stream,
Elementary schools built during the initial "B" period, for instance, the Minami
Zimokucho Elementary School and Aramachi Elementary School, have ouiside staircases
decorated with the school emblem just as seen in battery type buildings. Junior
high schools of the same initiel period, for instance, Hakken Junior High School,
Naksmachi Junior High School, Takasago Junior High School and Kitasendai Junior High
School, were concurrently built using the middle corridor type. The common character-
istic is the absence of the south front verands which is seen in the standard type
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to be discussed next. As one example, Nagamachi Junior High School which incurred
shearing destruction to some columns will be shown in Figure 15 and Photos 27 and 28.

Figure 15. Nagamachi Junior High School Plane View .
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Nagamachi Junier High School

Photeo 27. Southeast Front Photo 28, Shearing destruction of
North Side Column

After 1969, school building types have been settled in accordance with
the standard designs of the Sendai city govermment, which are currently in effect.
At present, €0% of the RC buildings of elementary schools, eguivalent to approximately
30 schools, are of this type, starting with Tachimachi Elementary School, Katshira
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Elementary School and Renbokoji Elementary School. Also, 50%-of existing RC junior
high school buildings, equivalent to 10 schools, are of this type, for instance,
Uesuygiyama Junior High School and Gojo High School., As a typicel example, Miyagino
Flementary School is shown in Figure 16 and Photos 29 and 30. From the plane view,
it is B type and made up of three rebmen structures in the cross~beam direction with
staircase rooms and bathrooms to the north of corridors. However, some schools added
classrooms on the north side and the corridors appear more or less like middle
corridors. A special intent to build more walls in the cross-beam direction is not
detectible, They are usually four stories but sometimes three stories., As a design,
balconies are not provided on the south front, but, in stead, small verandas (size
large enough to place flower pots) are installed at a location that connects the
adjacent two classrooms. As can be seen in the photos, these verandas were installed
because of the need of the design, and cannot be used as an escape route to the
adjacent classroom during fires. One more common characteristics is the installation

of wing walls for columns at the landing on the first floor.

Figure 16. Miyagino Elementary School Plane View
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key-1. outside staircases (special structufe)

Photo 2% South Front Photo 30, North Front

Miyagino Eiementary School
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The majority of schools of this type suffered none or only slight damage.
Higashi Sendai Elementary School, however, suffered shesring destruction to some
short columns in the corridors on ‘the north side as seen in Photo 31. Also, Atago
Junior High School suffered destruction of columns and walls on the north fromt as
shown in Photo 32. It seems an urgent task to investigate promptly the level of the
earthquake resistivity of the standard designs of Sendai in the view of the fact that
there are so many schools deal with.

Photo 31, Higaéhi'Sendai High School Photo 32. Atage Junior High School
Shearing Destruction of Column Shearing Deatruction of Wall
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1. FORWARD

In recent years, a growing tendency hes been felt in that selsmic diagnosis
of existing buildings is performed and seismic reinforcement is implemented as
necessary and required. The fact that this publication is issued as & special
edition with this subkect as a theme is also one of the manifestations of the trend

in sight.

The main object of this paper is medium and low rise reinforced concrete
buildings, The former half will deal with the necessity of seismic diagnosis and the
relationship between seismic diagnosis and seismic design, and the latter half
explains the conerete procedures of seismic diagnosis.

2. NECESSITY OF SEISMIC DIAGNOSIS

The terminology "seismic diagnosis" itself is not especially new in Japan.
It is our old practice to diagnose aged buildings with questionahble yield sitrength,
and in some cases, to repair or reinforce them. However, the concept of "Seismic
Diagnosis" which has been recently brought up or "Seismic Diagnosis" which is the
subject of this paper is slightly different from the old practice.

"Seismic Diagnosis" of the new concept is designed to. diagnose the
seismic efficiency of buildings regardless of the age of the buildings and to make
preparations for future earthquakes. Spesking in terms of medical science, while
conventional seismic diagnosis examines only the patients with symptoms, the new
.seismic diagnosis is equivalent to the physical examination which also checks healthy
people without any symptoms.

The following can be cited as reasons that call for "seismic diagnosis®
which renders services similar to preventive medicine.

The progress of earthquake proof engineering and earthquake engineering
yearly imporved seismic design methods. Also, seismic safety of newly constructed
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buildings tends to increase gradually, although with some differences in the level

of safety, On the other hand, existing buildings designed and built in accordance
with outdated seismic design techmology, ie, the buildings left behind in the progress
of sef%mic designs, may be naturally questioned concerning the integrity of their
safety, when they are reviewed by the yardstick of new knowledge and information.

This is one of the reasons that the importance of so cealled seismic disgnosis has

lately come to be recognized.

In addition, although this is what is pointed as an introspection for the
currently commonly used seismic designs, the conventionsl seismic designs seem to
tend, in many cases, to complete the work by mechanically checking the siress of each
part of the buildings against the design earthquake force prescribed in Building
Stendard Law Enforcement Ordinance, using variousstructure calculation standards of
the Architectural Institute of Japan. This procedure lacks the ability to give
proper evaluation to the seismic efficiency which si reserved in the buildings.

The shortage of the conventional design gave motivation for the recent outcome of
various proposals relating to seismic diagnosis, and is the reason for the presenta-~

tion of new seismic design methods which contein evaluation of seismic efficiency.

the necessity of this seismic diagnosis which can be considered equivalent
to a physical examination, probably began to be earnestly recdgnized after the 1968
Tokachi Offshore Earthquske which brought more than anticipatéd daméges to reinforced
concrete buildings in Hokkeido and Aomori prefecture., As seen in & number of
investigation reports, the damage by this earthquekewas minor. For-instance, in
terms of the damage ratio itself, it was some 10% even in the city of Hachinohe which
had a comparatively high damage ratio. The mejority of the reinforced concrete build-
ings were undamaged, Society and the architectural world made a great point of
publicizing the damge which happened to occur to reinforced concrete structures
which had been once believed to be the safest against earthquakes,

Although the after-the-fact activities were not limited to this earthquake,
studies on the cause of damage and investigation and research related to the earthquake
resistivity of reinforced concrete buildings were promoted, and many results were
presented (Literatures 1 and 2). The direct cause of damage to individual buildings
varied, but many lessons were learned from the 1968 Tokachi Offshore Earthquake
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including the results of investigation of unharmed buildings. Among them, the most
importent lesson regarding the ideology of seismic design was, according to the
opinion of the author of this paper, the fcllowing as pointed out in Literature 3.

"Buildings, although equally designed in accordance with the rules in
the Building Standard Law, the Engorcement Ordinence of this law, and the "Reinforced
Concrete Structure Calculation Standard" of Architectural Institute of Japan, have
various seismic efficiencies, and some of the buildings suffer damage from an
earthquake of an intensity which can be normelly anticipated."

Atl the actions taken after this earthquake are attributable to the
lessen learned from this earthguake, for instance, the amendamant of the Building
Standard Law Enforcement Ordinance (1970), revision of the "Reinforced Concrete
Structure Calculation Standard" of the.Architectural Institute of Japan, proposals
of new seismic design methods (Literature 4-10) and proposals of seismic diagnostic
methods for existing buildings which are the main theme of this paper. Also, the
common objective of the various proposals relating to the seismic design metheds
and seismic diasgnostic methods can be said tobe "accurate evaluation of the seismic
efficiency of buildings". The above is a movement to advocate accurate evaluation
of the seismic efficiency of a building to be constructed when it is being designed
in order to clarify probable behaviors of a building under an earthquake. It is
also a movement to advocate reinforcement of existing buildings before earthquakes
hit them if found necessary after the evaluation of seismic efficiency.

The necessity of new conceptual "seismic diagnosis" was created from these
backgrounds, and is naturally unseparable from "seismic design",

3. SEISMIC EFFICIENCY OF EXISTING BUILDINGS AND SEISMIC DESIGN METHOD

In this section, I would like to discuss a little more sbout the diversity

of seismic efficiencies of existing reinforced concrete buildings and how they
relate to seismic design methods.
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First of all, let us review the seismic designs at the time of the Tokachi
Offshore Earthquake. Figure 1 is the flow sheet of the seismic design method of that '
time, As indicated in the figure, the procedure observed for designing consisted of
stress calculations for each part when & horimntal force equivalent to the deslign
seiemic intensity worked upon & building of an assumed shape and dimensions; deter-
mination of the quality of reincorecing steel arrangement in accordance with the
stress; and investigation whether the unit stress of each part is within the allowsble
unit stress limit. Stendard design seismic intensity was 0.2, but thiz can be lowered
according to regional factors which take into consideration the seismicity. Later,
improvement were made by revision of the Building Standard Law and "Reinforced
Concrete Calculation Standard" of the Architectural Institute of Jspan. However,
wige readers will notice that the flow of the outline indicated inm Figure 1 is
the same as the current commonly used design method. In this paper, this flow of
the design will be termed es the common design method, but the seiasmic design
is actually made from so called static seismic intensity method. The static seismic
intensity method was adopted in Japan after the 1923 Kanto Earthquake, and basically
design methods in compliance with this method are also used throughout the worlid,

Figure 1 Flow of Common Seismic Design
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Now, the static seismic intensity method is an excellent engineering
method which simply substitutes the effect of earthquakes on buildings by horizontel
force and expresses it in the form of design seismic intensity. If we depend only
to this method, buildings will be constructed without knowing the seismic efficiemcy
of the designed buildings, end erroneous use of this method will allow an earthquake
to affect the blind points of the buildings.

Figure 2 is the schematic display of the relationship between the hori-
zontel force when a building designed according to the common design method was
destroyed by a lateral forceand its horizontal displacement.

Figure 2. Properties of RC Buildings
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The axis of the ordinates is the horizontal intensity obtained by dividing
the horizontal force by the weight of & building, and the axis of the abscissa is an
interlayer element angle expressed, for instance, by dividing horizontal relative
displacement of the floor on the first story and the floor on the second story by the
height of the story. This figure indicates properties of medium and low rise reinforced
concrete buildings, and is plotted using a graph conteined in Literature 3. Now,
the seismic efficiency of existing reinforced concrete buildings will be explained
using this figure.

First, peying attention to the axis of theordinates, the horizontal
strength varies even if buildings are designed similarly using a design seismic

intensity of 0.,2. Some buildings with many walls ((E)in the figure) have a strength
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exceeding 1.0 in terms of seismic intensity, while generally pure rahmen buildings
(@ in the figure) are low in strength, only slightly exceeding the design seismic
instensity. This phenomenon has & close relation to & part of the design flow of
the common design method indicated in Figure 1 below the stress celculation. In the
common design method, the safety factor relative to buildings with many walls tend
to come out comparatively large, while the safety factor relative to the pure rshmen

structure does not come out very high. Many reasons can be assumed for this, but the
following can be plainly said.

(1) Buildings with Many Walls: Sometimes a designer intended to instaell
them from the point of the structure plan, but in many cases; walls are provided due
10 the actual needs from the aspect of the plane plan in spite of the fact that a
structural calculation is not required as long as the plan is in compliance with
the common design method, that is, the building can meet the conditiog of 0.2
design seismic invensity even when the number of the walls may be reduced. Walls
between classroems in scheol bulldings are good example of these. Also, when
attempting to maintain the same numberof walls but to reduce the thickness of wells,
it is often found that thicker walls cannot be scaled down tooc much due to the

problems related to the construction worksbility and noise insulsting efficiency.

(2) Pure Rahmen Structure: It is possibie to design = building to meet
the allowable minimum design seismic intensity by using the common design method.
In this case, there are few other structures that give superfluocus strength to the
building, and consequenily the final strength will not be higher than the design

seismic intensity.

Next, letus tslk about the axis of the abscissas. Destruction of buildings
will be dominated by the destruction of the walls in buildings with many walls,
Generally, destruction d walls manifest in a brittle destruction mode called & shear-
ing destruction except for special walls, and the displacement at this time will not
be large., Also, the destruction of a rahmen structure may tske & form of destruction
with very potent deformation ability usually called the bending destruction mode
as indicated by the symbol(:) in the figure, or of shearing destruction with less
deformation ability just as with walls as indicated by the symbol(:)' in the figure,
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According to the common design method, the lower limit of the strength is numerically
established to an extent by the design seismic intensity while the deformation ability
cannot be exsmined numerically but is given indirect considerations by means of so
called structure regulations, for instance, setting of the minimum quantity of hoops
of columns, setting € the upper limit value of the axial directionel force of the
columns or providing means prevent shearing destruction., The revision of the related
regulations after the 1968 Tokachi Offshore Earthquake especially emphasizes structure
regulations that ensure the deformation ability. Compared to the past, bulldings
inferior in deformation ability are decreasing, but we have not yet reached a stage

where we can treat this quantitatively.,

Well then, what kind of properties do these reinforced concrete buildings
with various strengths and deformation abilities demonstrate when they are exposed
to earthquekes? Mark W indicates anticipated displacement of buildings during
earthquakes. Looking at this simply from the point of the previously described
strength of buildings, the pure rahmen buildings symboled by(L) seem inferior in
seismic efficiency compared to the other buildings., However, as shown in the figure,
if the destruction limit deformation (x) of buildings is larger than the anticipated
deformation during earthguakes, the building will be stable. Rather, buildings
symboled by' higher in strength and lower in destruction limit displacement than
@ will be low in seismic efficiency.

The anticipated deformation of buildings during earthguakes are complex
and diversified by the properties of earthquakes, properties of buildings and
properties of the ground on vhich the bulldings stand. Following are the simplified
descriptions of the characteristics.

(1)Buildings with many seismic walls have small anticipated deformation
during earthquakes but encounter considerably large input force due to the high
rigidity. The size of this force can be possibly 2«3 times more than the seismic
intensity of the ground surface., Since 0.3 level of seismic intensity is fully
predictable, the final strength of these types of buildings shall be preferably
0s6=0.9.
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(2) The anticipated displacement of buildings the strength of which
cannot be raised, such as pure rahmen stiructures, shall be expected t¢ be much larger
than the buildings with many walls. Therefore, they must be designed with appreciably
large destruction limit displacement.

As described above, there 1s & possibility of producing buildings very
rich in veariety of strength and deformation ability when reinforced concrete buildings
are designed in accordasnce with the common design method., Also, zccording to this
design method, & certain degree of seismic efficiency is guaranteed to be secured,
but the level of the efficiency is not clarified.

The seismic diagnoslis accesses the point marked x, 1le, the level of
strength and the deformation ability, and the point marked @, ie, the level of
anticipated deformation during earthquakes, in Figure 2, and finds out the seismic
efficiencyvof buildings. As will be described below, if a seismic efficiency evalua-
tion process is incorporated into the stage of the seismic design, the author of
this paper believes that the task of seismic disgnosis for existing buildings will
ne longer be necessary in addition to the seismic diagnosis necessitated by the aging
of the buildings and the re-checking of the seismic efficiency due to the progress
of sciences {The author terms this as the seismic diagnosis due to the aging of
seismic design method). Also, the author of this paper wishes a speedy establishment
of a seismic design method that will not call for an seismic diagﬁoéis.

4o SEISMIC DESIGN AND SEISMIC DIAGNGSIS

As has been described sc¢ far, numerous seismic designs and seismic diagnos-
tic methods proposed after the 1968 Tokachi Offshore Earthquake are based upon the
same idea in the view that the seismic efficiency of buildings is evaluated,

For example, the first proposal (Literature 8) for the earthquake load
submitted by the Earthquak Load Sub-Committee of the Architectural Imstitule of Japan
is built on the thought to provide buildings with a deformation ability larger than
the roughly calculated anticipated displacment (earthquake response displacement)
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relative to the meximum seismic motions (maximum acceleration slmost 300 gal class
seismic motions) of buildings estimated from the initial design prepared in accord-
ance with the currently used design method, As shown in Figure 3, it is an idea .
to add a procedure "Investigation of seismic efficiency" to the common design method
shown in Figure 1. This method uses a similar procedure to the design method used
for designing super high Tise tuildings, that is, the procedure where the initisl
design is created in accordance with, for instance, "High Rise Architectural
Technology Guidelines" of the Architectural Institute of Japan, analyzed for earth-
quake response and modified if necessary and required, although there is a difference
in technique. If the buildings produced by the initial design are imagined as the
existing buildings on the drawings, the part for the seismic efficiency investigation
can be called seismic diagnosis.

Figure 3. Flow of New Seismic Design Method (example)

Initiel design by
Common Design Method

Investigation of
Seismic Efficiency

Also, the method in Literature 5, co=-proposed by the author of this paper,
is for low rise reinforced concrete buildings. Paying attention to the possibility
of requiring frequent modification to the seismic efficiency investigetion results
if the initial design is prepared in accordance with the currently enforced design
seismic intensity as shown in Figure 3, this method changes the design seismic inten-
sity in correspondence to the seismic efficiency of the buildings to be designed in
the initial design stage, and also proposes to investigate the seismic efficiency of
the bulldings obtained as the result of the former step, as shown in Table 1. The
"New Seismic Design Method (proposal)" introduced recently by theBuilding Research

Institute of the Minisiry of Construction can be regarded to have the same idea as
the former two,
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Table 1. Design Objective and Design Principle for 3 story RC Buildings
" (from Literature 3)

design objective

design principle

(for ground floor)

concerning shearing strength

bending strength

# 2 times the yield displace-
ment relative to input
seismic intensity 0.3

4 times the yield dis-
placement relative to input
seismic intensity 0.45

strug;ures

golumn average shearing
stress 12 kg/em® relative
to design seismic intensity
1.0

(ku= 0485 secured)

Calculated by the com-
mon design method re~
lative to design sei-
smic intensity 0.3

(ky=0.45 secured)

¥ Shearing cracks of walls
relative to input seismic
intensity 0.3

1ls

Walls protected from de~

‘| Average shearing stress of

walls 10 kg/cm® relative
to design seismic intensity
1.0

(ku= 0.9 secured)

Caleulated by the
common design method
relative to design
seismic intensity 0.6

(ky= 0.9 secured)

struction relative to input
S} seismic intensity 0.45

structures with | pure rahmen

1n

(note) ku: shearing final strength, ky: bending yield strength

As gbove, proposals that recommend an inclusion of the procedure to
investigale seismic efficiency in seismic design methods have stgrpgd to come forward.
It is therefore possible to perform seismic diagnosis of existing buildings using
the part for the seismic efficiency investigation from these proposals., However,

(1) It is actually difficult to investigate the seismic efficiency of all
of the existing bulldings exeriting labor equal in level to that extent for designing
nev buildings. Therefore, it is necessary to have simplified techniques which
employ simpler calculations than the design method.

(2) Many of the proposed seismic design methods are for comparatively
simple structures while many of the existing buildings are generally complicated.
In many cases, it is not practical to use the proposals submitted as seismic design

methods in their original form for seismic diagnoses.
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Table 2, Difference Between Seismic Design and Diagnosis

Seismic Design- Seismic Diagnosis
object new buildings existing buildings
design books newly prepared non existant in many cases

on site investigation reguired

materials can be appointed estimation or on ssite investiga-
tion
posaible quality deterioration by
aging
. Designers can aim to create] Often those in charge of diagnosi
posizgogh:i those  |their ideal buildings must handle buildings designed 1
g quite different from their design
idea-
easures to be taken change designs sggzigi 3::;?;:522 for reinforce-
en earthquake affect the structure ex- '
esistivity is mot penses
ufficient

5. EXAMPLES OF SEISMIC DIAGNOSIS

Literatures 11-16 are methods recently proposed for medium and low rise
existing buildings of reinforced concrete. Literature 16 will be commented upon in

detail in the following section. Here, Literatures 11,12 and 13 will be briefly
introduced,

Literature 11 was developed by the Building Research Institute of the
Ministry of Construction. Literature 12 is the method which improved it. The outline
of the two methods combined in Table 3 primarily focus on the numerical value called
Spt which expresses the axis of the ordinates in Figure 2, that is, the final
strength of buildings, and attempts to judge the earthquake recistivity of buildings.
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Table 3 Diagnositc Method in Litersture 11

(a) Items for Judgement of Earthquake Resistivity

. Judgement Concerning Grounds

i
-

Landsliding, Fluidization of Ground

Judgement Concerning Upper Structures
(Comparison of Sp and qBO described below)

1. Building Strength Coefficient

SBtrcorrection coefficient (a) x building horizontal strength(Q)

building weight (W)
2. Required Building Strength Coefficient
qB0 =1.0 x importance factor x locality factor x interaction factor]
(10-0.5) (1.0=0.8) {1.0-0.5)
whereas, 1.0 qB0 2 0.5

3. Correction Coefficient of Building Sirength
Ri

a= whereas 1.05?&550;5
Re x Re

Ri: Presence of basement. yes: 1.2, mno: 1,0
Re: Degree of Construction Work. good:1,0, inferior: 1.5
Re: Adeguacy of rigidity distribution. good: 1,0, inferior: 1,5

{(b) Contents of Judgement

contents conditions to be met conclusion
)
Skrom volume of walls:Rw RwZ2N end Scm/me (N 6)
g .
25 Rv 23 16 (v 7) [Ty strong
i

rom summary celculation of | Sg=qBO
olumn and wall strength whereas, Q =%Qc + 30w fully strong

second
judgement

=(5~10) x Fhc +{ 10-30) S Aw

B 49




From precision calculation
of column and wall strength

(qBO=1)

third judgement

a) Sg1 ZqB0
b) Sp1-Z0.6 gBO

and column shearing strength
larger than column bending
strength

and reinforcement ratio

larger than reguired value 1
d) Spt2D.3 qBO

and reinforcement ratio
larger than required value 2

fully sirong

considerably strong
slightly ductile

strong and ductile

slightly strong

considerably ductile

Rep&tition of 2nd and 3rd
judgements from concrete
strength and proper period
of buildings and grounds

fourth judgement

Repetition of 2nd and 3rd
judgements

Same as 2nd and 3rd
judgements.

If buildings fail
the tests, scruti-
nize buildings
wing by wing, and
determine counter-
measures.

If it 1s assumed that the deformation ability of buildings is lérgé'(iﬁ the combined
method, a building with the bending strength lower than the shearing stremgth), the
standard value of judgement is lowered so that the earthqueke resisting sbility of
buildings with low strength but high deformation ability shown in Figure 2 can be
evaluated. Examples of seismic diagnosis of existing buildings performed in
accordance with this method are shown in Figures 4 and 5§ (Literatures 17, 18), As
described previously, these figures also reveal that there are considerable error of
accuracy in the finel strength of existing buildings.

The method in Literature 13 was jointly developed by the author of this
paper and Professor Bresler of Berkeley campus, Universjty of California as a link
of a chain in "Earthquake Engineering Stressing Safety of School Buildings" which
is part of the Japan/US Science Cooperation Work cosponsored by Japan Society for
the Promotion of Science and National Science Foundation (NSF) of America from 1973~
1975. This is a modified version of the method in Literature 5 which is developed
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as dynamic seismic design method for medium and low rise reinforced concrete buildings,
and it is mede to be used for seismic disgnosis. In the United States, seismic
diagnosis of existing buildings is also considered important after the (Garrison) Lew
was established in the state concgress of California in 1968 for the re-examination

of the seismic safety of aged school buildings and the 1971 San Fernando Esrthquake
that demaged buildings with seismic designs.

Figure 4 Seismic Safety Investigation Results of Public Buildings
(Literature 16)

key-1, number of buildings
2, above 3 story

-{;;g.- J. sbove 4 8OXY 4, quctile
A H v 2 _ 4+ column ductility g- :nrlj;xtxglu:
0 e 3 5. column duectility
¢ -t ﬁj:"“"isz?'" 6. strength coefficient of buildings
£ é 7. classification
LB H ue 8. totel number of buildings (%)
L

oF
_':evs 23
: 2,
,4 » E‘-" %
5‘— YLD R
e T S A c

K ¢ A[BC  alBg
6 AmMIGBSE] 10> 304>, 64> [ w6l
\d [ 1 R L) LN

AR Y PY 6 a1, WEW] 8.5 5 L)

In this method, earthquake response is roughly ealculated according to the
final strength and destruction mode of buildings, and celculation results were used
to judge whether or not the buildings pass the standards expressed by matrixes in
Table 4. It is equivalent to the 3rd judgement level of the method expressed in
Literature 11 indicated in Teble 3. Figure 6 shows eiamples of this method applied
to damsged and undamaged buildings during the 1968 Tokachi Offshore Earthquake,

Figure 5. Seismic Diagnostic Exsmples of Private Buildings

key=1, seismic diasgnosis of (from Literature 18) " -
RC buildings o v ’
2, number of cases by class / H [ | =
3. number of cases by yield strength - ] "l fh
coefficient i/l a1 3 151 Y
: s ;- 2020 N
4. claess i = 'mfl s piaHIA
2. SRR ~0.4 =06 =0k ~1.0 =15 —

B 51 . LI 7 T T




Table 4. BSeismic Safety Judgement Standard Matrixes
(From Literature 13)
(a) General Standards

pagnitude of seismic motions strong earthquake ruinous earthqueke ¢

blevel ol damage repairable not eollapsed

(2) First Screening Standards

" | destruction mode ground motion 0.3g ground motion O.45g
ending mode (ductile) below 2 plasticity ratio (11)1 below 4 plasticity
ratio (p)
bhearing mode (brittle) shearing crack level no shggnng destruc-
tion
thea.n‘.ng/bending mode shearing crack level 'near yield point3)

1) plasticity ratio= macimum displecement /yield displacement
2)shearing deformation®/1/2 of final shearing deformation (Yuit= 4 x 103 radian)

3) deformation equivalent to plasticity ratio of 2 of the bending type buildings

Figure 6, Seismic Diagnostic Examples (from Literature 13)

Properties of buildings affected by the
key-a. shearing crack strength 1968 Takachi Offshore Earthquake
{base shear coefficient)

bs. bending strength

{base shear coefficient) . g L
o g )
@ C shaped school building, unharmed 3 3T R &l
@) buildings with many walls, unharmed ¥ SHI e
moderate damage %2 B!
Hachinohe Specielized High School Ymt oz 3
major damage of o 3
4 Hachinohe Library, msjor damage : 2( o oo comns
6.3 0©. 3
Examples 1 and 2 are cases from b -'ﬂ:: t-‘—xvﬂ::)

Literature 5




Safety Ranking

6. SEISMIC DIAGNOSTIC STANDARDS

(Proposal by Jepan Special Building Safety Center)

zone § type ground motion O.3g ground motion O.45g |ranking
strengt?l deformation} strength jdeformation
bending ‘ -safe safe safe safe
shearing or of
& shearing/bending safe safe safe sate
bending safe safe unknown] safe 1
shearing or
D shearing/bending safe safe unknown § safe
bending unknown safe safe II
F shearing or
shearing/bending unknown unknown safe
11X
G bending sefe unknown
shearing or
H shearing/bending —_— —_— —  ]unknown
— v
I bending iunknown

In this section, the outline of'Seismic Disgnostic Standards for Existing
Reinforced Concrete Buildings" will be introduced, which is a proposal submitted in
March, 1977 by the Existing Building Seismic Diagnostic Standard Planning Committee
(Chairman, Professor Kai Umemura, University of Tokyo) organized in 1976 within

Japan Special Building Safety Center (Foundation) as a project of the Construction

B 53




Guidance Section, Housing Bureau of the Ministry of Construction. Incidentally,
details of the standards are available at the center (Yamazaki Building, ~2-1,
Akasaka Minato-ku, Tokyo, TEL 03-586-2881), please refer to them. Also, the original
plan of the stendards was the results of efforis by the members of the Sub-Committee
for Draft Preperation Work with the author of this paper as the chief investigator.

6.1 COMPOSITION
The standards were developed aiming to diagnose the earthquake resistance

of 5-6 story and lower existing reinforced concrete buildings using a simple method
which is still right on target, referring to various recent proposals relating to
seismic diagnosis (Literatures 11=15), The standards were developed also for possible
use in design stage of new buildings.

According to this diegnostic method, the structurel seismic index Ig which
indicates dynamic earthquake resistivity of framework, and seismic index of non-
structural elements Iy which indicates safety primarily agsinst damages to be incurred
by the felling of finishing materials on the exterior of buildings, are cited as fac-
tors that express the seismic efficiency of bulldingse. Also, the diagnostic method
is classified by the level of precision inio first, second and thrid diagnoses,

For instance, the strength of the framework is calculated from the concrete sectional
area of vertical elements (columns and walls) in the first diagnostic method. 1In
the second diagnostic method, the same strength is obtained from horizontal yield
strength of vertical elements and the destruction modes In the third.diagnostic
nethod, the destruction mode of the framework such as yield of beeams, is alsc taken
into account. In the following, mainly a procedure to obtain structural seismic
index Ig in the first and second diagnoses will be introduced,

6.2 BASIC POLICY
The seismic efficiency of structure on each story and each direction of
& building is expressed by Structural Seismic Index I indicated in Equation (1),

Is=Eo xQx 3 L 1
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Eo is a bagic index that expresses reserve seismic efficiency as will be
explained in the next section, and G, Sp and T ere indexes that modify Eo index

using 1.0 as a standard. That is,

G: Ground motion index that expresses the scale of ground motion which
affects building foundations. The standard value is designated as 1.0.
This value is characteristically lowered when it is possible that the
ground motion is locally amplified. This value is fiked at 1.0 at the

present stage.

Sy Shape index or structure plan index . It is used to take‘into
consideration, by the check list system, the effect on seismic effi-
ciency of factors difficult to be incorporated in a summary calcula-
tion such as plane and elevation shapes of buildings and rigidity
distribution. The standard is designated as 1.0, and the numerical
value is lowered when structures become complicated. However, the
standard for buildings with basements is set at 1.2.

T: Time index. When the seismic efficiency of buildings deteriorate with
-time, the value drops lower than 1.0.

6.3 REVERSE EFFICIENCY BASIC INDEX (Eo)

1) Outline

As can be diciphered by reading the Kanji characters, it is the value which
is used as a basis to express the efficiency reserved in buildings. It was previously
mentioned that the selsmic efficiency of existing RO buildings was braad in width,
Likewise, the width is, as alsc mentiocned before, created due to the diversity of
reserve strength and ductility of buildings. The Eo index is a yardstick to evaluate
the seismic efficiency reserved in buildings, using strength and ductility reserved
in buildings, This will be explained using a simple chart.

Figure 7 is & conceptual chart which indicates the relationship between
horizontal force and deformation when the horizontsl force is spplied to RC buildings.
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Figure 7. Relationship Between Horizontal Force and Horizontal Deformation
of RC Buildings
key-1l. building A
2, building B
3+ X: destruction limit point
4+ ¥: response during an earthquake

5. horizontal force

6. horizontal deformation

There are, however, all kinds of properties in RC buildings., The two types of
buildings, Building 4 amd Building B shown in Figure 7, are examples of buildings
with relatively simple properties. Building A is a RC building with many walls,

a considerably high strength and a lok ductility, Building B is a rshmen structure
with a small number of walls, a not-so~high strength and substantial ductility.
When these buildings are exposed to an earthquake, buildings will be safe if the
maximum deformation is contained within the destruction limit point marked¥in the
chart, If not, the buildings will be damaged by the earthqueke. According to various
research to date, buildings with many walls need a lot of strength for them to be
gble to meet the above conditions since they are low in ductility. Also, it is
understood that the rahmen structures must be ductile since they do not have a very
high strength.

The reserve efficiency basic index (Eo index herebelow) is established
in order to provide a common yardstick to measure the seismic efficiericy of buildings
with many walls and rahmen structures in consideration of these different properties.

In short, it can be expressed by,
Eo = (yardstick for strength) x (yardstick for ductility)

These strength and ductility yardsticks are termed Strength Index (C)
and Firmness Index (F) in this diagnostic standard. Three types of summary calcule- 7
tion from the simple calculation used in the first diagnostic method to the somewhat 5j?‘tﬁii
detailed calculation required in the third diagnostic methed are furnished. S

The above examples cited are very simple, but reel buildings are very
complex, and the Foindex calculation will nct be that easy.
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Let us look at a slightly more complex example.

In Figure 8, conditions of & rahmen structured building with a emall
number of walls under a horizontsl force are illustrated. Specifically, when a
borizontal force is gradually applied, walls break at point (2). This bullding is
not completely destroyed at this point. Once the horizontal resistance is lovered,
the remaining rahmen elements start to resist the horizontal foree if the deformation
is allowed to continue. The building will not collapse to Rahmen Destruction Point
(b)e

According to the seismic diagnostic standards, the Eo index of a building
such as this can be obtained using the following approach,

First, assuming that the building is supported only by walls, the Eo index
will be obtained disregarding the rahmen, This is designated as El. On the contrary,
now agsuming that the building is supported only by the rahmen, the Eo index is
obtained and designated as E2. Next, the square roct of the sum of the squares of
these values is designated as Eo of the building.

specifically,

Eo = ‘\/ Elt"‘“ E3=

The Eo index thus obtained is naturally is smwaller than (E1+E2)., Precisely, it is
is evaluated lower than the simple sum of the seismic efficiency vhen the building

is only supported by the walls and the seismic efficiency when the building is only
supported by the.rahmen.

Figure B, Properties of Buildings with Rahmens and Walls

key-1. seismic diagnosis
of RC bulldings

2. horizontal force

3. horizontal displace-
ment

! mMIY2 U~ rARONRE

)
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The response of the buildings mixed with wells and rahmens must be very
complicated, This approach was edopted in view of the fect that it was sometimes
risky, according to the results of research to date, to consider the simple sum of
the efficiency of buildings with walls only and the efficiency of buildings with
rehmens only as the efficiency of the entire building,

Now, the relationship between the Eo index of the seismic diagnostic
standards and seismic design methods or seismic diagnostic methods described in
Section 5 will be explained in brief,

Normelly, the earthquake response volume of buildings is obtained through
the following procedure.

(1) Estimation of the size and properties of input seismic motions.

(2) Estimation of the restoring force characteristies of buildings, ie,
strength, deformation ability and hysteretic characteristics (proper
period and weight are included).

(3) Estimation of earthqueke response volume, ie, response acceleration,

respounse rate and response displacement.

The seismic desing of Literature 8 and the seismic design for super
high rise buildings described in Section 4, and the seismic diagnosis of Literature
13 described in Section 5, are performed through this procedure, although there may
be some differences in the precision of calculations. ’

To simplify the discussion, the above described procedure is summarized
and shown in the part titled Method 4 in Figure 9 by representing the input seismic
motion by Seismic Intensity (Kg), restoring force characteristics by Yield Seismic
Intensity (ky) and deforming ability required of buildings by Response Displacement
(§). In the seme figure, the part titled Method B is equivalent to the concept of
the design seismic intensity for the first design in Literature 5, the cencept of
the required yield strength in Literature 20 and the concept of the seismic diagnosis
in Literature 11. Also, Eo index value of the seismic diaghostic standards will be
readily noticed to be equivalent tc the part titled Method C., All of these methods
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commonly use the response volume of buildings relative to a certain seismic motion
as the standard, and they are somewhat equivalent to fixing two of the three elements,
kg, ky and ¥, and calculating the reamining one element.

Figure 9 Relationship Between Seismic Design Method and
Seismic Diagnostic Method

Methed A jlethod B Method C
Earthquake Responsd Reguired JReserve gfficiency basic
calculation yield strength index
eismic motions @ Pp to vhat intensity can
ground motion seis- @

mic intensity kg) . building endure?

Etrength of building ) T
K yield seismic @ ow much :'t;equlred @
intensity ky) ?

Deforming ability of § How much required
puilding 7 @ @
(response displace-

ment ) :

note @ =conditions(fixed)
?=result ( answer to be obtained )
The reserve efficiency basic index is not the size itself of kg but the value
equivalent to the elastic response shearing coefficient,

Incidentally, the relationship among these three elements is usually a
non-linear issue, and it does not necessarily assure that the remaining one element
can be calculatcd at the same accuracy no matier which two elements are established.
The author of this paper believes that Method A is most reliable from the point of
accuracy, and Method B and Method C are more practical. Also, Method B, Method C
and Methed A are suitable for the first design of the seismic design, for the summary
calculation of the seismic diasgnosis and for detail examination of seismic efficiency

both in seismic design and seismic diagnosis respectively.
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In the following, the calculationd the Eo indexes of the proposed
seismic diagnostic standards for the first and second diagnoses will be summarized,

2) Eo Index for the First Diagnosis

Eo is calculated using Equation (2). However, when the building being
diagnosed contains columns with ho/D below 2, another method shall be used. ho is
the clear height of columns and D is the sectional depth and lengih of columns.

nt 1

s (Cw+ a1 Ce) X Py roooreerssacnnarneacnnesss (2}

Eo =

where, n: number of stories in a building
i: story of the objective floor
First story is designated as 1, the highest of the story is designeated as n.
Cy: Strength index of walls, calculated using Bquation (3).
Cc: Strength index of columns, calculated using Equation (4).
d1: Cu7, however when (=0, it is designated as 1.0
Fy: Firmness index of wells, designated as 1.0. UWhen there are no walls,
firmness index of columns is used, which is alsc 1,0 for the first diagnosis,

Strength indexex are obtained by the following summary catculations using

the wall ratio and column ratio.

rw; TW2

Cw= © X aw, +

TW3
X aWz + XK gW3 recesesrencenaionenns (3’

w w

<
CC = .rw X ac een ses taremEmrTuEr T vTa et ere At reartatin ieotasaNatrsats (4)

where, allj: Well ratio of walls with columns on both sides relative to the total

floor area Ay1/2Af (cn?/ ), ays ang ay3 are well ratios of walls with
a column on one side and of walls without columns relative to the total
floor area respectively.

Ayq: Total sum of the wall area with columns on both sides which affect the
objective direction of the story concerned (cmz).

X Ap: The total area of the building above the story concerned ( m?)

riyy rW2, TW3: Final average shearing stress of wells with columns on both
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sides, walls with a column on one side and walls without columns,
and it is designated as 30 kg/om?, 20 kg/cm® and 10 kg/cm?
respectively.
gc: Oplumn ratio of independent columns to the total flcor area (cmz/m2)
Tc: 10 kg/cmz, however, 7 kg/cn? when ho/D is above 6.
w: Total weight of the building above the story concerned (weight of building
itself+ earthquake carry load)/SAr(kg/cm?). When not particularly
caleulated, it is designated as 1,200 kg/m<.

To sum up, the first diagnostic method attempts to evaluate the seismic
efficiency only by the summary calculation value [what is in ( ) in Equation (2)}
of the reserve strength expressed by the shearing strength coefficient during wsll
destruction or column yield. Even when Rahmen framework of a high firmness is
conteined, the effect of cuctility after its yield is disregarded. Therefore, 1f this
method is applied to pure Rahmen structures, the Eo index will be evaluated excessively

love.

3) Eo for the Second Diagnosis
Assuming that beams have enough strength, the strength index is obtained

from the final bending strength and final shearing strength of columns and walls.
Wnen columns and walls that yield to a bending force are contained, the effect of

these are taken into consideration.
The following is the procedure,

a) Bending strength and shearing strength of each vertical element are
calculated, and destruction mode and final reserve shearing force
of each element are obtained, The classification of the destruction
mode is from Table 5,

b)Firmness index F of each element is calculated (later to be discussed).

¢) Gathering the elements with firmness index F values that are close,
they are divided into 3 maximum groups. The groups with the smallest
F index value 1o the largest index value are designated as Group 1,
Group 2 and Group 3, and the firmness index of each group is designeted
as F1, FR2 and F3,
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d) Strength index of each group, C1, C2 and C3 are the total sum of the
final shearing force ¢f each .group expressed by the shearing force
coefficient,

e) Eo index shall be either of the larger values calculated By Equation (5)
and Equation (6). However, if extremely brittle columns and shearing
destruction columns are contained, or the building has maldistributed
walls, special handling is proposed.

Ee =-:—11—1/E:'+Eg’  Ea¥ cereeerererseneisianniiini i tnnceian sennes {5)

+¢.C.) X Pg  emevevercvecoenresisissnasacneieens {6)

where, Ei = Ci X Fi
Ez_= Cz X Fs
Ea= Cs X F»

a2 and a3 are from Table 6 and Table 7.

Firmness index F 1s from Table 7. However, the firuness index of bending
columns and bending walls is from Equation (7) and Equation (8) respectively.

F= ,m 4rsererstt e s s e sen s resen e asean e ()

where p: final plasticity retio, calculation method is indicated,
(However, 1S u 35)

L M

|
075 (T+0.054)
When vQsu wQuE 1.3, F=1.0

When vQox/wQu D> 1.4, F=2.0

However, interims are interpolated on a straight line,
where, wQsu: final shearing strength of walle
wQu: reserve shearing force of walls during finel moment (bending yield)
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Table 5., Classification of Vertical Hlements by Destruction Mode

for Second Analysis

destruction mode

definition

bending columns

Bending yield preceeds shearing destruction.

bending walls

Bending yield preceeds shearing destruction.

shearing columns

Shearing destruction preceeds bending yield, howvever, extremel*
brittle columns are excluded.

shearing walls

Shearing destruction preceeds bending yield.

extremely brittle
columns

bending destruction.

Columns with ho/D below 2, shearing destruction preceeds

Table 6. Values of a2 and a3 in Equation (6)

walls

Group 1
Group 2 extremely brittle oolumns shearing columns or walls
or Group «
bending columns 0.5 0.7
bending walls 0.7 1.0
shearing columns or 0.7
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Table 7. Firmness Index F for Second Diagnosis

destruction mode Firmness Index F
bending columns 1.27-3.2 note) From Equation (7)
bending walls 1.0-2.0 From Equation (8)
shearing columns 1.0
shearing walls 1.8
extremely brittle
0.8
columns

note) Under some conditions it becomes 1,0,

bed Exa:ﬁples of Application

Exsmples of this diagnostic method applied to the damaged and undamaged
buildings during the 1968 Tokachi Offshore Earthquske will be given.

Figure 10 arrahged damaged and undamaged buildings during the 1968 Tokachi
O0ffshore Earthquake using the wall ratio and the column ratio (Literature 12). The

dotted lines are the Eo index values f\ values of Equation (2)] for the first diagnostic
method, drawn on the graph,

Figure 10. Relationship Between Quantity of cross—beam direction walls and columns

and Earthquake Damage (Bo index value for the first diagnosis was drawn
on & graph in Literature 12}

£v-06 Ev=0B key=-1. major damsge
=
C 1/ l 2. moderate damage
- 3 \ ’,' jc.]au X% :ﬁ:{; 3. minor damage
T 1 B X TN Riael3 4. no demage
2 e T b4 5. ratio of walls to total floor
e APet S~
b petel Sl — area
Pl g 1-27 RS Cag
< s"' 0

-] 10 o 0 0 &0 n o 20 100

L (Dunmans 5
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However, when Cy and Cc were calculated, w =1,000 kg/cmR was assumed
similarly to Literature 12, Also, when calculating the wall ratio in ithe graph,
rWy was discounted to 20 kg/cm® to average them out since all types of wells, wells
with columns on both sides, walls with a column on one side and wells without columns,
vere included. Incidentally, Ac is treated slightly differently since circumferentisl
columns of walls are not accounted inte the column sectional area. From the graph,
when the Eo value was above 1,0, the buildings were not damaged. Buildings which
received major damage almost all indicated an Eo value lower than 0,6, As a whole,
the relationship between the levels of damege and Eo values was clearly recognized.

Figure 11 indicates the results when the second diagnostic method was applied
to the 1968 Tokachi Offshore Earthquake cases. Although all of the values indicated
in the figure are values from the ground floor, the Ig value of buildings incurred
major damage was 0.4~0.5, and the buildings were not damaged when this value was 0,6~
Ce7.

From all these results, although it may be somewhat fam-fetched, when
assuming an earthquake about the level of the 1968 Tokachi Offshore Barthqueke, a
tentative curve can be drawn pertaining to the seismic efficiency of buildings, using
the Igo values as shown in Figure 12,

Figure 11. Reletionship Between Ig Index Values for the Second Diagnosis and
the 1968 Tokachi Offshore Esrthqueke Demage (from Literature 16)
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Figure 12. One Example of Seismic Judgement Standard
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6.5 How to Use the Seismic Judgement Standard

It was previously mentioned that the diagnostic standards proposed this
time are comprised of the first, second and third diagnostic methods, The basic
idea is the same for all of them, but there are differences in methmaticel difficulty,
the details of which increase with the order from the first to the third. A brief
description of the degree of difficulty will be given as follows.

First Diagnostic Method: Strength is calculated using only'the sectional

area of walls and columns, The simplest calcula-
tion is used,

Second Diagnostic Method: Celculation of final strength of columns and
wells is required. It is however, simpler than
the currently used structure calculation,

Third Diagnostic Method: Calculation level is equivaient to the currently
used structure calculation. The amount of
celculations are not great but knowledge relating
to final strength and earthquake response are
somevhat required.
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As described above, more details are added as the diagnosis advances to
a higher stage, and 1t is probably correct to assume that the credibility of the
results also increases. When given e building, this is how the stendards shall be
used: (1) First, diagnose the building briefly using the first diagnostic method.
(2) If a high Ig index value is obtained as a result, the diagnosis will be dis-
continued. {3) If the result of the first diegnosis indicates a not-so-high Ig index,
the second diagnostic method shall be gpplied, and so forth. Of course, it is
possible to apply immediately the second or the third diagnostic method. Also, when
the result of the third diagnostic method applied indicated questionable earthquake
resistivity, a reinforcement plan can be immediately implemented. This is one way
to to the job, but it is also feasible to reinvestigate jointly using more detailed

analysis such as oscillation anelysis or full on~site-investigation,

7« POST SCRIPT

The above is a description of seismic efficienty of existing reinforced
concrete buildings and seismic diagnostic methods for them in connection with

seismic design methods.

There are many unclarified points concerning the pfopértiés of earthqusakes
and the earthquake response of bulldings. However, it seems earthquake science has
finally entered into a stage where seismic designs and seismic diagnoses with respect
to the dynamic properties of buildings during earthquakes can be somehow practicalized,
It is desirable that these methods will be applied to general building designs and
diagnoses as soon as pessible, Finally, I would like to close this paper by deserib-
ing undauntedly but fully the seismic sefety for reinforced concrete buildings,

(1) Buildings with many seismic walls will be probably safe under the currently used
design method (buildings with wall ratio to the total floor space 30 em?/m? on
the ground floor).

(2) Buildings with smell number of walls that fall into any of the following con-
ditions must be designed with greati precaution, for instance, paying heed to the
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dynamic properties during earthquakes, and you mustnbe sometimes prepered for
an increase of labor required for designs (naturally affect the design fee) and
an increase of structure units required for buildings or a necessity to install
more walls following the design alternation, All existing buildings must be
diagnosed for earthqueke resistivity.

(a)Buildings with a large span (above ém)

(b) Buildings with a complex shape (Those which have stories with ventila~
tion openings on the ceiling and with partially reduced floor space)

{c) Pilotis structures

(d) Buildings with shortened columns due to lower sectional walls

(e) Buildings built prior to the 1968 Tokachi Offshore Earthquake
(possibly of shearing destruction due to the scarcity of hoops and

columns)

(f) Recently built buildings if they are designed using the values obtained
by inflating the shearing force which is equivalent to the design
seismic intensity and using the minimum 1.5 as the inflation coefficient,
as a design shearing force to be used to check the sheering strength
of major columns, in stead of the equivalent shearing force when hinges
yield at the upper and lower ends of columns or at neighboring beams.

(author, assistant professor at Production
Technology Research Institute, University
of Tokyo)
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1. BACKGROUND FOR DRAWING STANDARD

Medium and low rise reinforced concrete buildings began to spread
extensively throughout Jepan as earthquake proof and fire proof buildings since after
the Kanto Major Earthquake in 1923. On the other hand, around the same time, Professor
Toshikata Sato advocated a seismic intensity me{%od which cleverly monitored the effect
of seismic motions on buildings as a method for seismic desighs. Afterwards in
Japan, the seismic design method based upon the seismic intensity method spread,
and many highly earthqueke resistive buildings , even from the world's standard,
have been built. Nevertheless, it is also a fact that some reinforced concrete
buildings which used seismic designs were damaged more than anticipated by major
earthquakes which occurred after the Kantc Major Earthquake, for example, the 1948
Fukui Earthquake, 1964 Niigata Earthqueke, 1968 Tokachi Offshore Earthqueke and
1974 0ita Earthquake, This implies that bulldings with structural styles which
cannot be fully guaranteed to be safe under the rules of the conventicnal seismic

intensity method, have also come forward.

Reflecting upon these earthgueke damages, from the standpoini of the
latest knowledge of earthqueke proof engineering which enabled the construction
of super high rise buildings, it is disclosed that the width of the seismic
efficiency is broad from highly earthgquske resistive buildings tc a small number
of buildings with questionable seismic safety, in spite of the fact that they were
all designed according to more or lessc the same seismic design techniques.

Particularly, the finding that the damage to the low rise reinforced
concrete buildings was outstanding during the 1968 Tokachi Offshore Earthquake,
provoded and promoted various studies relating to the seismic design methods which
tock into consideration the dynamic behavior during earthquakes, for reinforced
concrete buildings. Part of the results of the studies were adopted in the Building
Standard Lawv Enforcement Ordinance and Reinforeed Concrete Structure Celeulation
Standards of Architectural Institute of Japan, and are offered for practical use,

As above, the lessons learned from past earthqueke damages in conjunction
with whe progress of the sciences, has contributed to the progress of seismic design
methods., However, the presend condition cennot yeit be called fully satisfactory in
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in studies related to seismic safety of existing buildings constructed before these

experiences were put into use.

Especially, in recent years, in connection with the prediction of earth-
quakes in Kawasaki and shore off Tckai, the concern for the safety of buildings,
storage for dangerous objects and urban facilities under the possible earthuakes,
is growing larger. With these backgrounds, the Guldance Section, Housing Bureau
of the Ministry of Ccnstruction plemned to formulate seismic Hiagnostic standards
for existing buildings and selsmic improvement design guidelines, and contracted
the projects to formulate seismic diagnostic standards and seismic improvement
design guidelines for medium and low rise reinforced concrete buildings in 1976
to the Japan Special Building Safety Conter (Foundation). The center installed
two work sections for the selection of the members for policy making as shown in
- the separate table and for preparation of proposals, and started to proceed with
the task.

Thus, the projects were completed in March 1977, and the results were
titled "Seismic Diagnostic Standards and Improvement Design Guidelines for Existing
Reinforced Concrete Buildings, with Comments" and published by the Center. Also,
courses relating to this subject were given at 5 sites throughout Japan including

Tokyo.

Detailes of the methods concerned can be found in the above described
publication. In this paper, the focus of the discussion will bé the basic concept
of the seismic diagnosis which is incorporated in the above described seismic
diagnostic standards.

2, POLICY FOR PREPARATION OF DIAGNOSTIC STANDARDS

The preparation of this standard started with the primary objective to
diagnose seismic efficiency of many buildings as fast as possible. Ior this purpose,
the diagnostic methods are divided into three types from the first diagnosis which
secreens buildings with questionable seismic safety by using the simplest possibie
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calculations to the third diagnosis which assesses rather accurately the seismic
safety of buildings by using somewhat complicated calculations. Screening technique
divides the diagnostic method into three types with different level of accuracy.
Also, the purport of the standards is to present a technique to express seismic
efficiency reserved in buildings by continuous numeric values, Judging of the

safety of buildings or the necessity of reinforcement are the in the hands of the
‘ !
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users of the standards concerned based upon ths numerized seismic efficiency.

This deligation of responsibility is supported by the understanding in that the

level of the seismic efficiency considered safe varies depending upon the use,
importance factor and degree of seismicity at the construction site of the respective
buildings, even there are two buildings having the same level of selsmic efficiency.
However, in reality, it is not possible to use the standards concerned without
having some sort of criteria to judge what level of seismic efficiency is required

to secure tentative safety sgainst a certain level of earthquakes, In the appendix,
therefore, numerical calculation results of the seismic efficiency indexes obtained
in accordance with the standards concerned, in regard to the damaged and undamaged
buildings exposed to the 1968 Tokachi Offshore Earthquske are indicated as a reference

material for rendering judgement.

3. COMPOSITICN OF DIAGNOSTIC STANDARDS

In the standards concerned, seismic safety of bulldings is expressed
by the following two indexes,

Is (Seismic Index of Structure)

Iy (Seismic Index of Non-Structural Elements) o
The Ig index expresses dynemic earthquake resistivity of buildings, and is expressed
by the four sub-indexes indicated in Equation (1)

Is:onstDxT .............................. (1}

Eo (Reserve Efficiency Basic Index): This index expresses seismic efficiency
of the structure when a building with a good structural plan is
built well on standard ground and terrain, end is obtained from =
calculation based upon the reserve yield strength and deformation
ability of the building.

G {Ground Motion Index): This is an index which expresses local
characteristics of ground motions that affect primarily the foundation
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of a building, such as the relationship between the properties of
the building and the amplification level of local ground motions

on the lot where the building is constructed and the types of ground.
At the present stage, it is difficult to evaluate G, and 1.0 is the

tentative index used in these standards.

SD (Shape Index): It is an index which takes into consideration, by
check list system, the effects on seismic efficiency of the structure
plan related factors which are difficult tc be evaluated by calculation
such as shapes of a building in plane and elevation and rigidity
distribution. It is a kind of reduction coefficient to Eo, and the
standard value is 1.0. The numerical value will be lowered if there

is some insufficiency in the struciure plan.

T (Time Index): This is an index for the evaluation of the effects on
the structural seismic efficiency of structural deterioration which
develops with time, such as, cracks, deformation and degeneration
of materials. It is also a kind of reduction coefficient to Eo,

and can be obtained from simple investigation by check list system.

The Iy index indicates safeﬁy against damages that incur by the dropping
of nonstructural elemenis such as finishing materials on theexterior of the buildings,
and is calculated independently from the Ig index. The relationship between the
structural deformation and the nonstructural elemet deformation abilify during
earthquakes is taken into account when computeting this index. Specifically, in
the case of the pure Rahmen structure which is anticipated to deform greatly during
earthquakes, & high IN index cannot be obtained unless the nonstructural elements
that accompany it have a sufficient deformation ability.

4o CONCEPT OF RESERVE EFFICIENCY BASIC INDEX Eo

The Eo index in principle has two sub-indexes, and it is obtained from

the combination of strength index C which expresses reserve yield strength of a
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building in the form of shearing sirength coefficient and the firmness index F
which expresses properties of deformation of the building.

1) Eo INDEX FOR THE PIRST DIAGNOSIS

In the first diagnosis, only vertical elements (columns and walls) are
viewed as seismic elements that constitute a building, and these elements sre
classified into 3 types as indicated in Table 1. The Eo index is computated from
either Equation (2) or Equation (5) based upon the summary calculation of respective
C index and F index of the elements. Incidentally, the Eo index is calculated
for each story and for each direction of thebuilding.

(1) Building Without Extremely Short Columns (ho/D=2.0)

- e . v v — v twm e

B N U Eiaay eeeerecsentesssrssresass .;..-{21
E, = {Cw+d, Cc) x Fw

2+l
R4
WheTe 1: number of stories in e building, .
i: story of the objective floor
First story is designated as 1, the highest of the story is designated as n.

Cy: Strength index of walls, calculated using Equation (3).
Ce: Strength index of columns, calculated using Equation (4).
dy: 0.7, however, when Cw 0, it is designated as 1.0,
Fy: Firmness index of walls, designated as 1.0. When there are no walls,

firmness index of columns is used, which is also 1.0 for the first diagnosis.

Strength index can be obtained by the following sumbary calculations
if the horizontal ssctional area of vertical elements is known.

TW: Tw Tw

Cw:T X aw, +_..;...’_ X awg + X @Wy -reccccereny {3)
T

C & v 3 @C +++e40ts44tteesarresrsesssssee soccarsversonnnsannnnsamen 4)
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where, aWy: Wall ratio of walls with cclumns on both sides relative to the total
floor area Ayt/ AL {cm?/mR), ayz end ay3 are wall rations of walls
with a column on one side and of walls without columns relative to
the total floor area respectively.
Ay1: Total sum of the wall area with columns on both sides which affect the
objective direction of the story concerned (cm?),
SAr: The total area of the building sbove the story concerned {(m2)
riy, rlWp, rWy: Final average shearing stress of walls with columns on both
sides, walls with & column on one side and walls without columns,
and it is designated as 30 kg/cm?, 20 kg/cm? and 10 kg/cm?
respectively.
sc: Column ratio of independent columns to the total floor area (om</m<)
tc: 10 kg/om®, however, 7 kg/cm2 when ho/D is above 6.
. Total weight of the building above the story concerned (weight of building
itself+ earthquake carry load)/&4r (kg/em?). When not particularly
calculated, it is designated as 1,200 kg/cm?,

s

Table 1 Classification of Vertical Elements for the First Diagnosis

TITLE ‘ DEFINITION

columns i ndependent columns with ho/D above 2
extremely short coluns independent columns with ho/D below 2
wells include incidental walls not contained in Rahmen

note) ho} Column inside dimensions, which shall be shortened if lower sectional
wells or drop walls are present by the length of the respective walls

D: sectional length and depth of columns

(2) Buildings With Extremely Short Columns

+ 1
L o )

(CBCHBOWHLLCEC) X FBE vorsrmneesvervoovasnre vusens (5)




where, Csc: C index of extremely short columns. It is obtained from equation (4).
However, it is designated as cx15 kg/cm®.

d2: Oo7
d3: 0.5

Fscy Firmness index of extfymely short columns.

To sum up, the Eo index is obteined through the following steps: vertical
elements are classified inte several typical element groups (extremely short columns,
columns, walls with columns on both sideS.....)}; average shearing stress at the
final strength of each element group is estsblished based upon the existing experi-
mental data; reserve yield summary calculation value is obtained by multiplying
the above average shearing stress by the horizontal sectional area of elements
that belong to the element group concerned; and the strength index of each element
group obtained from the weight of the building above the story concerned is added.
However, thepurpose of the first diagnosis is the screening of buildings unlikely
to have selsmic problems among numerous buildings. Therefore, the eveluation shall
be desirably on the safe side., In the standards concerned, the evaluation on the
safe side is intentlionally made by charging the destruction of the element group
with the least deformation ability among all above element groups as the destruction
of the building.

Therefore, dj, dp and dj in Equation (2) and Equation (5) are a kind of
strength discount coefficient which is used to be on the safe side. Specifically,
as shown in Figure 1, in case of a building having both wall elemenés with compara-
tively poor deformation abiliiy and wall elements with comparatively rich deformation
ability, d1 is the coefficient which indicates what percent of the horizontel force
of the final strength the columns share when the walls bresk, and dq is fiexed
as 0.7 in these standards. Similarly, dz and d3 are the coefficients that ciscount
the final strength of walls and columns based upon the destruction (point(E)in

Figure 3) of the extremely short columns. The standards designated them as dy=0.7
and d3:0.5. -

However, in bulldings with a small number of extremely short columns,
the evaluation obtained may appear tc be too much on the safe side if the Do index

B 78




is eelculated based upon the destruction of extremely short columns as shown in
Figure 2, In such a case, Fo was caleulated by using Equation (2) without paying

attention to extremely short columns.

The Eo index, that is, the Eo index that

corresponds to the Point (Din Figure 2, will do. Generally, as the Eo index of
buildings with extremely short columns, elther of the larger values from Equation
(5) and Equation (2) in disregard of extremely short columns, can be used.

Figure 1

A mum

.‘Jﬂ*\

-

b r——— 1}

Figure 2

key-1, horizontal force
2., wall destruction
3. horizontal displacement

key-1, horizontal force

2, extremely short column destruc-

tion

3. wall destruction

4. horizontal displacement

Also, generally in buildings wvith elements of a small ho/D value, such
as extremely short columns, the yield strength after the maximum yield strength
Therefore, even when the buildings may have only a small
number of extremely short columns, if these columns are essential elements to
support the vertical force (This type of elements are called Type 2 elemets in
the standards), the destruction of extremely small columns may expedite the local

declines drastically.

collape of buildings.

Consequently, when the extremely short columns are of Type 2
elements, the Eo index must be calculated from Equation (5) which is based upon
the destruction of extremely short columns,
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2)
(1) Index Calculation Method

In the second diagnostic method, the Eo index is caleulated from
Equation (6) and Equation (7), using the strength index obteined from finsl reserve
shearing force of columns and walls, assuming that beams are sufficiently strong.

In the following, the Eo index calculation procedure will be indicated,
Also, Figure 3 indicates a flow chart for calculation of strength indexes in the
second diagnostic method. '

Figure 3. Strength Index Calculation Procedure
for Second Diagnosls '
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key~1. vertical elements are divided into columns and walls
2., columns
3. walls
4. calculation of bending finel strength .
5. calculation of bending finel strength
6. calculation of shearing forte st final bending
7. calculation of shearing force at finel bending
8. caleulation of shearing final strength
9, calculation of shearing final strength
10, reserve yield strength of bending columns
11, reserve yield strength of shearing columns
12, reserve yield strength of shearing walls
13. reserve yield strength of bending walls
14, calculation of F index, F=1,27-3,2 or 1.0
15, calculation of ¥ index F =1,0-2,0
1. CGroup 3 |
17. Group 1
18, Group 2
19, Ci (total sum of Qu of elements in Group 1) /&W

o Index Calculation Procedure

a) The bending and shearing final strength of each vertical element is
celculated, and then the destruction mode end final reserve shearing
force are obtained. The destruction mode if from Table 2.

b)Firmness index F .of each element is calculated (later to be described).

c) Gathering the elements with firmness index F values that are close,
they are divided into 3 meximum groups. The groups with the smallest
F index value to the largest index value are designated as Group 1,
Group 2 and Group 3, and the firmness index of each group is designated
as Fl1, F2 and F3. The smaller the number of groups, the better are
the results.




d) Strength index of each group, C1, G2 and C3 ere the totel sum of the
final shearing force of each group expressed by the shearing force
eoefficient. '

e) Eo index shall be either of the larger values calculated by Equation
(5) and Equetion {6). BHowever, if extremely brittle columns and
shearing destruction columns are contained, or the building has mal-
distributed walls, special handling is proposed.

Eo g:Il‘ ,/E,! +E‘! +E.! .................................... (6}
Bl o e C g 4By Cp) XFy eeeeseessessssssssonsons Vi)
Eo = - (Cl‘!"zQCI‘l‘al cl) "Fl
a3

Uhere, E, = Cy xF,
Eg - C'. X Fy
E' - C'. XF,

ap and a3 are from Table 3
Firmness index F is from Table 4. However, the firmness indexet of bending
bending columns and bending walls are from Eguation (8) and Equation (9).

Table 2. Classification of Vertical Elements by Destruction Mode

for Second Analysis '

destruction mode

definition

bending columns
bending walls

shearing columns

ghearing walls

extremely brittle
columns

Bending yield preceeds shearing destruction.
Bending yield preceeds shearing destiruction

Shearing destruction preceeds bending yield, however,
extremely brittle columns are excluded.

Shearing destruction preceeds bending yield.
Cplumns with ho/D below 2, shearing destruction preceeds
bending destruction.
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Table 3. Values of a2 or &3 in Second Diagnosis

Group 2 or Group 3 ' Group 1

shearing columns

pxtremely brittle columns shearing walls

bending columns 0.5 0.7
bending walls 0.7 1.0
shearing columns, shearing wells 0.7

Table 4. Firmness Index F for Second Diagnosis

destruction mode firmness index F
bending columns 1e27-3.2 mnote) from equation (7)
bending walls 1,0-2,0 from equation (8)
shearing columns 1.0
shearing walls 1.8
extremely brittle

0.8

colunns

note) Under soms conditions it becomes 1.0.

Firmness Index of Bending Columns

p: Final plasticity ratio of bending columns which can be
calculated from a separately prescribed eguation using
the ratio of final shearing force of columns and reserve
shearing force at final bending and the average shearing
stress level at final bending, However, & condition is
stipulated in that the maximum and minimum values are set
at 0.5 and 1.0 respectively regardless of the calculation
results of u, and F is 1,0 regardless of the value of .

. 1
075 (140.05 &)
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Firmness Index of Bending Walls

wWhen wau/wngl_s’ _ F o= 1 0 ereerecersinmenenneennnnns 10
When wQsu WQu =214,y F=20

However, interims are interpolated on & straight line.

Where, wQsu:final shearing strength of walls
wQu: reserve shearing force of walls during bending yield

(2) Concept of Firmness Index F

According to the studies by Newmark and his assoclates, the maximum
response plasticity ratio p during earthquakes of a system which has perfect elastic
plastic type restoring force characteristics (yield strength Cy, Yield point
displacement }y) can be calculated by the following equation based uponthe elastic
response shearing ferce coefficient Cg of the system.

Ce/Cy 2o/ DI ] ceresessseciscscssicniinsecnennaenns a9

The objective medium and low rise reinforced concrete buildings of the standards
concerned are short period structures which can be regarded to have a virtually
constant (around 3 times the ground motion acceleration) elastic response shearing
force coefficient Cge. Therefofe, when a quantity equivalent to Cy i designated
as the C index and the guantity eguivalent to J2u-1 is designated as the F index,
seismic efficiency of buildings of a single destruction mode or of single vertical

element is given in Bquation (12).

Nonetheless, the resitoring force characteristics of actual concrete
buildings are very comples and marked with a reduction of rigidity in association

with cracks in thecconcrete and e reduction of rising rigidity by the repeated loading.

When the results of the response analysis of mono mass system having
degrading tri-linear type restoring force characteristies which represent restoring

characteristics of bending destruction type reinforced comcrete buildings relatively

B 84




well, were handled in the same way as Equation (11) introduced by Newmark, it was
discovered that the relationship between Cy and u can be expressed by summary

equation (13).

A
Cym0rs x ERBEL i a3

The firmness index F of bending columns is the inverse number of Equation (13).

An assumingly relatively adequate values are also set as firmness indexes of other
elements in the lihgt that sufficient experimentel data is not available and the
complicated caleculations mey stray from thepurpose of the standards, although,

to be proper, the final plasticity retio a4 of elements shall be used as a basis
to determine these values.

Figure 4. Response of Elastic and Plastic Figure 5, Relationship Between Final
Systenms Plasticity Retio end F Index
of Various Elements
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key=1, shearing force coefficient

2. maximum response displacement key=1, extremely short columns
{First diagnosis)

. . . 2. extremely brittle columns
4e plasticity ratlo (Second diagnosis)

3. equation (8)
4. proposal in Literature (4)
5. sheering walls
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(3) Eo Index of Buildings Composed of Elements With Various Qualities of .Firmness
General buildings are composed of elements with various qualities of

firmness, and the evaluation of their seimmic efficiency is not easy. In the follow-

ing, the basic concept of Equation (6) and Equation {7) proposed in the standards

to obtaine Eo indexes of these buildings will be explained.

For an example, let us think of two buildings such as below.

Building I: Building composed only of shearing columns of Fy21, and
C“ - 0.9

En =C; x F; =09

Building II: Building composed only of bending columns of Fp=2, and
CZ=O,45
Eos =Cy X Fy =045%2=09

According to the concept (Equation 12) described in (2), the Eo indexes of the two
are equal, and both are 0.9. Nexti, let us suppose there is Building IIT wvhich

has walls with the same properties &s Building I (ie Fx1.0) and walls with the
same properties as Building IT (F=2,0)., The relationship between the horizontal
force and the horizontal displacement of the building such as this can be expressed
as in Figure 6. Specifically, shearing walls breakdown at point (), and benind
columns yield at point B)and reach final deformation at point )

Figure 6. Relationship Between Horizontal Force and Horizontal
Displacement of Buildings Made of Shearing walls and
Bending Columns

key-1. horizontal force
s & 2. horizontal displacement

T ¢
3 3 /I/\L——"
? f——— |

- [~] &

J ; 'l ’

=rxg Q.
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Nod, the question is at what mixing ratio of Gy (reserve shearing force
of columns only/weight of building) and C, (reserve shearing force of walls only /
weight of building) Building III can be evaluated to have the same seismic efficiency
s Building I or Bullding II. Specifically, a limit curve relative to the combination
of C! and C; or Ey and E2 which is considered to have the same seismic efficiency
as Building I or Building II may be drawn (in plane C) where Cz is placed on the
exis of ordinates and Cy is placed on the axis of abscissas {Figure 7=a) or (in
Plane E) where Epx=Cp x F2 is placed on the axis of ordinates and Ey=Cqy x Fy is
placed on the axis of absecissas,

For instance, one way to obtain this 1limit curve is to anmslize response
of various C1 and C, combinations, and seek the C1-C2 combination where the response
of Building III can be below the final plasticity ratio of bending columns, that is,
the Cy~Cp combination where the response plasticity ratio will become practically
the same as Building I.

Figure 7-a (Plane C) Figure 7=b (Plane E)
Ee=0.9 Fr=09
“ Ca, T T
/ 2 N £+ 8 &
A Y
S umi mwin N
\ -
¢ =048 k/ / - 09=FEi~E: . q Lm0y
ha ~ - _ ) \
- a N\
S . \ND
e - . ~
~ 7T ~
c RN 1 LT 3 ~
£ ~
&y . ci-oy
E) el E=<0d

key-1, Bullding II

2.Building III
3. Building I

Figure 8 is an example where the points with equal maximum response
plasticity ratio were comnected using the resulis of response analysis of recorded
seismic motions of various C4~C, ratios in an oscillation system having e degrading
iri-linear type bending column restoring force characteristic and an origin direc-
tional type wall restoring force characteristice From the chart, the line where
the meximum response plasticity ratio (maximum response displacement/yield displace-
ment) becomes fixed, seems to be approximated by substantially & circle on Plane E,
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Figure 8. Example of Limit Curves of Various Cq and G,
Combinations on Flane E
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Equation (6) in the standards express this statement, and attempts to
stretch it to a case with 3 types of vertical elements.

Fguation (7) attempts to express the Eo index based upon the destruction
of elements poorest in deformation ability, and its basic concept is
the same as the Eo index for the first dispgnostic method.

Figure 9 expresses the relationship between Equation (6) and Equation (7)
as the Eo index of buildings with the previously described two types of
structural elements (shearing walls and bending column, in this case 03:0)

Figure 9 Comparison of Equation (6) and Equation (7)

.2 key-1. C index of bending columns Cp
AL ot 2. Buildings diagnosed as Ec 0,9

from Equation (7)

3. Bulldings diagnosed as Eo 0,9
from Equation (6) ‘
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3) Eo INDEX IN THE THRID DIAGNOSTIC METHOD

The third diagnostic method is different from the second diagnostic method
in that the reserve yield strength of each element is calculated based upon the
mechanism of frameworks taking into account the strength of beams and the relief
of walls from the foundation. As a result, the following 3 types of destruction
modes are considered as the destruction modes of columns and walls on each story

besides thedestruction modes considered in the second diagnostic method.

Columns Governed by Bending Beams F=3,0
Columns Governed by Shearing Beams F=1.5
Revolving Walls F=3.0

After obtaining the destruction mode of each element, reserve sheaing
force and firmness index corresponding to the descturction mode, the calculzational

procedure for the Eo index will be the same as in the second diagnostic method.

5. SHAPE INDEX Sp

This index attempts to evaluate the effect on earthquake resistivity
of the status of the dynamic balance of an entire building, which is essentially
difficult to be calculated. It has meaning as a correction faector to the Reserve

Efficiency Basic Index Eo.

1) APFLICABLE ITEMS

For the first diagnostic use, the following items can be checked,
* Ttems Related to Plane Shape: a) formality, b) ratio of side length,
c) constriction, d) expansion joint, e) size of ventilation,

f) maldistribution of ventilations, g) other specisl shapes

* Items Related to Elevation Shape: h) presence of basement, i) eveness

of layer height, j) presence of pilotis, k) other special shapes
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For the second diagnostic Use, the following items shall be checked 1n
addition to the above described items.

1) eccentricity of the center of gravity and the center of rigidity
on the plane, m) weight and rigidity ratio of upper and lower stories

2) INDEX COMPUTATION METHOD

Each of the above described items are divided into three grades. With a
simple check of the plane view and the sectional view, Gi(1.0, 0.9, 0.8) of each
item can be determined. TFor example, referring to Item b) of the ratio of the
side length, bw=long side/short side <5, 5<b %8, 8<b will be grades as G3
1.0, 0.9 and 0.8 respectively. Alsc, the degree of the influence of each item
on the seismic efficlency is prescribed as the Range Adjusting Factor R;. Sp index
is calculated by the following equation using G; and Rs.

Sp=Ca X Cbx sreererreeceans Cn
Ci=[1- (1-6i) Ri]

Incidentally, this index is calculated only once for one building in
the first diagnosis, but Item 1) and Item n) are calculated separately for each
story and each direction in the second diagnosis. In the third diagnosis, the
index used for the second diagnosis shall be used as it is.

6. TIME INDEX T

This ig an index used to evaluate the effects on the structural yield
strength of the degeneration and deterioration of materials occurring with time
or of cracks develcped due to insufficient designs and construction works, and one
value is used for one building both in the first and second diagnoses,
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1) FIRST DIAGNOSIS

Score points from 1.0 to 0.7 are given to each item such as deformation,
cracks in walls and columns, past fire accidents, use of buildings, age of buildings,
condition of finish by a simple history research and inspection of buildings.
The minimum value is used as the time index for the first diagnosis.

2) SECOND DIAGNCSIS

The range of structural cracks, deformation, degeneration and aging that
aeffects a building is inspected side by site (floor, major beam, wall, column),
and the time index is calculated according to the following method.

Te (T4 Tytomemrmmermee +Tn) /N
Ti=(1-Psi) (1 - Pt3)

where, Tt: Time index of i story
N: number of stories inspected
Psi: totel minum points of structural cracks and deformation of the i story
Pti: total minus points of degeneration and aging of the i story

7. NONSTRUCTURAL ELEMENT SEISMIC INDEX Iy

This index is used to evaluate the danger factor due to the destruction
and fall particularly of externsl walls of nonstructural elements during earthquakes.
The diagnostic method is sub~divided into first, second and third diagnostic methods,
end all of them are computated for each wall surface and each story.

The make-up of the sub-indexes for ithe computaiion of Iy index is as
follows.
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key-1, nonstructural element seismic index Iy, 2. tectonical index (B)
3. area index (W), 4. influence index (E), 5. deformation following
index (f), 6. fact index (t), 7. (length of wall surface 1li, height hi,
stendard story height hs), 8. environment index (e), 9. control
index (e), 10. main structure rigidity grade (gs), 1. nonstructural
element deformation grade (gy), 12. trouble history grade (gH),
13. time grade (gy)

Among the previously described indexes, gs gy, 8H, gy; © andc are given
as & constant in the separate table. Furthermore, f is shown as a matrix of gs,
gNs ty gy @nd gy. Other indexes are calculated according to equations, and eventually,
the index Iy is calculated from the following equation (26).
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8. APPLICATIONAL EXAMPLES

Figure 10 compiled the results of seismic diagnosis of damaged and undamaged
buildings during the 1968 Tokachi Offshore Earthquake, using the well ratio and
the column ration (Literature 9). The dotted lines are Eo index velues (values
from Equation (2)) plotted on the chart from the first diagnostic method.

However, in calculating Cy and Cg, W=1,000 kg/m? was assumed as in.
{Literature 9). Also, since the calculstion of the wall ratio in thechart takes
into account all of the walls with columns on both sides, wells with a column on
one side and walle without columns, Jyy was discounted to 20 kg/cm?, and sy <8y =0
wvas used for averaging the calculation results. Incidentally, thediagnostic standards
did not tzke the columns fitted to the wells intc account, and the treatment of
Ac is therefore slightly different. From the chari, it is clarified that buildings
with an Eo value of above 1,0 were not dameged, and the mejority of buildings with
major damsge indicated an Eo value above 0.6, Figure 11 is the second diagnostic
method results applied to buildings exposed to the 1968 Tokachi Offshore Earthqusake.

The value indicated in the chart are all from the values obtained on
the ground floor. The Ig value of buildings with major damage was in the level
of 0.4~0.5, and the buildings indicating an Ig value of 0,6~0,7 were not damaged.
Incidentally, in this spplicational example, the T index was designeted as 1.0
for the computation.

Figure 10, Relationship Between the Quantity of Cross~beam Walls and Columns
and Earthguske Damages (Eo index value for the first diagmosis
was plotted on a chart in Literature 12)
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Figure 11. Relationship Between the Second Diagnostic I Velue and Damage
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key-1. Misawa Business High School (addition)
2. Hachinohe Specialized High School (N wing)
3. University of Hakodate
4. Hachinohe Library
5. Misawa Business High School (A wing)
6. Gonohe Elementary School
7. Nejiro Elementary School (C shaped School Building)
8, symbol
9. cross-beam span
0. major damage
1. minor damage
12, no damage
13. second diagnostic Ig index value

S+ POST REMARKS

In the above context, & summary of the diasgnostic standards formulated
5% %his time and epplicetional examples were introduced. In conclusion, I, and
Igo values will be related, vwhich are the standard used to evaluaste the safety
of the objective buildings based upon the structural seismic index Ig obteined

from these diagnostie standards.

Figure 12 indicates one of the criteria of Iy, assuming an earthguake
of about the same seismic intensity as the 1968 Tokachi Offshore Earthqueke, although
it may appear somevwhat far—-fetched, based upon the applicetional exsample,

B %4




When the Ig value is above 0.9 in the first diagnosis, it can be considered that

the building is safe against an esarthgquaeke at a level of the Tokachi Offshore Earth-
quake, However, the buildings which indicated an Ig velue below 0.9 in the first
disgnosis ceanoot be judged yet, and the second diegnosis shall be desirably adminis-
tered. Building with an I, value above 0,7 in the second disgnosis can be very

well considered safe., Also, the seismic safety of tulldings with an I value below
0.4 is gquestionable, and it is recommended to enforce reinforcement measures from
the seismic improvement design guidelines formulated simultaneocusly with these
standards or conduclt a more detamiled investigation.

Of course, the adequacy of the ebove values must be examined in the ‘
deys to come from various angles, for instance, accumulation of many more applicational
examples. For more rational use of these standards, it is desirable to accumulate
Is date relating to various buildings and to verify Ig values from the possible
future earthqueke damages (of éourse, it is wished it will never happen).

Incidentelly, the Standards incorporated many concepts and techniques
of. various seismic diagnostic methods and seismic designs which have been already
proposed. These are listed at the end as Literature for Reference.

Figure 12. An Exemple of Igg Vale .z _ .2_ o 3
key=-1. Ig index value f g g
2. superior m=ars P remmnoneries P
3. & slack of 1 0.05 is given wiZZd
4. questionable P ] /}’ﬁézc
5. for first disgnosis "’;"1477
6. for second diagnosis —~% zF%
7. for third diagnosis z z ;
E_;- E‘ E?

(Authors: Kai Umemura, Professor, Engineering Department, University of Tokyo;
Tsuneo (Okada, Assistant Professor, Production Technology Research Institute,
University of Tokyo; Shin Okemoto, Supervisor, Housing Construction
Research Section, Research Department IV, Building Research Institute,
Ministry of Construction)
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PREFACE

. This material is a supplement&ry-explanation of "Seismic Diagnestic
Standards for Existing Reinforced Concrete Buildings" a summary of which was.prsented
in Part 3.

The author of this paper and others have participated in the project "Earthquake
Control Measures for Reinforced Concrete Buildings" undertaken by the SPRC Research
Committee established within the Japan Specail Building Sefety Center (Foundation)
commissioned by Shizuoka Prefecture. As a part of the project, we worked for the
computer programming of the above described seismic diagnostic standards, and have
now completed the assignment in connection with the first and second diagnoses.

This program was the result of our effort to render feithful progrsmming to the
original standards. However, when computarizing, it was necessary to add and develop
algorithms for the part which the original standards entrusted to the engineering
judgement of theoperators of the diagnoses.

This materisl extracted the part relating to the added and developed
algorithms among the materials for a computer program guide, and emphasis of the
explanation is on the part which can be utilized even if the diagnosis will be made
using manual calculations. -
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1, FIRST DIAGNOSTIC Ig VALUE COMPUTATION METHOD

The Ig value for the first diagnosis is computated in accordance with
the seismic diagnostic standards. However, the following operations which were

not included in the diagnostic standards will be added.

1) The Eo value is corrected depending upon the strength of concrete and the variety
of concrete. Specifically, thediagnostic standards estimate the concrete compression
strength to be 200 kg/cmz, but in this program, the following corrections are made

by the strength of concrete and the variety of concrete.

(1) Regular concrete

Fe
200

whereas, Fc: concrete compression strength (kg/cmz)

Eo =FEo {standard) x

(2) Light Concrete

- Yo -
o “Eo (standard) x o0 * 4

vhereas, d:; Type 1 and Type 1 of light concrete is 0.9
Type 3 and Type 4 of light concrete is 0,8

2) Yhen inputting the wall opening circumference ratic, it is possible to deal with

walls with openings. The Gy of walls with openings can be calculated from the

the following eguation.
' 30 Fe -
Cw:—w-xaw,x 700 x (1-p)
Aw,/IAf
Aw, = t X LW,

where, aw,

¥e - concrete compression strength

In case of the light concrete, the discount ratio is multipled,

Pz equivalent opening circumference rstio: opening ares
d p £ 1O~ yail face area
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3) Eecentricity is calculated just as in the second diaghosis.

When sccentricity e (from diagnostic standard table 10) is larger than

0.15, this will be printed on the diagnosjic card.

As described in the comments of the diagnostic standards, if the first
diagnosis is applied to buildings with extremely large excentricity, the seismic
index might be evaluated on the danger side. Therefore, when the diagnostic card
indicates that the eccentricity is too large, it is necessary at least to carry out

the second disgnosis.

2, SECOND DIAGNOSTIC Ig VALUE COMPUTATION METHOD

The second diagnostic Ig value is also computated, in prineipie, in
accordance with the diagnostic stendard procedure as in the case of the first diagnosis.
However, since the original diagnostic standards were prepared assuming that the
celculation would be made manually, partial correction and addition, or adoption of
an originsl algorithm was necessary for the computer programming.

In the following, the essential points will be related.

1) DEFINITION OF VERTICAL ELEMENTS

In this program, elements composed of columns snd walls are called vertical
elenents, and rectangular sectional elements such a8 columns and wells that comose of
one vertical element is called a segment.

Figure 1, Example 1: Vertical ¥l ement Composed of & Segments

/(E B
— L key-1. column
. 2. wall
srvh .
|2 3 4 5 6 e 3. segment
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Figure 2, Example 2: Vertical Element Composed of 1 Segment

(ﬁﬁ& ‘ key-1, single independent column

If the list number of each segment is fed into the computer, separating
segments for walls from segments for cclumns, they are automatically joined and

composed into one vertical element within the program.

2) SIMFLIFICATION AND CLASSIFICATION OF VERTICAL ELEMENT SECTIONS
A program screen simplifies and classifies vertical elements compesed
of many segments into the following 6 types and an incidental wall for the convenience

of computating sectional strength.,

(1) Vertical Element Composed of Columns and Walls
a) Seismic walls with three or more columns are, for instance simplified

as follows,.
% All vertical reinforcement in the center column and the walls shall

be equal.
*For the wall opening circumference ratio, the average value of the
opening circunference ratio of each wall shall be simplified.
# For the wall hw, the average value of hvw of each wall shall be

- sinplified.

b} This simplificatlon process will be disregarded when the total projection
of the wall is less than 45 cm.

(2) Incidental %alls
Walle without columns on either side are considered incidental walls
even they are on the rahmen line, However, when these walls are treated as walls

with openings, they shall be excluded from this category.
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sectional type number, 2. sectional shape, 3. title, 4. number of segments
column with walls on both side,or center column with walls

column with a wall one one side, or wall with a column on one side

single independent column, 8. seismic wall with wing walls on both sides
seismic wall with & wing wall on one side, 10, independent seismic wall

Figure 4. Simplification of Continuous Seismic Walls
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Figure . Definition of Incidental Wall
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3) COMPUTATION OF FINAL BENDING MOMENT (Mu)

The final bending moment will be computated using the complete plasticity
theory upon which Equation (11) and Equation (12) of the diagnostic standards in
based. (Sub-program EVA and STZ2)

the following are the main assumptions:

Assumption 1: The 6 sectional types indicated in the previous paragraph are divided
into a maximum of 7 sectional pieces as shown in Figure 6. (Incidental
walls are the same as the sinle independent columns).

A1l the reinforcing steel contained in each sectional piece is equelly
distributed in the piece (However, the reinforcing steel in the center

of the column in sectional types 1,2 and 3 are disregarded).

Assumption 2: It is supposed that the axial force that affects the columns will
affect the center of the column in sectional types 1,2 and 3, and
that the toital axial force concentrates on the location 1/2 of the
distance between the center of the right and left columns in sectional
types 4,5 and 6.

Assumption 3: Excluding sectionel type 3 (including incidental walls), the average
value of the final bending moment when the bendingwmoﬁent works on
an element separately from both left and right directions, is designated
as the final bending moment of the verticel element. -

Assumption 4¢: When the upper and lower (capital and base in case of a column) sectional
properties are different, the final bending moment average is considered
the final bending moment of the element.

The location of neutral axis and the final bending moment can be calculated

as below from the above assumptions,

For the sake of explaining symbols, the:seismic wall in Figure 7 shall
be used.
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Figure 6. Drawing of Sectional Pieces
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Lc: Distance from the center of the reinforcing steel at the waell end
to the concretie edge )

De: Distance from the column tensile reinforcement center to the concrete

edge
Figure 7. Seismic Wall Final Bending Moment Celculation Example

p——— ANL —'g‘uu axisl directiona force N (kg)
bending moment M (kg-cm)
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sectiongl piece number i y) 3

width ‘ B (1) B2 B (3 om
o/
vertical reinforcement SL (1) SL (2 SL em
location of center of AML (D AML (2 AML () -~
gravity
N
(W AN.L h“u
v
SL(Dxoy, TSLQ)XUH
Bw’“’i’-/ 2 SLGxoy
2 SUDx oy, /1;; l
B2)xFe % 1‘3”‘ Fe
‘ -
. o Eral ") o)
Tl
R i | - -3
Equation for Determination of Neutral Axis: When the neutral axis is in the Piece
' Number K

;:tsunw(x)wn +N = (25L () + 03K + BK) +Fe) x ( £ D () 1)
=1 I=%

+ ; 1(281.(!)! D()x ey1 + B(E)+D(1)xFec)

) 759 €5
............ (1)
Fauation For Determinstion of Finel Moment:
K ) 3
Mu= (28L(K) + oy + BG) +Fe) ( £ =D(D-2)( I D()+2) x 3
I=1 =1

B .

+ 2 {(2S5LQ)xDU)x eyl +B(1)+D(1)+Fc ) x AML(1) }
Iz K+ 1

N

- X (SL{1)+D(1)+ oy1 x AML(1)) - N x ANL cameseens (2]

I=t
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However, in sectional types 1,2 and 3, the middle stage reinforcement
of columns (reinforcement in the sectionsl piece, not marked with diagonal lines
in Figure 6) were disregarded. This trestment is given in consideration of the
adjustability of BEquation (10) and Equation (11) of the diagnostic standards.

4) CALCULATION OF SHEARING FINAL STRENGTH (Qsu)

The shearing final strength Qsu was calculated using either one of the
following equations in accordance with the sectional type shown in Table 1 by giving
following corrections and additional restrictive conditions to Equation (13) and
Equation (14) of the diagnostic standards

(1) Corrections-Additions to Standard Equation (13)

023
Qsu=( 0.

053Pt%% (180 +Fe) : .
M/ (Q-8)+0.17 + 2.7V Pw SGWy+0.Ho)"7be Standard Equation (13)
however, ]2M/(q -d)<3

corrections
a) Single independent columns were omitted and M/(Q*d) vas corrected to
h/D.
where, h: ho or hw indicated in Table 1
D: Sectional depth indicated in Table 1
b) In the case of sectional types 4,5 and 6, either of the larger one
between 0.8D or kv is adopted for j.

additions

a) When Pt(%) is 0.1 or below, 0.1 is used.

b) Wing walls in sectional types 4 and 5 shall be separately treated
only when the shearing strength is calculated. The strength shall be
calculated using 0.8 x JFc (erea of wing walls), and added to the
strength of seismic walls (area enclosed by columns)
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Figure 8, Handling of Wing Walls (Sectionel Types 4 and 5)

key-1. calculate using Eguation (13)
2. The strength is calculated by

L 0.8 x Fc (wing wall area) and
. =z added to the celculation valus from
- — Standard Equation (13)
b D 2
22230 8 VT x (¥ TRER T
- —_— — HELERZ(D i 2 oMK
[ Rapcem+z, ot 2,

(2) Addition to Standard Equation (14)

Qou = 0.8VF (EL) T4+ 0.5 { Pweowy+ P+ oy LLEEED))

Xb,P+0.1N Stendard Equation (14)
addition
a) In case hu/fu<1, Stendard Equation (14) is used assuming hw/f =1.0,

(3) The Relation of Sectional Types to the Adopted Shearing Strength Equation and
Height

The diesgnostic standards prescribe, "Final shearing strength of walls
with 2 column on one side and walls without columns shall be computated using either
Equation (13) or Equation (14) according to the shape and the arrangement of the
reinforcemenis"., However, in this program, the shearing strength equetion and
height to be used are designated as follows according to the sectional type and
the height of the story (hs)/®.

Table 1, Shearing Strength Equation and Height

‘ SED

ernary #® he D |WhRLK | & = |[Certimms
| 1SHEL - ho | %R 00 -

1 :—_——_._}: 117 q

N 15Emlg - | b | ERw @

) ] 1S5EEgr - ho | EBRW 9

—0, skl ~ | v | EwRw /o
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3 e = | b |EmRO
) 12
4.5.6 m{ }:ﬁ: - 0.4LLF | bw &1L 03
PR | E— /\0
/2| == - J%.n-' b | XBRO {3y
p—E—

note 1) Hatch is considered separately.
note 2) 1/2 of the height becomes the height of the inflection point
ho: column inside height
hw: Input of the wall height into the program is given in terms of how
many layers the objective wall continues to rise. The program
converts this to hw. The uppermost.layer of the cohtinuous layer wall
(including one layer wall) will be 2hw.
hs: height of story

5) CALCULATION OF SHEARING FORCE DURING BENDING STRENGTH (Quu)

Assuming that 1/2 of ho, hw or hs in the table of the previous paragraph
was the inflection point height, finel bending moment Mu was divided by the inflection
point height to obtain this value.

6) DESTRUCTION TYPE AND FIRMNESS INDEX

The types and indexes were obtained in accordance with the same method
. &s in the diagnostic standerds,

7) GROUPING OF VERTICAL ELEMENTS
Grouping of vertical elements and computation of the Eo index were
performed in accordance with the following method. This method was newly developed

as & method suiteble for computer programming and yet respectful of the intent
of the diagnostic standards.
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(1) Grouping to 11 Groups (Grouping;%l_c

First, each vertical elemont is classified into 11 groups in accordance
with F. index values,

Grouping-0 tries to carry out a safe side grouping by keeping the digital
F value to the smaller side.

F values of bending element groups are virtually geometrical progression
of J1.27 (=1.13). Therefore, the Eo value may be sometimes evaluated low by
maximum 13% in this operation,

Table 2 Grouping-0

Fn—FBE |\ S —FOFE | T BT NERHOFE| WHFAT
1 0.8 F=0.8 B
2 1.0 1.0=F<1.138 AN - 8F - BNTEE
3 1.27 1.13<F< 1.4 T A - BT
4 1.4 1.A<F< 1.6 "

5 1.8 1.6=FJ 1.8 ]

6 1.8 1.8<FL2.0 ’

7 2.0 2.0=F< 2.3 I

8 2.3 2.35F 2.6 LA
9 2.6 2.6<F< 2.9 .

10 2.9 2.9<F< 3.2 .

" 3.2 F=3.2 .

key-1., group number, 2. ¥ value of group, 3. F value of verticsl slements which
belong to each group, 4. destruction type, 5. extremely brittle element

6. shearing column /wall/bending column, 7. bending column/bending well
8. bending column

(2) Grouping to gpe group (Grouping-g)

Grouping-I computates the Eo value by gathering groupp which were grouped
into a maximum of 11 groups from the operation in the preceeding paragraph into
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one group. The Eo value obtained (=EM) here will be shown in the following

paragrephs,

This Eoevalue is compared to the Eo values obtained from Grouping-IT
and Grouping=-Il (E2M, E3M respectively), and the maximum value of the three will
be adopted as & final result.

The grouping policy of Grouping-1I is as follows:
Explaining this by the example in Figure 9, first, it is assumed that

F values of all groups are equal to Fq, and Eo is computated by the following
equation which is thecorrected version of Diagnostic Standard Equation (5).

E, = :I:(Ca+¢sC:‘f"l(C:+C‘+C'+C')}XF'

Eo obtained from this results will be the Eo which took the extremely
brittle property inte account if the Group 1 is represented by extremely brittle

elements,

Figure 9, Example of Grouping~0 result

o4

key=1. C value, 2. F value

Next, in line with the same purpose, elements with an F value lower
than the F value (Fz) of the Number group will be omitted. All F values of groups
vith an F value larger than F, are assumed to be equal to F,. Subseguently, the
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Eo value is obtained from the following egquation.

E,:E_I'i_{c,.+a (Ca+Ca+Cs+Ce)}xFy

The similar operations will be repeated sequentially in respect to the
No. 3 Group and the No, 4 group and so forth to calculate Eo, The maximum Eo value
obtained was designated as the Eo value (E1M) when grouping into one.

(3) Grouping to Two Groups (Grouping-II)

] The maximum 10 types of groups excluding the extremely brittle elements
were grouped spontaneously into 2 groups, and the Eo value was calculated in accordance
with the diagnostic standard eguation (4). The maximum Eo value cbtained from
the all possible combination of 2 groups was designated as the E value {E2M) when
grouping into two groups.

E,= ;;jh/znzg

i

vhere, Ep= Cp X Fp
Eg - Cp x Fy
4, CB=( value of spontenious 2 groups

Fu, FB F value of spontenious 2 groups

For instance, in case of the Figure 9, if all the elements were grouped
into No. 2 group and No. 4 group, the following shall be observed.

FA:F?\ FB:F.
Ca=Ch+ax,

Ce=C,+Cs5+Cy

(4) Grouping to 3 Groups (Grouping-III)

Using the same procedure as in theprevious paragreph, the maximum 10
types of groups excluding the extremely brittle elements were grouped gpontaneously
into 3 groups, and the Eo value wes obtained from the following equation. The
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paximum Eo value obtained from the all possible combinations of 3 groups is designated
as E3M.

Eo= 2! JEe+ Epte Eot

n+1

vhere, E;, Eg, Ec: E value of each group when the to groups were grouped spontaneocusly
into 3 groups.

For example, if all the elements were grouped into No. 2, ko. 3 and No, 5
groups in Figure 9, the following shall be observed,

Fr=Fy, Fa=F,, Fc=F,
Ca=C,, Co=Cy+C,, Coc=Cs+C,
Er=Chp - Fa, Ea=Cp +Fp, Ec=0Cc¢ « Fe

(5) Final Results

From above, the Eo value, when taking extremely brittle elements into
account, can be obtained by the operation of Grouping-I. The Eo value when extremely
brittle elements are disregarded, will be the maxium value among E1M, E2M and E3M
obtained from Grouping-I, Grouping~II and Grouping-III. I

The dimgnostic standards divide vertical elements into the-maximum 3
types of groups by some sort of method, and adopt either one of the larger Eo values
obtained from Standard Equation (4) or from.Standard Equation (5) which grouped
the elements into one group using the No. 1 Group as a standard. The method adopted
in this program envelopes end extends the method used in the diagnostic standards.
@his method examines all possibilities when grouping elements into one, two and

three groups on the safe side, and selects the maximum Eo value.

Incidentally, in this program, whether or not the extremely brittle
elements are type 2 structurral elements will not be checked, When there are
extremely brittle elements invelved, both Eo values when these elements are taken
into account and when they are disregarded will be displayed. VWhich Eo value shall
be adopted will be up to the judgement of the examiners,
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This is primarily because it is nearly impossible for ihe examiners to
judge &l1 of the vertical elements at the input data preparation stage, and it is
extremely difficult at the present state to establish an algotithm for the programming
of this judgement. '
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ONE TLEA CONCERNING SEISMIC JUDGEMENT INDEX

1. PREFACE

It is predicted that there is e possibility of an ocean type major earth-
quake larger than the Kanto Major Earthqueke, which may occur along the coast of
Tokai by the end of this century. Shizuoka prefecture is preparing control measures
to minimize the damage. As a part of the efforts, it was decided to diagnose the
earthquake resistance of existing reinforced concrete buildings based upon the
Seiesmic Diagnostic Standards for Existing Reinforced Cloncrete Buildings (Japan
Special Building Safety Center)., Therefore, it is necessary to have seismic judgement
index values to eveluaié the seismic indexes obtained relative to the imaginary
Tokai Barthgusake.

According to the studies conducted to date, once the location of the
hypocenter aﬁd magnitude of the earthguake are determined, the iniensity of the
seismic motions at each locality can be tentatively computated and seismic judgement
index values can be obtained, Howsver, it is doubtful that at the present condition,
the location of the hypocenter and the magnitude can be accurately estimated.

In addition, it is possible that local earthquekes may occur like the Izu Oshima
Nearsear Earthquake which occurred in 1978 and damaged eastern Izu. ' Therefore,

it is difficult to think that the seismic efficiency of buildings can be evaluated
by determining the size of seismic motions from a specific imaginary earthquake.

Accordingly, it is thought more practical first to determine the size
of the seismic motions based upon past earthquake statistical date and give buildings
a standard seismic efficiency, in stead of merely evaluating the seismic efficiency
of buildings against the imaginary Tokai Earthquake, and then to take a position
tc cope with the gigantic earthguske currently at issue along the coast of Tokai.

Shizuoka prefecture has promoted various studies since 1971 in the name of
basic research for earthquake contirol measures, and it is our objective ito decide
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on the seismic judgement index vslues in compliance with "Seismic Diagnosite
Standards" using the results of these studies, However, the final decision making
must take into account the prefecturel administrations since the seismic efficiency
to be reserved in buildings will be affected in many ways by the administrative
decisions, for instance, measures taken after the eerithquaske, reinforcing costs

Q
and construction cosise

Incidentally, this theory was elaborated as & result of rearranging
the report, "Examination of Eerthquake Input, Part 1. Seismic Diagnosis of Existing
Buildings, Barthquake Control Plan for Reinforced Concrete Buildings" (Japan
Sepcial Building Safety Center).

2. TABLE OF SEISMIC JUDGEMENT INDEX VALUES

1) FIRST DIAGNOSIS
Standard Seismic Judgement Index Values 1.0 x &g x Cg

Imaginary Tokai Earthquake Seismic Judgement Index Values 1.6 x Gg x O

where, G and C; : same as in the second diagnosis

2} SECOND DIAGNOSIS
Seismic Judgement Index Values Ep
E. Cg x Cr x ESeesacascaa(l)
Cg : terrain index, established by terrain
conditions, and one of the values
Table 1 is selected.,
Table 1 Gg

general terrain precipice non-concordant layer local height

1.0 1.25 1625 1425

Footnote 1
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Cr : Importance factor O Z1.25
Es : Seismic judgement basic index
Es = Cto X Cre veveemssrsosennsansnseses (2}

Cpg: This index is either one of the smaller velues selected from Tahle'2
and Table 3, first by classifying the destruction mode of vertical
element groups which greatly affects the judgement into the bending
destruction mode and shearing destruction mode, subsequently ly
using ground predominant period Tg end the mmber of the layers
of a building, However, when the destruction mode is not classified,
the shearing destruction mode is used.

Footnote 1 : An importance factor CI of important public buildings such as hospitals
is designated as Cr21.25. Cy21.25 is equivalent to ATo=0.8
within 40 km distence from the epicenter of the imeginary Tokai Earth-
guake. Incidentally, since the seismic judgement index value is the
value to examine whether a building will be destroyed, it is necessary
to give €y =21.25 in correspondence to the importence factor of the
important buildings which must be protected against any demages more
than slight damages.

Table 2. Relation of Predominant Period Table 3. Relation of Number of Layers
to Cpg to Opg
y > WE 2%
ERAM | @, AR o BTERRY | ¢AGERY
To=038 3.6 ! 3.1 ' 3.5
0.4 B4 3.1 2 2.7 3.0
0‘5 2.8 3 2.5 2-8
0.6 2.5 4 2.4 2.6
0.7 2.4 > 2.3 2.5
0.8 ' 2.2 b 2.2 2.5
key=1. predominant period key-1, number of layers
2. bending, shearing destruction modes 2. bending destruction mode

3. seconds 3« shearing destruction mode
4+ footnote 2 '

Qro . Standard ground seismic intensity 0.23

Inaginary Tokei Earthquske ground seismic intensity (Table 4)
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Table 4. Epicentral distence end ground eeismic intensity

epicentrel distance (4 & T

25 ~ 40k» U.36
40 ~ 50 0.33
50 ~ 60 0.30
60 ~ FO 0.27

=270 0.23

The sbove resuits are tabulated in Table 5.

Footnote 2 : The predominant period shall not be mechanically considered an equivelent
for ground type.

Table 5~1 Es when @ rvyg ==, 35

(  )bending destruc-

tion type
EREH
‘ EN& 3 TeAA 0.3 seci 0:4sec| 0.53ec | 0.6 sec | 0.7 sec 0.8 sec
1 | 1.25 1.10 1.00 0.90 0.85 0.80 |
(1.00) | (1.10) | (.00) ) (0.80)| (0.85) | (0.80) |
. 1.10 1.10 1.00 0.90 0.85 0.80
(0.95) | (0.95) | (0.85) | (0.90)| (0.85)| (0.80)
3 1.00 1.00 1.00 0.90 0.85 0.80
(0.90) { (0.90) | ©.90)| €0.90)| (0.85)| (0.80)
. 0.95 0.95 0.85 0.90 0.85 0.80
(0.85) | (085 | (0.85)| (0.85)| (0.85)| (0.80) | key-1. predominant
. 0.90 0.90 0.90 0.90 0.85 0.80 period
(0.85) | (0.85) | (0.85)| (0.85)| (0.85)] (0.80) 2. ;:m:er of
rs
6 0.50 0.90 0.90 0.90 0.85 0.80 Y
(0.80) { (0.80) | (0.80)| ¢0.80)| (0.80){ (0.80)
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Table 52 Es when @v6==(.33

( ) bending destruction type

. AR A ]
;‘N& ¢To| 0.3 sec’| 0.4sec | 0.58ec | 0.6 sec| 0.7 sec | 0.8 sec
: : 1.15 1.05 0.90 0.85 0.80 0.75
(1.05) | C(1.05) | (0.90) { (0.85) | (0.80) | (0.75)
) 1.00 1.00 0.90 0.85 0.80 0.75
(0.90) | €0.80) { (0.90) | (0.85) | (0.80) | (0.75)
2 0.90 0.90 0.0 0.85 0.80 0.75
(0.85) | (0.85) | (0.85) | €0.85) | (0.80) | (0.75)
4 0.85 0.85 0.85 0.85 | 0.80 0.75
(0.80) | (0.80) | (0.80) [ (0.80) | (0.80) | (0.75)
5 0.85 0.85 0.85 0.85 0.80 g.75
(0.75) | (0.75) | (0.75) | €0.75) | €0.75) | €0.75)
, 6 0.85 0.85 0.85 0.85 0.80 0.75
0.75) (0.75)_”__ (0.75) | (0.75) | (0.75) | (0.7%)

key-1, predominant period,

2. number of layers

Teble 5-3 Es when are=(. 30
) bending destruction type
R :
B To,! 0.3 sec| 0.4 sec | 0.5 sec | 0.6 sec | 0.7 sec | 0.8 sec
N 2
) §.05 0.95 G.85 0.75 0.70 " 0.65
' (06.95) {0.95) (0.85) (0.75) (0.70) (0.65)
2 0.80 0.580 0.85 0.75 0.70 0.65
(0.802 (0.80) (0.80) (0.75) (0.70) (0.65)
3 (.85 0.85 0.85 0.75 0.70 0.65
(0.75) (0.75) (0.75) (8.75) €0.70) (0.65)
4 0.80 0.80 0.80 0.75 0.70 0.65
(0.70) (0.70) (0.70) (0.70) (0.70) (0.65) ;
5 0.75 0.75 0.75 0.75 0.70 0.65 |
: (0.70) | C0.70) | (0.70) | €0.70) | (0.70) | (0.65)
6 0.75 0.75 0.75 0.75 0.70 0.65
(0.65) | (0.65) | (0.65) | €0.65) | (0.65) | (0.65)

key-1. predominant periocd,
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Table 5=, Es when arg==@, 27

( } bending destruction type
L83 b - |

@ﬁ& h fTa | 0.3 sec | 0.4 sec | 0.5 sec | 0.6 sec | 0.7 sec { 0.8 sec

, 0.95 0.85 0.75 0.70 0.65 0.60
(0.85) | ¢0.85) | (0.75) | (o0.70) | (0.65) | (0.60)

) 0.80 | 0.80 0.75 0.70 0.65 0.60
(0.75) | €0.75) | €0.75) | €0.70) | (0.65) | (0.80)

3 0.75 0.75 0.75 0.70 0.65 0.60
€0.70) { €0.70) | €0.70) | €0.70) | (0.65) | €0.60)

4 0.70 0.70 0.70 0.70 0.65 0.60
(0.65) { (0.65) | (0.65) | (0.65) { (0.65) | (0.60)

: 0.70 0.70 0.70 0.70 0.65 0.60
(0.60) | (0.60) | (0.60) | (0.60) | (0.60) | (0.60)

6 0.70 0.70 0.70 0.70 0.65 0.60
(0.60> | (0.60) | (0.60) | (0.60) | (0.60) | (0.60)

key=1, predominant period,

Table 5=5 Es when

2. nunber of layers

o =-=()
Ta =0.23 ( ) bending destruction type:
EF3oF T
R To | 0.3sec| 0.4 sec [ 0.5sec | 0.6 sec | 0.7 sec 0.8 sec
N
| 0.80 0.70 0.65 0.60 0.55 0.50 '
(0.70) { (0.70) | €0.65) { (0.60) } (0.55) | €0.50) °
) 0.70 0.70 0.65 0.50 0.55 0.50 |
(6.60) | ¢o.60) | (0.50) { (0.60) [ (0.55) ] ¢0.50)
3 0.65 0.65 0.65 0.60 0.55 0.50
(0.60) { (0.60) | €(0.60) | €0.60) { (0.55) ! (0.50)
. 0.50 0.60 0.50 0.60 0.55 0.50
(0.55) | €0.55) | €0.55) } (0.55) | (0.55)! (0.50)
¢ 0.60 0.60 0.50 0.60 0.55 0.50
(0.55) | (0.55) | (0.55) | ¢0.55) | (0.55)} (0.50)
6 0.60 0.60 0.60 0.60 0.55 0.50
(0.50) | (0.50) | (0.50) | €0.50) | (0.50) | (0.50)

key=-1. predominant pericd,
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3. SEISMIC JUDGEMENT INDEX VALUE COMPUTATION PROCEDURE

Assuming a one story building of an ideal mono-mass system withoul spirsl
grains, the response of the building cen be obtained by determining (1) the size
and the properties of the input seismic motions and (2} properties of the building

(period, type and yield strength of restoring force characteristics, damping),

Now, as for (1), the properties of the seismic motions is assumed and
the size is given as Variant #A, and as for (2), the type of the restoring force
characteristics and demping are assumed, and the period and yield strength are
given as Variants T and Ky respectively. Here, if the period (T) is considered
as a specific value, and the response cah be expressed by Plasticity Ratio p,
there are only three variants, pu (Cand ky. They can be all related by the respnse
anzlysis. For inslance, when the size of the seismic motions is established, there
develops a specific relation betwecn p and ky of the building in that if one is
establisheq the other is automatically established, When deformation yp of the
building is established, ky is the yleld strength necessary to curtail the response
of the building to p, ie, the required yield strength. If y and ky of the building

arc established, the size of the seismic motions € can be established.

In the case of "Seismic Diagnostic Standars", the limibt of p of a bullding
can be determined from the properties of elements and yield strength of ky of the
building from strength index (C). Therefore, the size of the seismic motions &
which the building can withstand can be given, Reserve Efficlency Basic Index Eo
of the "Selsmic Diagnostic Standards" expresses the relation of ky and p in the
form of Eo= C x F by introducing Firmness Index F which can be determined from p,
relating one to one to the size of seismic motions (.. Deriving from the meaning
of equation Eox€ x F, the size of the seismic motions is determined, and Eo is
obtained from a specific p and a ky. This value obtained will be the judgement
vaiue corresponding to the Eo value and is applicable to all cases.

Actual buildings are multi-layered, and plane and sectional cheracteristics
of buildings asre different in addition to the changes with time. "Seismic Diagnostic
Standards" have various ingenuities to cope with these factors. These ingenuities

appear in the following eguation which computates Structural Seismic Index Ig.
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Is =EoxGx8pxT

Eo = g{%: XCxPF

vhere, (n*1)/(n+i) is the coefficient that makes a multiple-layer building equivalent
to & mono-layer building, SD(shape index) is the coefficient which primarily
corrects plane and sectional weskpoints, and T (time index) is the coefficient that

introduces changes with tims.

From the meaning attached to this equation, if a seismic judgement index
value is established relative to specific values of coefficient {n+1)/(n+i), SD
and T, this seismic judgement index value can be applicable to all cases. As
will be related later, since en ideal mono~mass system's required yield strength
gpectrum is used when determining the selsmic judgement index value, the seismic
judgement index value established is evidentally for the case when (n+1)/(n+i) =1.0,
SD= 1,0 and T =1.0.

Incidentally, the coefficient G in the previously described
equation is the ground motion index, and this cocefficient is introduced in the
"Seismic Diagnostic Standards”. The main purpose of this coefficient here is to
temper terrian index Cp and response magnification factor Crg. However, at the
present stage, it is intentionally avoided to change the seismic judgement index
to a great extent in association with the relationship between the predominant

period of ground and a building.

4o EXAMINATION OF THE INPUT SEISMIC MOTIONS

1) CHARACTERISTICS OF INPUT SEISMIC MOTIONS AND THE STANDARD VALUE OF ITS SIZE
There is no clear answer as to what could be the yardstick to measure
the size of an seismic motion, Since the object of the study here is low or medium

rise reinforced concrete buildings, the characteristics of the seismic motions will
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be provided end the size of the acceleration will be given as the yardstick. The
characteristics of the seismic motions adopted here are similar to the characteristics
of seismic waves which have been comparatively well known, TAFT (E.W.) ELCENTRO

(1i,S), EACHINOHE (N.S), etc. The predominant weve of these seismic waves is in the
vicinity of 0.4 sec., however, in this section, we take & position that the pr

period changes, as will be described later, by some groung dypes.

When evaluating standard seismic efficiency, the 1968 Tokachi Offshore
Earthqueke which damaged comparatively many reinforced concrete buildings will
serve as a criterion. The size of the seismic motions of this earthgusake shall
be evaluated to be predominant pericd=0.4 sec and 0.23g ( OpG=0.23), It will
net be too incbnsistant to think that this value fluctuated by ground conditions
"end terrain conditions, This value seems an appropriate‘fundamental value even

based upon the past earthquake statistical data (Literature 1).

Alsc, the seismic judgement index velue I, prescribed in the "Selsmic
Diagnostic Standards" based upon this earthquake, corresponds relatively well to
the standard seismic judgement basic index value relative to Q;r=0.23 in Table 5-35,

There is & so called B type artificial seismic wave in Literature 2,
which is created as an imitation of the above described seismic wave. Since the
relationship of the properties of a building and its yileld strength (reguired yield
strength) to be reserved relative to this artificial seismic wave group is illustrated,
the following examination will be conducted employing this ertificial seismic wave

group.

Tnecidentally, in this artificial seismic wave group, the following is
the relationship among the average maximum acceleration, average maximum velocity

and the average maximum deformation when the predominant period is 0.4 sec.

Average Maximum Acceleration Average Maximum Velocity Averate Maximum
Deformation
0.23 g . 32 kine ‘ 24 cm
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Assuming that the energy of each frequency component of this ertificisl
seismic wave group is constant, and that the predominent period is changed by chang-
ing the time axis, the acceleration is inversely proportional to the square root
of the predominent period (footmote 3, Literatures 2 and 3).

For example, the ratio of the mverage maximum acceleration value and
the predominant period of ground at this time (Literature 4) will be,

predominant period meximum acceleration value
0.2 sec 0.33¢
0.4 sec 0.237
0.5 sec oy
0.8 sec D.1Te

Incidentally, the ground which has these predominant periods will be substantially
from Type 1 to Type A in terms of ground types. However, machanically relating

one to the other will be risky in view of the fact that the scope of the predominant
period is rather wide even among the same ground types. Also, the increase in the
seismic magnitude or the oscillation is said to lengthen the predominant period
according to some studies (Literatures 3 and 4), but this factor will not be con~
sidered in this section.

2) SIZE OF IMAGINARY TOKAI EARTHQUAKE

Designating the meximum acceleration on the ground (Type 2 ground) with
a predominant period of 0.4 sec 85 0.45 g (04q=0.45), double the input seismic
motion standard value 1.23 g, let us evaluate this maxiumur acceleration relative
to an earthgquake of an magnitude of M=8 in terms of the epicentral distance.

According to the assumption given in the above, it is granted that the
maximum acceleration amplitude appears on the ground with the shortest predominant
period. If the predominant period T;= 0.2 sec is given to the objective group of
this type, the meximum acceleration 0.45g P{TG=0.45) of the ground with s predowinant
period of 0.4 sec is eguivalent to 0.63 g on the objective ground. Now, if h;=0.2
is given as an equivalent damping common logarithm of the ground, the magnification

p
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of the propagation function will be 2.5 times (Footnote 4). Gonsequeiz’r.ly, the
maximum acceleration at the foundation will be o.25g, and the evaluation of this
value in accordance with Literature 5 from Figure 1 will obtain an epicentral dis-
ténced =25 km (Footnote 5). Similarly, the size of the standard seismic motion
0,13g is 70 kn in terms of the epicentrel distance,

Footnote 3: This thinking is eugivalent to the fact that the filter characteristics
are similar but only the predominant period has changed, when it is assumed that

a wave form (white noise) having a constant power spectrum density entered the
foundation and a wave form filtered by the characteristice of the ground will appear

on the surface,

Footnote 4: According to Literature 3, oscillation characteristic G(T) of the ground
is 2,2 folds when

G(+)=({ 1—%;12-%{%(%) PI? TmTom0.2sec

and 1.5 folds when

({1t B NI R N A -
GH&—[“_d)tITO}-HJT;(hQ J% TT=To =0.2 Fec

In either case, the amplification ratio is proportional to .lTG, and acceleration

amplitude of the foundation is inversely proportionel ito the period, Therefore,

the acceleration amplitude of the surface is inversely proportional tof'i?-c—}.’

Figure 1. Maximum Acceleration Value and
Epicentral Distance (Literature 5)

key=1. relationship of horizonial maximum

-t v v g
acceleration and epicentral distance Bhagrnf AT TR b
. . . E— snasen-thi39, o
2, magnitude is used as a parameter 3 m L
-4 &ePr gggjg x 1
# The value of the abscissa where it ." “»é\\ X253 MIAE,
crosses the one dot broken line 20a ) j\‘\ Loy .{r:;; 2
indicates the hypercentral depth. _‘1\ \\N\ |
# considered as an average value d Q\«}é Qb____
L) . [ PO = Y
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According to Literature 3, the previously described 0,45 g (Tgs0.45 sec)
is evaluated as 60=80 km in terms of epicentral distance from the concept of the
oscilliation charaéteristic of the ground. Referring to Literature 5 and Literature
3, the relationship between the epicentral distance and the maximum acceleration
on the ground with a predominant peried of 0.4 sec was undauntedly assumed as follows.

3§i§:§2§al gggéfggation 1 an ¥
__ 25 ~ 40w 0.45 % 045

40 ~ 50 0.33 ¢ 533

50 ~ 60m 0.30¢ 0.30
| 60 ~ 70w 0.27 ¢ 077

¥ Input seismic intensity

For the sites within theepicentral distance of 25 km, there are still
many more points unclarified, but tentatively they will be considered the same
as the sites within the epicentral distance of 25«40 km. (Footnote 6)

Incidentally, according to the assumption adopted here, the ratio of
the foundation and the maximum acceleration of the surface when the maximum
acceleration of the foundation is fixed, will be 2.5 folds at predominant period
T69.2, 1.8 folds at predominant period Tg=0,4, 1.7 folds at predominant period
Tgz 0e5 and 1.4 folds at predominant period Tg=0.8 (Footnore 7).

If the magnitude is 7.0, the maximum acceleration 0.45 g (G&G::O.45)
is 15 km in terms of the epicentral distence., Incidentally, the acceleration studies
so far concerns the surface acceleration, but this is designated as the value which
is loaded on a building and expressed as & seismic intensity.

Footnote 5: This is the value for hard ground, but designated as the value for

the foundation considered here. Accordingly, if the ground is hard,
the input seismic intensity can be reduced,

Footnote 6: If an ability to destroy a building With 8 comparatively shert period to &
great extent is attrjbutable to velocity the maximum velocity at M=8
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will be 28 kine on the foundation and 70 kine on the surface (Literature 5)

The four types of earthguakes from A type to D type perceived in Literaturs
4 correspond to from a giant earthquake to a local :aarthquake, and the average
maxinum acceleration on the surface when the power spectrum density on the foundation
is constant (0. 126 £t/ sec’) will be as follows.

Supplementary Figure

secC sec
TG=0.4 TG=10.2 - IR P N
DType 0.25 0.35 ¢ et
CType 0.33 7 0.45 # | EAPYYY YIS (I
. - (o3 & ATd)
BType 0.42 0.59 ¢ J 7\\ N _Ei A
AType 0.45 ¢ 0.63 ¢ %( : ‘P“\ ! rhee
h d ‘
- ] —~— e ——

key-=1. relationship of horizontal maximum
acceleration and epicentiral distance
2. The velue of the abscissa where it
crosses the one dot broken line indicates
the hypercentral depth

Also, when the maximum acceleration is constant at 0.45 g (TG= 0.4 sec),
the average maximum velocity and maximum deformation are obtained as in the following
Table.

average maximum average maximum
velocity deformation
DType 36 kine ' 5.2cm
CType 40 kine 9.0om
BType 66 kine 48.0 o
AType 69 kine 46.0em

Therefore, when the destruction ability of seismic waves is viewed in
terms of velocity, the seismic motion of B type earthqueke imagined here seems
to be alsoc a very large one. However, the ratio of velocity and acceleration varies
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by the seismic waves, and it is also a fact that the ratio similarly varies when

the predominant period is changsd (Literatures 3 and 5)

Footnote 7: The ratio of the maximum accelerations of the fcundation and the surface
from Literature 4 will be an average 1.8, 1.7 and 1.4 folds on Type 2
ground (TG= 0.4 sec), Type 3 ground (TG=0.5 sec) and on Type 4 ground
(TG= 0.8 sec) respectively, when the maximum acceleration of the foundation
is designated as 0.15 g The correspondability appears to be good
when considering that the input wave form on the foundation has a peak
at 0.4 sec.

5. PROPERTIES OF BUILDINGS AND REQUIRED YIELD STRENGTH

By roughly dividing the properties of buildings into those which are
susceptible to bending destruction and those which are suscepiible to shearing

destruction, the required yield strength of the respective types will be discussed.

1) BEGEDING DESTRUCTION TYPL S
The DTRI model is adopted as the restoring force characteristic. This
mo del is not complex, but expresses comparatively well theproperties of the bending

destruction type reinforced conerete buildings.

The required yield strength spectrum relative to the previously described
artificial earthquak group with a predominant period TG =C.4 sec which used this
DTRI restoring force model is indicated as a ratio to the size of the seismic motiions
in Literature 2. In the literature, required yield spectrum is indicated relative
to each of the 5 types of artificial earthquake groups and each of the 3 types of
restoring force charscteristic forms. However, in view of the fact that the effect
by the difference in types of artificial earthquake groups was insignificant (Footnote
8), the yield strength spectrum of & 95% probability obtained from using a B type
input wave form and using a Py=3 Pec, T2I2TT'restoring force characteristic form which
contributes to the maximum required yield strength, is adopted when determining the
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Seismic judgement index values. Where,Pc is crack yield strength, Py is a seismic
intensity relative to the yield bearing strength, T is a period obtained from yield
point rigidity and Ty is an elastic period. Also, the equivalent ductility damping
obtained from the hysteretic area is hj= 0,11, The required yield spectrum relative
to p=2 st this time, is a case of the ground with a predominant period TG=0.4 sec
indiceted in Figure 2, Examining this spectrum, it was found that the ratio of

the size of the seismic motion and the required yield strength is inversely proportional
"“to the square root of the period (T¢) of the building. Also, if the ratio of the
 predominant period of the ground and the period of the building is fixed even when
the predominant pericd of the ground is changed, it is drawn that the input seismic
wave form corrected the time axis by the ratio of the predominant period as mentioned
when the input seismic motion was assumed. Conéequently, the raio of the size

of the seismic motion and the reguired yield strength will be similar t¢ the case
with the predominant period TG=C.4s On the other hand, similarly as mentioned

vhen the input seismic motion was assumed, the square root of the predominant period
of the ground and the size of the seismic motion are inversely proportional.
Evidentally, vwhen the axis of the ordinates expresses the ratic of the yield strength
and the size of the seismic motion with & predominant period TG=0.4 sec, the ratio
of the apparent size of the seismic motion and the required yield strength can be
changed by the predominant period (corresponding to the period of the building)

of the ground. By these manuevers, the ratio of the sgize of the seismic motion

with a predominant period TG 0.4 sec and the required yield étréngfh was plotted

in Figure 2 against the predominant period of the respective grounds by varying

the predominant period of the ground. The envelope of the chart is uniformal because
the fact that the ratio of the size of the seismic motion and the required yield
strength is proportional to the square root of the period of the building and the
fact that the size of the seismic motion is inversely proportional to the square
root of the predominant period-(corresponding to the period of the building) of

the ground, mutually check one another out. Incidentally, according to the assumption
that the period of the building relative to the yielding point rigidity is considerably
close to the required yield strength spectrum in the ®Seismic Disgnostic Standards",
yielding point regidity and the required yield strength relative to p =2 and 4 are

plotted in Figure 3 at a probability of 85% (Literature 6)., The value of the yield
strength from Figure 3 takes the upper limit value of Figure 3 considering that the

energy absorption by the hysteresis of the building is small., Evidentally, when
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the absorption of energy by the hysteresis of the bullding is large, the yleld
strength to be reserved in the building can be lowered.

Footnote 8: When the predominant characteristics (predominant period, propagation
function) of the ground is uniformsl, the maximum destruction can be
used as one of the yardsticks to measure the destruction force, However,
as to the absolute value of the maximum acceleration, please refer to
Pootnote 6. Also, by moving from the A type to the D type, errors
of accuraey in response spectrum increase, With a probability of 95%,
the destruction force of the D type sometimes becomes stronger than
the others,

Figure 2. Required Yield Strength and Response Magnification Index
in Bending Destruction Type Buildings with a Plasticity Ratio 2
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key-1. envelope, <. required yield bearing strength at a plasticity ratio 2,
3. average maximum seismic intensity at e predominant period of 0.4 sec,
4 predominant perlod of the ground, 5. building elastic period, 6. response
magnification index, 7. seismic judgement basic index value (value not related
to n)
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Figure 3. Yielding Point Period and Required Yield Strength
(Literature 6)
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2) SHEARING DESTRUCTION TYPE

The restoring force characteristic is generically called the origin
directive type.

"Seismic Diagnostic Standards" aliow a deformation slightly larger than
the deformation at the time of the shearing yield for the shearing destruction type
buildings. Now if the ratio of the size (ATG) of the seismic motion with apredominant
period TG= 0.4 sec and the required yield strength during yielding is computated
using the same method as in 1) and using the same conditions as in Literature 2—
artificial earthquake: B type, Py =1.9 pc, p=10 {(p=1,0 relative to yielding point
deformation) ahd probability : 95%, it will be as shown in Figure 4. The ratio
of the side of the seismic motion and the required yield strength becomes & maximum
at 1/2 of the predominant period of theground. At both sides of this point, the
ratio drops roughly on a straight line. The envelope of the response megnification
index takes the same form as the bending destruction type, but will hardly vary
by the types of earthquakes just as in 1) where the envelope was affected by the

changes in the size of the earthquake motion due to the predominant period of the
ground. (Footnote 9)
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Footnote 9: The destruction force of D type drops more compared to the bending

destruction type.

Figure 4. Required Yield Strength and Response Manification Index of Shearing
Destruction Type at a plasticity of 10
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key-1. envelope, 2. required yield bearing strength at a plasticity ratio of
10, 3. average meximum Seismic intensity at a predominaht period of C.4
seC, 4. predominant period of the groun, 5. bullding plastic period
6. response magnification index, 7. seismic judgement basic index value

(1 =10 is considered to be the shearing yield displacement) .

6. SEISMIC JUDGEMENT BASIC INDEX

1) SEISMIC JUDGEMENT BASIC INDEX E; FOR STANDARD EQRTHQUAKE MOTION
(1) Method for Calculation of Seismic Judgement Basic Index

After obtaining the ratio of the required yield strength to the size
of the earthquake motion from Figure 2 and Figure 4, the response magnification
index can be cobtained from multiplying the ratio by Firmness Index. The response
magnification index obtained from multiplying the required yield stremgth in Figure
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2 by the Firmness Indes value F=2,1 at a plasticity ratio of 2, and the response
magnification index obtained from multiplying the required yield strength in Figure
2 by a firmness index of 1.0, can be read on the right side axis in Figure 2 and
Figure 4 respectively, If this response magnification index is multiplied by the

input seismic intensity, & seismic judgement basic index can be obtained,

In the following, the seismic judgement basic indsxes for the first

and second diasgnoses will be established.

(2) First Diagnosis

Sinece the response magnification index is thr function of & period of
a building, the pericd is estimated, Incidentelly, the objective building is of a
shearing destruction type because the shearing destruction type gives a larger
seismic judgement basic index than the bending destruction type. "Seismic Diagnostic
Standards" prescribe that the element angle is 1/500 level at the wall shearing

Yileld point, the destruction poinit of the extremely short column., Now, if a one
layer building can endure a seismic intensity of R, the period at the destruction
point (Yield point period) beill be '

T=0.20 8,/ R -ereeerversensnne (3

5 is a story height of 3.3m, and 330/500—0.66 cm. On the assumption that R<0.9
the period at the destruciion point is 0.172 sec, and theelastic period will be
around O.1 sec, Therefore, the response magnification index at 0.1 sec can be found
from Figure 4 as Cpg 4.1. FromXpgx0.23, the seismic judgement basic index Es
becomes 0.31 % 0.23%0.94. This value is designated as 1.0 which is larger than
the maximum seismic judgement basic index 0.8 obtained in the second diagnosis

in (2), and relates to the reliability of the both diagnostic methods.

(3) Second Diagnosis

a) Bending Destruction Type

The seismic judgement basic index Eg is as follows.
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Ta
Be=4.3/1710-T aw=0.7+v1/5T (however, T=-2— when Tglzq eoeneld)

TG is thepredominant period of the ground, and the results from "Ground
and Geological Survey" (Literature 4), a reaearch resport commissioned by Shizuoka

prefecture, will be used.

"Seismic Diagnostic Standards" prescribed that the element angle is 1/50,
the level athe column bending yield point. If the inside emasurement is 2.8m,

1.9m is obtained, The yield point period is given from Eguation (1).

T=0.61sec C=0.2
T=0.50 sec C=20.3
T=10.4] sec C=0.45

Evidentally, it is not likely that en elastic period will be below 0.2 sec. The elastic

period of the building is assumed as follows.

T=0.2
T=0.23"3(N—1) sec N: number of stories N=2

However, this will not apply when judgement is given based upon the precisely
calculated elastic period and yield point period., Also, T does not express a normal
elastic period of a building, but it is a pericd determined from a bending yield
type vertical elemet group which gives an important effect on the seismic judgement

basic index (Footnote 10).

The period of a multilayer structure is given on the short side, which |
has a meaning in that the concentration of deformation in a specific layer is prevented.
In the"Seismic Diagnostic Standarde", this point 1s, as previously described, taken
into account as a coefficient (n+1)/(n+32) when calculating Eo. However, learning
from Literature 8, & value more on the safe side shall be given.
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b) Shearing Destruction Type
The seismic judgement basic index Es is as follows.

Es=4.1Y1 7 10T An=0.8V1 /T T: (however, T=%G- ,uhen'Tz%g').....(f’)

Incidentally, for the seismic judgement basic index, en envelope on the safe side
within the range of r )_ZQ is used, ZEven when T{J;-‘L » the peismic judgement

basic index shaell not be dropped but will be the dotted line as indicated in Figure 4.
Therefore, it becomes the same form as in the bending destruction type.

Considering the difference in relisbilities of the first and the second
disgnoses and the ratioc of the periods of the shearing destruction type building
and the bending destruction type building in the second diagnosis,’ the period of
the shearing destruction type one story building used in the 2nd diagnoses is estended
Wtimes compared to the one used in the first disgnosis, and the elastic period of
the building is assumed as follows.

T=0.14 sec N=1
T=0.14/AN-T) *°° N=22

T does not express & normal elastic period of a building, but is a period determined
from a shearing yield type vertical element group which gives an importent effect
on the seismic judgement basic index (Footnote 10).

c) Compound Destruction Type Comwbining Bending and Shearing Destruction Types
Zs of this building is determined taking intc consideration whether or not
the destruction mode of the vertical element that gives an importent effect on
the finel seismic judgement basic index will be bending destruction or shearing
destruction, Vhen difficult to judge the mode, the calculation will be made based
upon the shearing destruciion mode.

Footnote 10: In the philosophy of "Seismic Diagnostic Standards", there is & point
of view that the shortening of the period of a building raises the
yield strength of the building.* It is is supposed that the yield
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strength of a building is inversely proportional to the square root
of the building, the seismic judgement basic index values can be
determined by a specific period when the number of the layers of the
buildiﬂg is the same, since the seismic judgement basic index values
are not relasted to the period of the building.

%As an extreme view point, rigidity and yidld strength are propotionals
According to this way of thinking, the seismic judgement basic index
must be determined at a point where the period of & building is as long

ag possgible,

M=o, from these maneuvers, first the yield deformation of a building
is established, then the plasticity ratio is computated from that point.

2) SEISMIC JUDGIMENT BASIC INDEX Eg FOR AN IMAGINARY TOKAI EARTHQUAKE MOTION
(1) Aliowable Lower Limit Value of Selsmic Judgement Basic Index Es

This seismic judgement basic indax can beobtained similarly to the
seismic judgement basic index for the standard egrthquake motion at (KTG=0.45.

For the imaginary Tokal Earthqueke, the lower limit velue of the seismic judgement
basic index will be sought because of the view described below, . Incidentally,
this will not be applied to important buildings.

a) Bending Destruction Type
Now, allowing a large damage, a deformation of n=4 level is assumed.
Precisely, allowing larger damage and allowing a total deformation up to 200%,
the required yield strength will be lowered approximately by 20% according to
Literature 2, If firmness index F is fixed, it is possible to allow a seismic
judgement basic index which is low by 20% as a lower limit value, (Footnote 11),

b) Shearing Destruction Type
In the light that the "Selsmic Diagnostic Standards" set a condition
that al allowable deformation is double the deformation during yielding, supposing
this condition is applied to the totel range of period, it is possible similarly
to allow the seismic judgement basic index which is low approximately by 20% as
the lower 1limit value. '
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From above, it is permissible to seek & seismic judgement basic index
by designating apparently (TG <0.36 when the size of the earthquake motion is really
TG Z0.45 (Footnote 12). '

(2) First Diagnosis

x

1.0 x = 1.57

0. Es Shell be established as 1.6

~N
(/%]

(3) Second Diagnosis
Views of (1).a) and b) are adopted only when a building is in the vicinity
of the hypercenter.

Footnote 11: This value can be considered not to be directly corresponding to the
plasticity ratio in "Seismic Diagnostic Standards", but to the absolute
displacement, However, such a position may cause some problems when
the period of a building is long, ie, when the predominant period of
the ground is long. 4lso, from another view, it can be thought that
the period of the building is lengthened by‘fihtimes.

Footnote 12: Up to now, surface acceleration is considered to mean the input
acceleration of a building. However, there may be cases where the
surface acceleration can be directly discounted by the effect of the
interaction of the ground and the building or by allowing the destruction
of the ground to be taken into account. (Literature 8)

7. SEISMIC JUDGEMENT INDEX VALUE Ep

There have been many cases to date where the destruction force of an

earthquake motion was augumented by terrain conditions such as a precipice, a non-
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~coneordant layer and a local height. Here, this factor is given as (G and incor-

poerated in the seismic judgement index value.

Also as menticned in 6 , 2) (1) titled Allowable Lower Limit Value
of Seismic Judgement Basic Index Es, this value 1s calculated by assuming large
damage to a building and an importance factor is introduced inte the caleculation

because of the reason to be later described.

Therefore, the final seismic judgement index value Ep will be
Er=Ca X C1XEs

Incidentally, the earthguake motion on a ground with & sharp propagation
function and a large predominancy will not be much larger in its effectiveness
than the earthquake motion with a small predominancy, when a building is allowed to
receive large damage to an extent (Literature 2). WNevertheless, when only slight
damage is allowed, the effect of such an earthquake moticn cannot be ignored.
Therefore, this effect must be added to the importance factor when dealing with
an important building which should not be damaged more than slightly.

8. CONCLUSION

The seismic judgement index values were calculated for both cases using a
standard size earthquake motion and a tentatively imaginary Tokai Earthgquake size
earthquake mction. However, there are still many engineering problems to be solved
at present for us to make decislons about these values. Especlally, earthquake
metions, grounds and interactions of buildings with grounds have many more unclarified
points. Specifically, citing some of the countless problems, there is a question
as to the characteristics and the size of the earthquake motions in a super egrth=-
quake such as the one imagined here, a question if characteristics of an earthquake
motion change when the magnitude of the earthquake changes, a question as to the
relation of these unclarified points to the characteristics of an earthquake, and

s question as to how much of the earthquake motion on the surface affects the
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buildings, However, I believe it is not yet the stage when all these can be

answered clearly.

Consequently, all the values established here must be considered .

provisional.

2086 Collection of Summaries of Scientific
Speeches Presented At The Convention Of
The Architectursl Institute Of Japan

(Tokai) October, 1976

PROBABLISTIC STATISTIC RKSEARCH ON NONLINEAR RESPONSE
SPECTRA OF REINFORCED CONCRETE STRUCTURES
(Part 1, Spectra Relative to Artificial Farthquakes)

Regulaf Member Masaya Murakami

1. PREFACE

A general philcsophy when working with seismic design and seismic judgement’

is to improvise a way to hold down the structural damages to a minimal level against
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8 moderate earthquake and to prevent the structures from collapsing or totally
collapsing against & major earthquake. In this concept, there are hidden théughts
that it is not possible to design structures totally free of damages in an area
with a high earthquske risk factor due to the economical restraints and that the
damage to the structures designed with adequate seismic considerations will limit
the response values within a certain range by the abscrption of energy which is
associated with the damage. On the other hand, uncertainty of earthquakes are
high in every aspects The characteristics of earthquake motions fluctuate a lot
even whnen & building site is set up. Additionally, the characteristics of the

objective structures alsoc contain fluctuations.

Thus, it is necessary to take a probablistic statistical approach when
damages are predicted by means of earthquake analytical technigues. This study
pays atiention to the effect of the fluctuant properties of earthquake motions on
reinforced concrete structures, but disregards the fluctuation of the characteristics
ol the structures. In order to perform the probablistic statistic selsmic response
analysis, it is necessary to presume suitable statistic models for anticipated
earthquake motions. In this study, non-stationary filtered white noise which is
used by many research workers, is adopted. This is not a perfect model, but it
reflects the major statistic characteristics of earthquake motions which have been
observed to date. Use of a model for seismic response analysis is thought to allow
a more practical prediction than use of specific actuaily measured earthquske records,
Precisely, in the study, <20 models were made for each of the 5 types of oscillation
systems which imitated reinforced concrete structures. Response spectra relative to
Peried Tq vhich corresponds to initial rigidity was sought. Furthermore, based
upon the concrete numerical values from the previously described seismic design
idea proposed by Dr. Umemura (Literature 1) and following the Literatures 2 and 3
vhere the yield strength required of the structures was celculated, the study
reveals that the yield strength required of the structures characterized with &
restoring force which exhibits 4 types of bending yield, depends on the yield point
regidity and the egquivalent ductile damping obtained from the hysteretic area of that
time,
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2. ARTIFICIAL EARTHQUAKES

Describing the outline of the method for making 20 models for each of
the 5 types of artificial earthquekes (A,B, Bo2,C and D}, white noise was made
non-stationary by using the 4 types of time intensity functions proposed by Jennings
end associates. Ground characteristics were given through the response of & mono-
mass system (period: 0.4 sec, damping constant: C.6, however, damping constant 0.2
for Bop, and the long period components were removed through the response of a
mono~mass system (period: 7 sec for A,B and Bop types, period: 2 sec for D and C
types, damping constant :1/J“§). Finally, axiel correction was made in accordance
with the method of Berg and Housner (Literatures 2 and 3), The earthquake motions were
aimed at earthquakes D,C, B and &4 in order of magnitudes from large to small,
-'and B type earthquzke motion corresponds to the earthquske group which included
the N-8 component of the 1940 El Centro Earthqueke. Incidentally, the yield sirength
of structures was made non-dimensional by the average maximum acceleration of

each type of earthquake motion and the mass of the oscillation system,

3. STRUCTURE MODELS

The restoring force characteristics of the structure models were 4 types of
D~TRI restoring force characteristies which express bending yield mode. Figure 1
indicates the equivalent ductile damping constant which can be obtained from the
parameter values of these 4 restoring force characteristics, yielding point rigidity
and hysteretic erea. Incidentally, the restoring force characteristics reduce
rigidity at a ratio of the sum of the positive and negative directionel maximum
displacements and the displacement which is two times the yield displacement, when
the response displacement exceeds the yield displacement. However, the value corres=
ponding te the yield point rigidity afiter the fall of rigidity and the hysteretic
area, will always be constant. (Figure 1)
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4. RESULTS AND REVIEW

A series of reference materials are arranged by non-dimensional yield
strength ratio and plasticity ratie, Figure 2 indicates the yield strength ratio
at which the 4 types of models suffered from 5 types of artificlel earthquakes
will satisfy the idea of the seismic design at & 85% probability, relative to periocd
T, which is equivalent to the yield point rigidity. The procedure used tc plot
the chart will be introduced in Part 2 of the report.

Incidentally, the previously described ldea of a seismic design is for
a plasticity ratic of 2 for a moderate eqrthquske (maximum aceeleration 0.3 g)
and a plasticity ratio of 4 for a major earthquake (0.45 g), Therefore, Figure 2
indicates the yleld strength ratio required to maintain structure models within
a plasticity ratio of 2 and a plasticity ratio of 4 at a 85% probability. The
values obtained by multiplying these yield ratios by 0.30 and 0.45 respectively
are the yield strength required of the structures. In both cases of elasticity
ratio 2 and elasticity ratio 4 in each graph, it is shown that the response is
governed by the equivalent ductile damping constant,. Also,lassuming that the
ground predominant period is Q.4 seec, the probablistic maximum deformation is given
when the period which corresponds to the yield point rigidity after the fall of
rigidity approaches to 0.4 sec. In the case with & plasticity ratic of 2, the
response reaches the maximum when. the pericd To of the structures is L/J?;Bf the
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ground predominant period, ie, 0.288 sec, while in the case with a plasticity
retio of 4, the maximum response is seen when Tp is 1/1 of the predominent period,
ie, 0.2 sec. Likewise, the Bop type earthquske which contains many O.4 sec period

components remarkably affects structures with & period shorter than the predominant

period, and it demands larger yield strength. Furthermore, these analytical

results can be also used when the predominant period changws if & period ratio
relative to structures is tseken into account.

Figure 2
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5. CONCLUSION

Results of the probablistic statistic analysis of spectra revealed:

1) In reinforced concrete structures, the response value is governed by the equivalent
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duetile damping constant which is obtained from the yield point rigidity and the
hysterefic area, <2) Results contrary to common sense such as seen in the specific
earthquake response values, ie, the results which dictate that the larger the

yield strength or larger the damping; larger the respense value, will no longer

be observed, 3) Structures with a period shorter than the ground predominant period
indicate larger response, 4) In the idea of the seismic design, limit of the
plasticity ratio and the 1imit of the yleld strength have the same measning.
Difference between the equivalent ductile damping 0.11 and 0.24 contributes to

the differsnce in the required yield strength by a maximum 30%, which is rather

a small value compared to the ratio of approximately 2 times in the case of the
required yleld strength obtained frem the stationary oscillation response.

Before closing this paper, I would like to mention that this study owes much to

the joint research (Literatures 2 and 3) conducted with Professor Penzien at
University of California (Berkeley) when the author took part in the Japan/US
Cooperative Research "Earthquake Engineering Stressing Earthquake Resistivity of
School Buildings" cosponsored by the Japan Soclety for the Promotion of Science

and National Science Foundation of America. I would like to express my appreciation
to all who were involved.

Assistant Professor , Dr. of Ingineering
University of Chiba '
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ESTABLISHMENT OF SEISMIC JUDGEMENT VALUES (Er) IN SHIZUOKA PREFECTURE

As a result of the seismic diagnosis, the judgement of the structural
seismic index (Ig) has been made conventionally referring to a judgement index (Ig,)
vhich is based upon the Tokachi Offshore Earthquake., However, in appreciation of
the later investigation results concerning the magnitude of predictable earthquakes,
eplcentral distance and terrain and ground conditions, the seismic judgement index

velues (Ep) for Shizuoka Prefecture will be estsblished as follows.

JUDGIMERT OF FIRST OR SECOND DIAGKNOSTIC STHLCIURAL
SEISHIC INDEX (Ig)

The judgement of the structural seismic index (Ig) will be made in
accordance with Equation (1), using Structural Seismic Index (I,) computated in
Chapter 3 of the Seismic Diagnostic Standards for Existing Reinforced Concrete
Buildings (published by Japan Special Building Safety Center under the editorial
supervision of Building Guide Section, Ministry of Construction) end using Seismic

Judgsment Index Values (ET) established in the following Section 1 or Section 2.

Ig: seismic index of struciure

ET: seismic judgement index value (from Section 1 or 2)

1o BZEISHIC JUDGEMENT INDEX VALUES FOR IFIRST DIAGHOSIS (ET)

The computation of the seismic judgement index values for the first
Giagnosis will be performed in accordance with Equations (2) to (4), using the
number of building layers, the contour of building sites and the degree of building

destruction.
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Er=1.10 X Co X C1 »-rrememesecmeens 20 for 1=2 layers
Er=1.00 X Co X Cp rovseererensaeee 3 for 3-4 layers
Et=0.90%xCag X C1 ---oeree- ceeenees @ for 56 layers

Cg: Contour of Building Site (from 3-2)
Cr: Degres of Building Destruction (from 3-3)

2. SEISMIC INDEX VALUES FOR SECOND DIAGNOSIS (Er)

The computation of the seismic judgement index values for the second
‘diagnosis will be performed in accordance with Equation (5), using basic seismic
index values computated from epicentral distance, ground type, number of buildingr
leyers, mode of building destruction, contour of building site and degree of building
destruction.

ET=E&§ XCag X ereemrcconsrenceco (5)
Es: basic seismic index value (from 3-1)

&, C1: Same as for the first disgnosis

3-1, Es: Besic Seismic Index Valuecs
the values are obtained from Tables 2=1 to 2=5 according to districts
by epicentral distance, bulldings by ground type, buildings by number of layers

end buildings by mode of destruction.

(1) Districts will be selected by the location of buildings on the district map
in Figure 1.

(2) Ground types will be selected from Table 1 after survey of building sites.
(3) Number of layers of buildings will be confirmed.

(4) Tor the destruction mode of buildings, the examinor must judge whether the
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buildings are of the shearing destruction type or the bending destruction

type in the process of the diagnoses,

{5) The numerical values obtained at the point where the ground type and the number

of layers meet one another will be designated as basic seismic index values (Es).

Teble 1 Ground Type

type [ predominant period geological feature/stratum

fype 1] 043 sec ‘The ground surrounding the building concerned is composed
of rocks, hard gravel end others meinly consisting of
the stratum made before the tertiary period.

Type 2| 0.4 sec The ground surrounding the building concerned is composed
of gravel, hard cley mixed with sand, loam and others
painly consisting of a diluvium, or a more than 5m thick
alluvium consisting of pebbles or gravel.

Type 3| 0.5~C.6 sec tandard ground which does not belong to any of the
Type 1, Type 2 and Type 4 districts but belongs to
slluviun mainly consisting of sand, cley with sand, clay
and dirt.

Type 4| 0.7-0.8 sec Extremely soft ground which belongs to ome of the

following.

1) A more than 30m deep alluvium consisting of humus soill
dirt andothers similar to these (including banking)

2) Reclaimed land which meets the following conditions.

A} Land reclaimed by filling marsh and muddy sea.

B) Land filled with trash and garbage, mud and others
which belong to these sofl and weak soil.

-C) Land filled approximately more than 3 m Geep.

D) Land reclaimed approximately less than 30 years ago.
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Table 2-1 Es Values for District 4

key~1s upper line: shearing destruction mode
2. lower line: bending destruction mode
3. ground by type
4. predominant period
5. numberr of layers
6. type 1
7. type 2 / LR 4AGBRY
g. type 3 S (TR BT B
WA gy mow BiNE| mam
‘ [T 0.3 8| T 0 _'4";&'“ """ 0.5 %€¢ | .7 %ec |
IHJ_
1.10 1.10 1.00 0.85
! (1.10) (1.10) (1.00) (0.85)
1.10 1.10 1.00 0.85
2 (0.95) (0.95) (0.95) (0.85)
1.00 1.00 1.00 0.85
3 (0.90) (0.90) (0.90) (0.85)
4 0.95 0.95 0.95 0.85
(0.85) (D.85) (0.85) (0.85)
5 0.%0 0.90 0.90 0.85
(0.85) (0.85) (0.85) (0.85) |
6 0.90 0.90 0.90 0.85
(0.80) (0.80) (D.80) (0.80)
Table 2=2 Es Values for District B
key~- same as in Table 2-1
/ LB CAGERY
(TR T BmA
mﬂgz1ﬁ4,aazﬁﬂmsaym4ﬁ
L] 0.3 sec 0.4 sec 0.5 sec 0.7 sec
1.05 1.05 0.90 0.80
{1.05) (1.05) €0.90 ) (0.80 )
1.00 1.00 0.90 0.80
(0.90) (0.90) (0.50 ) (0.80 )
3 0.90 0.90 0.90 0.80
(0.85) (0.85) 0.85 ) (0.80 )
0.85 0.85 0.85 0.80
(0.80) (06.80) (0.80 ) (0.80 )
0.85 0.85 0.85 0.80 'E
(0.75) (0.75) (0.75 ) (0.75 )
0.85 0.85 0.85 0.80
(0.75) (0.75) €0.75 ) (0.75 )-_




Table 2-3 BEs Values for District C
key-same as in Teble 2-1

/ L& eLEERTY
ATH): iy WY

< ERRDEEEYEEET LR Y]
-F B D.3 sec 0.4 sec . 0.9 sec 0.7 sec
1 0.95 0.95 0.85 0.70
(0.95) (0.95) (0.85) €0.70)
2 0.80 0.90 0.85 0.70
(0.80) (0.80) (0.80) €0.70)
3 0.85 0.85 0.80 0.70
(0.75) (0.75) (0.75) (0.70)
4 p0.80 0.80 0.80 p.70
(0.70) £0.70) (0.70) (0.70)
. 0.75 0.75 0.75 0.70
(0.70) €0.70) €0.70) (0.70)
6 0.75 0.75 0.75 0.70
(0.65) (0.65) (0.65) (0.65)
Table 2-4 Es Values for District D
key~same as in Table 2~1
/ LBy S ANEEE
| 2 CFE: gy GImH
IR TAERETIEERE SN
[ -1 0.3 sec 0.4 sec 0.5 sec 0.7 sec
0.85 0.85 0.75 0.65
1 €0.85) (0.85) €0.75) (0.65)
0.80 0.85 0.75 0.65
2 €0.75) €0.75) €0.75) (0.65)
0.75 0.75 . 0.75 0.65
3 (0.70) (0:70) €0.70) (0.65)
0.70 0.70 0.70 0.65
4 (0.65) (0.65) (0.55) (0.65)
0.70 0.70 0.70 0.65
5 (0.60) (0.60) (0.60) (0.60) |
0.70 0.70 0.70 0.65 I
6 (0.60) (0.60) (0.60) (0.60)
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Table 2-5 Es Values for District E
key-same &s in Table 2-1

¢ LB ¥ AR
2(TFEY). gy i

3-2 Cg: Contour of Building Site (Terrian Index)
C; is selected from Table 3 according to the contour of the building

sites, In this case, precipice is judged in accordance with Caluse 10 of Shizuoka

Prefecture Building Standard Regulations.

EEETEEEYEERE YRR
lurﬁxg‘ 0.3 sec 0.4 sec 6.5 sec 1 0.7 sec
: 0.70 0.70 0.65 0.55
(0.70) (0.70) (0.65) €0.55)
2 0.70 0.70 0.65 0.55
(0.60) (0.60) (0.60) (0.55)
3 0.65 0.65 0.65 0.55
(0.50) (0.60) (0.60) (0.55)
0.60 0.60 0.60 0.55
4 (0.55) (0.55) (0.55) (0.55)
0.60 0.60 0.60 0.55
5 (0.55) (0.65) (0.55) (0.55)
0.60 0.60 0.60 0.55
6 (0.50) (0.50) €0.50) (0.50)

Table 3
contour of precipice | place where supporting local height ] others
fpuilding site ground is extremely tilted
Cq 1.25 125 1.25 1.0

3-3 Gy: Degree of Destruction of Buildings {Importance Factor)

G

I

damage to the buildings by an earthquske,
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Incidentally, prefectural govermment buildings, hospitals, buildings
which serve as a disaster control base, or a place of evacuation and rescue activities
during an emergency shall be desirably rated 1,25 in terms of Gy.

Table 4
degree of destruction of | Bulldings suffer only slight | Bulldings suffer consider-
buildings damages during earthquakes, | able damage but will not
and usable afterwerds collapse
G1 1.25 1,0
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Methods for Determining Earthquake-Resistance and Earthquake-Proof Designs of Fre- -

Existing Steei-Skeleton Construction.

Urban Housing Section, Shizuoka Prefecture
Introduction.

On Auwgust 7, 1979, in accordance with special legislation for the prevemtion of
damage due 1to large-scale earthquakes, Shizucka Prefecture was designated as an area
tc be subjected to reinforcement against these damages. .

4ecordingly, the prefecture, as well as each city, town, and village, formulates
plans for emergency procedures to minimize damage and organize shelters, based on
the policies stipulated by the National Government. Fﬁrthermoré, those in charge of
special buildings housing an unspecified but large number of people or plants employing
more than 1,000 workers or handling dangerous substances are required to prepare im-
portant emergency plans on such things as disaster drills. Theseadisaster prevention
plans are to be formulated in 1979.

As for the measures concerning earthquake damage to buildings, the criterisa fer
determination of earthquake-resistance of wooden and steel-reinforced concrete
structures and guidelines for earthquake-proofing designs have ;lréad; been determined
and some are already put into practice,

On the other hand, studies on earthquake-resistance of steel-skeleton structures
have also been actively conducted. In June 1978, the National Government issued a
standard for evaluation of earthquake-resistance of pre-existing steel-gkeleton
structures.

As stated earlier, Shizuoka Prefecture has been placed in an unique position with
its entire arca designaied to be subjected to reinforcement according to the special
legislation for prevention of damage caused by large-scale earthquakes. Accordingly,

the prefectural government recognizes the need to improve,at the earliest date, the

earthquake~resistance of steel-skeleton siructures within the prefecture. It also

recognizes the need to pay attention to special buildings which house an unspecified

but large number of people and those to be used for disaster prevention, evacuation,
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C-2-
and rescue activities,

In view of the above-stated situations, the prefectural government considers it
necessary to formulate methods for evaluation and improvement of sarthquake-~resistance
of pre-existing steel-skeleton structures, Subsequently, these methods were created
under the guidance of Professors Tsutomu Kato and Kosuke Akiyama of Tokyo University.

This booklet was based on the "Standard for Determination of Earthquake-Resisiance
of Pre-Existing Steel-Skeleton Structures and Guidelines for Their Improvement" (pube
lished by the Japanese Society for Prevention ¢f Architectural Damage due to Disasters)
which was issued by the National Govermment, It describes the methods for determining
the earthquake~resistance of pre-existing steel-skeleton structures within the prefec-
ture and methods for their improvement.

As to the descriptions of the formats and operations of the input data in a com-

puterized system, a separate booklet was prepared by the Japan Telegraph and Telephone

Public Corporation which kindly cooperated with Shizuoka Prefecture for determination
of earthquake-resistance of steel-reinforced concrete buildings. -

It is sincerely hoped that, By applying these methods, earthquake-resistance of
steel-skeleton structures will be greatly improved.

December 1, 1979.
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Chapter 1. Basic items.
l. Basic principles.

The present methods apply to determination of earthquake~resistance
of structural components of pre-exlsting steel-skeleton construction
of medium~ to low-height,

The determination of earthquake-resistance of the structural com=-
ponents in this literature is expressed in indices (numerical figures)
and are intended to determine the possibllity of collapse of the struce
ture in case of earthquakes.

2, Criteria of application.

The architecture to which the present methods apply is, as a rule,
defined as steel=skeleton structures which have eave heights measuring
less than 31 meters.

However, bulldings with large spanned grches such as gymnasiums
and those bulldings which are complexes of steel=reinforced and steel-
gkeleton steel—reinforcedFStructures or those makedly different from
ordinary steel-skeleton construction in their scale and form are ex-
cluded from these criteria,

3. Preliminary investigation.

A preliminary investigation is conducted to determine if the methods
are applicable. |
4, Determination of earthquake~-resistance of the structure.

The earthquake-resistance of the structure 1s determined by applying
equation (1) (shown below) using structural index VR evaluated in 4.1

and earthquake input index VI determined in 4.2.
VR> VI (1)
4.1, Structural earthquake resistance index VR.

Structural earthquake-resistance VR is evaluated by equation(2)




C =9 =
applying the index showing the volume of energy absorbed by the entire
structure of the respective floor before its collapse,
VR=Q X VI 8 (2)
‘where Q : quality index (according to Sectlon 1, Chapter 2)
V : standard earthquake-resistance index (according to Section 2,
Chapter 2)
S : form index (according to Section 3, Chapter 2).
Standard earthgquake-resistance index V 1s evaluated for the direction
of beams and glrders on each floor but quality index Q and form index S
are lndependent of the floor and direction.
If quality index Q is unsatisfactory, the determination procedure 1is
Interrupted.
4,2, Earthquake input index VI.
Earthquake input index VI is an index indicating the size of the
input energy of the earthguake and corresponds to the basic volume of

the input energy, ground type, and the extent of the seismlic activity

as follows:
Vi=d x V10
d : e coefficient for distance (km) from the seismic source and
shown as a numeral in Figure-l, D Z40km is found on the direct
line corresponding to the specific value of D.
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V10: Value shown in Figure-2 for each ground type (1, 2, 3, or &4).
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Figure-2. Value for V10
T indicates the primary specific period of the bullding.

ground type 4, 2, ground type 3, 3. ground type 2, 4. ground*type 1.

The present part applies only to buildings used for purposes such
as business offices. For buildings with large spanned arches such
as gymnasiums, refer to the "Methods of Evaluation of Earthquake-
resistance of Buildings such as Gymnasiums."

Index V1 is computed from the distance the building is from the

seismic source, the ground type, and the primary specific period of
the same building.
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3. The primary specific perlod of the bullding is computed applying

formula (1), (2), or (3), according to the structural form of the
building:
1) for a pure rigid structure, T=RT (sec)

N<5 : BT=0.2N

N>5 : Rl = 0,574 0,087 N

(1)

11) pure strut structure : T= BT (sec)

The pure strut structure is one which resists horizontal forces

with an axial strut (hereafter called strut) alone. BT is computed

using the following equation:
BT'=0,71 RT (2)

111) Rahmen-strut mixed structure : T= MT {sec)

The Rahmen-strut mixed structure is defined as that with the
Rahmen and strut coexiting in a single skeletal plane or ore
where the two'structufes are arranged in parallel.
MT?fggf% (3)
(codes) N: the number of floors in the bullding.
7>: the average of the Rehmen yatlo y of each Tloor.

(Notes) Equationsv(l). (), and (3) are based on those shown in B'1,
Chapter 2 of the "Standard for Determination of Earthquake-
Resistance of Pre-existing Steel Skeleton Structure® (edited
by Ministry of Cbnstruction, Department of Hou*@lng. Section
for Constructive Instruction).

The ground type is determined on the basis of the results of drilling

investigations applying Figure-3 Table for ground types (1) and (2)

(shown at the end of the volume) and Table 1, Table }or Ground Types.
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Table 1., Table for Ground Types (Ministry of Construction Announce-
ment 1074).

1. types, 2. ground texture, 3. ground layer, 4, type 1, 5. the grdund
around the bullding 1s composed of rocks and a gravel layer, or composed
mainly of a ground layer dated prior to the third century, 6. type 2,
7+ the ground under and around the building is composed of a gravel
layer, a hard clay layer.mixed with gravel, or a lcam layer; mainly
composed of a diluvium formation; or composed of a gravel layer or its
alluvial layer measuring more than 5 m in thickness, 8, type 3, 9. the
standard grounditype of the area not belonging to type 1, 2, or 4; it is
nainly composed of an alluvium formation of sand, clay mixed with sand,
clay, and mud, 10. type 4, 11l. markedly soft ground belonging to one of
the following: 1) humus soil, mud, or an alluvial layer composed of
these (including banking); its depth measures approximately 30m or more;
2) reclaimed land meeting the following conditlons; A) land reclaimed
from muddy seas, shallow lakes, or swamp, measuring over 30m in depth,
B) a land fill composed of refuse, muddy soil, or soft earth, C) the
depth of the reclaimed land measures more than 3m in depth, D) the time

lapse slince reclamation is less than 30 years.
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Chapter 2. ComputatioA of structural earthquake-resistance index VR,
Section 1, Evaluation of quality index Q.

1. General evaluation. .

2. Quality index Q (hereafter called index Q) is used to evaluate the
quality of the structural frame and the effects of lts sglng. It is
based on an actual survey.

2., The actual survey 1s based on a survey of the "important items" and
the "general items",

3., The survey of the "important items" includes an evaluation of
these items which are considered to have extremely significant effects
on resistance and deformation characteristics of the structural frame,

If even a single item in the survey falls to meet the standard, index q
is deemed "unsatisfactory®. Otherwise, the survey result is included
in the computation of the standard earthquake-~reslistance indexz V des=-
cribted in Chapter 2, Section 2.

4. The survey on the "general items" includes those items which are
considered to affect the general quality of the structural frame. The
comprehensive'result of this survey is used to rate index Q into &4
classes (1.0, 0.9,0.8, and unsatisfactory).

Quality index Q (hereafter abbreviated to index Q) 1s an index to
evaluate the quality affecting the resistance or deformation characteris-
tles or the effects of aging of the structur al frame. The value assigned

to the 1ndex is determined by the results of a survey of the structural
| frame,

The structural frame of the building is observed directly while
various tests are performed. Based on these studies, an actual investiga-

tion 1s conducted.

(Important items) i) A survey is made to observe if the conditions

of the general architectural frame, parts, and connecting sections
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differ greatly from the specification of the architectural plan., If
the discrepancles from the architectural plans are within a certain
standard range, the survey results are reflected in the computation
of standard antli-seismic resistance index V but the evaluation of index
Q 1s not taken into consideratlon. If, however, the dilscrepancies are
large, index @ is expressed as "unsatisfactory', while the content of
the survey is detailed in the final evaluation and the survey process
1s interrupted. 1i) The purpose of the second evaluation is to observe
if the resistance of each part of the structural frame has been much
reduced due to the construction method or aging process. If the re=-
slstance of each structural part observed in the actual investigation
has not been much reduced from what is sufficient to be earthquake-
resistance, the data are handled in the manner of i), If, however, the
resistance of each structural part does not meet a certain standard,
in&ex Q 1s deemed "unsatisfactory" and the evaluation process is inter-
rupted, while the flanl determination is based on the quality of the
part rather than the anti-selsmic evaluation of the frame of its struc-
tural dynamics.

The %"general items" concern the general qualities of the structural
frame. Many items by nature cannot simply be quantified from the survey
results,

For this reason, the present evaluation process is based on a
technological determination comprising the entire test results and gives
a final numerical rating.

In the evaluation of index Q which is determined from the result of
the study of the "general items", however, the structural frame which

deviates greatly from the standard quality 1s treated separately. In
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such an instance, no numerical value is given ‘but, instead, 1= simply
judged “unsatisfgctory".

COﬁputation of index V appears unnecessary for the structural frame
with its Q index judged "unsatisfactory": the anti-seismic determination
based on such an index lacks reliability or 1s even meaningless in some
instances. Therefore, no numerical value is given to the Q index. 1In
such instances, the anti-selsmic determination process is interrupted
but resumed after appropriate treatments

2. Actual survey.

2.1, Survey items.

The survey items includes the following 8.

1) General shaft construction,
2) column materials,

3) beam materials,

4) shaft strut materials,

5) column-beam connections;

6) welded joint,

7) fastener joint

8) column base and foundation

The above 8 items are lnvestigated in an actual survey.

The shaft struct materials in this section include light materials
such as round steel and angle steel. The survey involves these materials
as well as their gusset plates and connections to columns and beams,

When large members such as H bars or steel plpes are used as struts,
thelr members and joints are evaluated by the method used for column
materials and their end oonnéétions by the methods for column-beam
connections. The column joints with drastic changes in the cross sections

are alsoc evaluated according to the method of evaluation of the columpn-
beam connections,
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For welded joints, the welded sections of the beam ends, diaphragms,
and column ends around the column-beam connections are the subjects of
investigation. With the fastener Joints, the survey centers around the
beam and column joints.

2.2, Sltes of investigation.

The objects of investlgation are 3 column-beam connections and
thelr peripheries and 3 base sections which are located as far apart
as possible within the building. With a bullding with diagonal members,
these locations must include those end connections. However, the sites
of investigation of 1) general” frame work specified in 2.1 involve, as
& rule, the entire structurdl frame.

Evaluation of the general frame work 1s highly significant and forms
the basis of computation for index V. As a rule, it pertains to the
entire structure. As to the remaining items of the investigation, 3
areas are-selected in each bullding to investigate the column-beam
connections and their peripheries es well as the column base sections.

If it becomes evident that sections of the steel frame were, for
some reason, produced at several different iron foundries independently,
3 sites must be selected for the part produced by each manufacturers.

As ﬁo the specific slite of investigation of the column-beam connections
and their peripheries, the focus will be on a specific column~beam cone-
nection as well as parts of the column and beam materials at its periphery.
In & structural frame with diagonal members to add resistance to earth-
quakes and wind, areas including the connections of these member end
sections must be selected a3 sites for investigation.

Similar considerations must be made in the investigation of the column

base sections,

Therefore, investigations of the items shown in 2.1 must be made at

each location within the bullding. The individual site for each ltem
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of investigation is called a:part of the investigation.

Thus & part of the investigation constitutes a specific object of
investigation ;or each item such as column material, beam material,
and connection panels.

When 3 beam materials are investligated at a single site, there are
3 parts to the investigations where tests are conducted according to 2.3.
If, however, 2 of the 3 beam materials have 1ldentical cross sections
and are considered to be in a similar condition, an lnvestigation may
be limited to only one out of these two. If the ¢ross sections of the
materials differ from each other, one the other hand, all are‘investigated

It is desirable that the sites of lavestigation are selected as far
away as possible from each other. In this instance, distances may be
measured vertically as well as horizontally. In reality, however,
selection of these sites may be restricted in bulldings which are being
occupied. Selection may be madé te suit the conditions in these in-
stances.

The anti-selsmic determination is made based on the assumption that
the drawings of each building are available, It is more efficient if
the sites of investigation can be pre«selected from these drawlings
before the actual investigation takes place.

2.3. The content of investigation.

At each site of investigation, a part of investigation is established
for each item described in 2.1. Items described in Tables 1 to 9 are
investigated at these parts.

These items are classified as "important matters" and "general
matters",

2.4. Individual evaluation of index Q.

Individual evaluation of the "important matters" and "general matters"

is made in the following manner at each part of investigation;
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(1) The "important matters"

The'important matters" are evaluated according to the test: standard
described in Tables 8 to 14 for each item. If the individual evaluation
does not r;te 25 high as D, the result is included in the computatlon of
the standard antl-seismic index described in Chapter 2, Section 2 and
excluded from the evaluation of index Q.

{2) The "general mattérs".

The results are evaluated comprehensively and each item is rated as
to A, B, or C according to the standard described 1n Tables 8§ to 14.
Each item of investigation is.studled on the subjects described in
Tables 1 to 7. | .

The "important matters" investigated are based on the followlng two as-
pects: 7

i) whether the conditions of the members and connections differ

much from the original drawings,
1i) whether the resistance of each part of the structural frame is
much reduced due to the method of construction and aging process.

The specific subjects of evaluation designated as "important matters"
for each item of investigation are shown below. 1) and ii) of the note
section indicate that the respective item of investigation corresponds

to 1) or ii) of the test criteria given above.
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1. items of investigation, 2. important matters, 3. notes, 4. 1) general
frame structures, 5. spacing of the columns in the direction of the
girders and beams, 6, floor height, 7. defects of members, 8. positions
of the diagonal member materials, 9. 2) column material;ij) beam
material, 10. form and dimension of the cross section, 1l. reduction in
the panel thickness due to corrosion, 1l2. 4) diagonal member material,
13, form and dimension of the cross section, 14, stress of the associated
connections, 15. reduction in cross section due to corrosion, 16. 5)
column-beam connection, 17. presence or absence of the diaphragm and

its form and dimension, 18. 6) welded joints, 19. types of welded joints,
20. effective throat cross section, 21, 7) fastener joint, 22, position
and joint stress, 23. 8) column base, 24, sum of the effective cross
section of the anchor bolt, 25. reduction of the plate thickness due to

corrosion.
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As shown above, the investigation of the "important matters" is main-

1y quantitative and requires'determination of the dimensions of the parts
of the structural frame such as the members and connections.

The investigation of the "general matters' 1s conducted to observe
the general condition (qualities) of each part of the structural frame
and lts content mainly consists of qualitative evaluation.

2.5 shows the basic concept of the specific content of each item of
investigation. In the actual investigation, "Appendix 1, Form for the
Results of the Investigation" is used to record the results.

As a rule, the lnvestigation is conducted on all the preseribed items.
Even when circumstances do not permit this, no item should be omitted
unnecessarily.

Determination of index Q 1s based on individual evaluations which
are obtalned, as a rule, from each test item at each test site. For
instance, if one column and 2 beams are investigated at a single site
and the process is repeated at 3 sites, the test results are 90% complete.
Similarly, test results of several test objects are: obtained on other
test items.

According to the test results from each test site, the individual
evaluations are ranked from A to D. Based on individual evaluations
of all test items and all test sites, index Q of the structure is obtained
from Table 15 as a comprehensive evaluation.

If the test result for a single important matter of these test items
falls to meet a certaln quality standard, index Q of the entire structural
frame 1s deemed "unsatisfactory". The standard of determination in this
instance is based on the following: 1) deviation of each part of the
structural frame remains within 10% of the original dimension indicated
in the drawing and 2) the test data measure up to 70% of bath the value
unifornly projected at the designing stage and yield strength of each
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connection.

1f the test results on the "important matters" fail to meet these
standards, & value, D, is given t0 that item which failed. This results
in indication that quality index Q of the entire structure is "unsatis-
factory®.

If the test results on the "important matters" meet these standards,
they are included in the computation of index V but are not used in
the determination of index Q. Thus if an individual evaluation, D, on
the "important matters", is not given to every item at every test silte,
individual test results of the '"general matters" are gvaluated comprehen~
Sively to derive 1lndex {.

The standard for the individual evaluation of the "general matters"
is all based on the question of the final stress of the architecture
in 2 major earthquake. Compared with standards such as "Guldelines for
Steel Frame Construction Technology", "Standard for Steel Frame Construc-
tion Quality", and "Guidelines for Construction of Designs with High
Strenzth Bolt Connections',all of which have been promulgated by the
Japanese Socliety of Architecture énd are intended to set standards for
normal environments, these requirements may appear somewhat lenient. It
should be kept in mind that the requirements of the present evaluation
are for major disasters such as earthquakes,

In determining index Q based on the individual evaluation on the
"general matters", the general quality of the structure is considered
extremely poor if the number of sections with grade C exceeds 1/4 of
the total number of the sections evaluated. In such an instance,
index Q becomes "unsatisfactory" and no quantitative points are given.
The present method of evaluation is based on the assumption that the

number of test sections on individual test items are well balanced.




Ce=- 23 -
Therefore, if the number of test sections on individual test items 1is
extremely large or small, it must be adjusted prier to evaluation of
jndex Q. The standard number of test section on individual item are
shown below (with the number of test sites - 3):

test items number of test seections

column material

beam material

freme diagonal member material 3 -6
column-beanm connection 3
welded joint 6 - 12
fastener Jjoint ' 3 -6
column base 3

The contents and methods of evaluation of each test item and detsils

of evaluation.

1) General frame structure.
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1. Table 1, Items of evaluation of the general frame structure (Important
matters), 2. evalustion items, 3. contents of evaluation, 4. 1) standard
dimensions of the structure, ) column spacing 4n the direction of the
girders, b) column spacing in the direction of the beams, c) floor
height, $. the maximum 1y and the minimum 27 are computed in the ratio
of the actual dimensions on items a), b), and ¢) to those shown in the
drawing, 6. missing members, 7. absence of major components such as
columns, beams, and frame structure »is ascertained and the location of
the missing portion is investigated, 8. Table 8. Individual Evaluation,
9. (Important matters), 10. test items and conditions observed in the
test, 11, individual evaluation, 12, 1) standard structural dimension,
1r2>21.1 or 2/ 0.9 1n a), b), or c); 2) absence of a member; absence of

a major component.

The tests on the general frame étructure involve column spacing in
the direction of the girders and beams, floor heighf. fr;sence or absence
of major structural components, and locations of frame diagonal members.
Major deviations from the originél drawings are detected in these tests.

These test items concern deformability and stress of the building and
are used as the bases of computation of index V. Therefore, they are
all termed "important matters" and the tests involve the entire architec-
tural structure.

The major thrust of the procedure is to create a plane drawing of
each floor and a structural drawing of the major parts. Plane drawings
and structural drawings may be copied from the originals with the dimen-
sions of each part indicated. |

In some bulldings, dimensions for such things as column spacings and
floor height may differ considerably from the original drawlngs, Even

when the drawings appear to be in satisfactory order these dimensions
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must be confirmed at the site. These dimensions can usually be detere
mined ‘accurately over the internal and external decorating materials
without exposing the components. An accurate measurement must be

made to determine index Q (important matters) as well as to compute
index V.

The presence of earthquake-proofing elements such as structural
diagonal members placed within the archlitecture is important in the
computation of index V. In older bulldings, these may sometimes be
removed (though they exlsted at the time of construction) or moved to
another location. Investigation must be carried out carefully in
these instances.

The test data are entered in "Appendix 1, Form for Test Data (NO.3).

Coding or numbering of the column lines in the dlrectlions of the
girders and beams on the plane drawlng is convenient in actual investliga-
tions. ' The test sites used 1n the actual investigation of the column-

beam connections and column bases are alsc entered in the above-mentioned

form.

Example 1.

(Test results) A 3-story building used for business offices was ine
vestigated. Column spacing in the direction of the girders measured
1/{z6.52m while the drawing showed 0/=5,80m, Other—column spacings
and floor heights differed 20-30mm from the drawings but the deviations
were insignificant., Subsequently, the following was computed for test
item 1), a) standard atructural dimension:

1/=14{/04=652/580=1.12> 1,1
The individual evaluation was rated D,

(Treatment) It was evident that the dimensions of this building de-
viated from the original drawings. However, the deviation was limited
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to the span. It was decided that this fact was to be entered clearly
in the final evaluation and the evaluation process was continued, It
was also decided that the Rahmen with the deviated span would be used
for the location of the actual examination of the column-beam connections
and thelr peripheries. Computation of Index V will be computed based
on the results of thls examination, 3By this process, 1lndlividual evalua-
tion D concerning the general structural frame is removed and may be
disregarded in the subsequent total evaluation of Index Q for this
building.
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2) Column and bean materialsf
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Table 2. Test items for column and beam materials.

(important matters )\__
evaluation items
content of evaluatlon

1) section modulus of members.




6.

7.

B.

9.
10.
il.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23,
24,

25.
26,
27.
28,

C- 28 =
) area of the cross section
B) coefficient of the cross section
Y, the ratio of the test result to the figure shown in the drawing
is computed on A) and B).
(General matters)
evaluation ltems
classification of the test results
A) defects in the cross section of the flange section (unreinforced)
none
15% or less
more than 15%
defect in the cross section of the web section (unreinforced)
30% or less
more than 30%
C) temporary welding
in 3 or less locations with short beads
inamore than 4 locations with short beads
corrosion (with reduction in plate thickness)
hardly present
less than 10%
more than 10%
Table 9. Individual evaluation of the column gnd beam materials
(evaluation of Table 2).
(important matters)
Evalvation items and description of the condition
individual evaluation

1) section modulus of members
r= 0.7 in both A) and B)



C-29 -

29. (general matter)

30, conditions observed

31. individual evaluation

32, no {(c) and 1 or less (b)

33. the number of (c)'s 4 0.5 x {the number of (b)'s} > 1.5

34, none of the above

The test contents and test methods for the column and beam materials
are described together. These test items are intended to examine
whether the forms and dimensions conform to those in the drawings and,
if they do not, what forms have replaced the original.

Therefore abbreviated drawings--mainly the cross sections--are entered
in the report form. 1In this instance, it 1s advisable that the form
and dimensiocns of the cross section are copied from the drawing ahead
of time and the actual dimensions of each section are added to these.

It is also necessary that‘the conditions and positions of defects in
the cross sections and temporary welding be recorded in abbreviated
drawings wheh these features are noted.

Dimensions are determined using a regular steel tape, slide, or micro-
meter. In the determination of the plate thickness of the materlials with
closed cross sections, such &s a web plate of a steel H-beam, boxed cross
section, rectangu}ar cfoss section with a middle support, and steel pipe,
an ultrasonic thickness gauge is used. Refer to "thickness Determination
Using a Portable Pulse Reflector-Type Ultrasonic Thickness Gauge-NDIS

2408-77"* by Japanese Society of Non-Destructive Examination.

The numerical values for the seotion modulus of the member are expressed n

in an appropriate unit as shown in the c¢ross section list.

‘The test is conducted using "Appendix 1, Form for the Test Results
(Nos. 5 and 6)",
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In the "general matters", the results of the tests are rated as (a),
(b), or {({c). In some items, assignment of a clear-cut numerical value
is not possible and the results are expressed in general outlines.

A) and B). Defects in cross sections.

The defects are those not expected in the design stage. These were
caused on the flange or web sections due to procedures such as installa-
tion of pipes and yet no subsequent reinforcement was made.

C) Short bead welding.

Short beads tend to occur in welding temporary and secondary sec-
tions, It is known that, if the bead length is less than 25-%40mm, the
thermally affected portion of the welded meﬁal or the main material
hardens due to rapid cooling, causing a defect and subsequently affecting
adversely the plliability of high-tensile steel or thick plates used as
the main material, 1In the present test, the upper limit of a short
bead is set at 25mm. If short beads measuring less .than 25mm are found
(in 1/3 the length at therénd of the member in most instances), the fol-
lowing ratings are given: (b) for 3 locations; (c) more than U locations;
and (a) for none.

If the entire member length ls investigated, the number of the sltes
of examination may be increased.

Corrosion.

Corrosion is.another‘phenomenon of aging and deterioration of steel-
skeleton buildings. BRapidity of rusting of the iron frame exposed to
the atmosphere is often observed and corrosion constitutes a common
problem affecting the structural strength of buildings such as industrisl
installations. Steel skeletons such as those used in office builldings—-
the subject of the present investigation--is, on the other hand, located
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indoors and the rusting process takes place rather slowly so develop-
ment of serious problems is somewhat rare, Problems of corrosion af-
fect the structural members adjacent to the exterlor portion from which’
the finishing material became detached or rain water seeped in, or the
column bases were exposed to & moist atmosphere. In the reglons close
to the sea shore, reductions in plate thickness up to 4-5mm in 10 years
are known to happen and special care in exmmination is needed.

Example 2, Column materials.

Figure 1 shows the test results for a rectangular cross section
wlth a support of an H-type steel with a reinforcement plate as an exam-
Ple of a column, The flange, web, and reinforcement plate thickness re-
present the portion of the column base without a reinforcement plate.
They aere determined by using an ultrasonic thickness gauge and a standard
gauge, However, determination of the web thickness iz not possible when
the reinforcement plate is welded for the entire length of the H~type
steel. In such 1nstances; the value listed in the drawing was used.
When the length of fillet welding of a reipforcement rlate to an H-type
steel flange'is too small, the plate does not move together with bending
of the H-type steel in the direction of the weak axis. This should be

taken into consideration in the test.
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Figure-l. Example of a test on a column material.
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1., form to entef the results (No.5)
2, position of the column
3. second floor, intersection of Yl and X2, code C2
L. composition of the cross sectlon
5. filled material: rolled steel, reinforced cast steel, welded assembly,
others ( )
6. non-filled material: lattice form, lattice tie, lperforated plate,
others ( )
7. detalls of the cross section (include welding and binding materials)
8. cross section in the drawing
9. reinforcement
10, reinforced to the ;to the height of 300cm at the column base, one
side missing
11. ( Jshows the Tigure in the design
12. important matters
13. designed value
14. actual figure
15. coefflcients of cross section
16, area of the cross sectlion
17. section modulus
18. general matters
19. items of evaluation
20, A) defective cross section of the flange section {unrefinforced)
21, none
22, less than 15%
23. over 15%
24, B) defective cross section of the web section (unreinforced)

25. less than 30%

26. more than 30%
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27. C) temporary welding
28. short beads at 3 locations or less
29, short beads at & locations or more
35. D) corresihn (reduction in the plate thickness due to development
of rusting)
31. almost none
32. less than 10%
33. more than 10%
34, individual evaluation of index Q
35. non (c) and (b) 1s 1 or less
36. ]}he number of (c)'s + 0.5 x {:the number of (b)'é[lg 1.5
37. (important matters) r< 0.7 |

38. none of the above



Figure-2, Example of a test of a beam.
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3.
k.
5.

7e

8.

9.
10.
11.
12.
13.
14,
15.
16.
17,
18.
19,
20,
21.
22,
23.
24,
25.

26,
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form to enter the test results (No.6) Beam material

beam location |

the first floor, line 5 between A and B Code G1

composition of the cross section

filled material: rolled steel, cast assembly, others ( )

unfilled material: perforated beam, assembly material (truss, lattice),
others { )

detalils of the c¢cross section (includes welding and binding materials)

RL slab

rivet

actual dimension of the chord member

column

a few bad rivets (off-centered or rounded) were noted

important matters

figures in the drawing

actual values

1) coefficient of the cross section

section medulus

area of web cross section

general matters

evaluation ltems

A) defective cross section of the flange section (except the joint)
none

more than 15%

more than 15%

B) defective cross section of the web section (perforated for instale-
lation but not reinforced) '

less than 30%
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27. more than 30%

28, C) temporary welding

2%+ short beadslin 3 locations or less

30. short beads at 4 locations or more

31. D) corrosion (reduction in the plate thickness due to rusting)
32. almost none

33. less than 10%

34, more than 10%

35. individual evaluation of index @

36. no (¢)'s and (b) lzor less

37. [nﬁmber of (c)'s + 0.5 x { the number of (b)'s}] > 1.5

38. (important matter) ry < 0.7

39, none of the above
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3) Column-beam connecting section.,
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2.
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5.
6.

7
8.
9.
10,
1l.
1z,
13.

14,

15.
16.
17.
18,
13,
20.
21.
22,
23.

24,
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Table 3., Evaluation of the éolumn-beam connecting section
(important matters)
evaluation items
evaluation contents
effective volume of the panel plate
the ratio of the actual dimension, , to that of the drawing is
determined.
(general matters)
evaluation items
rating of the results of the evaluation
diaphragm
the diaphragm is sufficient and welding was performed correctly.
the diaphragm exists but is insufficient with poor welding technlques.,
the diaphragm 1s absent or exists but 1lts eccentricity entends
beyond the thickness of the flange plate.
Table 10, Individua1>eva1uation of the column-beam connecting
section (evaluation of Table 3)
(important matters)
evaluation items and results
individual evaluation
effective volume of the panel plate y < 0.7
(general matters)
evaluation items and results
individual evaluation
the diaphragm is sufficient and welding was performed correctly

dlaphragm exists but welding technigue is poor or.the diaphragm is
insufficient

The diaphragm is absent or exists with its eccentricity extending
beyond the thickness of the flange plate.
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The 1tems of evaluation of the column;beam¢connection section include
two concerning the panel plate andithe diaphragm. These are evaluated
to observe whether there are any factors which are unfavoﬁable in thelr
dynamic composition.

The effective column of the panel plate is the basis on which com-
putations of the stress of the panel section is performed and evaluatlon
of 1ts deviation from the drawing is lmportant., If reinforcement of
the panel plate is indicated in the drawing, especially, examination of
the actual reinforcement as indicated is highly significant.

The form of the diaphragm and the detalls of the connecting sections
are also important in the evaluation but evaluation of each detail is
often difficult, Presence or absence of the diaphragm and the condition
of its attachment are roughly observed in the (general matters).

The test of the column~beam connecting section is performed using
(Appendix 1, Form to Enter the Test Results (Nos. 6-7), Column-Beanm
Connecting Section 1-2), Most of the data entered in Form No, 6 are
from the investigation on site. The areas around the column-beam
connhecting seétion. Presence or absence of defects in the eross section,
and methods of reinforcement of the panel are entered in the drawing
on Form No.6. The drawing may be annotated while checking the list at
the bottom of the form.

It is recommended thai the followlng drawings be copied ahead of time
from the original. Actual dimensions and plate thicknesses should be
entered on the copy while measuring to increase efficliency in the in-
vestigation and avoid omission of any items.

The areas around the column-beam connecting sectioan are often
characterized by complex structures. Besides the cross sections, 3-

dimensional drawings, and plane drawings entered on the form for
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recording, supplementary drawings may be added to include every detail.
In these drawings, the relationships such as those of the upper and
lower columns, beams.,perpendicular to each other, and levels of upper
and lower flanges of the beam, and diaphragms should be clearly delineated.

Each dimension and plate thickness necessary for preparation of the
drawings may be determined by normal means in most instances. The Dpresence
of a diaphragm in a closed sectibon such as columns with & box section
or box sections assembled by welding a £lange to the weak axis of an
H-type steel is determined using ultrasonic thickness gauges and other in-
struments,

Example 4.

Figure 3 shows the results of a test on a column~-beam connecting
section which includes a c¢olumn with a box section--an H-type steel
with a reinforcement plate--and an H-type steel beam. 1In this example,
the height of the beam running in the X-direction differs from that
running in the Y-direction by 50mm; and a diaphragm is missing at the
flange site under the beam in the X-direction {H-300 x 150 x 6.5 x 9).
However, at the end of the beam running in the X~direction, a cover
plate measuring émm in thickness is fillet-welded with a throat depth
of 4mm; and the beam together with the flange is butt-welded to the column
Tlange.
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Figure-3. Example of a test of the column-beam connecting section.
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6.

7

8.

g.
10.
11.
12,
13.
34
15,
16.
17.
18,
19.
20,
21,
22,

C - 43 -

Form to enter the test results (No. 6) Column-beam connecting section(l

location

the 4th to 5th floor, X2 to Y2

detailed drawings

(cross section and 3-dimensional drawings), Y2 line (X-direction)
(cross section, 3=-dimensional drawing) X2 line (Y-direction)
plane drawing

interior is estimated

Y-direction

X-direction

check list

panel plate thickness

method of reinforcement of the panel {plate thickness)

location and dimension of the diaphragm

presence or absence of defective aross section of-the panel
presence or absence of defectlive cross sectlion of the diaphragm
types and dimensions of welded Jolnts

Presence of absence of scallops

O marks an éssumed value

individual evaluation of index Q

the diaphragm is sufficient and welding is performed correctly
the diaphragm exists but is insufficient with poor welding technique.
the diaphragm is absent or exists but its emcentricity extends beyond

the flange plate thickness.




L) Welded Joints.
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1, Table 4. Items of Evaluation of a Welded Joint
2, (important matters) )
3. evaluation items
4. contents of evaluation
5, 1) correspondence with the drawings.

a) section to be butt-welded
6. a. whether it is block fillet-weldijg

b. weld~ thickness when it is continuous fillet-welding
7. b) section to be continuous fillet-welding
8. a. weld length and thickness when it is block fillet-weiding

-b. weld thickness when it is continuous fillet-welding

9. {general matters)
10, items of evaluation
1l. rating of the results of evaluation
12. 1) correspondence with the drawing

a) section marked for‘butt-welding
13. corresponding with the drawing
14. continuous fillet-welding but the weld thickness exceeds 0.5 x

(thickness of the base metal to be butted)
15. b) section marked for continuous fillet-welding
16, correspondence with the drawing
17. weld thickness is insufficient in continuous fillet-~welding but
the thickness is in excess of 0.5 x (specified size)

18, a. weld thickness is 0.5 x (specified size) or less in continuous

fillet~welding

b. block fillet-welding
19. 2) butt-welding joint

a) treatment of the edges of welding




20.
21.
22.
23,
24,
25.
26.
27.
28,
29.
30.
31.
3z.
33.
34,
35.
36.
37.
38.

39.
4o,
41.
42,
43.
4,
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treated in the end tab
treated by circular welding
other than [a) or (b)
b) treatment of the web associated with flange welding
created scallops or applies a certain design in beveling
no treatment
¢) shrinkage allowance
in excess of 1/4 (plate thickness) or over 10mm
maintains the throat th;ckness
throat thicness insufficient
d) examination of the external appearance
no problems
somewhat problematic
fairly poor
e) length of the internal defect
insufficient flange plate thickness
other than (a) or (b)
over 2 x (plate thickness)
3) continuous fillet-welding joint
1) beam end flange joint

a) web treatment
creation of scallops
ne treatment
b) treatment of the edges of the weld
treated with circular welding
no circular welding
2) other joints

a) treatment of the web



45,
46,
47.
48,
L.
50.

51.
52.
53.
sk,

55.
56.
57,
58.

59.
601

C= 47 -

creation of scallops |

no treatment

b} treatment of edges of the weld

treatment with circular welding

no circﬁlar welding

Table 1l. Individual Evaluation of Welded Joints (evaluation of

Table &)

(important matters)

evaluation items and description of the results

individual evaluation

1) correspondence with the drawing

a) section specified to be butt-weld in the drawing is, in reality,

block fillet-weld or continuous fillet-weld and its thickness
is 0.5 x (plate thickness of the base metal to be butted) or
less

(general matters)

description of the results

individuél evaluation

no (c)'s and (b)'s is less than n % 2)

[the number of (¢c)'s + 0.5 x {the number of (b)‘s}i}g n

* l:an individual evaluation is made based on the results of obser-

vation of all the welded joints composing the test loecation.

¥ 2: h: the number of welded Jjoints investigated
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The items listed in Table 4 are investigated at each welded joint
selected as the test sites.

In the test of the column-beam connecting section and its periphery,
the beam end connectlon, column end lronnection, diaphragm connection, and
gusset plate connection encompass wunits of a single test site. The
test site is described in the followlng: i) in a column-beam connection
using H-type steel for the column and beam materials, (as shown in
Figure 4) there are 2 beam connections and one diaphragm connection in
the direction of the strong axis of the column and 2 gusset plate con-
nections in the direction of the weak axis of the column. In this in-
stance, the upper and lower beam flange welded joints (A) and the web
welded joints (B) are consideréd to form a set for a test site,
i1) At the diaphragm connection, the column web and column flange welded
Joints (C and D) compose a set for a test site.
iii)IAs to the gusset plate connection, a welded joint- (E) at the column
web position and another welded joint (F) at the upper and lower
diaphragm positions are located at both sides of the column web., These
These constitute each test site. When the Rahmen structure has a weak
axis direction of the column and a bracket is formed by extending the
diaphragm and web-gusset plate, (as shown in Figure 5) the beam con=-
necting section 1n the direction of the column weak axis replaces the
diaphragm and gusset plate conneetions shown in Figure 4 as a test site.
iv) When the beam on the side of the weak axis of the column is directly

welded to the column web and a steel plate 1s inserted in.the section
corresponding to the difference between the internal dimension of the

beam flange end and the column matenial, as shown in Figure 6, the
welded joints corresponding to C, D, and G at the upper and lower

flange posltions are considered to form a set as & test site for a

diaphragm connection.
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v) When a boz-shaped section with a reinforcement--composed of EH-type
steel with a cover plate--l1s used as a column material, as shown in
Figure 7, the number of welded joints increases (corresponding to H, I, J,
and K) over that seen at the column-beam connection indicated in Figure
S

These welded connections are collectively Studied and considered to
form a single test site. These are also called column end connecting
sections,.

At these column-beam connecting sections, investigation of the the
beam and diaphragm connectlon welded Jjoints in the direction of the
weak axis is impossible by ordinary means.

(The important matters) In this section of the test, each welded
joint which composes a test site is investigated to observe whether 1its
type and dimension are according to those specified by the drawings.

If an important welded jJoint which 1s specified to be butt-welded by
the drawing is ;n realityva continuous flllet-welding, the construction
technigue 1s consldered to be poor and such a finding is'clearly entered
in the final report.

It should be considered, however, that the present process is for
the determination of antl-seismic resistance of pre-existing buildlngs
and such undesirable construction methods have often been practiced in
steel;skeleton constructlon. If the thickness of contlnuous fillet-
welding is over 0.5 X (plate thickness of the base metal to be butted),
the finding is included in the computation of index V and the examination
1s continued.

If the weld thickness 1s less than 0.5 x (plate thickness of the base
metal to be butted), the joint strength is less than 0,7. times the
yield resistance of the base metal to be butted even with fillet-welding
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on both sides. Thus the quality as well as the resistance strength
of the welded connection is inadequate. Therefore index Q in the in-
dividual evaluation is rated D and the examination process is inter-
rupted.

If a joint specified to be butt-welded by the drawing 1s a contlinuous
fillet-weld for reasons simllar to those described above, index Q 1n the
individual evaluation is rated D and the testing procedure is also inter-
rupted.

(General Matters) First, the welded joints composing the test sites
are investigated as to their types, thickness of the beads, and théir
relationship to the drawings.

Next, evaluation items 2) are investigated if the joints are found
to be butt-welds. If fillet-welding is used, the Joints are classified
into the following categories according to thelr dynamic properties:

1) beam end flange joint, frame diagonal member -joint, etc., to which
the mainly normal stress is exerted: and

11) joints to which mainly shearing stress 1s exerted.

These jointslare investigated on evaluation of item 3)}.

As & rule, the above processes are performed on all the welded jJoints
composing the test site where possible, The individual evaluation of
each test site is based on the complete test results., Therefore, the
test results on these Jjoints should be entered in the records.

The following factors should be considered when evaluating items 2)
and 3) on the butt- and fillet-weld joints:

a) several factors which are believed to affect the stress and

deformation capacity of the joint but the extent of thelr effects are
difficult to quantify.

b) factors which may affect the welded joints but, due to a limited
number of the test samples, the extent of the effects 1s difficult to
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generalize.,
The above should be taken into consideration when evaluating the
gquallity of the Joints.

The minimum number of welded Jjoint test sites at each location
should be 2 at the beam end connection (one each at the beam end con-
nection on the strong axis side and weak axis side of the column), one
at the dlaphragm connection, and another at the column end connection

if it exists.
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The "Appendix 1, Form to Enter the Test Results (No.*) and (No.,9)"
is used in theglnvestigation of the welded joints. The details of the
investigation are described in the following according to the items
on this fornm.

1) Enter the test sites and the names of the locations.

11} In the investigation of the welded connections, a determination
is made of the welded joint to be lnvestigated 1ls butt-welded or fillet-
welded.

Prior to the on-site investigation, the drawing (namely, detailed
drawings of the connections) oé a structural computation if the detailed
drawing 1s unavailable, are examined to determine the type of each
welded Jolnt and the findings are entered in ( ) on the form.

Presence or absence of the end tab and backing‘metal are used as
a check point when determining the types of welded Joints by external
examination.

As shown in Key Table=l, the Presence of both the end tab and backing
metal indicates a butt-welded jolnt ; while the absence of these shows
a strong possibility that the Joint 1s fillet-welded.

Key Table-l. Determination of the types of welded joints {estimated)
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l. end tab
2. backing metal
3. determination (estimation)
4, present
5. absent
6. butt-welding (grouped welding)

7. butt-welding (?ack chipping welding)l)
1

2)
9. fillet-weldlng

8. butt-welding

10. Note 1) When the welded bead with width is small, it is most probably
fillet-weldlng.
Note 2) When the web is scalloped and the bead width 1s appropriate
(wide), it is most probably butt-weldinge
Wh at 1s shown in the above Key~Table-l 1s merely an estimate., Ideally,
the determination should be made by probing the inside of the welded
metal using an ultrasonic instrument. In thlis method, if an echo showing
a defect is detected for the entire length of the welded line, it Ls
judged to be.fillet-welding.
If the type of welded joint is found to differ from that specified
in the drawing, index Q is determined from the test results. These results
are also reflected in the computation of index V.
111) The base metal types of the columns, beams, diaphragms, and
frame dlagonal members and the grade of the welding rods used are noted
in the design references and installation outlines, If these are unknown,
various stresses of the welded joints are computated based on the values
of base steel SS41,
iv) The effective throat thlckness and the effective length of weld-

ing of the Joints composing the connections being investigated are
computed.
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Figure-8 shows a rigld connection of an H-type steel beam to the
strong axis of an H-type steel material as an example to be entered on
the form described above. The form to enter the details of thw welded
Joint composing the column-beam connection is shown in Figure-9.

UP-0 and 1 and LF-0 and 1 correspond to 1 of column 2 (types of welded
joints) of the form; beam end Tlange joint BM is ii, beam end webd joint
US-0 and 1 are 11; diaphragm-flange Jjoint USW and LSW are iv, diaphragm
web joint (refer to Figure-8).

The method of computation of the effective throat thickness (ae) and
the effective length of welding (b ) are shown below,.

The throat thickness of the welged Joint and the fillet size are
derived from an average of the respective welding lines. If the forms
of the welding beads are not uniform, the number of sites where
measurements are taken (as shown in Figure=~9) is increased appropriately

and the average of these measurements is computed. -

o L L Tt —— —_—m

Notes: 0: outside
A I: inside

U: upper side

gl L: lower side

: stiffener (diaphragm)

c
?
=
7?\‘"'"
o

F: flange

W: web

B: beam

Figure-8,
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1. size
2, throat thickness
3. average
4, a = a (butt=welding) or
© = MIN 5/ 2,a (fillet-welding)
5. sizes of the column and beam materials
6. column
7. beanm
8. (nots) butt-welding: a is thickness of the flange (or a diaphragm)

and S is the size of the reinforcing filllet.

a) For a butt-welded joint.

The effective throat thickness (2 ) is set at the thickness of the
base metal. ©

The effective length (b ) of the weld is figured from the material
used as the base metal to ge butted when the edges of the weld are
treated in the end tab or sufficient cireular welding is performed.

When treated with methods other than those above, 2 a 1s subtracted
from the weld length, 1In butt-welding without scallops :n the web of
the beam end flange jolint, a complete welding effect 1s not expected
unless special processes are applied to the bevellng and backing metal
of the beam flange. Therefore, (btw + br) of the entire width is

subtraected from be.

btw is the web thickness and br %s the radius of curvature of the
beam fillet section.

The reinforcing fillet welding of a butt welded joint at the T and
cross jolnts is effective in preventing cleavage 1n the direction of

the plate thickness. The size (S) of such a weld is determined and
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incorporated in the evaluatiqn of index Q.

b) Continuous fillet-welded joints.
The size and throat thickness of fillet welds are determined at

each site using a medium gauge. Sl and 52 shown in Figure-10, Size,
are measured and a smaller figure is used.

Figure~10.
-;;,gsgm v— NI

)

S:|

m — 10

1, Cross section of the bead in fillet-welds.

The average of the size and throat thickness determined at various
sites on the welding line are called s and a, respectively, and the
smaller of 0.78 and a becomes the effective throat thickness (a )e

The effective length (b } of weld is the width of the material to
be welded in complete boxing: and the weld length minus 2 X
(the size of the fillet) in other types of welding.

If there are no scallops in the beam web and diaphragms and the
fillet weld is applied to the entire periphery, the following computations
are performed:

A) inside of the beam and flange joint (UF-1, LF=1)

be = bB - (btw + br)

B) beam end web joint (BW-1, BW=2)

= bh - br

C) diaphragm-flange joint

be = dB - (ctw + cr)
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where bB, dB, and bh are the dimenslions shown in Figure—Q; while
ctw, br, and Cr are beam web thickness, column web thickness, radius
of curvature of the fillet of the beam member, and radius of the
curvature of the fillet section of the column member, respectively.

The effective throat cross section of the welded joint (Ae) 1is
computed in the following manner:

Ae = ae x be

Breaking axlal strength, wPB and two breaking-shearing strengths
wWQRB's are computed for each welded Jjoint, based on the type of steel
for the base metal observed in item iil; and using the effective throat
thickness (ae) and effective length of welding (be) of the welded
Joint investigated in item 1iv.

In the following instances, however, lndex Q is rated D regardless
of the weld length and thickness:

A) The welded joint specified to be a butt-weld on the drawing
is found to be a continuous fillet-weld with an effective throat
thickness (ae)(investigated in item iv) that measures less than 0.5 X
(thickness of the base metal to be butted);

B) If the jolnt specified to be butt-welded is found to be a block
fillet-weld during the test of itm 11, other connections are also in-
spected by similar methods to determine the types, effective throat
thickness, and lengths of their welded joints.



Figure-11.

For instance, dat the column-beam connection shown in Figure-ll
(where an H=type steel beam is bound with a rigid connection to an
H-type steel box column with a cover plate). types and effective throat
thickness and lengths must be investigated on all the joints in the
section corresponding to A-I. However, the welded jolnts corresponding
to ¢, D, and E cannot be investigateduby an external inspection (deter-
mination of the type of welded joint corresponding to D is possible
using an ultrasonic flaw detection method), The ultrasonlc flaw
detection method is needed for accurate determination of welded types
of Joints corresponding to F, G, H, and I. These welded Joints are
comprehensively evaluated based on the results of the ultrasonic flaw
detection method, external observations of A and B (F, G, H, and I as
well), detalls of the drawlings, detaills of the construction outlines;

and the conditions of the construction.
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v) The findings on each welded joint are rated as (a), (b), or (e¢)
at each ltem of evaluation for respectlive joint types. These ratings
are necessary to deternine index Q and must be entered on the form.

The item entitled "treatment of the edges of welding" describes the
construction condltions of the butt- and continuous fillet-welded
joints. The former may be (a) treatment of the end tab, (b) in boxing,
and (c) in the manner shown in Flgures-l2 (a), (b) and (c); the latter
may be (a) treatment in boxing or (b} without boxing but in the manner
shown by Figures-13 (a) and (b)., PFigure 13 (a) shows an example in
which scallops are created for web treatment assoclated with'beam and

flange welding.
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Reproduced from
bzft available copy.

(e)

(a) end tab treatment

(b) boxing treatment

{c) an example of
welded edge treatment

(butt-welding)

Figure-12, Examples of welded edge treatment

(butt=welding)
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() treatment in boxing

it

5 R R
iy s hers c ,,\..:3

(b) without boxing

Figure-l13., Examples of welded edge treatment
(fillet-welding)
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Example 5.
The beam end welded jolnt shown 1n‘Figure-14 is evaluated according

to the results of the investigation.

e

-

H

| |

=k

1 —
L

N Y

"% golumn H=300 x 300 x 10 x 15 (r =18)
* bean H=600 x 200 x 11 x 17 (r = 22)
* steel SSK1
for computation of stress
€Y = 2,64 t/cm3
6B = 4,51 t/em3
Figure-1l4

(The results of the investigation) The following was discovered from

the results of the lnvestigation:

l. Continucus fillet-welding was applied to both sides of the bean
end flange joint. The welding thickness was S=Omm (the architec-
tural design specifies butt-welding).

2, Continuous fillet-welding was also appliéd to both sides of the
beam end web joints. The thickness of welding was S=Hmm (the
architectural design specifies S=1llmm)},

3+ Scallops were absent at the beam web (the design calls for scallops
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measuring b = 35mm).
L, The column and beam sections meet the design specifications.
1) Preliminary cumputé.tions.
A) Beam end flange Jjoint:
effective throat thickness ae = 0.75 = 0.7 x 0.9 = 0.63cm
effective length of the weld
exterior be = 20cn
interior be = bB - (btw 4 br)
20 = (1.1 + 2.2) = 16.7 em

fn

B) Beam enfi web jolnt
effective throat thickness ae = 0.7 S = O.42c¢cm
effective length of weld be = bh - by = (60-3,4) - 2,2
= 54.4 cm
ii) Evaluation of bending resistance,
A} Maximum bending moment of the beam end MB-

1
MB = (Ae) flange x H x T— ¢B
3
(be)2 wed 1
+ 2 (aE) Wed X oo s mmmmw- - x: /B
b v 3

0.63 (20 <+ 16.?) X 60-0 X 0.5?7 X 4051
+ 0.5 X 042 x (54.4)2 2 0.577 x 4.51
3610 4 1617 = 5227 tecn

H

B) Total plastic moment of the beam MY
MY =1l.15x2x Y

C) Stress increase rate at the joint b7m
I ]
MB 5227

n

MY 7863
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1ii) Evaluation of the shearing resistance.
A) The maximum shearing resistance of the beam end QB

1
QB = (2 se x be)J::ch
3

= 2 x 0,42 x 544 x 0.577 x 4,51 = 118.9 t
B) shearing resistance of the beam QY

, 1
QY (E -~ btf) btw X~=== Y
=

3

]

C) stress increase rate at the joint b7 s

QB 118.9
D758 = wew = wacaae = 1,22
QY 977

Eiample 6.

The bending reslstance af the column end welded joint is evaluated
according to the test results when a box column, a steel H-column to
which a reinforcement plate (a cover plate).is welded, is subjected to

a bending stress along a weak axis (as seen in Figure 15):
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A A
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L B
‘h 5
|
S — | Beedl. ==
1T T
H/n.lz
AV
Bta.
"_' =2 Pri=T L —}

TR
S=6m,a, =42m)

= ‘ HizM> 3 » 2

* column H-300 x 300 x 10 x 15 (r =18)
cover plate 2 - H 12
* beam H - 600 x 200 X1l x17 (v =22)
* steel Ssk1
for computation of the resistance €Y = 2,63 t/em2, n
£B = 4.51 t/em2
Flgure.ls
l. cover pPlate, 2, fillet-weld, 3, H-steel flange.
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(Results of the investigation) The following were determined as the

results of the investigation:

l. The c¢olumn has a closed B=type cross section with a cover plate;

2,

3e

but continuous fillet-welding is applied on one side of the column

cover plate and the beam flange (with box welding); and the welding

thickness was S=6tmm (butt=-welding was specified in the plan).

The dimensions of the column members, beam members, and cover plates

conformed to the plan.,

The bullding is low and the column axial strength need not be con=-
sidered, |
i) preliminary computation.

11)

Coiumn end flange Jjoint

effective throat thickness ae = 0,7 S8 = 0,42 cm
effective weld length be = E - 2 ctf = 30 = 3 = 27cn

evaluation of the bendling resistance
The bending resistance of the column end joint in the column
weak-axis direction is determined by : (a) the bending resistance
determined at the welded section of the column cover plate and (b)
the bending resistance borne by H-steel flanges (2) {Figure 24,
cross section A-A),
A) The maximum bending moment in the direction of the week-axis
determined at the welded section of the column cover plate wMB
The axial tenslle strength of the welded column cover plate sec-
tion, wPB,is:

WPB = Ae i?%’ dB

= 0,42 x 27 x 0.577 x 4.51 = 29.5 t
therefore, fhe maximum bending moment i1s shown in equation (1):
WMB = wPB x (¢B 4 ae)

29.5 x (30 + 0,42) = 897 t.rm . (D)
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B) The maximum bending moment, MBf, in the direction of the column
weak axis, borne by H~steel flanges (2) 1s shown by equation (2):

ctf x ¢B2

MBf = 2 mmmmme= S B
L

]

2 |
= 0.5 x 1,5 x 30 x 4,51 = 3044 t.om (2)

WwPB does not reach the ylelding axial strength of the column
cover plate, ¢PY = 85.5 tons. Therefore, equation (3) is
adopted to express the maximum bending moment, MB, in the
direction of the column weak axis.(note)
MB = MAX (WMB, MBf) = 3044 t.om
(note) When wPB exceeds the yielding axial force of the column
cover plate, cPY (85.5 tons), the following is used: MB=wMB«MBf
C) When the contribution by the H-steel web is ignored, the total
plastic moment 1n the weak golumn axls direction, MYy, is
expressed by the following:
ctf x cWe
MYy = 2 ----—Z----‘fI + 27 x 1.2 x (30=1.5) x §Y

1782 + 2438 = 4220 t.cm

]

D) The column resistance increase rate, ¢ *m, at the column end

(Figure 15, cross section A-A):
MB 3044

crm = E emmmmmem—ns 0,72
MYy 4220
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5) PFastener joint.
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2.
3
L,
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6.

7.
8.
9.
10,

11l.
1z,
13.
14,
15.
16,
17.
18.

19,
20,
21,

22,

23,
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Table 5, Items of evaluation for fastener jolnts.
(important matters)
items of evaluation
contents of evaluation
1) resistance strength of the connection
final bending moment, MBx, of the beam and column Joints in the
direction of the strong axis of the member,
Y, the ratio of MBx, the result of the actual investigation of MBx,
to o MBx, that shown in the architectural plan, is computed.
(General matters)
The results of the investigatlon
rating of the results
1) conditlons of the joint (I)
Use of fasteners other than those indicated in the plan,
not used
not known or less than 0,15 n* are used
more than 0.15 n%* used
b) whether there are empty fastener holes
none
less than 15% of the holes are empty
more than 15% of the holes are empty
c¢) whether the number of fasteners corresponds to that specified by
the drawing
the number match es that of the drawing.
differs from that of the drawling
2) conditions of the joint (II)
a) it of the connection
no separation

slight separation




2k,
25.
26,
27.
28.
29
30.

31.
32.
33.
34,
35
36.

37.
38.
39.

h1.
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separation is evident

b) corrosion

almost none

a falr amount of rusting observed

extensive rusting on the entire surface

¥ n: the number of all the fasteners at the connection

Table 12, Individual evaluation of the fastener joint (evaluation
of Table 5),

(important matters)

1tems of evaluation and the conditlons observed

individual rating

1) when the resistance of the connection is s < 0,7

(general matters)

In the conditions of joint (I), values, 4 and 2, are given to (c)
and {b), respectively; based on these values, the following ratings
are assligned,

Items of evaluation and condltions observed

individual rating

1) the figure assigned to the conditions of joint (I} and 2) to
joint (II) are over U4; or the sum of the two is over 6

none of the above,
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The items of evaluation of a joint with & fastener are roughly
divided into 3, among which resistance of the Joint belongs to the
(important matters).

In the evaluation of the joint resistance, attention is focused on
the possible deviation of the joint condition from the specification
in the original plan.

In the evaluation of the (general matters), 1) methods of installa=-
tion of the fastener i1s observed in the "condition of the joint (I}";
and 2) the general condition of the entire connection is studied in
the “condition of the joint (II)". .

The content of the observation of (I) is believed to be more sig-
nificant than (II) in the structural resistance of the joint. Therefore,
more welght is given to (I) in the individual evaluation of the joint.

"Appendix 1, Forms to Enter the Test Results (No,1l0) and (No.ll)"
are used to record the results of the evaluation of the Jjoint fasteners.
In form (No.10), the details of the joint section are drawn and appropriat
columns are filled. The items to be entered are:

&) sections and their dimensions of the connected members
b) position of the joint
c) the form, dimension, and plate thickness of the splice plate,
d) positions of the bolts (pitch and distance from the edge)
e) types, diameters, and the number of fasteners
In the above items, the figures listed in the architectural plans are
also entered in the form. The fastener hole diameter, unless measured
by removing the fastener, 1s recorded as fastener dlameter plus 2 umm,
The resistance of the connection is computed from the above items,

The computations are made by using Equations (5), (6), and (7) of
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Appendix 2-1 and those of (33) and (34) of Appendix 2-6.
In the evaluation of the connection resistance, both the value derived
from the details of the connection indlicated in the a?chitectural Plans

and that based on actual examinations are computed and §» the ratio of

the latter to the former, is derived.

If the Jjoint in question 1s mostly subjected to stress in the axlal
direction or to shearing forces, the resistance of the Jjoint to these
external forces is computed, Therefore, in the investigation of the

fastener joint of a rigid axial bracing member, for instance, the

tenslle strength in‘the axial direction is evaluated in testing the
resistance of both the connection and the members

If the diameters of the high strength bolts, rivets, and other
bolts are not known, determination of the diameter, D, of the round
head section of the rivet or the width between two sides of the bolt
head or the nut, B, and reference to Key Table~2 establish the diameters

of these bolts and rivets.

The diameter of high strength bolts, H, wlill be used as its diameter,
d, as the two are ldnetical,
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Key Table-2. The relationship between the (normal) diameter of
the fastener and the width between two sides of the

head section, B, or the head dlameter, D.

/ 3 ! 3
7 A+ 2}51 jj q:':'ﬁt’l'l‘ Y2y b Ty AF=-0 'Epl.jj I:Flrﬁflf}‘ ﬂy,\-'yl_
~ DB FALB B (m) (D (m) & FePB LB (m) | D (m)
(B ¥) (nn) (P2 T) (=)
M10 17 16 |w 35(109) 17 16
M12 22 19| 18 [w L0130 21 21 | 21
M16 27 24 | 25 (W %16 26 26 26
M 20 32 80 | 82 {w ¥ s 82 32 30
M 22 36 82 | 85 W Lg(224) 85 85 85
M 24 a1 86 | 88 (W 1(25¢) 41 41 40
M 27 41 39.5 |wilg(28¢) 46 45
M 30 46 | 425 |wilg(s2¢) 50 51 |

= O =
B D | | :
1. the diameter of the fastener
2. high strength bolt B
" 3. medium bolt B
b, rivet D
The results of the investligation of the connection conditlions are
entered on form (No.ll). The investigation is mainly performed by
external examination. The content of the specific findings are listed
in form (No.ll). The condition of the fastener opening cannot usually
be determined unless the fastener i1s removed; but, if the dimension

is lnaccurate and the openings are marred from the use of a reamer

or cut by flame, the evidences of such brocesses are evident and
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external observation may be sufficient. Extremely poor conditions may
affect computation of the resistance strength of the connection. In
such instances, investigatlon by detachlng the Tastener ls necessary.

Even when the entire connection section is coated, a lapse of time
and development of rust make the observation of the condition of the
fitting surface of a high strength bolt extremely difficult. In such
instances, the item may be omitted.

Example 7.

Example of deviation of a beam Joint made of rolled H~steel H=-350 x
175 x 7 x 11 (S S 41) 1s evaluated. Its design is shown in Figure-16,

Figure=l6.

A
¢ oo
AR
ad_70 | 70 |40
_J\f

oo o
o6 6o

Aslaol 95_(50 |45
- 305

Flange connecting section

high strength bolt 4 = N 20 (F 10 T) (one side)

splice plate 1. 6émm x 305mm x 175mm

splice plate 2. 6mm X 305mm x 65mm, 2 plates

pitech p=60mm, distance from the end ele45mm, distance from the edge
eZ=35mm

Web connecting section

high strength bolt 3 - M 20 (F 10 T) (one side)

splice plate 6mm x 220mm x 165mm, 2 plates
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pitch p=70mm, distance from the end el=40mm, distance from the
edge, e2<40mm

(a. Wnen the condition matches the original design)
The resistance of the connection is computed according to the de-

tails shown in Figure 1l6. There are no data concerning the bolt hole

diameter and (bolt diameter + 2mm) was used in the computation.

& Pofl = 1PBfl = Ae x 6B = { (17.5 = 2.2 x 2) +2 (6.5 - 2.2) | X 0.6 x 4,51

58.7 ¢

& PBf2 = 1PBf2 0?5nxmxA15xbo’B=O.75xl+z2x3191'

© 3(3 PBf "BIPB? = 5% 7 t 3 3

n

)

= 207t

X
3t
@FPBwl = 1PBWl = Ae¥*l Xo'B =[35 = 2 (1.1 4 1.4) = 3 x 2.2) x 0.7 x 4,51
92 PBW2 = =lgw§._0?5nx4_r%xAbxbo’B=0?5x3x2x31’+xll 155 t
©PBw2 = 1PBW2 = n x el*x t x¢B =3 x 4,0 x 0.7 x 4.51 = 37.9 ¢
°PBw = 1PBw = 37.9 t
Notes * 1: Considering the external force in the direction of the
membexr axis, the effective cross section of the web section
isvtaken in the direction perpendicular to the member axis,
If Hesteel is used, the figure derived by subtracting the
bolt hole area from the web portion between the upper and
lower web fillet edges and the smaller figure of the
effective cross sectlon of the splice plate in the same
direction is used,
2% Conslidering the axial direction, the edge distance in the
same direction is used in the computation of the web section
resistance. _ |
The maximum bending moment of the connecting section and the total plastie
moment of the conhnected member are computed as follows:

OMBx = 1MBX = (1PBf + 1/8 1PBw) X H = (58.7 + 37.9/8) x 35 = 2220 t.om
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g ¢ =1.0
(b, When the fastener used differs from the drawing)
When medium M20 bolts are used at the flange and web sections instead
of high strength bolts, the values of 1PBf2 and 1PBw 2 are altered from
the above computation.

1PBf2= 0,75n x m.x Ab X be¢B =0,75 x4 x2 X 3.14 x 4,51

= 85.0 t » 1PBfl = 58,7 ¢
1PBW2 = 0,75 n T m X Abx b¢B=0,75x3 x3 x 3.14 x 4.51
‘= 63.7 t > OPBWZ = 37.9% |

Therefore, there is no change in the computation of the resistance of
the connection. However, the rating of (A) of the general matters, the
condition of the connection (1) becomes (c).
(c. When the position of the bolt hole 1s inaccurate and the distances
from the end in both the flange and web are smaller than the figures
given in the design).
e of the flange is set at 30mm and that of the web at 35mm. Further-
m%re. actual flange web thicknesses of the beam are 10.2mm and 6.3mm.
Considering the results of the computation of a, 1PEf3 and 1PBW3 are
computed.

1PEf3 =nxel xt x B=4 x 3,0 x1.02 x 4,51 = 55.2 ¢t

1PBW3 =nxel x B=3 X 3.5 0.63 1 4.51 = 29.8 ¢

Therefore, the following is deducted: 1PEf=1PBf3=55.2 t, LPBW=1PBw

=1PB w3=29,8 t.

iMBx = (1PBf + 1/8 1PBw) x H = (55.2 + 29.8/8) x 35 = 2062 t.cm
OMBx = (oPBf + 1/8°PBw) x E = (58.7 + 37.9/8) x 35 = 2220 t.cm.
" = 1MBx/oMBx =2062/2220 = 0.93
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(de When the flange joint takes the form of a single shear connection
using a splice plate measuring 12 mm in thickness attached outside and
a medium bolt M 20 is used as a fastener)
The distance from the edgehand pritch are made identical to that used
in a. Normal figures are used for all plate thicknesses.

IPBfl = Ae x 4B = (17.5 - 2,2 x 2) x 1.1 x 4,51 = 65.0 ¢

]

IPBf2 = 0.75 2 n xmxAb xboB=0.75 x4 x1x3.14 x 4,51 =42.5¢
/- 1PBf = 1PBf2 = 42,5 ¢

1MBx = {(1PBf 4 1/8 1PBw) x H = {(42.5 + 37.9/8) x 35 = 1653 t.cem

" = 1MBx/o MBX = 1653/2220 = 0,74

The medium bolt is replaced with a high strength bolt for improvement,
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6) Diagonal bracing of the frame.

Table 6. Items of evaluation for diagonal bracing materials.
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Table 6, Items of evaluation for diagonal bracing materials.
l. important matters
2. items of evaluation
3. contents of evaluation
4, 1) Stress
A) tensile resigtance, PBl, at the effective section of the
bracing material
B) Stress, FB2, of the bracing material and gusset plate connecflons
C) stress, PB3, of the gusset plate
D) stress, PBY4, of the gusset plate and column or beam connections
The minimum value among A) to D) is called the maximum tensile
resistance, PB, of the bracing material.
5. the ratio of 1PB derived from the actual investigation of PB to
OFB indicated in the drawing becomes /.
6. general matters
7« items of evaluation
8. rating of the results of Ainvestigation
9. 1) conditions of the member
A) deflection and luxation
10. none
l1l. barely noticeable
12, ineffective as the bracing
13, B) corrosion (reduction in the cross section)
14, almost none
15. less than 10%
16. over 10%
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Table 13. Individual evaluation of the bracing material {evaluation

of Table 6)
1. important matters
2.,items of evaluation and description of the conditions
3. individual rating
ko, 1) stress

iftr< 0.7

5. general matters
6., description of the conditions
7+ individual rating
8. no (c) and less than 1 (b)
9. if [the number of (c) + 0.5 x-{the number of (bff) >1

10. none of the above.

The diagonal bracing materials investigated here are light materials
such as round and angle steel. The evaluation includes not only the
braclng materials but also the connectlions of the bracing to the gusset
plate, and gusset plate to the column or beanm,

When H-type steel or steel plpes are used for dlagonal bracing, they
are treated as 1f they are column or beam members. Their jolnts are
evaluated according to the methods applied to the fastener joints and
thelir connections with columns and beams according to those applied to
the column-beam connections.

The stress of the bracing is included in the important matters. The
stress discussed here is the ultimate stress of the above described items
and 1s derived from equations (35) to (40) of Appendix 2-8 using the
actual dimensions of each part. Therefore, the purpose of examination

1s to obtain the data necessary for these computations.
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" When the dimensions of each part are determined, the ultimate stress
of the bracing is computed. In this computation, the tensile stress |
of the effective section of the bracing, stress of the connection of
the bracing materiai and the strap metal, the stress of the connection
of the strap metal and gusset plate, stress of the gusset plate itself,
and stress of the coanection of the gussel plate structure are computed.
The minimum of these 1s called 1FE,

If the bolt hole diameter is not investigated, an axlal diameter +
2mn is used. When 1PB is determined, a theoretical figure of the ultimate
stress, OPB, i& derived from the figure on the drawing of the same sectlion.
From this ¢ =1PB/0PB is computed.

The stress is evaluated based on the deviation of the state of the
shaft bracing, including the associated connections, from that shown
in the drawings.

If, in the result of the investigation of the "Important Matters,”
is less than 0.7, the brading in question is rated D in its individual
evaluation.

If the rating is not D, the results of the investigation of the
"Important Matters: are used in the computation of IAdex V,

In the examples in which round steel was used for bracing and the
members were butt-welded near the turnbuckle (as in Figure-l1l7), none
has been found welded in a proper manner in the past investigations on
earthquake damages. Such a method of welding is totally unreliable

in stress reslstance and the bracing is considered ineffective. Sub-

sequently, a rating of D is given in the individual evaluation.

g i ; G Figure-17

Among the "General Matters", the conditions of the members and corrosion

xre evaluated.
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In the investigation of item A) deflection and luxation among the
.General Matters, the rating ls decided in the following manners: luxa-
tion of the ‘bracing is frequently observed in light tension bracing
structures;: when luxatlon exlsts in the bracing, such a structure not
only fails to bear the 1nitial horizontal force but may invite rupture
of the bracing members and connectlons due to an impact of tensile force
during an earthquake; mith the angle of the bracing set at 450 ,» luxation
of the bracing, e/], (deflection at the center of its length), corres-
ponding to the between layer displacement angle of the frame of 1/500,
is roughly computed to be 2.6/100., From this e/ value, the following
criteria are set for evaluation: (a) less than 1/100, (B)1/100 io 3/100,
and {c) over 3/100. '

"Appendix 1, Form to Enter the Results of Investigation {No.l2)" is
used.

The investigation includes the bracing materials as well as theilr
end connections. Therefore, dimensions of each sectlon, including those
of the connections with the columns and beams, are determined and entered
in the drawings. The dimensions shown 1n the drawings should also be
included as much as possible,

Example 8.

(The results of investigation)
l, Conditions of the connections.

Filgure-18 shows the results of the invesiigation of the methods of
connections and ocross sections of members, The comparisons between
the actual dimensions and the values shown in the drawings are in Key

Table=3,

No deflection or luxation of the bracing was noted. The steel type
1s S 3 L"lc
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Figure=~-18.
1. * the value in the drawing 1s 40,
2. beam H-400 x 200

Key Table=3.

i

/& & @& AR W f(#
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VA | ] 88541 (op=4.511/cd)

1. values of the drawlings.

2. acfual dimensions
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3. ¢ross section of the bracing

area of the cross section Ag (cm2)
4., high strength bolt hole diameter
5. (estimated)
6, gusset plate thickness

7. Tillet-welding thickness of the gusset plate and frame
8. high strength bolt ‘
pitch (cm)
distance from the end {(cm)
9. left
10. steel type

i1. Computation of the stress.
A) the maximal tensile force PBl involving the effective cross
section of the braclng.
designed value OPBl = Ae X ¢ B =2 x (19,0 - 2,35 x 1.0) x 4,51
=150 ¢
2 X (17.9 = 2.4 x 0.96) x 4.51 = 141 ¢
141/150 = 0.9%

actual value 0PBl
s, Y = 1PB1/0PBl

B) Stress, PB2, on the bracing and gusset plate connectlon
stress on the end section of the angle steel
designed value OPB2 = nxe xt xsBx2 = 3x 4.0 x 1.0 x 4.51
x2 =108 ¢

where n : the number of fasteners
e : distance from the end
t : plate thickness

actual dimension : 1PB2 = 3 X 3.0 X 0.98 x 4,51 x 2 = 79.6 ¢

Ao € = 79.6/108 = 0474
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Stress on the high strength bolt:
OPB2 = 1PB2 = nxmx 3/ AbxbéB=3x2x3/%x3.80x11
=118 ¢t
where n: the number of fasteners
m: the number of frictlon surfaces.
Ab: area of the cross section of the fastener shaft
bcB: tenslle strength of the fastener
S V=140
C) Stress, PB3, of the gusset plate.
evaluation at the a-a section of Figure-lB.
designed value: OPB2 = e x t X ¢B = (16.2 ~2.35) x 1.3 x 4.51
= 8l.2 ¢t
actual value : 1PB2 = (16.2 = 2,2) x 1.27 x 4.51 - 7.0 t
‘e V= 79.0/81.2 = 0.97
the end section:
1PB3 = 3 x 4,0 x 1,27 x 4,51 = 68,7 t
D) Stress on the gusset plate and frame connection, th
OPB4 = 1PBY = (28 +9) x 2 x 0.7 x 0.9 x 4.51/V 3 =121 t
= 1.0




7) Column RBRase,
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Table 7., Items of evaluation for the column base
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Table 14. Individual

Table 7)

evaluation of the column base (evaluation of




1.
2
3e
L,

5.

6.
7
8.
9.

10.
11,
12,
13.

14,

15.
16,

17.
18,
19.
20,
21,
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(important matters)
items of evaluatlon
contents of evaluation
1) column base

the sum of the effective surface area of the anchor bolt sectlon
compute the ratio, y, the sum of the effective areas of the sectlons
derived from harmonic analysis to that indicated by the drawing
(general matter)
items of evaluation
rating of the results of the investigation
1) column base

i) column base with a footing

A) whether the thickness of the conerete footing is sufficlent
according to the drawing specification *1

sufficient
insufficiency is less than 15% but the thickness is > 5 cm
insufficiency is over 15 % or the thickness is < 5 cm
B) whether the height of the concrete footing is sufficient according

to the drawing sprecification *2
sufficient

insufficlency is less than 15% but the helght > x column diameter
1nsuffic1encyvls over 15% or the height < 2 x ¢olumn diameter

C) cracking of the concrete
hairline cracks

somewhat larger cracks
extremely large cracks

D) a rusting condition of the steel-skeleton above the concrete

(reduction in plate thickness)



22,
23.
2k,
25.

26,
27,
28.
29.

30.
31.
32,
33.
34,
35
36,
*1,

*3

1.
2,

3.
.
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hardly recognized

less than 10%

over 10%

11) column base without footing

A) whether the number of the effective anchor bolts differs from the

drawing specification *3

the number dces not differ or more bolts are used

not known or reduced by 20%

reduced by over 20%

B) whether the diameter of the anchor bolt differs from the drawing

specification

meets the specification or the diameter is larger

unknown or the diameter is reduced by 15% or less

the diamete? is reduced by more than 15%

C) rusting of the column base section (reduction is plate thickness)

hardly recognized

less than 10%

over 10%

*#2 : If the overlay thickness and the height are insufficient even
when the actual dimensioné meet the drawing specificatlon, a
rating of (b) is given.

: If no nuts are attached to the anchor bolts or nuts are found
to be ineffective, the anchor bolts are rated ineffective,
Table 1l4. Individual evaluation of the column base (evaluation of
Table 7)
(Important Matters)
items of evaluation and an observation of the results

indlvidual rating
1) column base y'< 0,7
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5., (General Matters)
6. observationcof the results
7. individual rating
8. no (c)'s and more than 2 (b)'s
9, the number of [(c)'s + 0.5 x { the number of (b)'s}] 2 2

10. none of the above

The column bases are roughly divided into two types=--those with foot-
ings and those without. When the footing exists, investigation is
limited to an external examination due to difficulty of making repalrs
after chipping the concrete for 1nﬁestigation. as well as the possibillty
of causing serious damage such as crackling of the base slab in the
pProcess of chipping.

Therefore, the data from the drawing are entered for the sectlon
covered by concrete. The major items to be observeg in Fhe investigation
are: the height of the concrete footing, thickness of the covering on
the steel skeleton, conditions of corrosion of the steel skeleton column
over the concrete surface, and cracks in the concrete.

Specific notes on each item of investigation are given below:

1) The thickness of the covering of the concrete footing.

Consldering the possibillty of contact of the column base portion with
the earth and the distribution of the strutures, more than 7-8 cm is
necessary for the minimum thickness of the covering. The present evalua=-
tion adopts a minimum coverlng thickness of 5 in accordance with the
"Standard for Computation for Steel SkeletonwSteel Reinforced Concrete
Structures" proposed by the Japan Society of Architecture. ;

11) The height of the footing.

According to the results of past experiments, a foot height which

- 1s 3 times the diameter of the column is believed to be sufficlent to
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provide rigidity and withstand stress forces. Columns measuring more
than 200mm in diameter are often used and twice this figure, 500mm or
over, should be sufficient as the height of the footing to maintain its
rigidity and stress force, Therefore, the standard was set at the
diameter of the column x 2.

1ii) Cracking of the concrete footing.

If cracking is noted in the concrete footing, the extent of these
defects are determined by the wldths and lengths of the ¢racks. These
findings are recorded on the drawings.

iv) The number and diameters of the anchor bolts,

Examination of columns with no footings is relatively easy and can
be readily compared with the detalls in the drawings. An 1hvestigation
includes the number of anchor bolts, thelr diameters, and the conditidns
of reinforcemenf applied to the columns and base plates.

The investigation is not limited to the quantity and diameters but
includes a determination of the actual effectlveness of these bolts., If
the thread section i§ unmarred, unusually clean, or projects more than
usual, it is possible that a sham bolt was merely inserted later. A
nut too large which does not fit the bolt may be used. Special attention
must be pald to these conditions.

v) Corrosion of the column base.

If corrosion is noted in the column base section, rust is removed
using a wire brush and reduction of the thickness of each section and
the extent of corroslion are determined.

vi) Condition of reinforcement of the column base section.

The types of reinforcement format are entered on the form, If the
reinforcement materials are Soined by welding, whether by butt- or

fillet=-welding,it 1s noted in the Note Secﬁion and the size of the weld
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is examined. If the reinforcement is joined by rivets or bolts, its
relationship to the archltectural plan is recorded.,
vii) Determination of each dimension.
Determination of the dimensions of parts such as column members,
base plates, reinforcement rib plates, anchor bolts (and their positions},
concrete footings i1s made using one or more of the followlng: a yard

stick, tape measure, gauges.

Modification of the Data from the Investigation to Be Applled for
Computation of Index V.

As a rule, the results of the investigation of the (Important Matters),
unless D is given ¥n the individual evaluation, are reflected in the
computation of Index V. The basic concept of incluéion of these data
and the methods of lnclusion concerning each item of lnvestigation are
detalled in the following,

"Appendix 1, Form to Enter the Results of the Investigation.vSummary
of the Investigation for Determination of Index V" is used in this process.

If there is & dlscrepancy between the results of the investigation
and the architectural plan specifications, the cause for such a dis-
crepancy 1s investigated first; then it is determined whether such a de-
viation 1s locallzed or entensive affecting the entire structural frame,

If the discrerancy 1ls localized, the information concerning the
structural frame 1s partially modified. If necessary, the number of
investigatinn sites can be lncreased, Yneh the results of investigation
items--such as reinforcement of the panel section of the column-beam
connection, presence or absence of the diaphragm and its connection, types
of welding and its effectlive cross sectional areas, and installation of
the column base--indicate possible involvement of the entire structural

frame, the values indicated in the architectural plan are extensively
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modifiéd, based on actual observations of these items, prior to com-
putation of Index V. Consldering factors such as the accuracy of the
determinatlon, er?ors at the time of construction, tolerance of the
members, and accﬁfacy in computation of Index V, deviations within #l5cm
in the dimensions of the shaft parts and within 10% for other items are
ignored and the values indicated in the architectural plan are used in
the computation. -

1) General frame structure.

The actual structural dimensions of items such as spacing between
column members in the directions of girders and beams and floor heights
a re used as they are in the computation.

If a defect exists in a major member, this fact and the dondltion of
the frame around the member with such a defect are reflected in the
computation. 7

1i) Functions of the cross sections of columns and bemas.

If the findings on the areas of the cross sections and cross section
coefficlents of the members differ from the architectural plan specifica=
tions, such findings are reflected in the computation. It is recommended
that an average of the actual value and the architectural plan value
be ceomputed for each member, such as a c¢column or beam, and used as the
modifying coefficlent,

1ii) Column-beam connections.

The actual value of the connecting panel equivalent panel volume,

Vp, 1is reflected in the computation of Index V. In this instance, the
medification coefficient used in the computaticn 1s derived from the
ratio of the actual value to that indicated in the architectural plan,
The person in charge of the'investigafion decides, according to the

condition of the structure, whether a modification coefficient is derived

for each combination of column and beam or an average from 2ll the data
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is used.

iv) Welded joints.

If the types of welded joints, effective throat thlickness, and
effective length of weld differ from those indicated on the architec-
tural plans, the results of the investigation are reflected in the
computation of Index V. The methods are shown below:

A) Types of welded joints.

If bhe result of the investigation shows that butt-welding which
was stipulated on the architectural plan has been replaced by continuous
fillet-welding even at a single Jjoint, all the'butt-welds shown on
the plans is replaced by continuous fillet-welds for the computation
of Index V.

B) Effective throat depth.

If the.result of the investigation shows that butt-welding 1s applied,
the plate thickness of the butted base member is used as the effective
throat depth. |

If application of continuous filllet-welding is found, -ah average of
the throat depth of one site and that of the opposing site and the
average of 0.7 x (the result of the measurement of welding thickness)
are computed for each joint (such as beam and flange joint, or beam end
web joint) and the smaller of the two 1s used as the effective throat
depth.

C) The effective length of a weld.

- The effective length of a weld is computed from the width of the
material welded and the condltion of welding of the joint (end treatment
of the welded joint and presence of absence of scallops).

In many instances, butt-welding which was specified in the architectural

plans has been replaced by'continuous fillet-welding. In these instances,
fillet-welding is applied normally in a single layer-single bath
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regardless of the thickness of the plate to be connected. Therefore,
investigation of several welded jJoints will give the general thickness
of the fillet=welds and subsequently the effective throat depth of the
general structure. By apprlying this effective throat depth to the
entire structure, the stress of the welded connections can be computed.
Similarly, the general condition can be surmised from the stress of the
effecﬁlve length of welding (used in computation of stress) of several
locations.

v) Fastener joints.

The Jjoint stress to be used in Index V computations is modified ac-
cording to the results of the investigation when deviations from the
architectural plans exist in types, diameters, number of fasteners,
forms and dimensions of splice plates, pitch, and distance from the
edge, with subsequent changes in the joint stress. As to the method of
meodification, the average of the minimal value of F’(the raio of the
joint stress derived from actual observations to that obtained from the
architectural plans may be multiplied by all the joint stresses. Or,

a ratio of the jolnt stress to the stress of the material to be connected
may be computed flrst; then the jJoint stress may be computed from thet
of the base material using this ratio.

If the v values vary over a wide range, the lowest flgure is adopted.
If the range 1s small, on the other hand, an average 1is used.

vli) Bracing materials,

The stress of the braclng is often determined at their connectlons,.
However, detalls of the connections are missing in many architectural
planE, For this reason, the actual stress of the bracing (including its
connections) becomes important in computing Index V,

The ratio of the minimal value among the uwltimate stresses computed

at various parts to the yielding stress of the bracing base materlal
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(without & defect in its cross section} may be determined; and an
average or the minimal value at each site of investigation may be used
to compute Index V.

vii) The column base.

If the detalls of the column base are found in the investigation, the
stress on the column base 1s computed in & pinned or locked position
using these details regardless of the specification of the plan. The
results of the investigation give only a few data and those with the

lowest conditlions are used in the computation.

2.5+ Total evaluation of Index Q.

Based on all the individual evaluations obtained in the actual in-
vestigation, Index Q of the structural frame is determined from Table 15,
In the evaluation of Indgx Qs the results of investigation of the "Im
portant Matters" have a higher priority.

Table 15. The ssandard of evaluation for on-site investigations.
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1, Classification of hhe individual evaluation obtalned at each site
of investigation

2. Indexz Q

3. "Important Matters"

4, A) among the "Important Matters", an individual rating of D is
glven to at least one site of investigation

5. unsatisfactory

6. the "General Matters"

7. A) no C's and the number of B¥s is less than N¥/3 for all test
results

8. B) no C's and the number of B's exceeds N¥/3 for all test results

9. C) the number of C's is more than 1 and less than N*/4 for all
test results

10, D) the number of C's exceeds N*/4 for all test results

11, unsatisfactory

N* is the total number of test sites.

Evaluation of Index Q is based on the results of 1nvéstigation of
all the sites for each test item,

These test results are expeessed as individual evaluations for each
test site. Therefore, each site and the results of individual evalua-
tioné of each test item are summarized in "Appendix 1, Form for Entering
Results of Investigation (No.l5)" prior to total evaluation of Index Q.

In filling in this form, the number of test sites, ni, is recorded
for each ltem so that the total number of test sites, N, is readily
derived through equation N=Y.ni. Detalled evaluation is needed for
the sectlon which is rated D, which will be cicled to call attention
to it. 1If a single D is given in an individual evaluation, Index Q

i1s labelled "unsatisfactory"., When an appropriate treatment has been
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applied to correct the condition, this rating of D ils removed and in-
dividual evaluations (A-C) derived from the observation of the "General
Matters" are adopted instead.

If no site is rated D in the individual evaluations, the indlividusal
evaluation at all test sites are summarized and total evaluation of
Index Q is (asishown in Table 15) is mede.

The total evaluation 1s based on the numbers of A's, B's, and C!s,
These alphabetic ratings for each test site are added prior to the total
evaluation, 1In the bottom row, the notes are entered which give com=-

prehensive results on the quality and aging changes.
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Section 2, Computation of standard anti-eqrthquake index V,

The standard policy for the computation.

(1) Computations are made on the girder spacing and beam directions
in the building.

(2) The present investigation excludes buildings constructed with
steel other than SSkl, SM4l, STK41, STKR4L, SM50, SM50Y, STK50, and
STKR50,

(3) In the evaluation of structural strength, l.1 times the minimal
tensile strength, the yielding pvolnt set by the JIS standard of the
above=listed steels, is used. In the evaluation of deformation function,
l.2 times the minimal value set by the‘JIS standard is used as the
Yielding point of the same steels.

(4) If the building is L~, T-, or J-shaped on a plane, the form is
broken into rectangles (or squres) and anti~earthquake index V is com-
puted for each rectangle,

(5) Computation of the standard earthquake resistance index is by
one of the following two methods:

A. according to "Standard for Anti-earthquake Resistance Investigations
of Pre-Existing Steel-Skeleton Bulldings (edited by Architectural
Instruction Section, Depabtment of Housing, Ministry of Construction
Chapter 2, Section 2 (Computation of the Standard Earthquake
Resistance Index V).

B. Computed by a computer using the program developed by Shizucka
Prefecture.

(6) The data sheet used in computation of V by a computer is prepared

according to the architectu ral plan.

If ltems are to be modified for computation of V subsequent to the

actual investigation (refer to Section 1), the data sheet is prepared
using the appropriate figures.
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Section 3. Form Index S.

1., General Topics.

Form index S f{hereafter called index S) is a quantification of factors
which have 11l effects on antiseismic capacity (such as complexicity of
the:iform) but which are not reflected in index V., It 1s intended to modify
inex Vv,

Computation of antiseismic index V is designed with an assymptlion that
the building has a standard form. Therefore, structural antiseismic
index, VR, of a building with a complex form must be computed with a
certain modification of index V. Index S is the modification coefficient
in such instances.

Among the factors which affect the antiseismic properties, those al-
ready inédluded in the computation of index V are excluded and the follow=-
ing 5 items are discussed.

A coefficient is given to each item so that, if its effect is to be
included in the computation of index V, it can readily be removed from
index S.

2. Computatidn of form index S.

Equation (1) is used in the computation of index S.

S=al xa2 xa3 x al x a5 (1)

Figures are given in the followlng paragraphs for coefficlents al to
a5. If these flgures are inappropriate, index S is set at 1,0, S 1is
not less than 0,8,

Index S is expressed as the product of the 5 coefficients explained
in the following. It is not below 0.8. The reason for setting the minimup
at 0.8 is that the product of the coefficient is not very significant and

simultaneous existence of many factors is unlikely.
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2.1, Coefficient,al,for regularity of the form.
When the bullding plan shows ah irregular form with an angle or a
projecticn and the form ratio, E/b. of the sectlon forming an Arregularity
(such as a projection) is over 3:

al = 0,95 (2)

b, b
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When the bullding plan shows a T- or IL-form or has an 1ndentétion and
irregularity, tﬁe form is divided into several regular forms and V index
is computed fo:_egch-section (as it has been stated in the paragraph
deseribing the basic principle of index V computation in Section 2),

The dynamic property of the steel-skeleton structure 1s characterized
by a2 strong directionality and 1t is impossible to compute a single V
index for an entire building which has a complex configuration on the
plane. Instead, antiseismic property of each section of the building
must be conflirmed independently. On the other hand, though equlipped with
sufficient antiseismic property, behaviors of each section may be dif=-
ferent during an earthquake, Therefore, VR of such a building should
be different from those of buildings with regular forms. However, it
does not seem necessary to reduce this index even further in spite of
the multiplicity of the sections the building is divided into. It was
decided that certain indentations and projections of a building can be
ignored and the form regularity was limited to Z/b of 30%.
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2,2, Coefficient, a2, for the ratio of two sides,
When the ratio of two gides of a rectangle, /b, is over 6,
a2 = 0,95 (3)

The following effects often become evident in the earthquake res-
ponses of bulldings with rectangular planes:

a) the effects of deformation of the floor on- the response,

b) the effects of varied seismic amplitudes and phases at various

parts of the buiiding foundation.

A reference describes the following:¥*

1) the antiseismic elements such as highly rigid bracings are con-
eentrated at both sides or at the center of the bullding,

2) a section with a number of floors different ffoﬁ tﬁe remainder
exists at the center of the building, _

3) a cection with reduced floor rigidity is located near the attach~
ment of the bracing,

4) the antiselsmic rigidity distribution is uneven in the direction
of the height and the portion with a higher rigidity is located at the
upper level,

When unfavorable conditions such as é&bove exist, a dynamic analysis
of such a building shows that the effect of the floor deformation becomes
significant with the plane form ratiog /b (£ : the length of the long
side, b: the length of the short side) exceeding 6.

* Ko Jo "Study on Vibration Amalysis by Two-dimensional Rearrange-
ment of Foints with Variable Properties in a Building", Hokkaldo University
Doctoral Thesis, March 1974,
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2.3. Coefficient,a3, concerning the presence or absence of a collar
brace.

When the foundation takes an independent form without a collar brace:

a3 = 0.9 (&)

As seen in many instances of earthquake destruction. shifting of
the foundation often causes damage even when the upper structure is
suffliciently resistant to seilmmic forces. 1In general, the steel skeleton
is relatlvely light and its force exerted on the foundation is small,
This is particularly true in the case of low steel structure, foundations
of which are often designed without much reinforcement. If the founds-
tions are indpendent without connecting collar braces or foundation
braces in steel-relinforced concrete bulldings, they readlly shift with
a slight movement of the ground. Therefore, without collar bzaces or
similar devices, damage due to shifting of the foundation is expected
and the antiseismlc properties of such buildings are believed to be
reduced.

2.4, Coefficient, a4, concerning the stairwell.

When the area occupied by the stairwell exceeds 30% of the remaining
area surround by two braces adjacent to each other on one floor or pre-
ceding or succeeding floor and the shafts running pervendicular to
these braces:

al = 0,95 (5)

If a selsmic force is expected to be transmitted through the floox
to reduce its destructive force, such floor must have sufficient strength
and rigidity. If a staifwell exists..on the other hand. both the
strength and rigidity of such floor may be reduced, The area shown be-
low (the area with obligue lines) --which is enclosed by the structures
including the bracings (in a single floor or on the floor above or be-

low) and supports running perpendicular to those braings--is expected
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to serve as & Single unit in resiéting the seismic forece. If more than
30% of the area is used as a space for a stairwell, this resistance is
believed to be somewhat reduced. Therefore, Indgx V is reduced according-
iy,

The space used for an elevator 1s considered to be & form of a stair-
well, If an elevator core is created, however, such core is believed
to constitute an antiseismic element and such stairwell is excluded from
the present consideration. If the elewator 1s not equipped with such
antiseismic elements, Index V is reduced according to the specification
of the present section.

If the area used as a stalrwell ls extremely large, the pdrtions on
both sides cannot resist the selsmic force as a single unit, Subsequent-
ly, each portion is evaluated independently for its antiseismic property.

The portion occupbied by stairs only is not considered to be a stair=
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1. bracing
2. plane of the Nth floor
3. (N + 1)th floor
L., Nth floor
5. (N - 1)ths floor
6. atructural plan.

2¢5. Coefficlent, a5, concernlng the internal rigldity of the floor.

When the internal rigidity of the floor is dependent solely on the
horizontal bracings of the steel skeleton:

a5 = 0,85 (6)

A steel-reinforced floor or a floor composed of concrete over a
deck plate 1ls consldered to have sufficlent strength and rigidity if
the shear connector connecting the floor and the steel beams is effective.
It is believed that, because of this floor, the bracings act as one unit
to resist the seimmic force. If precast block or ALC is used as the
floor material, sufficient rigildity and strength cannot be expected from
the floor and horizontal bracings become necessary.

Round bars and angle steel are rniormally used as horizontal braclings.
Such horizontal bracings,however, lack 1in rigidity and strength when
conmpared with steel~reinforced floor and a floor composed of concrete
over a deck plate. PFurthermore, ridigity of these bracings 1s even
more reduced due to local deformation caused by vertical deflectlon of
the member itself, luxation of the attachment, or a force. The strength
of their connections are also insufficient in many instances. For
these reasons, the horlzontal braclngs are Ainsufficlent to act as rigid
plates. If the internsl rigidity of_the ficorxr 1s.£o be maintained by the

horizontal braclngs alone, index V is reduced.
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PART II: riagnostic Methed for Earthquake Resistance for Structures such as

Gymnasiums, etc.

Lthapter One:
‘1. Basic Policy .

Tt is method applies the existing method for earthquake resistance diagnosis for
midsized and low steel framed buildings.

Here, the structural resistance to earthquake in this diagnosis will be
expressed in terms of an index (numerical value), and a determination will be made
as to whether or not the structure will be destroyed by an earthguake,

2, Range of Application:

This method is generally applicable to buildings with a height of 3i meters
or iess.

However, the large span struciures such as gymnasiums, or ferroconcrete structures,
or compound structures of ferroconcrete and other materials, even though they are
steel rramed structures, differ considerably in their scate and type, so they will
not be included in the discussion now.

3. rreliminary Investigation:

In order to determine whether tnis metnod is appropriate, a preliminary investigation
is necessary to see if the method wouid be applicable.

L. The method of figuring the structure's earthquake resistance involves

the use of equation (1) and the structural earthquake resistance index V_ as

R
evaluated in 4.1, and the earthquake input index V| as determined in 4,2,

(1)

4.1 Structural Earthquake Reststance Index VR:

Vg» The structural earthguake resistance index is an index determined by
equation {2} where the earthquake resistance of each floor's structural framing
to the point where it would be collapsed, and that of the total quake energy

absorbable by the whole structure in terms of the quantity of energy involved,

vep = Qx VxS (2)




Here, Q: is the quality Index (according to Chapter 2, Part 1)
V: is the standard earthquake resistance index (according to Chapter 2,
Part 2)
S: is the shape index (according to Chapter 2, Part 3).
The standard earthquake resistance index V is evaluated tor each floor
in the direction ot the spans and in the beam direction, but there is no distinction
in the Q, quality index, or the S, shape index, by the floor level of the
structure. {eg. here, floor means 'story' as in & é-story building).
When it is impossible to get a Q quality index, the diagnostic operations
must be stopped.
4,2 Earthguake Input Index, v,
The Earthquake input index Vl is an index that determines the amount ot
earthquake energy input, and the input energy's basic quantity is determined
as follows according to the class or geological foundation and by the level of
earthquake activity.

V‘ is determined by the foliowing equation:

(3)

d: is a coefficient determined by the distance (in Km) trom the earthquake epicenter,

and when d is greater than or equal to 40 Km, the value of B is lineary interpolated.
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1 In this part, aside from gymnasiums, indoor exercise rooms, assembly halls,
factories, warehouses, and stoors which have large spans are the types of
buildings being considered.

2 The Vl ingex is calculated according to the distance from the earthguake
epicenter of the subject building, the class of geological foundation it is built
upon, and the structures primary characteristic period.

3 The structures primary characteristic period T is calculated according

to the method described in this section Part 2, paragraph 2.2.3,

4 The type of geclogical foundation can be determined from Figure 3, Geological
tlassitication Figures {1)(2) {at the end of this volume), or from Table 1's table
of geological foundations which are used in conjunction with samples taken from

borings in the vicinity of the structure.

Table 1: Table of Geological Foundations

{according to the Ministry of Construction’'s order number 107/4)

Type Foundation Geological Texture and Strata

1st Class The geological foundation, throughout the range of said building's
period has a solid rock, hard type of sand and rock or other
primary foundation formed in the Tertiary Period or betore

2nd Class The geological foundation, throughout the range ot said building's
period has a gravel, or sand and clay mixture, or a loam grade
strata and it has a sand strata or sand and gravel strata which
is more than 5 m thick.

3rd Class This is a geological roundation not belonging to 1'st, 2nd, or
Lth classes which is basically a sand foundation, clay mixed
with sand, clay, or mixed type ot foundation.

Lth Class This is a markedly weak foundation which conforms to one or more
) of the following:
1) A agepth of 30 m or more of humus soil, mixed soil, or other
similar types of composite soil.
2) Land fill withic meets the foliowing conditions:
A) swamp, or mud-flats type of location.
B) when the land fill material is trash, mud, or other
similar types of weak fil},
C) when the fill material has a depth of 3 m or more.
D) when the fill has not been in place for 30 years.

)
|1}
1]
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LHARTER 2: Computation of the Structural Earthquake Resistance
Index VR

Part 1: Evaluation ot the Quality Index, Q:
In Section 1 (Method of Earthquake Resistance Diagnosis for low and Midsized
Buildings) Chapter Two, Part 1 (tvaluation of Quality Index Q) are the basis
for the computations.
Part 2: Computation of the Basic Earthquake Resistance Index V:
2.1 Basic Policy for the Computation:

1 It is computed both for the between span and in the direction ot the
cross-beams tor the structure.

2 Structures using steels other than the following are outside the scope
of this diagnosis: SS41, SM4t, STK41, STKR41, SM50, SM50Y, STK50, STKR50,

3 Ffor evaluating the strength, the JIS (Japan Industrial Standards)
specifications for vyield point, tensile strength, anc the minimum values are
multiplied by 1.1, and in the evaluation of capacity for detormability, tﬂe JIS
minimum value ftor the yield point is multiplied by 1.2,

4 When the planar shape of the building is an L-shape, T-shape, or :J-shape,
this shape is broken down into regular rectangles and the computations are carried
out for the basic earthquake resistance index V for each ot these rectangles.

5 ihe basic earthquake resistance index V computation may be

accomplished manually,

2.2 Computation tor the V index tor Gymnasiums, etc.:
1 Range of Application:
This method of computation has the following structural types, and is for
plain steel tramed structures:
(span direction): pillar base pins are simple rigid frames
(cross beam direction) a simple tensile aiagonal beam (strut) structure
2. Computation of the Basic Earthquake hesistance Inaex, V:

V is computed according to the following equations:

{span direction): V = 330 oT {1)
{crossbeam direction): V = 270 oT v0.5 + Bn . (2)
{symbols) a: vyiele shear force coefficient

o = Q/w

Q: vyield shear force (t)
W: Weight ot building (t)
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T: tharacteristic period (seconds)

Bn: magnification rate of the accumulative plastic deformation
of diagonal beams.

3. Computation ot the Characteristic Period, T:

T is computed according to the following equation:

(Symbols): W: Weight of building (t)
g: acceleration of gravity 980cm/sec2
K: spring constant (t/cm)

tomputation ot the spring constant, K, is done with the rollowing:

(span direction): K = %% ’ _i_ﬁ+ 1 (5)
6Kb 3Ke
(Symbols) E: vYoung's coefficient 2100 t/cm2
h: .Pillar height (cm)
Kb = Ekb
kb = Ib/2 : beam strength {emd)
Ke = iZke

ke = te/h : pillar strength (cm3)
Ib: beam cross-section secondary moment (cm*) £: beam's span {(cm)
lt: pillar cross-secton secondary moment (cmh} '

IL: sum of all beams and pillars
_ . . - 3
{cross-beam direction) K =1 _E,Bg cos” B (6)

(Symbols): gA: Uiagonal beam cross-sectional area (cmz)
E: Young's coefficient 2100 t/em?
g: Angle ot slope of the diagonal beams with respect to the horizontal
plane
BL: interval between pillars including diagonal beams (cm)

1: Sum of all diagonal beams, however, diagomal beams on the
compressed side are ignorea.

4. Computation of the Yield Shear rorce Q:

The computation of Q is according to the foilowing equatiom:

{span cirection) Q = ZMr/h {7)
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{Symbols) Mr: moment of resistance at column (pillar) capital (t-cm)
' H: column height {cm)
L: Sum of all column capitals {cap pieces)
Mr is the smallest value between Mj thru Mg.

M,:

] total moment ot plasticity for comumn {t. cm)

However, it must not exceed the moment cetermined by the side buckling
elasticity.
Mp: total moment of plasticity for beams (c - cm)
However, it must not exceed the moment determined by the side buckling.

Also, the load weight distribution effects must also be considered in

Mz .
The side buckling elasticity moment is determined by the following equation:
M= 1.1 fb Zp (8)
(Symbols) - fb: as 2/3 of the side bucding distance, computed according

to the steel structural design.
short~term permissible bending force (t/cm3)
Zp: Plasticity cross-sectional coetficient (em)

Effect of load aistribution is as follows.

. . - When:
For 2-intersection rigid frames: ;' . then M, = o, (9)
. i0)
: £ 05 then a1, - gy xz(ﬁ (1
T Wy 28 - 8)

For 3-i ti igid T :

or 3-intersection rigi rames: s oM, < M1 ()

{Symbols) oM,: A computed M, ignoring the effects of load distribution (t em)
M : mement at the end or the material aue to vertical load (t cm)
£: Mw/oM2

2
Mw = —Egg—— {t cm)

w = beam load distribution {t cm)
£
For the truss material, instead of M] ana MZ’ the following equation is used

beam span (cm)

to compute the moment:
M = Hg + Pc (11) (sic)

Symbols) Pc: short-term permissible compression for the truss (t)

Hg: distance between truss centers of gravity (ecm)
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For the truss stock, the M, ana M, cannot exceed the value determined
by the following:
{(PLsind - QL) L

M L oaant - QL Y ho, A= 7
(12}
{for columns) {for beams)
(Symbols) PL: short term permissible compression force for lattice (t)

6: siope of lattice stock along the axis of the lattice material
QL: Stock end shear force from vertical load (t)
h: column height (cm)
£: beam span {(cm)
M3: panels' total moment of plasticity (t cm)

M3 is computed according to the following equation:

My = 0.77 Vp oy (13)
(Symbols) Vp: Panel's effective volume lcm3) » Vp = HbHctp
‘oy: vyield stress (1.1 times the nominal value)(t/cmz)
Hb: beam height (cm)
~ He: column height (ecm)
tp: ﬁanel thickness
Mq: Material end moment according to a rip at the point of connection of the
material,

My is computed according to the following equation:

(ror beams)

SN SR S LoANE QLY N
AR -"““\\1—210 NMas 2“)
(14)
M, =tnn1(7r:gz;h“i- {Qs -QLYhY (tor columns)
(Symbols) £: beam span (em)

h: column height (cm)
fo: distance from connecting part to material {(em)
MB: Break bend moment of the commecting part

For H-shapea beams, strength is computed accoraing to:
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MU = 0_8 .W‘T . MY (]S)
{symbols) fPB: break axial strength ot connection including flange (t)

fPY: flange'’s yield axial strength (t)
MY: Total plasticity moment (t cm)
For the truss materials, the following equation is used:
MB = Hg Png {16)

(Symbols) PCB: break axia! strength of connection including truss (t)
Hg: distance between centers of gravity of truss stock
Qg: is the break shear force at the connection (t)
For the trussimaterials, the lattice materials break axial component perpendicular
to the axial direction of the material is taken.
In the computation of the break axial force and the break sheer force, one
follows the maximum resistance ot the connection in “Appendix 2-1",
Q : Material edge shear torce from vertical load (t)
MS: The moment which determines breakage of the panel locally around its
perimeter where it is attached (t - cm).
""According to Appendix 2 - 2 connected panel periphery's local breakage maximum
moment {Figure 7)."
Mg: The column capital moment determined by the colum base's shear force {t cm)
Mg = (0.4P 40,75 ne f AgB)H (17)
{Symbols) P: existing axial force {t), It is 0 under tension.
ne: etfective anchor bolt number
when t is equal to or greater than 1.4d, then ne = n/2.
when t is less than 1.4d, then ne = n '
t: base plate thickness (cm)
d: diameter of anchor bolts (cm)
oB: anchor bolt tensile strength (t/cmz)
h: column height {cm)

n: the number of anchot bolts

(cross~-beam direction) Q = Iby ' (18)
{Symbols): Bg: horizontal resistance force of one set of diagonal beams (t)
8g = BP cosf
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(Symbols): 8: angle of slope with respect to the horizontal ot diagonal
beams.
BP = min (BP1, BP2)
BP.: Yield axial force tor one diagonal beam (t)

1

BPZ:

Break axial force for one diagonal beam including connecting
part.
According to "Appendix 2-8, break axial force for diagonal beam).
However, the axial force of the diagonal beam of the materials in the vicinity
of the diagonal beam, and the axial torce or the vertical load sum should not
exceed the following values:
1} the short-term permissible compression torce for the material (t)
2} the break axial force for the material connection {t)

3} the axial force caused by the uplitt of the foundation for the columns (t).

5. The Accumulative Plastic Deformation Magnification Rate Bn for the Diagonal

Bbeams:

Bn is computed according to the following equation:

Bn=a+b (5o2 - 1) < 25 (19)
BP1 -
Here, when BPZ/BP1 is less than i, then 8n = 1.

Here, when determinining the axial force limitations of the peripheral
materials, use Bn = 1.

{Symbols) BP1: Yield axial force for diagonal beams (t)

BP2: Break axial force ror aiagona! beams including connecting

part (t).

The values of a, and b are as follows:

Type of Steel . 8 B e emeem
SSh1  SMA41 10 40
STKL1 STKR41 0 50
SM50 SM50Y 10 40
STK50  STKR50 0 50




Part 3: Shape Index §:
Computations are based upon Section 1 (Earthquake Resistance Viagnostic Method

for Low and Midsized Buildings), Chapter 2, Part 3 (Shape Index S).
SECTION THREE: Methods for wvesign Revisions tor Earthquake Resistance:

Chapter 1: Basic ltems:

1.1 Principais of Revision Design:

Design revisions are based upon the results of earthquake resistance diagnosis.

1.2 Establtishing Goals for Design Revision:

When accomplishing design revisions, it is necessary to design goals to be
achieved into these revisions, and then when the design has been completed, confirmation
must be made according to earthquake resistance diagnosis to see whether these
goals have been attained,

When the objectives are not reached, one must look carefully at the contents
of the diagnostic methed, and revise those parts which are inappropriate and accom-
plish a new diagnosis.

1.3 Policy for Design Revision:

While it is an accumulation of the earthquake resistance index V_,, quality

R)
index Q, basic earthquake resistance index V, and the shape index S, the revision

is only concerned with the basic index V.

Chapter 2: Uesign Revisions Concerning the Basic tarthquake Resistance Index V:

2,1 ltems for Discussion, '

During the diagnosis, results for each story's Vi are investigated, and discussion
of design revision must begin tor the story of the building that has the smallest
Vi,

2.2 Increasing the Yield Shear Force:

fhis involves increasing the yield shear force coefficient ai. At this time,
the rigid frame's yeild shear force coefficient Roi, and the diagonal beam portions
yield shear force coefficient Bai are considered separately, and each is improved
according to the following policies. '

1 With regard to the Rigid Frame's Yield Shear Force Coefficient Rai:

{a} with the aim of increasing the cross-section or the columns and the cross-

section of the beams, flange plates and cover plates made of wave-plate are adaed.
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However, in orger to reélize the desired level of strength in these additions, it
is necessary to attach them in an appropriate way.

{(b) 1f it is possible to newly install columns or axial frame groupings it
is very effective, however, it is necessary to incorporate these with existing
axial frames and attain a good connection with the flocor siab in order to
increase resistance to earthquake. H

{¢) Check the data sheets for when the earthquake resistance diagnosis
was accomplished and see whether the joints and connections are sufficiently
strong. |f they are not, repair them so that their maximum moment is 1.2
times or more stronger than the total plastic moment of the material's cross
section. See sections 3.1 and 3.2 for ways to repair and revise welded joints
and bolt joints.

{(d) If the diaphragm has fallen oft or is insufficient; erect a sturdy one.

2 With regard to the Yield Shear Force Coefficient Bai for the Diagonal Beams.

(a) If the diagonal beam cross-section is insufficient, replace them with
larger ones. Do not, however, use round steel stock.

{b) Investigate the data sheets for the initial earthquake resistance dia-
gnosis, and when the highest strength of the diagonal beam connection is lower than
the yield resistance of the diagonal beam cross-section, change out the connection
portion so that its resistance is 1.2-times that ot the yield resistance of the
diagonal beam cross-section. see section 3.3 for methods of computing the effective
cross section during design, computation of the resistance of weld junctions, bolt
junctions, and design methods for gusset plates,

{c) |If possible, increase the number of diagonal beams. At that time, make
sure that the maximum resistance of the connecting part of the diagonal beams
is 1.2 times greater than the yield resistance force for the diagonal beam cross-
section.

(d) If the diagonal beams have undergone revision to increase their yield
shear force coefficient, make sure that the columns, beams, and column bases

in the vicinity of the diagonal beams have sufficient resistance.

2.3 increasing the Accumuiative Plastic veformation Magnification Rate ni.

{a) 1f the beams have insufficient resistance to side buckling, then midway
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side buckling preventors can be newly erected to prevent side buckling.
See section 3.4 tor one example of design for side buckling preventors.
(b) Investigate the data sheets made at the time of the earthquake resistance

diagnosis, and with regard to those connections and junctions which have
resistance, make their total

insufficient

plastic moment 1.2 times the maximum moment which
can be transmitted to them,

2.4 Increasing the Energy Concentration Coefficient &i.

When the energy concentration coefficient @i is insufticient on a certain

floor of the building, the method in paragraph 2.2 should be used to

increase the
ai or the tloors with a3 low Vi value,

So far as possible, make the basic shear

force coefficient distribution ai as close as possible to that shown in Table
3.1,

~Table 3.1: Basic Shear Force Coefficient Distribution aj.
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N: Total Number of Floors in Builaing, J: Floor number
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2.5 lncreasiné the fwisting Coefticient d:
lncrease d by adding new diagonal struts when the d value is small because of

other quake-resistance measures on the planar design,

CHAPTER 3: Methods of Revision and Repair:

3.1 Improving Weld Junctions:

1 When the corner welds in T-junctions and X-junctions have insufficient

strength: »

{a) When there is no scallop in the web end of the beam, place one in, and in
the corner weld portion, and in the unweldea gouging in the material, reweld, or
place a new weld so that it is completely welded (Figure-1.1)

(b) Also use a cover plate on the beam tlange and weld the corner junction,
and weld the junction between the cover plate and the column flange. (Figure 1.2)

(¢c) When the beam flange plate thickness is 12 mm or below, do adaitional
welding so that the corner weld length is 1.3 times or more bigger than
the the beam flange plate thickness. However, the corner weld goes around the
total perimeter. When the repair methods of b) and (c) are used, when the original
bead is dramaticafiy bcof, remove it with a grinder, etc., and reweld,

(d) When it Ts possible to newly install a triangular rib, reinforce this
rib with a corner weld along its junction surfaces. .

In this case, so that the installation of the triangular rib does not cause a
large secondary stress, it is necessary to install a reinforcing plate. (Figure 1.3)

2" wWhen Quake Resistance is insufficient because of insufficient weld cut in
at butt joints:.

{a) Gouge the butt joint and reweld so that there is a complete cut in by
the wetd (Figure 1.4)

(b) Change the design of the butt junction on both (or one) sides, with a
metal plate. '

Make a corner weld between this metal plate and the primary stock, or make
a connection with high strength bolts to provide a friction held junction.

In order to get a close contact between the metal plate and the primary stock,
eliminate any bulging welds before application of the plate. (Figure 1.5)

3 When the weld has dr?pped off:
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(a) When it is possible to apply & beveler to the part where the weld should
be, process the butt end and weld,

When this is difficult or impossible, reinforce using the methods described
in 1, (b), and (c).

(b) Accomplish corner welds on ali of the parts which should have a cormer
weld.

When accomplishing a corner weld is difficult, accomplish a butt weld where
possible (for example, when the gap in a T-junction is too large).

L When the weld has dropped off and it has already become impossible to
reweld it:

Repair and reinforce the inside of the closed cross section where there is
no place that can be weldcd or install a horizontal "hanch''.

When these repairs are made using welding, consider the following:

*when welding, avoid if possible, an upward-looking posture, and instead
use a downward-looking, horizontal, or standing posture.

%# Remove rust and paint from the areas to be welded.

% Accomplish sufficient pre-heating (see Table 1.1)

* Erect a scaffold so that the welding can be done with a stable footing,

and take care to prevent fires and secondary fire hazards.

Table 1.1: Preheating Temperatures

Weight of Primary Stock (t) Preheating Temperature
Less than 1 ton per 25mm 50°C

Greater than or egqual to
1 ton per 26 mm 100%¢
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3.2 Methods for Repair and Revision of Bolt Junctions:

1 Wnen the shear resistance of the bolts is insutficient:

when the shear resistance of the bolts is insufficient because regular bolts
have been used, remove those belts and replace them with high-strength bolts.
However, it high strength bolts are being used, and their dimensions are such that
1 or less threads on the nut are engaged, change out the bolts tor ones of correct
dimensions.

2 when the pitch or the end edge aistance are insutficient:

When the pitch or the end edge distance are insufficient, repairs are sometimes
possible by replacing the joint plate with a thicker one. When the end distance
between the materials ana the pitch is poor, strength can be increased by attaching
some material to the joint plate by means ot a corner weld,

in this instance, most of such corner welds cut into the the upper flange of
the floor plate, so in many cases this is difficult to do, so one will
have to work with the web joint or with the lower flange joint in most cases.

Only in cases where the corner weld reinforcement of the web or lower flange is
insufficient is it necessary to try to reinforce the upper flange.

In a corner weld for a combination joint, as Figure 2.1 indicates, both the
flange and the web joints are welded at the intersection and in axial direction
of the material. The former weld need only be made if the latter is insufficient.
At the web joint, so long as the joint plate is not way too sma]{, ghe flange
gets in the way and in many cases the weld in the dxial direction of the
stock becomes impossible. Since in most cases, at the flange joint, the
joint plate covers the whole width of the flange, when a weld is made in
the axial direction ot the material, it is accomplished after gouging the flange
side (see Figure 2.2-C).

3 When the joint strength is insufficient:

In this case, a combination joint such as discussed in 2 above can be accomplished

using a corner weld to secure the needed strength.
3.3 Repair and Revision of the Diagonal Beam Junction:

1 VWhen the diagonal beam cross-section is insufficient:
When the diagonal beam material has an insufficient cross-sectional area,
exchange it for material which does and make the Joints according to "Joints

tor viagonal Beams.'
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Figure 2-2

2 When the strength of the diagonal beam joint is insufticient:

The repair or reinforcement objectives are as follows:

a) An/bA > 0.75  Where: An = bA - (he + d) b (3.1)
: effective cross-sectional area
bA: Cross-sectional area (sz) of diagonal beam stock
d: Fastener hole diameter (cm)
b": Plate thickness of the diagonal beam stock {(em)

he: the range (cm) where the junction strength due
to eccentricity can be eliminated from the computation,
this is determinea by lable 3.1,

Table 3.1: Value of he.

n 1 2 3 4 5
angle iron ‘gh-t 0.7gh 0.5gh 0.33gh 0.25gh
U-shaped steel gh-t 0.7gh 0.k4gh 0.25gh 0.2gh

gh: height of protrusion of diagonal beam. See Figure 3.1,
t: See Figure 3.1-b. -
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(b) According to the computation of the maximum quake resistance for
joints (3.4) (2.5), and (3.6) and that for the joint strength of a gusset
plate junction (3.7), the resistance minimum values P1, P2, P3, and P4, or

P = Min must be repaired so that they satisfy the rtollowing equation:

P > 1.33 gPY = 1.33 bAoY {3.3)
The equations for the maximum resistance to quake tor P1, P2, P3 and Py are:
P =0.75-n-m. fA - foB c o {3y)
Pr=n-e-t .o (3.5)
P3 = gAn - OB (3.6)
Here, ~ BPY: Yield axial force of diagonal beam (t) '

bA: Cross-section area of diagonal beam (cmz)
tA: Axial cross sectional area (cmz) for fasteners (bolts,rivets )

ghAn = (gb - @} - gt : gusset plate's eftective cross-sectional area
(cm?)

gt: gusset plate thickness (cm)
gb: gusset piate effective width (cm). (See Fig. 3.1)
e: end edge distance in direction of stress {cm)
oY: VYield stress on diagonal beams (t/cmz)
. foB: Tensile strength of fasteners (t/cmz)
oB: Tensile strength of diagonal beam material and gusset plate (t/cmz)
Equation for computing the joint strength with gusset plate:
P, = tA - oB {3.7)
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Here, tA: Effective cross-sectional area of the junction weld,
{see Figure 3.2)

For a joint with two-sided corner welds:

Py = wh- oB {3.8)
v 3
Here, wA: Effective cross=-sectional area of corner weld, See
Figure 3.2

- tA = (L1 + £yt
: whA = 2 (&1 + &) a
t: gusset plate thickness
a: corner weld throat thickness (cm)
Figure 3-2

c} When the diagonal beam is angle~iron or tlat plate, and the number of
fasteners is insufficient:
i For 1 fastener:
change out the diagonal beam and gusset plate and reattach according to
""standard junctions."
ii When there are two fasteners:
a For angle-iorn, make a combination joint regarding:
L-652 X 6, L-752 X 6, L-902 x 6 (see figure 3.3), other

types of angle iron steel are the same as for i.

Note: Corner weld is around the whole
perimeter, before welding, change
out fasteners to high strength
bolts (F10T)

Figure 3.3
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b For flat plate, use a combination joint.

ii1 When there are 3 or more fasteners, use a combination joint.

iv Other: .

When the measures in a) thru ¢) tail to sufficiently provide the quake
-resistance needed, the diagonal beam stock and gusset plates must be replaced.
® d) When the quake resistance of the gusset plate is insufficient:

As Figure 3.4 shows, the size of the gusset plate should be such that it can
encompass a regular polygon shape comprised of the first fastener hole at the apeX
with the last fastener hole's center being at the base of a line which runs
perpendicular to the stress line. At this time, the effective cross-sectional
area of the gusset plate will be considered as being along the a - a cross=-sectional
line, |If this area is insufficient, the gusset plate must be replaced with a
larger one, or a cover plate must be placed atop the gusset plate and corner welded

around its whole perimeter (See Figure 3.5).

Figure 3.4 Figure 3.5

e) When the weld joint strength is insutficient:
When the weld between the diagonal beams and gusset plate, or between the
gusset plate and the axial frame is insufficient, it can be gouged and rewelded,

or it can be strengthed by additional corner welding until the required base length
has been attained.

3 Wnen there are insutficient countermeasures to localized stress:
a) Reinforcing ribs or stiffeners can be added to columns and beams to
prevent the generation or localized stress. (See figure 3.6)
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Figure 3.6

b) When new diagonal beams must be installed:

In order to increase the yield shear force of the building floor, improve the
vield shear force distribution, or to reduce twisting deformation, it is necessary
to increase the V index. The addition of new diagonal beams is one effective
method. However, with regard to the structum’s functional restrictions, this often
involves considerable difficulty,

Accordingly, the new addition of diagonal beams involves much prior discussion
trom both the design and construction viewpoints, and in constructions, it is necessary
to have sufficient quality control for the junction areas.

The following points are those which must be considered in general:

i Horizontal and vertical mating must be considered for the diagonal beams.

il the addition ot axial force on the columns and beams, stress on the
foundation, and increased strength required of the column and beam junctions must
be considered.

iii If it is necessary that certain points in the materials do not have axizal
centers which match, one has to consider the added stress due to eccentricity.

iv In construction, on-site welding must be avoided as much as possible
in favor of using high strength bolit connections at the junctions.

v Localized deformation can be prevented by adding reinforcing ribs and
stiffeners, etc., to beams and columns, but during construction, the primary stock

must not be damaged.

3.4 Repairs to prevent side buckling:



Figure 4,1
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Appendix 2
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2-3
2-4

2-5
2-6

2-7
2-8
Appendix 3

APPEND1X

Forms tor entry of investigation results

Computations for aguske resistance tor beams,
junctions, and coelumns
Maximum resistance for junctions

Localized breaking along the perimeter of
attached panels determined by maximum moment
on the ends of the stock (Figure 7)
Dealing with beams having hances
Cross~sectional properties of special
cross-sectioned materials.
Cross-sectional computations for T-kp-kd
Joints and quake resistance for
special cross-sectioned materials.
Effective volume of panels

Break axial force for diagonal beams

Computation of the V index for gymnasiums
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APPENDIX 2: Computations for Quake Resistance for Beams, Lolumns, and Junctioss:
2-1 Maximum Resistance for Junctions:

(1) Burt junctions (Figure 1)

whp = Aol
\Wzl*ng};'A"B (1)
(2)
(Symbols) oB: Tensile strength or primary stock {t/cm?)

A =ae (cm) x be (cm)

~

l

—p-wbn /
‘ |
: S,
7 ,

|
pe s

Figure 1 tigure 2 Figure 3

The etfective thickness {(ae) is the thickness or the primary stock at the
butt junction,

Efrective weld length (be) is the dimensions of the primary stock at the bww junction
provided that the ends ot the bead have been end tabbea or that there has been a
sufficient weld around on them. With regard to edge processing other than that st
mentioned, it is the value of the weld length minus 2 ae. With régard to burt wids
where no scrab has been placed on the web area by the beam flange junction, so
long as there has not been beveling on the tlange on the beam or metal applicatim
to the back side, a complete welding cannot be assured, so for the be, (btw + br}
is subtracted from the total width. Here, the btw is the beam lip thickness, am:
br is curve radius of the fillet part ot the beam.

{2) Corner welding (Figure 2);:

1 s
S Aeo® (3)
M‘).Bsrg‘_-ACﬂB “#)
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(Symbols) gB: Tensile strength of the primary stock (t/cmz)

ARe: Effective throat cross-sectiomal area

= ae (cm) x be (c¢m)
The size ot the corner welding and the throat thickness is measured at each place
using a naka gage.
Here, the size is the Sy and S, shown in Figure 3, and the smaller value is used.
The etfective thickness (ae), when the average value for the size s and throat
thickness a, is the smaller of the value 0.7s or the value of a,.

The weld's effective length (be) when there is a complete weld-around is the

width of the stock in question, or, when there is no such weld aroung the
value of 2 x (size of the corner material) should be deducted from the length of
the weld., However, for beam webs and diaphragms, etc, where there is

no scrap and a2 corner weld around the total perimeter, the following should be

used:
i) Inside of the joint on the beam end flange:
be = bB - (btw + br)
ii) Beam end web joint:
be = dB = {ctw + cr)

Here, bB, DB, and bhr are those dimensions shown in Figure 4b, btw Is the beam
lip thickness, ctw is the column web thickness, br is the beam stock's and cr are the

column stock's fillet curve radius.

k—Bo—i
Figure La rigure kb

2 Bolt {center bolts, high stength bolts) and Rivit Connections' Maximum Axial
Force fPB and Maximum shear force fQB (Figure 5)



1) The maximum resistance 5PB on junctions subject to axial force is the

minimum value selected from P1, P2, or P3.

P; = Anon (5)
P, =0.75n m-(A-fon - (6)
p): nee-t+aof (7)

2) The maximum resistance fQB on junctions subject to shear torce is the

minimum value selected trom Q7 or Q3.

1
Q =7k Aoy (8)
Q = 0.75n -m-rA* (9B (9)
1Ps SE AL R
- | g ——
11t
26,21 bolt tensile strength
no4.m=2 : T?-sT 8.8(1./4)
FILOT 1.0 (/e
: ] oo
: FiiT| . 1210t /ed)
@ L oo:oo,er I " (1 /e
0,00
N 1
Figure 5
{Symbols): An: Eftective cross-sectional area of the Junction, in the

tigure (b-2d) t (em?)
tA: axial cross-sectional area (cm?) for fasteners (belts, rivets)
foB: Tensile strength of the fastener material (t/cm?)

gB: Tensile strength of the junction material
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n: Number of fasteners
m: Number of surfaces ot fasteners subject to shear {m = 2 in
the case of the figure) -
d: Fastener hole diameter {cm)
t: Plate thickness ot the material to be joined (cm)
e: Uistance to end in the direction of the stress (cm)
3 Maximum Tensile Resistance of Round Steel Cut by Bolts or Screws (round

steel diagonal beams, or anchor bolts, etc):

Py =Aess (10}
Ae = 0.751A (11)
{(Symbols): fA: Axial cross-sectional area ot bolts or round steel (cmz)

gB: tensile strength or bolt or round steel (t/cmz)
4 Tension junctions using high-strength bolts (split-T junctions)'s maximum

resistance (Figure 6);

[ !
w* @ -+
« ! O t
1
s S
PR
1 ! ;M_,
,,._____‘Z |
Figure 6

The maximum resistance of the belt row on one side ot a T flange is determined

according to equations (12) - (14), When there is no dramatic difterence in bolt

strength and number on each side of the T flange, the resistance of the junction

is the sum of the resistance of each side.
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L an i
When

Pa = 1.47wt? . .
Then £ B (12)
When oy < Bye 25w

Then ‘ (13)

Py = ¢.5
When 2n Br
't
Then br <L1;— 2y (14)
Ps =n-pr
(Symbols): o¥: Yield point of the T-flange material (t/cmz)

oB: Tensile strength of the T-flange material (t/cm?)
n: Number of bolts on one side of the T flange
BY: High stength bolts' yield strength (t/cmZ)
Br: High strength bolts' tensile strength (t/cm?)
See Figure 6 tor w, t and £
5 Maximum Shear Force for Junction:
The computation is made only with respect to the web part junction for shear force
on the strong axial direction side, and on the weak axial direction side, it is
made tor only the flange part junction. The web and flange maximum shear resistance

is computed as WQB or TQB according to the connection method used.

2-2 lLocalized Breaking Along the Perimeter or Attached Panels Determined by
Max imum Moment on the Ends of the Stock (Figure 7}

rigure 7: Strong Axial Direction:

—A— By ]
t. he »
%:) — =
\
H hw t' o -
l iy A
mame SR o | v ——t a4ty R
Né h L4 N
- JL‘J t
_f\lﬁ ey !
i l

(compression side) Tension side)

Y: curve radius for fillet on H-shaped
column stock

{Note) For the case ot a through diaphragm: B2 - 0.5me
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1 Wnen an H-shaped Cross-sectioned column is Subject to strong Axial Bending:

Mix — Pult ¢ & P owehw 0s

(Symbols): PB = Np or Nc
FBW: Maximum axial strength (t) in the beam web weld joint
hW: Weld length in the beam web {cm)
oY: Yield point of the material {t/cm?)
oB: Tensile strength of the material (t/cm?)
Nt and N¢ are determined as tollows:
(1) When Nt is the tensile stress ot the beam flange's stress:
Nt is the tensile resistance or the column web porticon Nty and the colum

weld joint's tensile resistance Nty in sum: e
Ni=Nt, + N2

Howeve k!

’{‘ = 1w {bxf+5 (‘tf +r) ]-GB(H)

When the column is a weld assembled H-cross-sectional shape piece, the column

flange and colum weld 1s a butt wemfnd in the equation above r = 0.7 ctw.

when there is a column assembly with a corner weld, the equation (18) below

“is used: v

By
Ny, =1.48 (btf +5ctt) 3 udl
Nio = MIN (2B,% 0.78,x 530 By X tyx08, 4B, x 078, X[, 28 x 1;xf 9
On the right hand side of equation (19) in terms: 1 and 2, the first term

unnessary when the diaphragm/flange junction is a butt junction weld, but they expr-

ess the final resistance of that diaphragm/weld junction. Also, on the right hand

side, terms 3 and L express the diaphragm/web junctions final sfrength, but when the

diaphragm/web junction is a butt weld junction, the third term is unnecessary.

{2) when the beam flange's Stress is a compression stress, Nc is:
Ne o= Ny + Ney (20)

However

o ctw ibtf 42 (etfie)i L2 ey (21)

. g ‘B oy
Ney, == MIN (128, xtsx Y,4B;x0752xJ?;,ZBZthxE;

(22)

oy
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wWhen there is a butt weld junction between the diaphragm and the web, the
second term in the upper equation on the right side is unnecessary.

As figure 8 shows, with a column beam connection, there are instances where there
is a band plate. In this case, wherg there is a band plate, the flange's stress
as the point of connection where it is transmitted to the bannel, may be considered
to correspond to the band plate's cross-sectional area Abe which corresponds

to its effective width.

Abe = Z2hextb
(23)
Here, tb is the thickness of the pand plate,
be = btt + 5¢ctf....... where the beam flange receives the tensile force
be = btf + 2tt......... where the beam flange receives a compression torce

2 Column beams receiving a weak axial bend which are of an H-shaped cross-section:
When the resistance of the connection is determined by the diaphragm (Figure 9)

Mny - NyH (24)

However,

. Lap « 9K ’
hy--Mlmxzngxtuxé ,4H3X0‘755.X{§ﬁ ) o (25)

When there is a butt weld at the diaphragm and the web, the second term

above is unnecessary.

diaph/web joint

laph./flange joint

—

N

_{diaph/web joint

Figure 8 fFigure 9: Weak axial direction
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3 When stress is determined by the breakage of a diaphragm outside of the beam/
column connection area:

Mpx = ﬂmtdﬂﬂﬂ

. (26)
(Symbols) Bm: External diaphragm minimum wiath (cm)

N td: External diaphragm thickness {cm)

oB: viaphragm's tensile strength (t/cmz)

Figure 10

4 Maximum moment, MBX, when there is no diaphragm:

Max=1.2¢ctw (bhi+ 2K) «ilay

However: K = ctf + r (hot-rolled H-shaped column)

ctf + s (tor weld-assembled H-shaped column cross-section)

s: the leg length of the corner weld between column flange ang

column web,

2-3 vealing with Beams Having Hances:

As Figure 12 shows, when there is an intersection C where there is a hance
opening for the material end which directly joins:

o
%Y
o



~ 1. B c ;
C P wg ¢ | |
. N‘
B 3%7' Yeaes |
B
Figure 12 Figure 13 rigure 14

1. When AC is greater than or equal to AB (Figure 13)

i) When the material has an H-shaped cross-section, a box-shaped
cross-section, steel pipe, of an [H -shaped cross section, the dimensions at
the end of the stock are used and entered on data sheet 2. (For the [3 -shaped
stock, the reinforcing plate is ignored, and the dimensions are as they would
be tor an H-shape).

ii) In cases other than i) above, use the dimensions of the end ot the

stock, and enter them on data sheet 3.

2 When AC is less than or equal to AB (Figure 14):
Use the cross-sectional dimensions at the point of the hance opening and
enter them on data sheet 3.

However, the total plasticity moment Mp computation must be done using the
following equation (28):

=t N
hip“t_zd hIP (28)

Here, Mp' is the total plasticity moment (t cm) at the point of the hance opening,
and £ and d are the distances shown in Figure 14 (cm).

2-4 Cross-Sectional Properties of Special Cross-Sectioned Materials:

1 The Minimum cross-section secondary radius is computed according to the
following equations.

1) tor l_EE,--shaped materials:

D ¥4




———
P S
-
»

Sy
" LLJ l [ g ] |

Figure 15 Figure 16 | tigure 17

The minimum cross section scadary radius is 4 = min, {0.3 h1, 0.3 hz)
2) For'T -shaped materials:
The minimum cross-section secondary radius is £ = min (0.3hx, 0.3hy)

2 The total plasticity moment for Ji -shaped stock can be determined by the following

equations:
1) Total plasticity moment around X axis: Aws
Mp = (Ar. - = hxay )
{29)
here \lx:Bx_ 'ty
Awx =hx, 1ux
2) Total plastic moment around Y axis: .
here Mp= (Atr -‘-4—) hyay (30)

Ay = By < oty

Awy =Ny« 1wy

2-5 Cross-Sectional Computations for T, kp, kd:

According to the cross-secticnal shape, for H-shaped stock, one assumes a strong
axis and a weak axis, which are computed according to the methods for H-shaped
stock (see previous section ror the standards tor evaluating earthquake resistance
fore existing steel framed buildings).
1 For EE!-shaped cross-sectional stock----assumption of an H-shaped cross-section
strong axis.
1} Thickness ratio d/tw, b/tf

Use the numerical values in Figure 18 for the computation.
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Figure 18 Figure 19
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Figure 20 Figure 21
2) The thinness-length ratio for the weak axis Ay:

Rt S 3
However, the length is shown in B in Figure 19.
3) Axial force ratio p/py:
p is the axial force from the vertical load
py is the total cross-sectional value for area which is computed.
2 'I' -Shaped material...... suppose a reinforced H-shaped material.
1} The width-thickness ratio d/tw, b/tf is determined in the direction
of use according to Figure 20.

2) Thinness-length ratio Ay:

v=0. 21

(32)

However, the length is shown in B in Figure 21.

3) Axial force ratio p/py:

e same as in a)

DET
=0




2-6 Joints and Bevels: Quake Resistance for Special Cross-Sectioned Materials
1 Maximum Tensile resistance:

Computed according to 2-1 of the Appendix
2 Breakage Moment:

According to the cross-sectional shape, a strong axis for H-shaped materials
and a weak axis are supposed, and from Appendix 2~1, PBf and PBW are computed:

Here: PBf is the junction'smaximum resistance between the flange and a

hypothetical part.
PBW: Is the junctions's maximum resistance between the web and a hypo-
thetical part.

At this time, the breakage moment, MB is:

i) When a strong axial bend is received:

M= (Ppf +-§-in) H

(33)
H: distance between the flange and a hypothetical part (cm)
ii) When a weak axial bend is received:
Mo =2 Pui B3 - (34)

3 Break Shear Force:
Just as for the breakage moment, a strong and weak axis is assumed for the
H-shaped material, and according to the methods detailed in Appendix 2-5, 5

(Max imum shear force Qg for the Junction), the calculations are completed.
2-7 Effective Volume of Panels:

These are determined according to the Table on the next page.

n gl
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Table 1

Panel Type Ve  computation

-shaped strong Vp=dbxde X ctw
xial beam

-shaped beam strong Vp =db X de X( Zeet’ + ctw )

H'g -shaped weak Vp=2dp Xde X ctt
xis columns

Vp=¢ X do Xde Xctw
ross shaped columns

_at+26(1+28) ds _ e Ar
$= a? + 2.6 ’ cb i 'ﬁ—cAw
} eAf=chl{ Xcti, eAw=dc Xciw
Compressed cross-sectionTol
kjntepnal/externa] type vp=2dy X de Xetf
faphragms} —
Eounc_i_c_c_ﬂumns vP =5 cAXdb
The {v) of columns is shown for standard Symbols:
shapes. For those which are not of standard ctt: colmun flange thickness
shapes,appropriate adaptions are inferred, cbf: columm flange width

When the panel has tabler plate reinforcement, ctw: panel thickness
the effective rate is 70% of the strength ot the cA: total area for column

reinforcement ctt': flange thickness in weak axial
Columw direction (cover plate thickness)
Benw
=-n 4
£} o

]

2-8 Break Axial force for Diagonal Beams (struts):

The maximum resistance Pu is the smallest value among the following Py thru
P3 eguations:

P, = Aa%s (35)
P, = 0:75- noem o« {A(0B (36)
Py, = n - e .t .« dg (37)

Here:
fA: axial cross-sectional volume of the fastener (bolt/rivit) (cmz}
d: Fastener hole diameter (cm)
e: Edge distance in direction of stress {cm)
he: The range of deductable cross-section according to

computations of eccentritity (see Figure 22);

=y

&‘»J \



However, he is according to Table 2:

Table 2
N 1 2 3 4 5
l-shaped | b — t 0.7 #n 0.5 b 0.339n | 0259k
U-shaped ah — ¢ 0.7 #h 0.4 #n 0 25 9n 0.2 %1

it

For the case of flat steel, he = gh - t (t: steel thickness)
gh: height of protrusion of diagonal beam stock
n: number ot fasteners
m: number of fasteners receiving shear force
thickness of material being joined (cm)
bt: thickness of stock for diagonal beam (cm)
ot: Maximum stress on.connecting material (t/cmz)

foB: tastener material's maximum stress.

=
I
>
=
o
t -
— b
t
-t

Figure-22

2. Maximum Resistance of Gusset Piates:

The maximum resistance Pl of gusset plates is determined by the tollowing

equation:

Py =¢gAn-o3g (38)

The gusset plate must be Smm or greater in thickness, here:
gAn = (gb-d)-gt: gusset plate's etfective cross-sectional area (cm)

gh = gusset plates etfective width (cm) {(see Figure 23}

gh

gusset plate plate thickness (cm)

D 54

N
oy



B Aeimen W

Figure 23 Figure 24

3. Gusset Plate's and Frame's junction Resistance (¥g)
For a butt welded joint, this is determined according to equation (39):

Pg = tAoB (39)

Here, tA is the effective cross-sectional area of the butt weld {see Figure 24)

For a corner weld on both faces for the junction, it is determined using equation
(40}

Py = L waoB (40)
5

Here, wA: effective cross-sectional area of corner weld (see Figure 24)

tA = ( 21 + 22) gt

wA = 2 (£1 + 22) a

gt: gusset plate thickness

a: throat thickness of corner weld.
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18.000

Appendix 3: Computation of the V Index for Gymnasiums:
1. Outline of Building:
; AN I N N DO NV R
AN T Lt 1 A v iy I 1_ i B {1 -—-\-J_L n
(Ev\ L s} ey T g e
’J_g T fC 1 5 E ¢ §e.
i l [ i =
a1 ! L"-
-
: o- G G G Il a G ; G G G
: |
: = = = [ = ’ x B o] = =
! P [ .
® g oo | G S G G 0
- G ¢ G G
v a
3 =
¥ (=]
Vel
i | <
e ¢ ( ¢ C l(_'
y—r—%—[l.—:s—‘.:jz-;—'zzz‘r. U E- ﬁ_ (}
MBR , “BR
©3.8758.375] 4.500 | # } " 4500 |3.375|3.375
W 2 @ @ & @ D £ ©
Configuration of R-floor  w==-== --axial frame brace (BR)
f=4
[Yo]
[
C\ji—
;;‘ -
] S
H w
; ~
c C _
1. - . - L G,
rﬂ‘:x Clo 3
H o]
1 ) 18,000
(@ thru8)through axial frame diagram
o D 56

o me— S



!

i
i
I
X
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i
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. . | S
- | i 1 'G:
"M”“\L(' Ellc J‘L( MW( [iLlC_ lllc Cf( \ll(ﬂn
N TR T
: |
i5375 3.375! 4500 P R 4.500 [3375|33751
S ® o e @
(AY, {E) Through Axial diagram
Main Cross-sectional List:
¢ BR
L
HH—244 x 175 x 7T x 11
Be — 16 224
ANCHOR BOLT 2 —M22
B G
i SRR
1
&
H=— 350 x 176 x 7 x 11 H— 150 X 108~ 86 x9
For S541 steel, no special
characteristics
D57
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2. Computation of the V Index in the span Direction:

%.0 Standard Computation:

P

fonstruction Model:

Y e

B 2.25m
: C h=3,97T m
L 9m 9m
—
%%/l_:/w B
Weight of Building:
Roof 0.060 X 81.5 X 20.0=41.01
Walls 0.07 % 18.0 = (-942-5-4-3;235-) x2=851

“ross-walls
0.07 ©x 31.5 4.5 ,72x2=2909 .

59. Lt

2.1 Computation of Spring constant K:

Strength of column Ke (H-244 x 175 x 7 x 11)
Ix = 6120 om*
Ac - 6120 /397 = 15.42
Ke =% be x 2% 6= 138.8cd

Strength of beams Kb (H-350 x 175 x 7 x 11}

o) —

Ix -7 13600 om?
Ke = 13600 - 1800 - 7 56
ko =- Kbt x =680

Spring constant K

P g 7, ! oo 21y

T | ] why
-‘j}'\l' Gkt

T .
§X 185~ s xérg D248 1sem

2.2 Individual periodicity T Computations

— 9 gl N I__ 594
T=2xlx=2=3%1 X 1980 % 5.19
= 0.660 B
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P40

For the upper % of column
height, the total weight
ot the building is computed

W = 69.4t computed for the
whole building

Ke = 138.8 cm?

K=5.49 t/cm

-~ 0.66 seconds




2.3 Computation of Yield Shear Force Q:

Determined by column capital moment for columns:

(1)

The total plasticity moment for column MH:

M, =Zp x 0y == 558 x 1.1 x2 4= 14T73tem

{2) Moment, MS’ determining elastic side buckling for column:
Fas 190
PR S 1 A
i T aea 406
1= 2o e

o - 1.6, emt

Accordingly, elastic side buckling does not occur.

{3)

the column capital moment,M,, determined by the shear
resistance of the column base

Anchor bolt 2-22 ¢ d

Base plate thickness: t =

= 2,2¢cm

1.6 cm

t-.1.44d
e =2
Me= (0.4 2 +0.75 re tA0p) n
=070 x 2 x 38,801 x4.1x 1.1 x 847
10208 t em

(P =0)

Moment of column capital determinea by beam:

(1) Beam's total plastic moment M,
oM: = 868 X 1.1 % 2.4 = 229l tom
(2) Beam's elastic sige buckling determining moment My:
LA 450
L, 4 15 5.
V=g =855
th > 16 o

D 59

My = 1478 t cm

Zp : Plastic cross-section
coetficient

oy: Yield strength

oy is 1.1-times nominal

2/3 ot the actual thinness-
length ratio.

fA: Anchor bolt's axial
cross-sectional area

G8: tensile strength

éB is 1.1 times the nominal
tvalue

Mb must be sufficiently targe
eéven when p = 0

Mg = 10208 t cm
i .

24

7



Accordingly, the(e is no elastic side buckling.

{3) Considerations on load distribution

S oaed 4 18- 0,293 t S 'm

!,.' s 4

Mool 00083 X180,
_ M. _ 187
=M, 2201 M52 0.5 4

M, = 2201 % 2 ({2x 032 —-0.52)=22901cm

The material end moment determined by the breakage ot the
beam junction.

(1) Beam junction breakage determining moment, My.

N— S

8, HTB 2-M22T7 bt
~ 2 RB-6 |1 3
—+i4f =

HTB 4 - M22 / i i
2—' P‘ss L. . 40 EO

600

a 1

Pot — (17T.5—2 x 2.4)x1L1x41x11=563.0¢
0.75X4X2X3A90x102’(141:250.8!
from the above: B
4><4.0le1><4.1><1.1—79,41

Pt = 63.0 ¢

63.0
. x 2291
MB=08 X e T x2.4 1.1

22721 om

Qs

= 41. 21

0 THEXTN2%3. 80%x 1011 ~1256 ¢
from the above

QH E= 412(
L= 100

L=56.m
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Considering the effects of

loaa distribution on MZ'

fFlange breakage

. Fastener breakage

{—é—‘-x (18.0—2x2.4) »0.6x2x41x1L1 ;
~H

bridge opening breakage
Breakage of splice

breakage of fastener



jﬂj‘; }: Mp = 2434 1em
: : (412 - 2
R 280 1800 = 34740 tcm
M, = — L\ = 24341
C T2 al T e
Accordingly

o e -

B,

B, = 190 ‘

B, =17.5—-07T—-1€6x2=126om
B, =24 --11x2~16x2=1900cm
S, =5, =0.8om

Ts = 1l.lem

Ni, - 0.7» [1.1+25: 1.1 +1.6) ) %4 1x 1. 1=24 8+

Ni, = 2x 126 x 0.7 x 0.8 x~—2bb g6 7,
-‘z . . . ‘. J_S— —_ .
126 x .1 x 4.1 x 1.1 = 62 51
Ax19. 070 7x0. 8x 2 AXLL _
J8
41> 11
2 X 190 X 1,1 xmE=s 108

So Nty = 88.7:

Accordingly:
Nt =Ny +Ni; =248 +36.7=61.51
No=u 7 tLl=1 (L1+1.6))1 x1.2x24
X 1.1=8. 41

Ner= 1.2 x 12,6 x 1.1 x 2.4 x 1.1 = 48.9:

4.1 x 1.1
4 x19.0 X 0.7 x (8 x ———21 _
X W 1111
4.1 x 1.1
2 x 19. 0 x 1.1 T T =
> J—3 1091
Ne = 43. 61

Theretore
Accordingly

Ne =Nty ~Nep,= 84 - 43.9=5231
Nr eNc Eiee LT
\
Prn=52.31

nw=38b0—2x {(1.14+16) =20 6em
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_Mh = 2434 t cm

iPB = 52.3 ¢t
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Pn‘.v——"f;:x (29:6 - 2x0.8) X0.7x0.8 x

L1x1.1=4081
Ms = 48.7 x 35.0 +%X40.8x29,6‘~‘—20061m

Total plastic moment ot panel:

Panel's etrfective volume

Vp - 33.9 x 23.3 % 0.7 = 5562. 9 cd
M, = )77 x552.9 x 2.4~ 1.1 = 1124 trm

M] thru MS comparison reveals that the moment on the column

capital, Mr, is determined by the panel's total plastic moment

M, at the beam-column junction:

3

Mr =M; = 1124 1 om

Yield Shear Force §:

Q= Ine/ n=LEEXS 50 6,

2.4 Yield shear forc coetficient determination:

* =, W=-50.96 /59,4 = 0. 558

ZﬂS Calculation ot V index:

V=330 aT = 330 0. 858 x 0.66 = 187

3 Computation of ¥ inaex in cross-beam direction:

9]
‘é% C ]}13.97m

=
1 L=3.375m

3.0 Standard Computation:

Construction model:

=
]

=
n

2006 t cm

112ﬁ t cm

Mr = 1124 t cm

Q - 51.0t

alpha = 0.858

vV = 187

The same the of building weight computation as in span airection.

W=59.4t
3.1 Spring constant calculation
BR 22 ¢
DA - 3. 801 o4 °
Covlt = ‘“‘"‘iﬁj—‘_‘a‘*‘_’——= .6
[337. 57 + 3977% 0.6477
B = 337.5
Therefore:
g =ZEpacde 2100 x 3801 x 0.6477° .
B 3375

X4:257|/m
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W = 59,4t

k = 25.7 t/cm



3.2 Individual Perioa T computation:

ROl - R
17K U 7980 x 25 7

= (.305 seconds
3.3 Computation of Yield Shear Force Q:

Diagonal beam's Yield axial force:

EPy = pAoy = 3,801 x 2.4 x 1.1 =10.0

Diagonal beam's yield axial force:

"~ /(/\;0/ /

2—M16

it
j N
60 .\
——
wi - PUVTE
M- 6

Diagonal beam and wing plate weld breakage:

Weld length {one side) 10 cm

BPy = (10- 0.8)»04 »-2xij—%ﬁ=19.16(

Primary Stock Breakage:
8Pz == 0.75 X 3.801 x4.1 % 1.1=212.86 1

Wing plate breakage:

L]
WPz = (7.0-1.8) x0.6 x4.1x1.1=14.07+

D 63

T = 0.305 seconds



Fastener Breakage:

vPo 075 2 X 1 X201 Xx10x1.1 - 33 17

Bridge opening breakage:

nt', -

2 X40x06 x 41 x1l1= 21.651

Gusset Plate Breakage )
BP: = {6.9—1.8)x086x4.1x1.1=13.801

30¢° T
..._( } 6.9cm
1
oot

Gusset plate and Column weld breakage

Py =2 % (16.0+16.0) x0.4 x 0.7

4.1 <11
xm‘ra— = 46.T1

From the above, BP2 determines the breakage of the primary stock.

BPy = 12.86 t
BP1 and BP, compared are:

BP = BP1 = 100t - BP = 10.0t
Horizontal component Bg is:

Fg= BPeosd = 10.01x0. 6477 = 6.477
Bg = 6.477t
Accordingly, yield shear force Q is: 8. 48t
Q=4 X 6.477 = 25. 9« A

Q = 25.9t

Considering axial force in the vicinity of diagonal beams:

Column thinness-length ratio:

s =190 455

T T8

fe=1.42
P=15x1.42 X §6. 24 = 1201 >?.62t0.h

Beam thinness-length ratio:
- 3875
2.37 — M2

fe=(. 475

A

PLLBXO&SXZ&M—I&!t} 6.48 1 (K
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So long as the diagonal beams do not break, beams and columns

do not buckle,

‘The column base's breakege axial force is sufficiently
greater than the uplift force upon the foundation of 7.62t.
3.4 Calculation of the Yield Shear Force Coefficient:

T QW= 259 594 = 0. 436

3.5 The diagonal beam's accumulative plastic deformity
magnification rate Bn:

By == 10 + 40 X (]—120-'%—1) =21 2

3.6 Computation of the V Index:

Vo 270aTJ 0.54 By

- 270 x 0 436 x 0.305 X [ 0.5 © 2.2 = 167
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