3.2. Evaluation on Building Damage

Basic Terminology:

Damage: Destruction, deformation and inclination of a building, which includes
structural and non-structural elements, caused by an earthquake.

Damage index: Indices indicating degree of danger, class of damage for building
as awhole, damage level for each building element.

Safety: Building conditions which ensure the safety of human life even a a
possible severe earthquake.

Structural element: Building elements which compose the structural system to
resist dead and live loads, and external loadings such as earthquake
excitation.

Non-structural element: Building elements other than structural elements like
exterior and interior wall, partition wall, ceiling, roof, and so on.

Retrofit: Strengthening the structural system of an existing building with poor
aseismic capability to fit the requirement of current building code.

Purpose:

Methodology of an evaluation on building safety after earthquake or tsunami

Important Points:
Timing:

Timing Evaluation Methodol ogy Example
Immediate First announcement of building | Reports of eye witness & Feelings
damage by local habitants
Broadcast
Within few days Quick inspection Evaluation into 3 ranks, inspected,
limited entry and no entry
Within few weeks | Damage Classification Seismic capacity assessment
Damage survey in atypical
area
Damage overview in damaged
area
Grade:
Grade M ethodol ogy Deds
Minimum Reports of eye witness & Information to habitants
Necessary Feelings by local habitants
Better Instant evaluation Advice to habitants about Restoration
Best Evaluation on building safety Advice to habitants about Retrofitting

Statistics of damages
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3.2.1. First Announcement of Building Damage

Immediately after the earthquake occurrence, within a few hours, it is very
important to know the general damage distribution and identify the most severely damaged
areas where emergency rescue action is required. At this time, quick information transfer
becomes important though reports of eye witness or findings by local habitants. Such
information must be integrated for the effective rescue actions as well as building damage
evaluation considering the determination of priority or order of various response actions,
and appropriate emergency plan must be managed and operated.

Considering the shutdown of computer systems due to the break of electric
power supply, the role of broadcast becomes important especially wireless network systems
for the collection of damage information.

A survey shall be performed to roughly assess the disaster level of buildings
within one or two days immediately after an earthquake. A small number of investigators
will also visually inspect the appearance of buildings while taking into consideration the
reports by residents.
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3.2.2. Quick Inspection of Damaged Buildings™

This section mainly presents the method of quick inspection in Japan. The
methods in the U.S. and Turkey are attached as Other Example 1 and 2, respectively, at the
end of the section.

Damaged buildings shall be inspected between the third day and the seventh
day after the earthquake, or for a longer period depending on the disaster level, to evaluate
building safety against aftershocks by the visual inspection of their appearance and in the
buildings interiors by building structure engineers. The judgment result of this inspection
shall be classified as "inspected”, "limited entry", or "unsafe" and posted near the building
entrance.

1) Purpose

The purpose of the quick inspection of damaged buildings is to judge the risk
of collapse or tip-over of the buildings damaged by an earthquake or faling of building
components due to aftershocks as soon as possible, and to provide information on the risk of
using the buildings before they are restored for long-term use. This should help prevent
secondary disasters that would endanger people in earthquake-stricken areas.

Explanation

(1) The primary responsibility to ensure the safety of a building rests with its owner,
building manager, or occupant. The owner and relevant people have the responsibility to
ensure the safety of the building damaged by an earthquake.

In case the damage by the earthquake is too large or there are a number of
owners for a building, however, it is not always possible for the owners of the damaged
building or relevant people to confirm the safety of the building by themselves. A
large-scale earthquake normally has a number of aftershocks. Buildings damaged by an
earthquake will be destroyed further by the intense vibration of aftershocks and might
collapse, thereby subjecting a number of people to the threat of secondary disasters.
Damaged buildings that would affect roads or adjacent houses in particular can hurt third
parties.

Therefore, from the viewpoint of the safety of citizens after an earthquake, it
is not desirable to entrust the entire responsibility for the safety of damaged buildings to the
owners or relevant people without taking administrative action.
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For this reason, the safety of damaged buildings shall be judged as part of
emergency action by local governments immediately after an earthquake.

This post-earthquake, quick inspection of damaged buildings is an action by
the Center for the Quick Inspection of Damaged Buildings, which is organized in the
Disaster Response Headquarters to quickly investigate buildings and other structures and
offer information from the professional viewpoint of architectural technology. This
inspection does not assess the monetary loss due to the disaster or judge whether the
damaged buildings can be used for a long period of time. The "criterion on the damage
classification” P will be applied to the judgement of whether the damaged buildings can be
used for along time or whether structural reinforcement is necessary for restoration.

(2) Aftershocks are usually smaller than that of the main shock; however, they are
sometimes equal to or larger than the first earthquake. In addition, different earthquakes
often occur at an equal to or larger scale than that of the first shock after a short interval in
the same area, though they are not regarded as aftershocks from the viewpoint of
seismology. Recent, well-known typical combinations of an earthquake and a subsequent
earthquake that was larger in scale and damage are the Miyagi-ken-oki Earthquake in
February 1978 (M6.7) and the earthquake at the same place in June 1978 (M7.4); and the
Kagoshima-ken Nanseibu Earthquake in March 1997 (M6.2) and the earthquake (M6.3)
occurred in Satsuma area, Kagoshima Prefecture, in May 1997.

However, for judging the risk level, this criterion assumes that aftershocks
have smaller scales than that of the main shock. In case a building has been damaged further
by aftershocks to require changes in the risk level judgement, quick inspection will be
performed again.

(3) Buildings on a slope will collapse together with the ground if the slope collapses when
water percolates downward through the ground at post-earthquake rains through fissures
caused by the earthquake. An example is the case of the 1990 Philippine earthquake when a
slope cracked by the earthquake later collapsed due to a post-earthquake rain and washed
away areinforced concrete building. This quick inspection will also pay attention to the risk
of building collapse due to such non-aftershock phenomena.

These non-aftershock phenomena that cause building collapse include the
effects of typhoons and strong winds and snow |oads after snowfall on earthquake-stricken
buildings. It is important to take into consideration the effects of strong winds and snowfall
immediately after an earthquake, particularly on wooden buildings and steel structure
buildings.

(4) To inspect facilities for the usability as a post-earthquake shelter, the safety against
aftershocks shall be examined more carefully and minutely. It is important to inspect not
only the safety of interior and exterior structures but also the safety and availability of gas
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and electricity, the water supply and drainage, and telecommunication facilities.

This criterion is designed to quickly judge the risk level of damaged buildings
by focusing on appearance inspection. The inspection and judgement manua focuses
especially on the inspection and judgement of damaged buildings in general by volunteer
inspectors.

Therefore, the inspection and judgement on shelter facilities may be made asa
separate duty by the Disaster Response Headquarters in the earthquake-stricken area.  For
this reason, it may be required for small-scale local governments that do not have
engineering staff to seek for the cooperation of inspectors to judge damaged buildings. In
such a situation, it is desirable to carefully inspect the interior and exterior of damaged
buildings in detail according to this criterion and the inspection and judgement manual.

2) Scope of Application

This criterion on quick inspection applies to wooden, steel, reinforced
concrete and steel framed reinforced concrete buildings damaged by an earthquake. Because
buildings are different in the construction method and height depending on the type of
structures and subsequently in the earthquake damage features and risk level, this criterion
on quick inspection is set for each type of structure.

Explanation

(1) This criterion on quick inspection applies to the judgement of the risk of collapse of
earthquake-damaged buildings due to aftershocks and does not apply to that of buildings
damaged by other causes. For example, because different typhoons and strong winds have
different directions, pressures, and other characteristics, this criterion cannot directly be
applied to the judgement of the risk level of the buildings damaged by a strong wind against
the winds that follow in a later typhoon. In case an earthquake-damaged building is
potentially subjected to strong winds, however, it is required to pay attention to their effect
on the building.

(2) This criterion on quick inspection summarizes the methods to judge the risk of wooden,
steel structure, reinforced concrete, and steel framed reinforced concrete buildings of
ordinary construction due to an aftershock and other effects. However, there are some
special-purpose buildings of special construction method that are different from the
conventional methods. As such specia buildings have little experiences with earthquake
damage, there is little knowledge of the method to judge the risk level. Hence, this criterion
does not make judgement on such buildings. Therefore, a special team should be organized,
including design engineers of the building, to judge the risk level in case such buildings are
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damaged in an earthquake. In addition, a separate inspection should be done for buildings
that store dangerous materials; but such buildings are not covered by this criterion. In case
this criterion is applied to such buildings as an emergence measure, the risk level should be
judged while considering whether the buildings still have the capability to store dangerous
materials.

For these reasons, this criterion does not apply to the buildings of
non-conventional construction.  More specifically, this criterion excludes high-rise
buildings of ten stories or over, and buildings of long-span, space truss or suspension
structure, and other specia construction methods.

In regard to building construction, the scope of application differs for wooden,
steel structure, reinforced concrete, and steel framed reinforced concrete buildings. Among
concrete-based structures, this criterion may be applicable to precast concrete and
reinforced concrete block buildings. In the case of precast structure, joints will more
seriously be damaged than structural members. In such a situation, because the judgement
based on the damage of jointsis not prescribed, flexible actions are required to read jointsin
the inspection sheet, which will be presented later, as columns for inspection and
judgement.

This criterion is not applicable to inspection of such buildings that are called
the buildings of a prefabricated method, wooden frame construction, or traditional
construction method for temples and shrines. If it is applied to such buildings, therefore, the
spirit of the inspection should appropriately be observed.

To the buildings having some parts with tow or more of the following:
reinforced concrete, steel framed reinforced concrete, some steel structure, and some
wooden structure, it is possible to apply the criterion on quick inspection for each
construction method that is presented below, and make comprehensive judgement based on
the judgement on each construction method. In this case, different inspection methods will
be used for the different construction methods.

3) Definition of Terms
In this criterion, terms are used according to the following definitions.

Quick inspection: Quick inspection implies both temporary and emergency
inspections on the assumption that there is an emergency that requires a number of
judgements to be made during a short period of time immediately after an earthquake that
has damaged buildings. The judgement is temporarily made according to this criterion and
may be changed after the damage has been surveyed later by a detailed inspection with an
ample period of time.
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Degree of danger: The degree of danger means the level of the danger that affects
human life due to the destruction of building frames, and falling or tip-over of building
components. There are three ranks of degree of danger, "unsafe”, "limited entry”, and
"inspected”, based on the damage levels of different parts of the object building.

The term "inspected"” is used to mean "safety"” in the inspection and judgement
according to this criterion. However, the quick inspection of degree of danger based on an
appearance survey in a limited scope does not mean that inspection and judgement have
been made to the extent that the "safety" of the building is guaranteed. It is only to confirm
that there are no "unsafe" or "limited entry" elements in the scope covered by the inspection.
If the result of judgement is expressed as "safe," it would lead to the misunderstanding that
the building can be used safely for a long period of time. For these reasons, the term
"ingpected” is used in the criterion.

Class of damage: The class of damage means the level of earthquake-caused
destruction or deformation of buildings or objects attached thereto. There are three ranks of
damage level, A, B, and C, in an ascending order, for the quick inspection of damaged
buildings.

Damage level: The damage level means the level of destruction of members and parts
of reinforced concrete and steel framed reinforced concrete buildings. The "criterion on
damage classification” 2] defines five levels of destruction, | to V, in an ascendi ng order
according to the extent of damage. This criterion on quick inspection of damaged buildings
isrelated to the damage levels 111 and over.

4) Method of I nspection

To inspect damaged buildings and judge the degree of danger, those who are
qualified for quick inspection of damaged buildings visualy inspect the appearance of
buildings and their parts at the disaster site for settlement, inclination, and destruction.

Explanation

(1) Quick inspection of damaged buildings is performed according to the request by local
governments by the inspecting building engineers (hereinafter referred to as "judges') who
have been trained on the technique of the criterion of quick inspection of damaged buildings,
and are registered at the prefectural governments. To ensure that judges correctly understand
the criterion on quick inspection of damaged buildings and the inspection and judgement
manual, and to ensure that damaged buildings are appropriately inspected and judged for
their safety, judges are assumed to have expert knowledge equal to or at a higher level than
that required for registered architects.
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(2) Buildings are visually inspected in principle from outside by using ssmple instruments.

In the quick inspection of damaged buildings, judges can quit further
inspection once the object building has been judged as "unsafe’. However, even buildings
that are judged as not damaged by an appearance inspection may have been serioudly
damaged on the inside structure to cause collapse. Therefore, it is desirable to confirm that
there is no damage inside such apparently-intact buildings. In such a situation, it is aso
possible to inspect the inside based on in situ interviewing of the users or owner of the
building.

(3) Simple instruments may be required to measure the settlement, inclination, or damage
of buildings.

(4) Buildings are inspected by using a judgement and inspection sheet prepared for each
structure type. However, there are buildings whose structural type cannot be judged from
outside appearance. In particular, it is often difficult to distinguish between a wooden and
a steel structure or between a reinforced concrete and a steel framed reinforced concrete
structure. Even a building apparently of reinforced concrete structure can be regarded as a
steel framed reinforced concrete building if it has eight stories or over. Judge whether a
building is steel or reinforced concrete by touching it or knocking to hear the sound. It is
often difficult to judge whether a building is of wooden or steel structure, unless the exterior
finish has dropped to expose theinside. In such a situation, it is appropriate to regard it as
a wooden building for inspection, because such buildings are often of wooden structure
according to the past experience.

For buildings of mixed structures, select an appropriate inspection sheet after
confirming the damage level and judging the main structure, and use other inspection sheets
as necessity arises and record the condition of the building in the margin of the sheet.

(5) It is desirable to prepare a house map as shown in Fig.3.2.2-4 in order to identify the
name and location of each building to be inspected.

5) Method of Judgement

Inspect the object building and judge the settlement, inclination, and damage
of the structure according to the judgement criterion prescribed in the inspection sheet for
quick inspection of damaged buildings, and judge the degree of danger of the building as
follows based on the judgement result.

(1) Degree of danger of building

Unsafe: Judge the building as "unsafe” if it has one or more C-ranked items with
regard to settlement, inclination, or damage of building frames. Even though it has no rank
C items, judge the building as "unsafe,” if it is of steel structure and has four or more
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B-ranked items, or if it is of reinforced concrete or steel framed reinforced concrete
structure and has two or more rank B items.

Limited entry: Judge the building as "limited entry," if it has one or more B-ranked
items with regard to settlement, inclination, or damage of building frames.

Inspected: Judge the building as "inspected” when it is not at the degree of danger of
"unsafe” or "limited entry."

(2) Risk level of componentsto fall or to be tipped over

Unsafe: Judge the object component as "unsafe,” if it has one or more C-ranked
inspection items with regard to the possibility to fall or to be tipped over.

Limited entry: Judge the object component as "limited entry," if it has one or more
B-ranked inspection items with regard to the possibility to fall or to be tipped over.

Inspected: Judge the component as "inspected" when it is not at the risk level of
"unsafe” or "limited entry"”.

Explanation

(1) The degree of danger of a damaged building is judged separately for the risk to human
life due to the collapse and for that due to building components that fall during
aftershocks or due to other causes. Thisis to express whether the building can be used
based on the said two categories of danger by the method referred to in the next chapter.
Even when there is no damage to the building or no risk of collapse, it shall be judges
as unsafe if there are objects that would fall or be tipped over near the entrance of the
building that would endanger the users, owner, or third parties. In this manner, the
degree of danger due to the collapse of the building and that due to the objects that
would fall or to tip-over shall be judged separately.

6) Action accor ding to the judgement result

To notify the building owner, users, or third parties of the quick inspection
result, judges shall post the specified sticker at the entrance of the building or other places
where the sticker is easy to view. When it is possible, judges should explain the inspection
result to the building owner and advise about the prevention of danger. Judges shall also
post a sticker in the relevant place to notify the judgement result on the danger of objects
that could fall.

Explanation
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(1) Figs 3.2.2-1 to 3.2.2-3 show an example of the sticker for "unsafe”, "limited entry”, and
"ingpected”, respectively.

(2) When the building has inclined to a large extent and has the possibility to fall over asa
rigid body at an aftershock, it is required not only to post a sticker for danger at the building
to arouse attention but also to indicate the danger to enter the area in which the building
would fall upon. In the 1995 Great Hanshin earthquake, a building that inclined
significantly (because it had broken columns on the first floor) totally collapsed during an
aftershock and blocked nearby roads. In this case, the area crushed by the collapsed building
was approximately equal to the height of the building.

(3) The area that will be affected by an object attached to a building when it falls or it is
tipped over depends on its size and profile. As a guide, assume the dangerous area is the
circle on the ground immediately below the object that has a radius equivalent to half the
height where the object is installed. If there are canopies or screens on the route along
which the object will fall, their effect shall additionally be considered, since the object will
rebound at such obstacles.

(4) Inspectors shall explain the judgment result to the building users, describe the
allowable area of entry, and give easy-to-understand precautions required for entering the
building in the column for comments on the judgment sticker. Ora explanation may be
enough or stickers can be omitted for some buildings.

Administrative action will be taken to prevent entry into buildings that would
affect the safety of third parties.

Fig. 3.2.2-1 Example of the sticker for “unsafe” (in red)
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Fig. 3.2.2-2 Example of the sticker for “limited entry” (in yellow)

Fig. 3.2.2-3 Example of the sticker for "inspected” (in green)
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7) Changing the judgment

The judgment can be changed for buildings for which quick inspection of
damaged buildings was performed, when effective measures have been taken later to
prevent collapse or other categories of danger, or when the damage conditions have been
changed or inspected in detail to have the original judgment changed.

Explanation

(1) The primary purpose of the quick inspection of damaged buildings is to inspect
damaged buildings, judge the degree of danger based on the quick inspection and judgment
manual against the possibility of collapse or other categories of danger, and inform the
building owner of the judgment result. This is to prevent secondary disasters that would
affect human life and is not to judge whether the object building can be used for a long
period. The judgment is not linked with the certificate for damage that is used to apply for
subsidies for recovery from disaster. It is important to note that changing the judgment is an
action to be taken only when the degree of danger that affects human life has changed.

The original judgment shall also be changed when the damage has intensified
by aftershocks. When an aftershock at a comparatively large scale has occurred, quick
inspection and degree of danger judgment shall be performed again for all buildings in the
disaster area.

(2) When effective emergency reinforcement measures have been taken for a damaged
building to lower the degree of danger, or objects that would fall have been removed, the
degree of danger will be changed from "unsafe” to "limited entry"”, or from "limited entry"
to "inspected” based on the result of the second inspection and judgment.

The emergency reinforcement measures shall be limited to those that ensure
an effective result, such as replacing a damaged column with a reliable reinforcement
structure that can sufficiently bear the vertical load that has been born by the column.
Simple measures such as supporting a building that has inclined to a large degree with
oblique beams will not constitute a reliable emergency reinforcement measure that allows
changing the judgment result. Because there are few documents on emergency
reinforcement technologies, this issue shall be investigated further. With regard to
emergency reinforcement or subsequent judgment, appropriate measures shall be taken,
including consultation with experts on the technology of buildings and structures.

(3) Since the quick inspection of damaged buildings is performed in a short period of time,
it may be changed later based on a detailed inspection. There may be cases where the
judgment shall be changed to "unsafe" after an interior inspection for buildings originally
judged "limited entry" or "inspected® with a comment "according to an appearance
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inspection”, or to "limited entry" after a deliberate inspection for buildings originally judged
as "unsafe" because it was originally a borderline call and thus labeled to ensure safety.
However, a deliberate attitude is required in the latter case.

In the following pages, mono-color photos and full-color photos are presented.
Generally, the mono-color photos are quoted from Reference [1]. And the full-color photos
are produced by the members of Building Research Institute, Ministry of Construction, until
1995.

References

[1] "Quick inspection manua for damaged buildings', The Japan Building Disaster
Prevention Association, Feb. 1998. (in Japanese)

[2] "Damage classification method for damaged buildings post-earthquake and seismic
retrofit guideline”, The Japan Building Disaster Prevention Association, Sept. 2001. (in

Japanese)
[3] "Zenrin House Map ' 94, Chuo-ku, Kobe City (east part) ", Zenrin Co., Ltd., Jan. 1994.
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Kobe City Chuo-ward (East Part)
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Total column should
be filled in with figures

Table 3.2.2-1 Quick Inspection Sheet for Reinforced Concrete Buildings and

Steel Framed Reinfor ced Concrete Buildings™ Serial No.
Serial No. Inspection date and hour Time of Inspection
Name of the Inspector (county and prefecture/ No.) ( ) Building No.
( )
Outline of the building o Serial No.in the residential district may
1 Name of the building 1.1 Building No.
2 Address of the building 2.1 Serial No. intheresidential district map 3
3 Use 1.Detached house 2. Tenement style 3.Apartment house 4.Dwelling house combined with other
uses 5.Store 6.0ffice 7.Inn and Hotel 8.Public facilities such as a government building 4
9.Hospital and clinic 10.Day nursery 11.Factory 12Warehouse 13.School 14.Gymnasium  apove
15.Theater, amusement facilities 16.0thers ( ) ground Sories
4 Typeof Structure  1.Reinforced concrete 2.Pre-cast concrete 3.Concrete block 4.Steel framed  jpger-
reinforced concrete 5.Hybrid of ( ) and ( ) ground Sories
5 Number of stories Above ground and underground a m
6 Sizeof the building Dimensions of thefirst floor 2 mx® m b =

Inspection  Inspection method:(1. Appearance inspection only 2. Appearance and interna visual

inspection) | nspection method
Inspection 1 The degree of danger judged at a glance (mark the appropriate items with a circle, judge the b
building to be dangerous, stop the inspection and skip to the comprehensive judgment).

1. Entire or partial collapse and fallen floors of the | 2. Significant destruction of the foundation and its
building significant displacement from the superstructure

3. Significant inclination of the building in whole or | 4. Others ( ) 1]
in part

Inspection 2 The degree of danger judged from the states of the adjacent buildings, the nearby ground, the
building frames and other factors

Rank A Rank B Rank C
Jdgmet Whether there are members thet | 1.No 2.Yes Judg_;ment (1)
@ auffered damage severer then damege
leve llI
Jogmat Presence of danger caused by | 1.No 2. Uncatan 3 VYes
@ degtruction of the adjacent buildings 1]
and the nearby ground
Sdtlement of the entire building | 1. Lessthan0.2m 2.02m-10m 3. Morethan1.0m |:|
dueto destruction of theground
Indination of the entire building | 1. Lessthan 1/60 2.1/60- 1/30 3. Morethan 1/30 1
dueto differentid settlement
Damage to columns [the floor (which suiffered the most sarious damage) through theinspedting for - and The most seriously damaged floor
beow () f sy vl S isin e e lengh o e vl s ke for e b o S
umns)
Number of columnsthat suffered damagelevd V ( )/ Number of columnsingpected )
(repecionrae( %) —
[1Lesthan1% [ 219%10% [ 3 Morethan10%
Number of cdumns thet suffered damege levd IV ( ) / Number of columns ingoected
() lnpedonrae( %] —
1 Lessthan10% 2.10%-20% 3. Morethan20%
Judgment (2) 1. Inspected 2. Limited entry 3.Unsge
(when dl items ae | (Wwhen one of the | (when one or more
givenRark A) items is given Rak | itemsaregiven Rank
B) C, or when wo or Judgment (2
e s aegven —
Rank B)
Judgment of thedegree of danger 1. Ingpected 2. Limited entry 3.Unsde Judgment
Judgment is determined by judgment (1) or | (intemd visud |—g:|
judgment (2), whichever isgrester ingpection required)
Inspection 3 The degree of danger caused by falling and shifting of objects
Rank A Rank B Rank C
Frane and gass of the | 1 Almog nodamege 2. Deformation and cracks 3. Danger of fdling ]
window
BExterior finishing materid | 1. Almost no damage 2. Patd caaking ad | 3 Sonificat cacking and |:|
(for wet construction) crevicss spdling
Bxterior finihing materid | 1. Sight damegesuchas | 2. Crevices obsarved in the | 3. Sgnificant digolacement of |:|
(for dry congtruction) cracksinthejoint plate thejoint and destruction of the
plae
Sgnboard andfitting 1. Notilt 2. A dightfilt 3. Danger of fdling
Exterior excgpedar 1. Notilt 2. A dightfilt 3. A sognificat tilt
Others( ) 1. SHe 2. Soedid atention required 3. Dangerous
Judgment of the degree of | 1. Ingpected 2. Limited entry 3. Unsde Judgment
danger (When dl items ae | (when ore or more item is | (when one or more item is IJ:|
givenRank A) given Rank B) given Rank )

Comprehensive judgment (the building should be judged here to be dangerous if it was judged to be
dangerous in Inspection 1; otherwise it should be judged according to the degree of danger in Inspection 2 or

in Inspection 3, whichever is greater). Comprelleﬂnlt
1. Inspected (green) 2. Limited entry (yellow) 3. Unsafe (red)
Comment (state whether danger is from the building frame, or from falling objects)

Note: comments should be the same as the notes written on stickers.
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(&) About 2mm-wide X-shaped cracks on a column

e

(b) Shear cracks on a short column at the left to right deformation is affected by the low

wall on theright side
Photo 3.2.2-1 Example of damage level 111
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(c) A column that has not deformed with reinforcement bars exposed. Although a large
volume of covering concrete has come off, the column concrete has not come off.

Photo 3.2.2-1 Example of damageleve Il Cont.

(@ The column capital concrete has come off and has exposed the vertica main
reinforcement. It is exposed in a wide area with a large crack along the reinforcement
that spread to the column center.

Photo 3.2.2-2 Example of damage level 1V
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(b) A large volume of concrete has come off and has exposed reinforcement barsin a wide
area.

e

(c) A large volume of concrete

has come off and has exposed reinforcement bars in awide
area. If the column has deformed in the vertical direction, the damage will be at the level
V.

Photo 3.2.2-2 Example of damage level IV  Cont.
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(@ The reinforcement bars have bent and the concrete inside the column has collapsed.
The column has deformed in the vertical direction.

(b) The column capital and base have fractured due to bending shear and have deformed
the column in the vertical direction.

Photo 3.2.2-3 Example of damage level V
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(c) See-through shear cracks on a wall; aso the wall and column reinforcement bars are
significantly bent.

Photo 3.2.2-3 Example of damagelevel V  Cont.

Photo 3.2.2-4 Example of the sinking and tilt of an entire building.
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Photo 3.2.2-5 Example of building tilting at 2 degrees or more

Example of the damage due to partia inclination that is caused by the fracture of first-floor
columns

Photo 3.2.2-6 Example of the damage due to partial inclination
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Example of the damage due to a large horizontal deformation caused by the damage of

columns
Photo 3.2.2-7 Example of the damage due to partia inclination

riarls

17
ok F

Photo 3.2.2-8 Example of aRank C falling object
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Total column should
be filled in with figures

Table 3.2.2-2 Quick I nspection Sheet for Steel Buildings™

Serial No.
Seria No. Inspection date and hour Time of inspection
Name of the inspector (county and prefecture/ No.) g g Building No.
Outline of the buildin . L - s
1 Nameof the builging 1.1  Building No. Serial No. in the residential district ma
2 Address of the building 2.1 Seria No. intheresidential district map _
3 Use 1.Detached house 2.Tenement style 3.Apartment house 4.Dwelling house combined with other 3
uses 5.Store 6.0ffice 7.Inn and Hotel 8.Public facilities such as a government building 4
9.Hospital and clinic 10.Day nursery 11.Factory 12.Warehouse 13.School 14.Gymnasium
15.Thester, amusement facilities 16.0thers ) Above .
4 Typeof Structure 1.Rigid frame 2.Brace 3.Prefabrication 4.0thers ( ) ground stories
5  Number of stories Above ground and underground Under- )
6 Sizeof thebuilding  Dimensions of thefirst floor 2 mx®__ m ground stories
a m
Inspection  Inspection method:(1. Appearance inspection only 2. Appearance and interna visua b m
inspection) I nspection method
Inspection 1 The degree of danger judged at a glance (mark the appropriate items with a circle, judge the t'
building to be dangerous, stop the inspection and skip to the comprehensive judgment).
1. Entire or partial collapse and fallen floors of the | 2. Significant destruction of the foundation and its
building significant displacement from the superstructure
3. Significant inclination of the building in whole or | 4. Others ( ) 1]
in part
Inspection 2 The degree of danger judged from the states of the adjacent buildings, the nearby ground, the
building frames and other factors
Rank A Rank B Rank C
Presence of causd by desruction of the | 1. No 2. Uncertan 3. Yes ]
adjacent buildingsand the nearby ground
Indination of the entire building due to differentid | 1. Lessthan 1/300 2.1/300- 1/100 3. Morethan /100
slement I
Indination of thebuildinginwholeor in pat
When the number of floors above the | 1. Lessthan /100 2.1/100- /30 3. Morethan /30 |:|
floor wheretheindingtion garted isane
oles
When the number of floors above the | 1. Lessthan /200 2.1/200- 1/50 3. Morethan /50
floor wheretheindination started istwo
omare The most seriously damaged fl
Themod | Occurenceof buckling of member | L No buckiing 2 Locd bucking | 3. Overdll buckiing € MOSt Seriously dam oor
sioudy or Sgnificant loce
buckling
( floor ) Rate of bracing rupture 1 Lessthan20% 2.20%-50% 3. Morethan50% ]
Rupture of the column-beam joint | 1. Norupture 2. Patid rupture or | 3. Ruptureof more ]
Section andjoint cracks than20%
Degtruction of the column bese 1. None 2. Patid 3. Sonificant |:|
Occurence of comosion 1 Amd o2 Sgnificant | 3. Pores dosarved 1
corrosion corrasion in vaious | invariousplaces
places
Judgment of thedegreeof danger 1 Ingoected 2. Limited entry 3.Unsde
(when dl items are | (when three or less | (whenoneor more
gven Rak A) | items ae gven | items ae given
(intemdl visd | Rank B) Rank C, or when Judgment
inspection reguired) four or more items |_g:|
aegiven Rank B)
Inspection 3 The degree of danger caused by falling and shifting of objects
Rank A Rank B Rank C
Roofing meterid 1. Almogt no damege 2. Sonificat displacement | 3. Overdl digllacement and
destrudtion L 1
anrgArI\e and dass of the [ 1. Almost nodamege 2. Deformdionandcracks | 3. Danger of fdling
wi I
Exterior finishing materid | 1. Almogt no damege 2. Patid caaking ad | 3. Sonificant cracking and
(for wet congtruction) crevicss spdling |:|
Exterior finishing materid | 1. Sight damage such as | 2. Crevices obsarved inthe | 3. Sonificant digplacement
(for dry congtruction) cracksinthejoint plate of the joint and destruction |:|
of theplate
Signboard andfitting 1. Notilt 2. Adighttilt 3. Danger of fdling
Exterior excapedar 1. Notilt 2. A dightfilt 3. A gonificant tilt
Others( 1 SHe 2. Specid dtentionrequired | 3. Dangerous
Judgment of the degree of | 1. Ingected 2. Limited entry 3.Unde
danger (when dl items are given | (when one or more items | (when one or more items Judgment
Rank A) aegiven Rank B) aegiven Rank C) |—g:|

Comprehensive judgment (the building should be judged here to be dangerous if it was judged to be
dangerous in Inspection 1; otherwise it should be judged according to the degree of danger in Inspection 2 or
in Inspection 3, whichever is greater).

1. Inspected (green) 2. Limited entry (yellow) 3. Unsafe (red)

Comprehensive Jud%ment

Comment (state whether danger is from the building frame, or from falling objects)

Note: comments should be the same as the notes written on stickers.
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4
Photo 3.2.2-9 Damage of the PC curtain wall of a 5-story, moment resisting frame

structure office building

Photo 3.2.2-10 Yield and fracture of a beam end inside a 5-story, moment resisting frame
structure office building
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Photo 3.2.2-12 A building inclined to alarge extent
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Photo 3.2.2-13  Serious damage of piles

Photo 3.2.2-14 Danger of building site collapse
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Photo 3.2.2-16  Surrounding area of the building settled due to ground liquefaction
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Photo 3.2.2-17 A building inclined due to the lateral flow of the ground (displacement of
bulkhead)

Photo 3.2.2-18 A condominium inclined due to difféfential settlement
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Photo 3.2.2-20 A building inclined at the 1st and 2nd floors only
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Photo 3.2.2-21 A locally buckled column

Photo 3.2.2-22 A totally buckled column

114



Photo 3.2.2-24 Buckling of wide-flange-shaped braces
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Photo 3.2.2-26 Rupture of awelded part between column and diaphragm
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Photo 3.2.2-28 Concrete below a column base plate that has lost its axial 1oad supporting
capacity.
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Photo 3.2.2-30 Example of Rank C falling object
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Total column should
be filled in with figures

Table 3.2.2-3 Quick I nspection Sheet for Wooden Buildings™

Serial No.
Seria No. Inspection date and hour Time of inspection
Name of the inspector (county and prefecture/ No.) ( )
( ) Building No.

Outline of the building

1 Name of the building 1.1 Building No. Serial No. in the residential district may
2 Address of the building 2.1 Seria No. intheresidentia district map _
3 Use 1.Detached house 2.Tenement style 3.Apartment house 4.Dwelling house combined with other 3

uses 5.Store 6.0ffice 7.Inn and Hotel 8.Public facilities such as a government building
9.Hospital and clinic 10.Day nursery 11.Factory 12.Warehouse 13.School 14.Gymnasium
15.Theater, anusement facilities 16.0thers ( )

1.Conventional framework 2.Wood frame construction 3.Prefabrication

4 Typeof Structure 4
4.0thers ( ) 5
5  Number of stories 1.0ne-storied house 2.Two-storied house 3.0thers ( )
6 Sizeof thebuilding  Dimensionsof thefirst floor 2 mx ° m Z m
m
Inspection  Inspection method:(1. Appearance inspection only 2. Appearance and interna visua
inspection)

In%ecti on method

Inspection 1 The degree of danger judged at a glance (mark the appropriate items with a circle, judge the
building to be dangerous, stop the inspection and skip to the comprehensive judgment).

1. Entire or partia collapse and fallen floors of the | 2. Significant destruction of the foundation and its
building significant displacement from the superstructure
3. Significant inclination of the building in whole or | 4. Others ( ) 1 |:|
in part
Inspection 2 The degree of danger judged from the states of the adjacent buildings, the nearby ground, the
building frames and other factors
Rank A Rank B Rank C
Presence of danger | 1. No 2. Uncertain 3.Yes
caused by destruction of
the adjaoent bwldlngs I:I
and the nearby ground
Inclination of the [ 1. Noneor dlight 2. Significant faling in [ 3. Destruction of the
entire building due to or rising up of the floor | roof truss and the
differential settlement and the roof ?Iettlement of the entire I
oor
Damage to the base 1. None 2. Partia 3. Significant (with
destruction) L 1
Tilt of thefirst floor of | 1. Lessthan /60 2.1/60 - 1720 3. More than 1720
the building L 1
Damage to the walls 1. Slight cracks 2. a?Ieri ous cracking and | 3. Danger of falling
spalling I
Corrosion and damage | 1. Almost none 2. Patiad chipping | 3. Serious chipping
away of the section away of the section L 1
Judgment of the degree | 1. Inspected 2. Limited entry 3. Unsafe
of danger (when al items ae | (when one or more | (when one or more Jud%ment
given Rank A) items are given Rank | items are given Rank
B C

Inspection 3 The degree of danger caused by falling and shifting of objects

Rank A Rank B Rank C
Roofing tile 1. Almost no damage 2. Significant | 3. Overall displacement
displacement and destruction
Frame and glass | 1. AImost no damage 2.  Deformation and | 3. Danger of falling

of the window

cracks

Exterior finishing
material  (for  wet
construction)

1. Almost no damage

2. Partia cracking and
crevices

3. Significant cracking
and spalling

Exterior finishing
material  (for dry
construction)

1. Slight damage such as
cracksin the joint

2. Crevices observed in
the plate

3. Significant
displacement of the joint
and destruction of the
plate

Signboard and | 1. Notilt 2. Adlight tilt 3. Danger of faling
fitting

Exterior escape | 1. Notilt 2. Adlight tilt 3. Asignificant tilt
stair

Others ( ) 1. Safe 2. Specid attention | 3. Dangerous
required

Judgment of the | 1. Inspected 2. Limited entry 3. Unsafe
degree of danger (when all items are given | (when one or more items | (when one or more items

Rank A)

are given Rank B)

are given Rank C)

U U

Jud?ment

Comprehensive judgment (the building should be judged here to be dangerous if it was judged to be

dangerous in Inspection 1; otherwise it should be judged according to the degree of danger in Inspection 2 or

in Inspection 3, whichever is greater).

1. Inspected (green) 2. Limited entry (yellow) 3. Unsafe (red)
Comment (state whether danger is from the building frame, or from falling objects)

Comprehensive Jud%ment

Note: comments should be the same as the notes written on stickers.
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Photo 3.2.2-31 A scene of apparent unsafe

Photo 3.2.2-32 A scene of apparent unsafe
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Photo 3.2.2-33 Differential settlement of abuilding (Rank A)

This mono-color photo is produced by BRI members.
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Photo 3.2.2-34 Differential settlement of a building (Rank B)
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Photo 3.2.2-35 Differential settlement of a building (Rank C)

This mono-color photo is produced by BRI members.

Photo 3.2.2-36 Damage on afoundation (Rank C)
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Photo 3.2.2-38 Tilting of abuilding at the first floor (Rank C)

123



Photo 3.2.2-39 Damage on awall (exterior wall) (Rank B)

Photo 3.2.2-40 Damage on awall (interior wall) (Rank B)
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Photo 3.2.2-42 Damage on awall (exterior wall) (Rank B)
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Photo 3.2.2-44 Ant damage (Rank C)
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Photo 3.2.2-45 Ant damage (Rank C)
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Photo 3.2.2-46  An object that can fall (roof tile) (Rank C)

This mono-color photo is produced by BRI members.
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Photo 3.2.2-48 An object that can fall (Rank C)
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Photo 3.2.2-49 An object that can overturn (block wall) (Rank C)
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Other Example 1
[Rapid Evaluation Method in the United States]™

1) Objective

The objective of Rapid Evaluation is to quickly, and with a minimum of
manpower, inspect and evaluate buildings in the damaged area. Following a damaging
earthquake, there is usually a scarcity of skilled manpower available to conduct
building-by-building inspections. It has been the experience to date in California that most
initial post event inspection are done by building inspectors from the loca building
department or from nearby communities. These individuals are employed by building
departments to inspect construction, check plans, evaluate dangerous conditions, and
perform similar tasks. As a rule, most building departments have many more building
inspectors than structural plan checkers or structural engineers.

Rapid Evaluation is designed to utilize the talents and experience of building
inspectors and other people with similar experience in construction. This does not, of course,
preclude the possibility of using experienced structural engineers, architects, etc., to do
initial evaluations.

Once all buildings in a given area have been inspected and those that are
apparently safe or obviously unsafe have been posted, the remaining structures, the
so-called gray-area buildings, are left for a Detailed Evaluation by a structural engineer.
This approach conserves the generally limited structural engineering resources for those
buildings that require more extensive visua examination and detailed knowledge of
structural design to evaluate.

2) Qualifications of Damage I nspectors

The Rapid Evaluation method is designed for use by individuals with at least
5 years of experience in genera building design, construction, or inspection. This includes
building inspectors in particular as well as volunteer civil/structural engineers, architects,
building contractors, and others who have been involved in the building design and
construction process. While the procedures given in Section 3) are fairly general and the
expertise of structural engineersis not
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Table3.2.2-4 Basic Rapid Evaluation Criteria™

Condition Posting

1. Building has collapsed, partially collapsed, or moved off its foundation UNSAFE
2. Building or any story is significantly out of plumb UNSAFE

3. Obvious severe damage to primary structural members, severe racking of UNSAFE
walls, or other signs of severe distress present

4. Obvious parapet, chimney or other falling hazard present AREA
UNSAFE

5. Large fissures in ground, massive ground movement, or slope UNSAFE
displacement present

6. Other hazard present (e.g., toxic spill, asbestos contamination, broken gas UNSAFE or
line, fallen power line) AREA

UNSAFE

essential, it is desirable to use individuals familiar with the structural aspects of building
construction. The damage inspectors need to have a basic familiarity with building
construction so that structural damage or any unusual situations (e.g., cracks in the ground,
falling hazards) can be readily recognized. Individuals with previous post earthquake
building safety evaluation experience as well as those who have participated in special
training programs will generally make excellent choices.

3) Rapid Evaluation Procedureand Criteria

This procedure begins with a reconnaissance of a damage area, or a suspected
damage area. The general level of damage or lack of damage should be noted because thisis
often an important clue to the likelihood of finding damage and to its severity. When a
building is selected for evaluation, Rapid Evaluation is done by first examining the outside
of the structure. The inspector should walk around the entire structure, if this is possible.
Ordinarily, only the exterior of the building is inspected at this time, unless there is a
suspected or reported problem. This is done primarily to maximize the number of

131



inspections in the immediate post event period. If a building is clearly in an unsafe
condition, it should not be entered.

Each building is evaluated using the six basic Rapid Evaluation criteria given in Table
3.2.2-4. These are used to rate the building's condition with respect to safety of occupants
and the public.

The six criteria selected for the Rapid Evaluation process were chosen for being externally
observable conditions or items of damage that, individually or collectively, are sufficient to
warrant use of the Unsafe or, in the case of falling or other hazards, the Area Unsafe posting
categories. Because the Rapid Evaluation process is designed to conserve anticipated
limited manpower resources, the damage assessments are necessarily coarse. Inspectors are
to look for readily observable, gross kinds of structural distress, such as partial collapse,
leaning buildings, and partial chimney collapse. In addition, geotechnical conditions, such
as slope movement, that threaten building safety are grounds for posting a structure Unsafe.
A Rapid Evaluation form is given in the next page.

Buildings that are apparently safe are to be posted Inspected, and the Inspected placard isto
be marked to indicate whether this inspection was "exterior" only or "exterior and interior".
Generdly, an initial Rapid Evaluation will be only of the exterior for reasons discussed
above. If occupants report a problem, or if the building cannot be adequately viewed from
the outside, or if aproblem is suspected, the interior should aso be inspected.

Unsafe buildings must be posted as soon as possible with the Unsafe placard and the
occupants informed that they must |eave the premises immediately. Placards must be placed
at al entrances.

Because many structures will not fall easily into either the Inspected (i.e., apparently safe)
or Unsafe classifications, the third posting classification, Limited Entry, will also have to be
used. This is to be used when the level of safety concern is doubtful and the structure's
condition is neither apparently safe nor obviously unsafe.
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Table3.2.2-5 Rapid Evaluation Inspection Procedure!™

1. Examine the entire outside of the structure.

2. Examine the ground in the general area of the structure for fissures, bulged ground, or
signs of slope movement.

3. Ordinarily enter a building only when the structure cannot be viewed sufficiently from
the outside or when there is suspected or reported problem such as gross nonstructural
distress (e.g., fallen ceiling or badly damaged partitions visible from the outside). Do not
enter obviously unsafe structures.

4. Evaluate the structure using the six criteria (Table 3.2.2-4), and complete the Rapid
Evaluation form. Doubtful buildings should be slated for Detailed Evaluation. Make sure
exitways are clear.

5. Post the structure according to the results of the evaluation. Use one of the three placards
(Inspected, Limited Entry, or Unsafe). On the Inspected placard, indicate whether only the
"exterior" or the "exterior and interior" was inspected by checking the appropriate box. Post
every entrance to abuilding classified Limited Entry or Unsafe.

6. Explain the significance of Limited Entry or Unsafe postings to building occupants, and
advise them to leave immediately. Areas designated Area Unsafe must also be evacuated.

Limited Entry placards are to be placed at each entrance, and the occupants informed of the
significance of the damage. Generally, entry is permitted only for emergency purposes, and
this will be indicated on the placard. A structure designated Limited Entry must be given a
subsequent Detailed Evaluation, and this requirement is indicated by the damage inspector
on the Rapid Evaluation form.

The entire Rapid Evaluation procedure is summarized on Table3.2.2-5.

References

[1] ATC20, Procedures for Post-earthquake Safety Evaluation of Buildings, Applied
Technology Council, 1989.

[2] ATC20-1, Addendum to the ATC20 Post-Earthquake Building Safety Evaluation
Procedure, Applied Technology Council, 1995.
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Block. __ Parcel No.

Table 3.2.2-6 L
ATC-20 Rapid Evaluation Scdety Assessment Form'”
BUILDING DESCRIPTION: OVERALL RATING: (Check One)
Name: INSPECTED (Green) 0
Exterior only
Address: '_'_

___ Exterior and Interior
LIMITED ENTRY (Yellow) []

No. of stories: . UNSAFE (Red) O
Basement: Yes [] No[] Unknown[J

INSPECTOR:
Primary Occupancy: Dwelling [} Inspector ID
Other Residential (] Commercial [] Office [] Affiliation
Industrial [] Public Assembly [J School [] INSPECTION DATE:
Government [] Emer, Serv. (] Historic [] Mo/day/year
Other. | Time am pm

Instructions: Review structure for the conditions listed below. A “yes” answer to 1, 2,3, or 5 is
grounds for posting entire structure UNSAFE. If more review is needed, post LIMITED ENTRY.
A“yes” answer to 4 requires posting AREA UNSAFE and/or barricading around the hazard.
Hazards such as a toxic spill or an asbestos release are covered by 6 and are to be posted and/or
barricaded to indicate AREA UNSAFE,

More
Review

Condition Ye Needed

g

Collapse, partial collapse, or building off foundation
Building or story noticeably leaning

Severe racking of walls, obvious severe damage and distress
Chimney, parapet or other falling hazard

Severe ground or slope movement present

Other hazard present

Oooooo
OOoodoo
oooooo

Recommendations:
[] No further action required
[0 Detailed Evaluation required (circle one) Structural Geotechnical Other
[] Barricades needed in the following areas:

[0 Oiher;
Posted at this Assessment: J¥es [1No

Comments:

130 Appendix C ATC-20
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Other Example 2

Damage classification forms™ in Turkey are shown in the following pages. These
forms were proposed by the Specialist Team of Japan International Cooperation Agency to
Turkey government, at the time of the Izmit, Turkey Earthquake of August 17, 1999. Other
forms proposed by the local government in Turkey were also used.

Reference

[1] Fumitoshi Kumazawa, Takashi Kaminosono, Yoshiaki Nakano; “Quick Inspection
Procedure Applicable to RC Buildings in Turkey,” Proceedings of the Third Japan-Turkey
Workshop on Earthquake Engineering, pp.400-402, 21-25 Feb. 2000.
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[Quick Inspection Method in Turkey]

Table 3.2.2-7 | INSPECTION SHEET 173

QUICK INSPECTION OF DAMAGED BUILDINGS
(REINFORCED CONCRETE STRUCTURES)

ID Code : Mumber of Inspections
Time and Date of Inspection : , 1999 [ Mon, i Day
MName of Inspector(s) (Affiliation / ID Number)

( / )
{ / )
DESCRIPTION OF INSPECTED BUILDING

1. Address

2. Contact Person: TEL:

3. Building Use  : 1. Apartment House, 2. Individual House, 3. Residence with Commercial Use,

4. Office, 5. Others { )
4. Type of : [ ] Hollow Brick [ ] Solid Brick [ ] RC wall
Partitioning Walls [ ] Other (
5. Number of Stories: Basement ______ + Ground Story + Upper Stories _____

SUMMARY (Complete the sheet on the following pages and then summarize results below.)

OVERALL RATING:

[ 1INSPECTED [ ]1LIMITED ENTRY [ ] UNSAFE
Original lateral resistance is Temporary use is not allowed unless retrofit Emergency retrofit 1o prevent
not significantly degraded, to prevent damage progress, repair to remove  sudden collapse is needed,
and temporary use or life-threatening hazards andfor barricades but entry and temporary use
occupancy is allowed, around hazard striking area(s) are made. are not allowed,
Detalled aszessment may be neaded, Detailed assessment needed.
RECOMMENDATIONS:

[ 1 Shoring [ bracing / jacketing needed in the following area(s):

[ ] Removal of falling andfor overturning hazard(s) needed in the following area(s):

[ ] Barricade ( off-limits needed in the following area(s): _

[ ] Other{s) (area(s): )

COMMENTS:
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Table 3.2.2-7 (Cont.) [ INSPECTION SHEET 273

INSPECTIONS

If a building is obviously unsafe due fo following damage, mark the corresponding reason(s),
identify the building “UNSAFE” and check as such in SUMMARY on the first page. (Inspections 2
and 3 can be shkipped.)

[ ] Total or Partial Collapse [ ] Extensive Damage to andlor Remarkable

Offset of Superstructure from Foundation
[ ] Remarkable Inclination of Entire Building or [ ] Other(s)

Individual Story

A B c
a. Hazard Resulting from [ ] HNo [ 1 Uncerain [ ] Yes
Damage to Adjacent
Buildings or Surrounding
Ground Failure
b. Seitlement of Buildings due | [ ] <02 m [ ]0.2-1.0m [ 1=1.0m
1o Ground Failure
¢. Inclination of Buildings due | [ ] < 1/60 rad. [ 1 1/60-1/30 rad. [ 1= 1730 rad.
io Differential Seitlement (seemingly inclined) {easily noticeable)

d. Damage to Columns

1. Inspect the most seriously damaged story, skefch building and count damaged columns as
fndicated at the bottom of this page, and then fill up the following d-1 and d-2.

2 If no serious damage fo a column but some to beams andlor beam-column joints is found
above or below the column, take it into account of damage fo the column.

d-1. Ratio of Damage IV or ¥V | [ 1 < 17100 [ 1 1100 - 1/10 [ 1=110
[(1)/(3)=100] Yo (1 %) (1% - 10 %) (10 %)
d-2. Ratio of Damage 111 [ 1=/ [ ] /8 - 1/4 [ 1=14
[(2)(3)x100] Yo (12,5 %) (12.5% - 25%) (25 %)
Structural Safety [ ] INSPECTED* [ ] LIMITED ENTRY [ ] UNSAFE
Judgement from a. to { only A ) (B21butC=0) (Cx1arB=2)
d.

* Either Interior Inspection or Interview needed as a general rule

[ SKETCH : K a column shape is rectangular, skefch as Inspected story :
such.]

{1) Number of damage rank I'V or V

(2) Mumber of damage rank 111

(3) Wumber of inspected columns

{4} Number of total columns

(5) Inspected Ratio of columns

[ (3] x 100] By
1. Sketch building configuration
and column _location of the
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Table 3.2.2-7 (Cont.)

| INSPECTION SHEET 3/3
STEF3 inspected story In the left box.
Z. Find out columns with damage
rank > Il and indicate them. __|
Inspection 3. Falling and/or Overturning Hazards
A B cC
e. Framed Nonstructural Wall | [ ] Mo or slight damage | [ ] Cracks ebserved but | [ ] Extensive cracks
[ ] Hollow Brick no out-of-plane penetrated, offset from
[ ] Solid Brick deformation boundary members or
[ ] Concrete Block out-of-plane deformation
f. Unframed Monstructural Wall| [ | Mo damage [ 1 Slight damage [ ] Diagonal cracks
[ ] Hollow Brick ohserved
[ ] Solid Brick
[ ] Concrete Block
£ Wooden Roof [ ] No damage [ ] Some damage [ ] Moticeable
[ ] Unknown observed but no falling | inclination, deformation
hazards present or separation from top
shory
h. Stairways [ 1Mo or slight damage | [ ] Extensive cracks [ ] Noticeable
[ 1 Interior [ ] Unknown observed but stair inclination / separation
[ ] Exterior rebars are anchored from connected
members and rebar
anchorage missing or
i, Window Frame and [ ] Mo or slight damage | [ ] Visible deformation | [ ] Likely to fall down
Windowpane and/or cracks
j. Finishings [ ] Mo damage [ ] Partial crack [ ] Remarkable crack
[ ] Plaster [ ] Mortar Of separation and/or separation
k. Elevated Water Tank, [ ] Mo inclination [ ] Slight inclination [ ] Likely to fall down
Chimney, Signboard, [ 1 Unknown
Machinery etc.
I. Other Hazard(s) [ ] No damage [ 1 Damage observed | [ ] Life-threatening
( 1
Monstructural Safety [ ] INSPECTED” [ JLIMITED ENTRY
STEP 4 Judgement from e. to | | Only A and/or B ) {C=>1)

* Either Interior Inspection or Interview needed as a general rule

SUB-SUMMARY on Inspections 2 and 3

| Inspected Areas 11 1 Exterier only I [ 1 Exterior & Interior{or Interview) |
1. Check one in Inspections 2 and 3, and then choose the highest rating among them as the
OVERALL RATING.
INSPECTED LIMITED ENTRY LUNSAFE
inepackion 2 [ [ [
(Structural Safety)
Inspection 3 [ ] [ 1 -
(Nonstructural Safety)
OVERALL RATING
Check the highest rating [ r [ 1 [ 1]
among Inspactions above,

* Either Interior inspection or Interview is needed as a general rule.
2. Following the above results, fill up SUMMARY on the first page. If B or C Rank for falling

andler overturning hazards (questions e. through L) exists, describe your recommendations
and comments In SUMMARY on the first page.
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3.2.3. Damage Classification!™

This section mainly presents the method of damage classification in Japan.
The methods in the U.S. and Italy are attached as Other Example 1 and 2, respectively, at
the end of the section.

To evaluate the safety of damaged buildings for permanent use, the class of
damage shall be judged during a period from the 7th to 60th days, or for a longer period
depending on the disaster level, after an earthquake has occurred. This involves doing a
detailed survey to classifying the damage as dight damage, light damage, moderate damage,
major damage and collapse. The survey is of the externa appearance and inside of the
object building and is done by building construction engineers according to the request of
the building owner.

1) Definition and pur pose of damage classification

The damage classification is for building construction engineers to enter the
object building damaged by an earthquake to inspect its settlement, inclination, and damage
of structure, classify the damage as one of the above five levels, and judge whether
restoration work is necessary for continued use.

Immediately after an earthquake, building construction engineers do both of
the following:

(1) Judge the danger of the object building to collapse or that of the objects attached thereto
to fall down or overturn at aftershocks, post a sticker to indicate "unsafe”, "limited
entry", or "inspected”, and provide the building owner and third party pedestrians with
the information whether entry is allowed, in order to avoid danger as part of "quick
inspection”, and

(2) Assess the class of damage of the structure of the damaged building as a next step and
judge whether restoration work is necessary for continued use based on the result of the
" damage classification ".

The above steps are to expedite the restoration of damaged buildings and
disaster area.

Major objects of the damage classification are the buildings judged as
"unsafe" or "limited entry" due to structura damage by the quick inspection or those
buildings judged as damaged equally or more seriously by other technological judgment. In
addition, the degree of danger of the buildings judged as "inspected” is also judged in
principle if the owner continues to use or permanently uses the building. Thisis because the
result of the quick inspection, which is mainly based on an appearance inspection during a
short period of time immediately after the earthquake, may change when the damage is
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inspected more thoroughly at alater date.

In the damage classification, the earthquake-resistance capability remained
with the object building or the residual aseismic performance ratio R (%) is assessed. R is
an indication introduced into this criterion to express the ratio between the aseismic
performance levels before and after the building is damaged; it is estimated based on the
damage of the structure to judge whether restoration work is necessary for continued use.
Because this requires expert knowledge of building structure, the class of damage is
normally judged by building construction engineers (Class 1 registered architects, Class 2
registered architects, and registered architects for wooden buildings).

For each structural type, such as reinforced concrete, steel framed reinforced
concrete, steel structure and wooden structures, a criterion on damage classification and
guideline for restoration technology are prepared. Then, a procedure based on the class of
damage of the building, the residual aseismic performance ratio R and the seismic intensity
scale in the area is used to judge the necessity or degree of required restoration work.
Inspectors use the announced seismic intensity scale or determine a scale when seismic
intensity in the area concerned can be judged based on the actual ground conditions, disaster
situation and the scale of seismic intensity in the neighboring areas. There are generaly
directions involved in the intensity of earthquake ground motion and structural
characteristics (strength and toughness) of buildings. The ground motion sometimes works
favorably on buildings to reduce damage depending on the combination of dominant
directions. In such a case, therefore, it is important to carefully judge the necessity and
degree of restoration work.

2) Significance and the procedurefor restoration from disaster

To restore damaged buildings promptly, it is extremely important for
construction engineers, facility owners, and building managers to thoroughly discuss
restoration strategies in advance and prepare a restoration procedure. Fig. 3.2.3-1 shows
an example of the procedure for restoration from disaster. As seen in the figure, there are
normally several ordered stages in the restoration procedure.

(1) 1st stage (immediately after the occurrence of disaster): Quick inspection (survey of
the safety against aftershocks)

(2) 2nd stage (after the confusion is calmed to some extent): Damage classification (survey
of the class of damage and the necessity of restoration work)

(3) 3rd stage (during the stabilized period): Restoration plan and work
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o

Occurrence of earthquake

(1) Quick inspection
I nspected Limited entry Unsafe
(Green) (Yellow) (Red)
A 4 A 4
| Emergency action
v v v
(2) Application of the criterion on damage classification - -
a 3 I Restoration obviously
| a’s‘l amage | P impossble
| Judgment of the necessity of restoration work |
v v v
Restoration Restoration Restoration
unnecessary necessary impossible
A 4

(3) Application of the technical guideline

for restoration
| Restoration plan |

Judgment of the applicability of No
repair and strengthening* q
l Applicable
| Repair | | Srengthening |
A 4 A\ 4 A 4 A 4 A\ 4

(permanent use when the building has been so restored.)

Continued use

Demolition and removal

* The possibility of restoration shall be comprehensively judged from the technological
viewpoint while taking into consideration economy and possibility of performing

restoration work

Fig. 3.2.3-1 Example of aflow of restoration work from a disaster.!"

As different aspects should be judged in different ways, the flow will become
more complicated in actuality depending on the magnitude of disaster and structure type. It
shall be noted that until the restoration of damaged buildings is completed, the aseismic
performance available for permanent use is not guaranteed, and it is only a temporary
measure to use the damaged buildings for the time being. Even if it is judged possible to
repair a slightly damaged building for continued use, it shall be retrofited to ensure the
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earthquake resistance dtipulated in the law (hereinafter referred to as the "aseismic
retrofitting expedition act").

The following are the definition of each item in the flow in Fig. 3.2.3-1 and
items to be noted.

Quick inspection: The quick inspection is to inspect the structure and building frames
of the object building, its periphery and risky objects to fall or overturn, and judge whether
the use of the building shall be limited to prevent secondary disasters due to aftershocks.

Temporary measure: The temporary measure is to install temporary support members
to prevent the collapse of buildings or prevent damage from propagating on buildings,
members, and parts judged as "unsafe” (with ared sticker) or "limited entry” (with ayellow
sticker) by the quick inspection or judged as equivalent with regard to the degree of danger
by other technical standards. This aso involves removing objects that could fall or overturn,
take protective measures, and set entry prohibited areas.

Restoration: Restoration is to recover or improve the structural performance,
durability, and functions of buildings damaged by an earthquake, including the following
repair and strengthening.

Repair: Repair is to recover the structural performance of damaged buildings to the
original level (before the disaster).

Strengthening: Strengthening is to improve the structural performance above the
original level (before the disaster).

Continued use: Continued use is to use damaged buildings temporarily by applying
repair, strengthening, and other measures for the period until permanent use is approved.

Permanent use: Permanent use is to use damaged buildings for a long period of time
after applying permanent restoration measures.

3) Scope of application and itemsto be noted

The criterion on damage classification and technical guideline for restoration
are prepared for each structure type. However, there are buildings of special construction,
which are different from the conventional construction method, that are built for special
purposes after deliberate discussions. Because such special buildings have few experiences
of earthquake damage and thus one has little knowledge of the method to judge the damage
level, this criterion does not assume the judgment on such buildings. If such buildings
have been damaged by an earthquake, a special team shall be organized including design
engineers of the building, therefore, to judge the damage level. The following are structure
types out of the scope of this criterion. See relevant provisions for more information on each
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type.
High-rise building
L ong-span structure
Traditional construction for shrines and temples

The relevant criterion shall be applied to each part of buildings that have
mixed structures, such as indoor gymnasiums whose substructure is composed of concrete
and superstructure or roof is made of steel. A number of buildings at the 1995 Hyogo-ken
Nanbu earthquake had damage to their joint between the above two parts. The damage
caused the anchor bolts to dlip off or the concrete to come off. The damage level at the joint
and the method of restoration should be determined according to the criterion of damage
classification and guideline for the restoration for steel structure buildings.

In addition, different earthquakes often occur in the same area with
magnitudes equal to or alarger than that of the first earthquake that occurred alittle earlier;
however, they are not regarded as aftershocks in terms of seismology. Recent, well-known,
typical combinations of an earthquake and a subsequent earthquake that was larger in scale
and damage are the Miyagiken-oki Earthquake in February 1978 (M6.7) and the later
earthquake at the same place in June 1978 (M7.4), and the Kagoshimaken-Hokuseibu
Earthquake in March 1997 (M6.2) and the later Kagoshima Prefecture Satsuma area
earthquake (M6.3) in May 1997. Asreferred to above, it shall be noted that the restoration
of damaged buildings after an earthquake does not necessarily guarantee the aseismic
performance for permanent use because it is only a temporary measure to use the damaged
buildings for the time being. Even if it is possible to repair a slightly damaged building for
use, it is requested to confirm that the restored building satisfies the aseismic performance
stipulated in the Aseismic Retrofitting Expedition Act, and appropriately retrofit it to
guarantee permanent use in case it does not.

In the following pages, mono-color photos and full-color photos are presented.
Generally, the mono-color photos are quoted from Reference [1]. And the full-color photos
are produced by the members of Building Research Institute, Ministry of Construction, until
1995.

References

[1] "Damage classification method for damaged buildings post-earthquake and seismic
retrofit guideline”, The Japan Building Disaster Prevention Association, Sept. 2001. (in
Japanese)
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Table 3.2.3-1 Investigation Sheet for Judging the Class of Damage
to Reinfor ced Concrete Buildings and Steel Framed Reinfor ced Concr ete Buildings”

Seria No.: Inspection date and hour:
Time of inspection: Inspector:
Inspector's position:

1. Outlineof the building
1.1 Name of the building:
1.2 Addressof the building:
1.3 Owner of the building: Address for contact:
1.4 Person for contact: Address for contact:
15 Use (Choiceof multipleitems allowed):

0O Office O Housing O Apartment 0O Store O Factory O Warehouse O School O Day nursery

0 Government building O Publichall O Gymnasium O Hospital 0O Others ( )

1.6 Typeof structure: O Reinforced concrete O Pre-cast concrete [ Concrete block
0O Steel framed reinforced concrete O Hybrid structure of ( ) and ( )

1.7 Structura form: 0 Rigid frame O Bearingwall O Others( )

1.8 Structure of the foundation: 0O Spread foundation O Piling foundation (Type: )

1.9 Sizeof the building:( ) stories above and ( ) stories under the ground, penthouse ( stories)
Dimensions of the first floor: about ( m)x ( m)

1.10 Geographical features of thesitee 0 Flat O Slope 0O Plateau 0O Basin O Others ( )

1.11 Surrounding geographical features of the site: The siteis( m) away from a precipice, ( m) away from ariver, the sea, alake or
aswamp (Note: no entry is needed when the distance to each feature is 50 m or more)
1.12 Exterior finish  (Choice of multiple items allowed):

0O Fair-faced concrete O Mortar O Tile O Stone pitching O Curtain wall
O PCplate O ALCplate 0O Block 0O Others( )
1.13 Drawings and specifications Structural calculation sheet: O Retained [ Not retained
Drawings for design presentation: O Retained [ Not retained
Construction record: O Retained O Not retained
1.14 Construction date  Year ( ) (@ 1971 or earlier O 1972 or later O unknown)

2. Classof damage
2.1 Judgment based on the collapse of the building and the falling in of itsfloors

Whether the collapse or the falling occurred:
0 Yes (Proceed to 2.3, omit calculation, and classify the damage to the superstructure as "collapse’) O No (moveto 2.2)

2.2 Judgment based on the settlement and theinclination of the foundation

Damage to the foundation
Whether the pile was damaged: O Yes O No O unknown Whether liquefaction of the ground occurred: O Yes O No O unknown

Settlement of the foundation S = m
—_— " _ _ _ [, 2 2 _
Inclination of the foundation q, = rad. q, = rad. q=./d, *+q y - rad.
0.01 rad. = 0.573 degree 1 degree = 0.01745 rad.
Tablel Table2
Class of damage to the building with the piling foundation Class of damage to the building with the spread foundation
Settlement of the foundation (m) Settlement of the foundation (m)
0 0.1 0.3 0.05 0.1 0.3
No Light Moderate No Light
damage damage damage damage damage
o 1/300 Light Moderdte | Moderate | Mgor . /150 [ Light Moderete | Moderate
Inclination damege damege damege | demege Inclination damege damege damege
of the 1150 - - of the 175 - -
foundation Moderte | Moderate Magor Mgor foundation Moderate | Moderate Magor Mgor
175 9 9 9 9 /30 9 9 9 9
Mgor Mgor Magor Mgor Mgor Mgor Magor Mgor
damage damage damage | damaege damage damage damage | damege

:Excluded from the assumption as it requires a detailed inspection.

Class of damage by the settlement and the inclination of the foundation
0 No damage 0O Light damage 0O Moderate damage O Major damage

2.3 Judgment based on theresidual aseismic performanceratio R of the superstructure
The most seriously damaged floor and the direction of the damage
Floor ( ) Direction: O Direction of the short side O Direction of thelong side
Necessity of zoning: O Unnecessary (judgment is made from the entire building)
O Necessary (judgment is made from zone to zone with zones shown in afloor plan or the like)
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Table 3.2.3-1 (Cont.)

The result of inspection of the damage level of structural members
*Enter the appropriate number of columns or walls in parentheses and total them.
With regard to the "wall with the double-side column", one span of the wall should be counted as one wall.

Shearing column | Bending column | Wall with no | Wall with the | Wall with the | Totd
column single-side double-side
column column

Total of members | ( ) + ( ) + ( ) + ( ) + ( ) = ()

Number of

members ( ) + ( ) + ( ) + ( ) + ( ) = ()

inspected

x 1 + x 1 + x 1 + x 2 + x 6 = ( ) | = A)rg

Damage level 0 () + () + () + ()x2 + ( )x6 = ( ) |=
Damage level | ( )x 0.95 + ( )x 095 + ( )x 095 + ()19 + ( )x57 = () |=A
Damage level 11 ( )x 06 + ( )x 075 + ( )x 0.6 + ()x 12 + ( )x36 = ( ) | =
Damage level 111 ( )x03 + ( )x 05 + ( )x03 + ( )x06 + ( )x 18 = ) | =
Damagelevel IV | ( )x 0 + ( )x01 + ()xo0 + ()x0 + ()0 = () |=A
Damage level V ()xo0 + ( )x0 + ( )x0 + ( )x0 + ( )x0 = 0 =

AAAFAFAFATA A =

Residual aseismic performanceratio R
o

R:aA"loozg'NO:( )
Avg ( )
Class of damage by the residual aseismic performanceratio R of the superstructure
O Nodamage R =100 O Slight damage 95£ R<100 O Light damage 80£ R<95
O Moderatedamage 60 £ R<80 0O Majordamage R <60 0 Collapse (R can be considered aimost 0 because of the

collapse of the building and the falling in of its floors)

3. Damageto other parts

Damage to accessory structures (when damaged, enter in the blanks the damage conditions, dangerous places and whether action should be
taken)

0O Foor dab: 0 Not damaged 0O Damaged
0O Penthouse: O Not damaged 0O Damaged
O Exterior escape stair: O Not damaged 0O Damaged
O Roof-top chimney: O Not damaged O Damaged
0O Connecting corridor: 0 Not damaged 0O Damaged
0O Expansion joint: O Not damaged 0O Damaged
0 Others ( ): 0 Not damaged 0 Damaged

4. Judgment of the necessity of the restoration
Announced seismic intensity scale: O VI-plusor higher O VI-minus O V-plus O V-minus or lower (Detailed inspection required)

Table3 Necessity torestorethefoundation Table4 Necessity to urgently restorethe superstructure
; . Moderate Major damage
Slight damage | Light damage damage or collapsed

Light Moderate | Major

damage | damage | damage 95£ R<100 | B0ER<95 | 60£R<80 R<60

V-minus or V-minus or
X X X X X X X
lower lower
V-plus x x V-plus
VI-minus o x VI-minus o( )
Vl-plus or Vl-plusor
higher ° ° higher ©) °()

* () applies to the buildings constructed in 1971 or earlier

Class of damageto the foundation: 0 Nodamage 0O Light damage O Moderate damage O Major Damage
Necessity to restore the foundation:
0O Unnecessary (no damage) [ Repair (0 ) O Repair (detailed inspection desirable) () O Detailed inspection (x )

Class of damage to the superstructure:

O Nodamage O Slight damage O Light Damage O Moderatedamage O Major damage O Collapse

Necessity to urgently restore the superstructure:

0 Unnecessary (no damage) O Small repair () O Emergency restoration(repair of the structure) (o ) O Emergency measure or
emergency restoration () O Detailed inspection (x ) O Indisputably no possibility of emergency restoration (collapse)
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Table3.2.3-2 Criterion on the damage level [

Damage level of
column and bearing
wall

Description of damage

Cracks invisible from a remote distance (width
0.2 mm or less)

Cracks visible with the naked eye (width 0.2 to
1 mm)

Comparatively large cracks with small amounts
of concrete coming off (width 1 to 2mm)

Large cracks (wider than 2mm) in quantities
with concrete came off to expose reinforcement
inawide area

Reinforcement bent and the inside concrete
came off with the column (bearing wall)
apparently deformed in the vertica and
horizontal directions, and settled or inclined
with reinforcement sometimes broken.
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Residual horizontal Holding Decrease | None

strength _ > — - N >
Residual vertical Holding T -
strength

DamagelLevel A D D D D D

A
A
A

A

A
A
v

Compression failure
of covering concrete

Horizontal load

Yield of main
reinforcement . . .
Buckling of main reinforcement,
Compression failure and exfoliation
Cracks occur of concrete
>
Deformation

(@) Case of member with plastic deformation capability (Bending resisting member)

. . Holding Decrease None
Residual horizontal > >
strength Holdi > D N
Residual vertical olding ecrease one
strength ==
DamagelLevel A D D D D D
g
= Exfoliation of covering
g concrete, Extension of
Q shear cracks
S
T
Rupture of shear
reinforcing  bar,
Buckling of main
reinforcement
Cracks occur
|
Deformation

(b) Case of member which breaksin brittle fracture (Shear resisting member)

Fig.3.2.3-2 Concept of load-deformation relationship and damage level I
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Photo 3.2.3-1 About 2-mm-wide X-shaped cracks on the column and large cracks on the
covering concrete

Photo 3.2.3-2 Covering concrete has come off to alarge extent, but the column structure
concrete has not come off much. The reinforcement is slightly exposed without
deformation.
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Photo 3.2.3-3 About 2-mm-wide diagonal cracks on the wall without concrete coming off
or without compression failure.

Photo 3.2.3-4 Diagonal cracks on the wall and cracks at the joint between lower beam part
and wall plate that is caused by sliding without deformation of vertical wall reinforcement.
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Photo 3.2.3-5 Cracks wider than 2 mm on the column with concrete that came off to
expose reinforcement, but without buckling or deformation

Photo 3.2.3-6  Concrete seriously came off to expose reinforcement to alarge extent, but
without buckling or deformation
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Photo 3.2.3-7 Covering concrete seriously came off and a number of diagonal cracks
wider than 2 mm, but  without buckling or deformation of reinforcement.

Photo 3.2.3-8 Diagonal cracks on the wall and cracks at the joint between lower column
part and wall plate that was caused by sliding with local deformation of part of the vertical
wall reinforcement.
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Photo 3.2.3-9 A number of large diagonal cracks on the wall and column to expose
reinforcement without buckling, break, or deformation in the vertical direction.

Photo 3.2.3-10 The main reinforcement buckled, hoop hock disconnected, and inside
concrete that came off with apparent deformation into the vertical and horizontal directions.
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Photo 3.2.3-11 Large see-through cracks on the wall with significantly-bent wall
reinforcement.
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Photo 3.2.3-12 Large and oblique see-through diagonal cracks on the wall with concrete
coming off.
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Photo 3.2.3-13 The 1st floor columns broken to cause a story collapse and the 2nd story
and above fallen down.

.Photo 3.2.3-14 The 1st floor columns broke thus significantly tilting the entire building
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Photo 3.2.3-15 The three spans of the 1st floor on the right side have broken and caused a
story collapse.  On such a building, the damage should be judged separately for the three
spans and the rest of the building.
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Table 3.2.3-3 Investigation Sheet for Judging the Class of Damage to Steel Buildings'”

Seria No.: Inspection date and hour:
Time of inspection: Inspector:
Inspector's position:

1. Outlineof the Building
1.1 Name of the building:
1.2 Addressof the building:
1.3 Owner of the building: Address for contact:
1.4 Person for contact: Address for contact:
15 Use (Choiceof multipleitems allowed):

0O Office O Housing O Apartment 0O Store O Factory O Warehouse 0O School 0O Day nursery

0O Government building O Publichall 0O Gymnasium 0O Hospital O Others( )
1.6 Typeof structure: O Steel O Hybrid structure of ( ) and ( )
1.7 Structura form: O Rigid frame 0O Brace 0O Truss O Others ( )

1.8 Structure of the foundation: O Spread foundation (individual footing, continuous footing, mat foundation)
O Piling foundation (Type:

1.9 Sizeof thebuilding:( ) stories above and ( ) stories under the ground, penthouse ( stories)
Dimensions of the first floor: about ( m)x ( m)
1.10 Geographical features of thesitee 0 Flat O Slope 0O Plateau 0O Basin O Others ( )

1.11 Surrounding geographical features of the site: The siteis( m) away from a precipice, ( m) away from ariver, the sea, alake or
aswamp (Note: no entry is needed when the distance to each feature is 50 m or more)
1.12 Exterior finish  (Choice of multiple items allowed):
O Fair-faced concrete O Mortar finishing on metal lath O Tile O Stone pitching
O Curtainwall (metal, glass) O PCplate O ALC plate O Block O Others( )
1.13 Drawings and specifications Structural calculation sheet: O Retained O Not retained
Drawings for design presentation: O Retained O Not retained
Construction record: O Retained O Not retained
1.14 Construction date ~ Year ( ) O unknown

2. Inspection and evaluation (Check off the appropriate items)
2.1 Inspection of structural framework and damage classification
The most seriously damaged floor and the direction of the damage

Floor ( )  Direction: O Direction of the short side O Direction of the long side
Class Structural form
of Foundation (a) Rigid frame (b) Brace (c) Truss
damage X Y | X Y | X Y
s O 1300<y £ 0| 1/500* <f £1/150 O | O | Thecompressionbrace | O | O | The ceiling brace is | O
1/150 0| Membersstarttoyield | O is dightly buckled and partialy buckled and
0O | Cracks occur in the | O deformed deformed
column base concrete O | Cracks occur in the |0 | O | Cracks occur in the | O
column base concrete column base concrete
s O V150<y £ O | V150<f £1/100 O | O | The high strength bolt | O | O | The truss is dlightly | O
1/100 O | Thepanel zoneyields | O slips buckled and deformed
O| The anchor bolt |Oo | O | The anchor bolt | O outward
elongates elongates O | The anchor bolt | O
0O | The tenson brace | O elongates
yields
s O V100<y £ 0| 1/100<f £1/50 O |O|f £150 O |0 | The truss is| O
1/50 O | Loca buckling and | O | O | The brace rupture rate | O significantly  buckled
deformation is slight is20% or less and deformed outward
O | The joint section | O
ruptures
s O US0<y £ O| U50<f £1/30 O | O | U50<f £1/30 O (O | The buckling and | O
1/30 0| Local buckling and | O | O | The brace rupture rate | O deformation of
deformation is medium is 20 to 50% diagona and chord
O | The joint section | O members are dight
rupture rate is 20% or
less
s O 130<y 0| 1/30<f O | O | 1/30<f O | o | The buckling and | O
O | Local buckling and | O | O | The brace rupture rate | O deformation of
deformation is serious is more than 50% diagona and chord
O| The joint section | O members are serious
rupture rate is more U | Thejoint section U
than 20% (including the anchor
section) ruptures
s 0 | Collapse 0O | o | Collapse 0O | o | Collapse O

Note1: y isaresidua deformation angle caused by the maximum relative settlement.
Note 2: f isaresidual angle of inclination of the column (* For buildings with a roof truss, such as a gymnasium, the lower limit of this
angle should be 1/300.)
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Table 3.2.3-3 (Cont.)

The class of damage to structural framework (The highest and appropriate class of damage in each category of the foundation and the

structural form in the above table)

X o s 0O s O s m] O s 0O s 0 No appropriate item (Os)
Y |O s O s o s m] o s O s 0O No appropriate item (Os)
2.2 Inspection of finishing and non-structural members, and damage classification
Class Damaged part Standard for
of (a) Finished m\tlt:;lr:al and external (b) Ceiling (c) Opening :nﬂz;x r:1r?]tl|J rrlg the
damage < Y X Y | horizonta angle
w O | Slight cracks in the | O Displacement and separation | O | A little awkward | O
corner section of the ceiling member opening-closing and /150
dlight cracks
w O | Displacement of the | O Partial spalling O | Destruction of many | O
joint corner sections
0 | Sight spalling 0 0 | Difficulty in opening | O 4150 1/50
and closing
w O | Serious cracks over the | O Overall spalling O | Destruction of the | O
entire surface majority of corner
O | Partia spalling O sections /50 1/30
O | Swelling out m] O | Impossibility in| O
opening and closing
w O | Seriousspaling O Very serious overdl spalling [ O | Significant O
. 1/30
destruction
The class of damage to finishing and non-structural members (The highest and appropriate class of damage in the above table)
X | 0 w(including "no appropriate item") 0O w 0O w 0O w
Y | O w(including "no appropriate item") 0O w 0O w 0O w
3. Comprehensive judgment (Check off the appropriate items)
Judge by the classes of damage to the structural framework, finishing, and non-structural members according to the table below.
X Y Announced seismic intensity scale
Slight damage 0O 0 V- V- Vi- Vi-
Light damage m] m] minus plus minus plus
Moderate damage 0 0
Major damage m] O
Collapse m] 0
Os S S S | S S S
w
W Slight damage Light Moderate Major
Collapse
w damage damage damage
w

4. Other matterstaken notice of
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Photo 3.2.3-16 Damage of the PC curtain wall of a 5-story, moment resisting frame
structure office building

Photo 3.2.3-17 Yield and fracture of a beam end inside a 5-story, moment resisting frame
structure office building
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Photo 3.2.3-19 A building inclined to alarge extent
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Photo 3.2.3-20 Serious damage of piles

Photo 3.2.3-21 Danger of building site collapse
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Photo 3.2.3-23  Surrounding area of the building settled due to ground liquefaction
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Photo 3.2.3-24 A building inclined due to the lateral flow of the ground (displacement of
bulkhead)

Photo 3.2.3-25 A condominium inclined due to differential settlement
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Photo 3.2.3-27 A building inclined at the 1st and 2nd floors only
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-
Photo 3.2.3-29 A totally buckled column
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Photo 3.2.3-30 Rupture of angle braces

Photo 3.2.3-31 Buckling of wide-flange-shaped braces
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Photo 3.2.3-33  Rupture of awelded part between column and diaphragm
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Photo 3.2.3-35 Concrete below a column base plate that has lost its axial load supporting
capacity.
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Photo 3.2.3-37 Example of Rank C falling object
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Table 3.2.3-4 Investigation Sheet for Judging the Class of Damage to Wooden Buildings™”

Check List for Judging the Class of Damage (1)

Serial No.: Inspection date and hour:
Time of inspection: Inspector:
Inspector's position:

1. Outlineof the building

1.1 Name of the building:
1.2 Addressof the building:
1.3 Owner of the building: Address for contact:
1.4 Person for contact: Address for contact:
15 Use 0O Housing O Apartment 0O Store O Dwelling house combined with astore 0O Office O School O Factory
O Warehouse O Inn O Hospital O Barn O Others ( )
1.6 Construction date (Date of construction: Date of extension / reconstruction: )
1.7 Sizeof the building:0 One-storied house O Two-storied house O Others ( )
Area of the first floor: ( m?)

1.8 Useof meta

Metal at framework joint (O Used O Practically unused)
1.9 Survey of durability

0 Column-exposed wall of Japanese traditional method
Stud wall framing finished on both sides (O cement rendering O siding boards O wood siding)
Deterioration of column-exposed wall

Construction method of external wall {D Stud wall framing finished on both sides ]

0O Termite damage and rot more than half on external columns and the ground sill

0O Termite damage and rot locally on external columns and the ground sill

00 No abnormality in particular
O High-durability specifications of Finance Corporation
O High-level specifications of Finance Corporation
0O High-level specifications similar to the above
0 Nothing in particular
1.10 Construction method of the inside of the building
Inside of the building (O Stud wall framing finished on both sides O Column-exposed wall)

Highly durable specifications

2. Inspection on damage conditions

2.1 Inspection for estimating the maximum relative story deformation angle
Building Residual deformation 1/120 rad. 1/90 rad. 1/60 rad. 1/40 rad.
frame Brace Swelling out Some of braces | Multiple braces
buckled buckled
Nailscameloose | Corner sections | Cracks in the | Corner sections | Corner sections
of the opening | corner sections | of the opening | of the opening
Siding had cracks of the opening | had cracks that | had multiple
spread and part | ranverticaly cracks that ran
External of the sections verticaly
wall came loose
Exterior Corner sections | Cracks in the | Other places | Cracks in other | General part of | General part of
finishing Cement of the opening | corner sections | than the corner | places than the | external wall | externa wall
material : had cracks of the opening | sections of the | corner sections | had cracks had multiple
rendering : :
spread opening also had | of the opening cracks
cracks spread
Part of the sash | Sash gaskets | Sash crescents | Sash crescents | Multiple  sash
Openings, etc. gaskets came off | came off were damaged and glass were | crescents  and
broken panes of glass
were broken
Corner sections | Corner sections | Corner sections | Tears in the | Multiple joints | The majority of
Cloth had wrinkles got torn and _the had tears that | middle section | of plaster boards | joints of plaster
finishing middle section | ran  vertically | spread got torn boards got torn
had wrinkles and the middle
. Inner section got torn
Interior wall Marks of | Crevices were | Crevices Crevices Multiple
finishing Column- displacement occurred between between crevices between
material exnosad were left | between columns and | columns and | columns and
p between columns and | walls were 3-5 | walls were 5mm | walls were 5mm
wall - : -
columns and | wals mm wide wide and more wide and more
walls
Openings, efc. Shoji screens got
torn
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Table 3.2.3-4 (Cont.)

2.2 Inspection of each part

(2) Ground
e Ground
O The ground has slight crack.
O The ground has many cracks.
O The ground has collapsed.
o Differential settlement
O Differential settlement has occurred.
e Retaining wall
O Retaining walls are damaged.
e Liquefaction
O Liquefaction has occurred.

(2) Foundation

e Foundation
0O Damaged
O Ruptured
0 Moved
0O Washed away
O Overturned

e Outer foundation
O The outer foundation has cracks 0.3mm wide and more and less than 200mm long in 2 to 5 places.
0O The outer foundation has suffered local destruction and spalling and falling off of finishing mortar.
0O The outer foundation has one or two cracks that are so serious that the foundation is isolated from the ground sill with the result

that it is unable to support the superstructure on the sill.

O The outer foundation isin no condition to support the superstructure.

e Anchor bolt
O Some anchor bolts have come out.
O Some anchor bolts or nuts are missing.

(3) Floor framing
o Leve
O Thefloor isdightly out of level.
O Thefloor is significantly out of level.
O All the floor boards are significantly out of level.
e Ground sill, floor post
O The floor post has slipped somewhat from its footing.
O The floor post has slipped a few centimeters off its footing.
O Thesill has slipped somewhat from the foundation.
O The column has slipped somewhat from the sill.
O Thefloor post has fallen off from its footing.
O Thesill has dipped significantly from the foundation.
O The column has slipped significantly from the sill.
O All sills, columns and floor posts have fallen off from their foundations or footings, and the majority of sleepers and floor joists
have dropped down.
O Therot of the ground sills and the floor posts has been noticed, and the termite damage to these features has been noticed.
e Floor boards
O Slight displacement of the floor frame and the wall has been noticed.
O Thejoint of the floorboards has a gap.
O The floorboard is displaced.
O The floorboard is broken.
e Bathtub and toilet
0O The bathtub and the toilet are displaced a few centimeters.
O The bathtub and the toilet are significantly displaced.

(4) Framework

e Framework material
O Cracks are observed in framework materials such as a column or a beam.
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e Face plate of the bearing wall
O Destruction of the face plate is observed.

(6) Finishing material

e Cement rendering and other finish

O In the wall of cement rendering, tile or plaster finish, the
periphery of the corner sections of the opening have dlight
crack.

O In the wall of cement rendering, tile, or plaster finish, the
finishing material in many places hasfallen off.

O In the wall of cement rendering, tile, or plaster finish, the
major part of the finishing material has scaled off or fallen
off.

O All thefinishing material has fallen off.

e Boards

O Such boards as one made of sprayed a plywood sheet and
a siding board have dlight displacement in their joint
sections.

O Part of the boards have cracks and displacement in their
joint sections of the finished surface.

O The majority of the boards have significant displacement
in their joint sections of the finished surface and in part of
the joint sections of the nailed facing materials, and they
have come loose in part of the nailed facing materials.
And they have suffered destruction of the corner sections
of the facing materials.

O Nails have come loose and some of them are missing in
the majority of the boards.

e Fittings

O The aluminum sash refuses to open and closg, its locking
is broken, and its beads sedant strips  have come off.

O Thereis agap between the wooden sash and the wall.

O The pane of glassin the aluminum sash is broken.

O The aluminum sash has come off and is broken.

O The auminum door is broken.

O The wooden sash is broken.

O The wooden fitting is broken.

O All fittings and sashes are broken.

o Inner wall

O There are gaps aong the periphery of the inner wall.

O The plywood sheet of the inner wall is displaced.

O The plywood sheet of the inner wall has come off or come
loose.

O The plywood sheet of the inner wall is broken with
coming off or falling off.

e The tile and others on the externa wall and in the bathroom
and the toilet

O The joints of tiles on the external wal and in the
bathroom and the toilet have cracks.

O Tiles on the externa wall and in the bathroom and the
toilet have come off.

O Wall clothistorn.

O Tiles on the externa wall and in the bathroom and the
toilet have fallen off.

0O Therot and termite damage of the external wall have been
noticed.

(7) Roof
e Leve
O Theroof isout of level.
e Roof truss
O Part of the roof trussis broken.
O The roof truss has suffered serious destruction, and the
majority of roofing materials are damaged.
O The rot of the backing of the roof and the small roof has
been noticed.
e Roofingtile
O Pat of munegawara tiles (kanmurigawara and
noshigawara tiles) are displaced and broken. Other tiles
have suffered no breakage.
O Munegawara tiles are significantly displaced, broken, and
have fallen off, but other tiles have suffered a little
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breakage.
O Munegawara tiles are overall displaced, broken, and have
fallen off, and other tiles are also significantly displaced.
O Almost al tiles are displaced, broken, and have fallen off.
e Roofing material
O When a metal plate is used as the roofing material, such
damage as coming off of plates is observed in their joint
sections.
e Ridge
0O Destruction of the ridge is observed.
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Check List for Judging the Class of Damage (2)

Serial No.: Inspector:

3. Classof damage to buildings (Check off the appropriate items)

Part (Ijtem of Damage cal culation formula and damage level Class of
lamage damage
Length of damaged foundation ( m (number))
Rate of x 100 ( %)
Foundation daﬂiage Length of outer foundation ( m (number))
(outer foundation) Lessthan 15% 15 30% 30 65% 65 85% 85% or more
m] a a a a
Damage
conditions t J O O =
Area of damaged floor ( m?)
Rate of x 100 ( %)
Floor framing dame Oe Areaof thefirst floor ( m?)
(floor framing of 0
the first floor) Lessthan 10% 10 30% 30 60% 60 85% 85% or more
m] a a a a
Damage
conditions t - J J O
Number of damaged columns ( )
Rate of x100 (%)
Framework daar? Oe Number of columns on the first floor ( )
(columns on the g
first floor) Lessthan 10% 10 30% 30 60% 60 85% 85% or more
=] a a a a
Damage
conditions t J O O =
Length of damaged bearing wall ( m)
Rate of x 100 ( %)
Bearing wall d ame Oe Length of bearing wall on the first floor ( m)
(bearing wall on the g
first floor) Lessthan 10% 10 30% 30 60% 60 85% 85% or more
m] a a a a
Damage
conditions t - J J O
Areaof damagedwal ()
Rate of x 100 ( %)
Finishing material dame °e Area of externdl wall ( m?)
(Finished surface of g
the external wall) Lessthan 15% 15 40% 40 65% 65 85% 85% or more
=] a a a a
Damage
conditions = H 0 0 O
Area of damaged roof ( m?)
Rate of x 100 ( %)
Roof da?eage Area of roof ( m?)
(Roof of Top floor) Lessthan 15% 15 40% 40 65% 65 85% 85% or more
=] a a a a
Damage m] a a a a
conditions

Comprehensive class of damage

To classify the damage of each part as one of five classes (dight damage, light damage, moderate damage, major damage, and
collapse), buildings will be surveyed from two viewpoints: the rate of damage and the damage conditions. When the levels determined by
the rate of damage and the damage conditions are different, the higher level should be adopted for the pertinent part. The average of the
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Announced seismic intensity scale

V-minus V-plus VI -minus | VI-plus
5. Judgment of the necessity of therestoration
The necessity of the restoration shall be judged according to the following Table.
Necessity of strengthening or other measures
Disaster level . . Moderate Major damage
Seismic intensity scale Slight damage Light damage damage / Collapse
V-minus or lower X X X
V-plus X x
VI-minus X
VI-plus or higher

o : Restoration by repair

: Restoration by repair or strengthening (Detailed examinations are required based on the survey results related to

restoration planning.)

x : Restoration by strengthening, or demolition (Detailed examinations are required based on the survey results related

to restoration planning.)
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Photo 3.2.3-39 Moderate damage
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Photo 3.2.3-40 Major damage

Photo 3.2.3-41 Destruction
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Photo 3.2.3-42 Light damage

Photo 3.2.3-43 Moderate damage
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44 Major damage

Photo 3.2.3

Photo 3.2.3-45 Destruction
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Photo 3.2.3-46 Moderate damage
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Photo 3.2.3-47 Magjor damage
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Photo 3.2.3-48 Destruction

Photo 3.2.3-49 Slight damage

This mono-color photo is produced by BRI members.
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50 Light damage

Photo 3.2.3-

Photo 3.2.3-51 Moderate damage
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Photo 3.2.3-53 Destruction
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Photo 3.2.3-54 Slight damage

This mono-color photo is produced by BRI members.

Photo 3.2.3-55 Light damage
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Photo 3.2.3-56 Moderate damage

Photo 3.2.3-57 Magjor damage
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Photo 3.2.3-58 Destruction
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Other Example 1
[Detailed Evaluation Method in the United States]

This method is primarily used to evauate the safety of buildings posted
Limited Entry after a Rapid Evaluation. Normally this will be done by having engineers
familiar with building design observe the damage and assess its impact on life safety. |dedly,
this evaluation will be carried out by a team of at least two structural engineers, both of
whom have experience in the seismic design of buildings similar to those being inspected.
In the aftermath of a large quake, however, this ideal may be impossible, and alternative
teams will probably have to be used. One such alternative is the use of a team consisting of
one structural engineer and one building inspector.

The inspection team should closely examine the entire building, inside and out,
particularly its structural system (i.e., whatever parts are exposed and viewable). Ordinarily,
they will not perform destructive exploration such as removal of plaster or gypsum walls to
view the structural system, although in many cases this may be required of the owner before
afull assessment can be made.

The overall purpose of a Detalled Evauation is to evaluate safety and
recommend a posting classification. The Detailled Evauation is intended to provide
reasonable assurance that the structural system, as well as elements of the building that
could cause falling hazards, are sufficiently safe before the building is put back into service.
Considerable use of judgment by the inspection team will generally be required since it is
very difficult, if not impossible, to develop damage evaluation procedures and guidelines
that can be used without judgment.

References

[1] ATC20, Procedures for Post-earthquake Safety Evaluation of Buildings, Applied
Technology Council, 1989.

[2] ATC20-1, Addendum to the ATC20 Post Earthquake Building Safety Evaluation
Procedure, Applied Technology Council, 1995.
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Block______ Parcel No.

Table3.2.3-5 1
ATC-20 Detalled Evaluation Safety Assessment Form
BUILDING DESCRIPTION: OVERALL RATING: (Check One)
Name: INSPECTED (Green) O
LIMITED ENTRY (Yellow) O
Address: UNSAFE (Red) O

No. of Stories:

Basement: Yes (] No[] Unknown [J IINSPECIIDDR

Approximate Age: __ Years ;%iec or

Approximate Area;_ Square feet ation

Structural System: . INSPECTION DATE:

Wood Frame [ Unreinforced Masonry [ Mo/ day/yvear

Reinforced Masonry [] Tiltup [J Time am pm

Concrete Frame [] Concrete Shear Wall []
Steel Frame [] Other

Primary Occupancy:

Dwelling [] Other Residential ] Commercial []
Office ] Industrial (] Public Assembly []
School [] Government [] Emer, Serv. [ ]
Historic [  Other

Instructions: Complete building evaluation and checklist on next page and then summarize
results below.

Posting: Existing  Recommended

None d Posted at this Assessment:
Inspected (Green) O CJ [0 Yes [J No

Limited El'lt[)r (Yellow) D [j Existing pngfj_ng b’}’:
Unsafe (Red) a [

Recommendations:

[] No further action required
(0 Engineering Evaluation required (circle one) Structural Geotechnical Other
(] Barricades needed in the following areas:

(0 Other (falling hazard removal, shoring/bracing required, etc.):

Comments (Why posted Unsafe, efc.):

Sheet of
ATC-20 Appendix C 131

186




Table 3.2.3-5 (Cont.)
ATC-20 Detdlled Evaluation Safety Assessment Form (Continued)

Instructions: Examine the building to determine if any hazardous conditions exisi. A “yes”
answer in categories 1, 2, or 4 is grounds for posting building UNSAFE, If condition is suspected
to be unsafe and more review is needed, check appropriate Unknown box(es) and post LIMITED
ENTRY. A "yes" answer in category 3 requires posting and/or barricading to indicate AREA
UNSAFE. Explain “Yes”, “Unknown” findings and extent of damage under “Comments.”

Hazardous Condition Exists

Condition

1. Structure Hazardous Overall
Collapse/partial collapse

5

No  Unknown Comments

ilding or story leaning

Buil
Other

2. Hazardous Structural Elements
Foundations

Roof/floors (vertical loads)

Columns/pilasters/corbels

Diaphragms/horizontal bracing

Walls/vertical bracing

E | O
U L
U U (
U U U
] O ]
(] O L]
[ ] (]
] O ]
[ L] Ll
Moment frames (] ] L]
B‘rticaﬁt connections % E E
er
3. Nonstructural Hazards
Parapets/ornamentation O ] ]
Cladding/glazing 1l ] ]
Ceilings/ I;?'ht fixtures O O O
Interior walls/partitions ] ] ]
Elevators O N ]
Stairs/exits O] (] (]
Electric/gas ] [] (]
Other ] O O
] L (]
4. Geotechnical Hazards
Slope failure/debris O 0 m
Ground movement, fissures ] 1 ]
Other O ] O
J L U
SKETCH:
Sheet af
132 Appendix C ATC-20
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Other Example 2

Damage classification formsin Italy[l] are shown in the following pages.

Reference

[1] Manuale per la Compilazione della Scheda di 1° Livello di Rilevamento Danno, Pronto
Intervento e Agibilita per Edifici Ordinari Nell’emergenza Post-Sismica’, Gruppo
Nazionale per laDeifesadai Terremoti, Nov.2000.
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SERYIZIO

Table3.2.3-6 1

Eismicn Presdents dal gl dii Minists Consagio Mazionake dele Ricschs
walf  DIPAATINENTO DEI SEAVIR GRUPPD NAZIOWALE PEF LA F
AN TECAICH HAZICHAL | Pronkdonzn, el Gomiglis di Wil DIFESA DAl TERREWGT]
T DIPARTIMENTO MAZIDMALE DELLA PROTEZIONE CIVILE
1 LEVEL FORM FOR POST-EARTHQUAKE DAMAGE AND USABILITY ASSESSMENT
AND EMERGENCY MEASURES IN RESIDENTIAL BUILDINGS
(heDES D8/2000) Asquest coda e
SECTION 1 Building identification S ————
Province: Surveyor| | | | musnih
NPIRY: lsat Feg letad Prov.  letal Muresip.  Aggregate rum.  Building num.
Locaity: S Y R 5 Ot ) ) | T | e [ I Y ] ]|
I
Address Ista Locality code | |_|_| Tipo cana
1 (D graat Ista Census code L N* cants 1
) Anad =
:f_)mw Land Register  Foglia |__| Allagate |__|__|
a Dsquars Number| | | | | LPemcele o | 1 L L L L L 1 L | W | ]|
5 ) Cithar Posizione edificic 1) lsalated 2 D itersal  30)End 4 () Comer
Building name or Code Uise
owner name |_l|||i||II|I|IIIIIIIIIIIIIE__:III
Ekalch of structural aggregate and building location
_—
SECTION 2 Building description
Mednical data Hga LUse
Total Average Avarage floar area Costruction Use Numb.ot | Utizationin | Oecupants
numbar of irrterstary and
e % neight ] i o el S
Ld
[meax 21 1 o O Rssidertal | ojojo]
21 D8 |1 =25 |adsso 1 Daoo+s00 (1 Usig1s |eDeoduwction ||| | |4 D =6sm ; ; ; 1
2 o |2 D250-350(e Os0 +70 L D500+650 |23 19+ 45 |l Business l—L_| [erasoeesm |[3]a]3
28 O |3 D380.80 (c Dme100 wmideso«000 |30046+81 |oldomees l—L] [eD <20 444
D4 12 |+ O=60 0 Dwo-130 N O0041200 |ade2+71 el Paiic | [oOHeninue : : :
5 sz £ a0 =170 o 1200 +1800 |5 A 72+ 81 |F O Sorage L | |emeonew [[FT7171
28 Uindargr. storied F (170 +230 P (1800+2200 (8 182+ 81 |ald Smatege ||| | |F Unfinished|| 8| 8| 8
07 ad0 ez |aDmoaane oDzeoo.a000 (7 o201 |H D Turstic | 1 | |aOrsbarden |L2121%
s 81 pDza|n D ao-a00 rD=000 |ald z 2002 Ownevship & ) Puble & £ Privats
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[1stat Provice ||| | statMuicp ||| | [suveyorn| | | Fomnd | | | | Jomel | | L | | ]|
SECTION 3 Building Type imuhicnoice: max2)

Masanry bulldings Ae. or sisel structures
Ac. Frmes a
i i —
= = =R P
Herizortal Steoshures ,Ei; ':::,::'“ ,::““"'L: Wt o % _nEaLumrv (T
Al ® ' = o E | Fla|wn —— a f;

P [T— ol a ‘@., m] [m ] ajao|lo

2 |Viults without Bes ﬂ:-'rﬁ ; -,,'if' o | o |O]s

3 |Vauhs with bas H- ‘ e Bl N m)

+ | Pl foars {,'!. lﬂ-_:n ] O |mno| G2

& Semirigid fivom af| | o a a |jo|a

& | Rigid floars oBEEN o 0 0 Ga

SECTION 4 Damage to Structural Elements and existing emergency measures

DAMAGE 1  EXISTING EMERGENCY MEASURES
m [T=T3 0203 [
Vary Heany Savuns Light 8 i g -]
R % zlsle]=lal5]=1%] & E FlETE IS
Pra-adstirg - O -
A B [ 0Dl E E ] H 1 L A B [ 7] E F
1 |Varical ssucires e 1 NN ajlojgao|lo|ajo 0 a a o [m] a
# |Harlrenal sinensms 1 19jajgao|jo|lajlo =) a [m] a m] a
4 [Staire o gjojaojojajo Qo 0 u a m] ]
4 [Raofe gigojojo(ajo 22 m] a a 0 [m )
|5 |Claddings and partitans giajojolal]o [#] m] a 0 jm
|l|mm-lrumnn mﬁlﬁlnln]nlj
1) - The dearfegs axisnson mes| be Siad only if tha conesponding damaps kbvel S presen in s buidng
SECTION & Damage to Nen-structural Elements and existing emergency measures
EXISTING EMERGENCY MEASURES
PRESENT
p Har
i Mans Remayval FPropping [Frmpair e wmiry mlErrl
A ] C D E F &
|1 |Faling of . oo I s o ) a a [w] m [u )
2 |Faling ol tilss, chimrays . Ly 2 [m) u ] [u ] 3 0
13 [Fa i : -] o ] A a a a [m)
L4 |Faling of ot i il or axeresl okt %] a a 0 a 3 m ]
& |Damagn to hydraubs or sewage plan 2 2 [m ] a o
& |Damage b sisciric or gas plan ) 2 w] g u )]

Riskan Exsiing sme gorcy maasunes
Bukfrg | Enkywond | Luosvalmads Mo wniry B""E:“m
M A A c o E
1 [biec taling ram adiocent buldings (] [m] r r [=
2 |Litelines damags r [ m] C =] C

SECTION 7 Soil and Foundation
SITE MORPHOLDGY DAMAGE (pressntor poesble): O Slopes O Foundation Soil
10 Top  20) Highsbope 3 (D Mildakeps 4 () Plain | & ) Absert & ) Produced byogh. & () Wearsered
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|1stat Provincs ||| | tstatMuvcp. || || [suveyornel | | Fomnl | | | | Jows | |_|_|_|

SECTION 8 Usability assessment

Risk assessmant Buiiding Classificati
‘ -

: . " A WUBABLE |i|

e E B a i l / lulul.E AFTER EMERGENCY MEASURES

4 C PARTIALLY UNUSABLE (1)

SMALL 2 o &} O —
’:.rﬂ AFTER N T e O TEMPORARELY UNUAELE [ic ba re-inspactad)
s :
4

{1} Resirictions on buiding wse must ke dearly rapared in the nodes when bullding i clessified as B or ©. Faling hazard whan building is classifisd as F.

acouracy 2 3 Partial
3 O Complate (= 23]

Ingpaction 1 GFeom the culside ony 4 ot inepesied &) Inspecion relused b () Fuins © D) Demdishad

bacmuss ol d 73 Ownar not prasert o C2Srher

Suggesled emergency measures, limifed extension™) ar wide extemsion [**)

S = | Suggesied omargency measuras b e | Suggesled emergency measuras
=10 ™ 7 O | (| Aemoval of lndgas, parapats, canapias
2 (V| M | Aogair of bght damaga 1 partiions ar soddings 8 1| (| Aemoval of otherkind of falling ohjects
3 (1] (7 | Regair of gt damage 1 the roofs 8 O | O | Barriars or passirg protsction
+ O] O | sinir propping 10 O | O | Fepair of plants
& | OV | Remowal of plaster. covsrings or taise callings nalo .
& 0] O | Removal o iss, chimneys 2010
Unusabile dwellings, familes and peopie to be evacuated
Unusable dwallings |__|__| Familias to be avacuated |__|__| Paopla to beevacuated |__|__|__|

SECTION 8 Notes

ftam i Nofas

On the damage, amargency messures, usabilify, ste.
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INSTRUCTION FOR THE FILLING OF THE FORM AsDES 08/2000

La scheda va compilaia per un jnters edificic intendendse per
edificio una unita strutiurale “ciele terra”, individuablle per
caratieristiche tipologiche & quindi distinguibile dagll edifici
adiacenti per tall caralteristiche & anche per ditterenza di altezza
wlo eld dl costruzions alo piani stalsati, elc.

La schidda & divisa in & sezionl. Le infformazionl sono ganeraimeants
dalinile annsrendo le casalle comspondenti; in alcuna sazionl la
prosanza d casalle quadrmte | ) ndicano la possiblity di
muftlscelta: in quest casi sl possono fomie pio ndicazion: la
casela tonda (2 indicano la possbiitd di una singola scelta. Dove
sono prasanti b casalle |_| s dewe scrivers in stampatello
appoggando il teslo a snisira ed | numen a dastra.

Sezione 1 -ldentificazions adificia,

indicara i dati di localizzazions: Provincla, Comune @ Frazicna,
IDENTIFICATIVO SCHEDA: || fevatore riporta d propric mamero
assagnalo  dal coondinamanto cantrale, un numam progressve di
scheda a la data del sopraliucgo.

Lorganizzaziona del devamenio preveds un  Coordinamanto
Tecrico e la sollaborazions del'ufficio tecnico comunate. CQuesto ha
fra lalro | complio di assstenza par Mesplatamento del lavoro dei
rlevator & par lindividuazions dagl edific. L'edifide in ganarals non
& predndividuato ed & quindi compito del dlevatore il suo
riconoscimenio @ la sua identficazione  sulls carogratia riporiata
nelia spazic dala prima ftecciata. 1 codice idantiicative dall adificio,
costituity dalinslemo dal datl dalla prima dga nelle spasio in grigio,
viens poi assegrato, in modo wnivoco, presso il coomdinamento
comunale dove | revalon, dopo lB visita comunicano l'esfo dal
soprallucgo. La numerazione oegli aggregati & degll ediicl deve
assere foruia aggiomata In wa carogralia genwrale presso il
coordinamentc comunas in mode ohe | devalod possano darrs ks
visilo di sopraliuogo, cha sono rchieste in genere Bu unith
immobliad, alledficic che offetivamente le contiena.  Per
l'ideniificativo, il n* di carta, | dall istat & i dafi catastali & necassando
quind avvalonsl deda collaboraziona del coordiramento comunabs,
W &6 Nedificio non é isolato su bt | lak, va indicata la
#ia  posicions  allinlemo  delfaggregats (Irﬂam::, drestremils,
angola). De Azione & indicare  |a
d&mlmhﬁmﬂﬂapﬂb&almmlmmuﬁm
del proprstar se privato (es. | Condominio Vs, Ross Mario)

Sezione 2 - Descrizions adificio

N° piani totall con intaratic indicara il numero di planl complessi
dell'sdficio dalle spiccalo di fondazioni escheso quelio di soticlstio sa
ron utiiizzato a mansarda. Computane intaratl | panl madiamarhs
mtearati per pio di meta della lore aterzs, Allazza moda 4 piano;
Indicara 'sflazza che megio approssima la media delle aberze di
piano present, Supsticls media & pang: va indicate fintsrvallo che
comprands la madia della superfici di fulli | planl. E1& (2 opziond: &
possibile fomire 2 indicazioni; |a prima & sempne 'all oi cosiruzions,
la seconda & l'eveniuales anno in cul &l sono efefiuall evenbuall
intervantl swle srufiuee, Uso (mullisceltal: indicams i tipl di uso
comprasanti nell'edificio. Ailzzaziona: l'indicazione sbbandonato si
ritarisca al caso di non wWitzzato in cative comalizon,

Ssxions 3 - Tipologia | massimo 2 opzioni)

Par gli ediici in muratura si possono segnalare ke due combinazioni:
sinfiure orzzontall & verlicall prevalent o pil vulnerabll; ad
asampio; volls senta calens e muratura in pistrame al 1° ivello (2B)
e solai rigdi (in c.a.) & muratwra In platame al 2° livallo (6B). La
murEturE & dstinta nodua Bpl 0 ragions della qualith [materiali,
legante, realzzazions) @ por cgruna & possiile sagnalare anche la
prasenzd i cordoli 0 calene se sono sufficieniements diffiusl; &
anche da rdlevars I'eventuale prasanza di plasin isolati, siano essl in
c.A., muratura, accalo o legno s B presanza i sfuazioni miste di
muraltura @ sirutbure intelaiale. Gl odifici i consideranc con strutiurs
inataiata di ca, o daccso, se fintera stnitura podante & inc.a. oin
acoiaio. Siuazioni miste (muratura-telal) o rnforzl vanno indicate,
con modalitha muftiscetta, nalle colonme G oed H dela parte
“muratura’.

G1 A (ol sinutiume inlelaiale) su muratura

G2 muralura 5 ca. (o alre sintiure intelalsta)

G3 :Muratura mista a c.a. (o altre strutfure intelaiale) in paralels
sugll stessl plank

H1: Muratura Anlorzata con inkezion o inlonac non amati
H2: Muralura ammata o con intonac amali
HE: Muratura con ald o non identificati inforzi

Par la strutture intelaiate le tamponature sono imegolad quando
presantanc dissimmetre in planta a'o In elevazions o sono in pralica
completamanta assanti in un plano in amano una direziona,

Sariona 4 - Danni ad ELEMENTI STRUTTURALI PRINCIPALI ...

I danni da dpodare nolla saziona 4 Sono qualli ‘apparendi’. ciod quell
riscontmbili a vista. Nella tabslla ogni riga & riferta ed un Spo di
componente  l'onganismo  strufburala, menire @ colonna  SonNo
differarziate in modo da consentire di Mavare | livell di danno
presantl sulla companantes @ b relalive astensioni in parcantuale
fispatic alla sua iotalita nell adificio.

La dafniziona del livelle di danno rsconirato & o paricolars
rilevanza, essa & basata sulla scala macroslsmica europea EMS98,
Intagrata con la definzionl puniuall wilizzate nelle schada di ileve
GMOT. In particolare 5 fard rferimento alla sommaria descrizions
ripartata di saguito, magglor deliagll sono riporatl nel maniala:

D1 danmo leggero: & un danno che non cambE in modo
sigrificalive la resistenza dalla stnblura e non pregivdica la
sicureazza dagli occupanti & ceusa dl cadule d elementil non
strutturali; il danno & leggero anche se quaste ulime possono
rapidamante ossane sconglurate,

D2-D3 danno madio - grave: & un danno che potrebba anche
cambiara in modo significative la resistenza della strutiura senza
cha venga awvicinato palesemente I Bmite del crolle parziale di
alemant| sirutiurall principas

D4-D5 danno gravissima: & un danno che modifica in modo
avidenin fa mgisionza defla sintiura portandcla vicino al limite dal
crolio parziale o tolale di elementi strutturall principall. Stato
dascritio da danni sq:laﬂun al pmna-:nril Incluso || collasso,

B pooquitl: sono quell che con
lﬂ'rll:d 8 mw.:l Il'nItHI wm.nrn una aliminazions o rduriona
accaliabile dal Aschio; vanno indicali qualli gia messl in afto.

Sezions 5 - Dannl ad ELEMENTI NON STRUTTURALL..
Par gl slamenti non siruturall va Indicata la presanza del danne a gl
evenbuall provwedimenti gid in atio, con modalith muliscslta,

Sazione & - Pericole ESTERMNO ad intarventi di (p.i.) ssaguiti
Indficara i pafeoll indofti da costruzioni adiacendi etz dal contesto o gi
evanbuali proveadimentl presi, con modalith mulliscela,

Sazione T - Terreno e fondazioni
a individuata la modolega del site ed eventusll dissost sul termano
e/ sulla fondazions, in atta o temibili,

Sezione B - Giudizio & AGIBILITA

I revators stablisce ke conditionl di fschio dell'sdficio (tabala
valilaZione del nschic) sulla bese delle informazioni raccolte,
dell'ispeziore visve e delle proprie valutazioni, relativamants alla
condzionl strufiurali (Sazlons 3 a 4 - & danna), ala
condzioni degll elamanti non stntturali (Seziona 5), al paricolo
dervanta dalle alire cosinzioni (Sezione €) e &lla sluazione
gemecnica (Saziona 7); . L'asto B va Indicato quands la fduzions
del nschic & pud consaguire con il promto infervenio (opers of
consistenza Fmiafa, of mpida & facle esscunione che mendono
agibile Fadifcio). L'esto D solo in casl particolamentsa problematicl @
soprattuito se si tratta di edificl pubblc la cul Inagibilla comprometie
fl.mlnn Inpurraml

mm ol ﬂl'laﬂi dal yudl:n l;h maﬁﬂ qualum -muri'armata dal
Sindaco; vanno peranto indicate anche le famiglle & persone da
evacuars, ofirs a qualla cha abblano glé kasciato laditicio

; ral caso d esite B indicars i
provvedimenti recessan par rendens agibile 'edificio.

Saxione 5 - Altre csssrvazionl
Accuralezzs dela visita: indicare con quake ivello 4 accuralezza @
mplstuzn b slaln p-:ul)i-l affafiuara il wpnluogu

A L o LM ng A PRV 1
Mﬁbmhidwammpmmﬂ parmagln
precisare | wari aspefti del rlevamente. L'everluale lologradia
dinsiems dell edificio deve Bssana spillata nel AgEac TFameggiats in
chizro o nel solo angoko inaflo a dasima,
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3.2.4. Damage Survey in a Typical Area'™

To promptly assess the cause of damage, buildings around the seismic center
should be surveyed several weeks to several months after an earthquake has occurred.

The survey working groups of the Hyogo-ken Nanbu Earthquake,
Architectural Institute of Japan, surveyed amost al buildings in Kobe and Ashiya cities as
well as part of Nishinomiya city. Summarized below are the numbers of buildings in
Chuo-ku pertinent to different survey items whose location can be identified on the map.

(1) Outline of the survey by the Hyogoken-Nanbu Earthquake Survey WG, Architectural
Institute of Japan

At the beginning of February 1995, the members of Kinki Branch, Hyogo-ken
Nanbu Earthquake Survey WG, Architectural Institute of Japan, surveyed the damaged
buildings with respect to the purpose of use, structure type, number of stories above ground,
and the class of damage.

(2) Summary of the survey results obtained by the Hyogo-ken Nanbu Earthquake Survey
WG, Architectural Institute of Japan

In total, 9,321 buildings were surveyed. See Table 3.2.4-1 for their
categories.

When the surveyed buildings are classified by the structure type, 3,953 are
wooden, 2,276 are RC, 1,271 are S structure, and 119 are SRC structure. In terms of the
number of stories, they include 2,935 two-story buildings, 1,045 three-story, 839 four-story,
and 416 five-story buildings, which represent a wide range of building profiles. In terms
of the class of damage, 458 buildings fell down or collapsed and 605 suffered a major
damage. The buildings at these two disaster levels account for about 16% of the total. Six
buildings were completely destroyed by fire.

Reference

[1] “A temporary survey report for building damages due to the 1995 Hyogo-ken Nanbu
Earthquake”, Building Research Institute, Ministry of Construction, Aug. 1995. (in

Japanese)
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Table3.24-1 Summary of the survey results by the Architectural Institute of Japan™
Tota: 9,321 buildings

No. | ltem Category Number of buildings
1 Location 1 - Chuo-ku, Kobe city 9269
2 - Unknown 52

Total 9321

2. Purpose of use 1-Hotel 51
2 - Office 1263

3 - Apartment houses 4872

4 - Store 1622

5 - Factory 68

6 - Warehouse 65

School 74

Hospital 78

Government offices 37

Parking lot 72

Hall 6

7 - Others 149

8 - Multi-purpose 312

99 - Unknown 652

Totd 9321

3. Structure type 1 - Cast-in-place RC structure 2276
2 - Precast RC structure 0

3 - SRC structure 119

4 - Sstructure 1271

5 - Others 3953

6 - Complex structure 55

99 - Unknown 1647

Total 9321

4, Number of stories 1 235
2 2935

3 1045

4 839

5 416

6 212

7 150

8 153

9 96

10to 30 148

Unknown 3092

Totd 9321

5. Class of damage 1 - Falling or Collapse 458
2 - Mgjor damage 605

3 - Moderate damage 1078

4 - Light damage or less 6890

5 - Burnt down 6

6 - Partialy burnt 0

99 - Unknown 284

Total 9321
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3.2.5. Damage Overview in Damaged Areas”

To assess the cause of damage, buildings around the seismic center should be
surveyed on and after to several months after an earthquake has occurred.
Using the data of the Quick Inspection of building damage, the macro analysis

was performed to understand the outline and the tendency of damage.

1) Object building
Because of the main object building of the Quick Inspection was a condominium,
"House" and "Condominium™ occupy the mgjority of the usage of investigated buildings.
In assessment, buildings are classified into three groups, i.e. reinforced concrete (RC)
structure, stedl (S) structure and wood structure. RC structure also includes the steel
framed reinforced concrete (SRC) structure. Each building was inspected by using the
investigation sheet.

2) Assessment result " X"
The buildings are automatically classified into three categories, those are "Safe",
"Damaged” and "Fatal" according to totalization of the description in investigation sheet.
Since there were some incompleted sheets in which only a few items like address or
building name were filled, automatic judgement was impossible for such buildings.
Among of them, if there were no specia description in the margin of the sheet, the
building is assumed "Safe" and the rest are labeled "X". The real damage level of "X"
buildings is decided later from special description and other source etc. However, in this
report "X" remains "X" as it was firstly classified. It will be done after the Quick
Inspection data used in the Geographic Information System (GIS) is fixed.

3) Lack of data
The investigation sheet of some "Safe" buildings was not made in Akashi-city and
Amagasaki-city (a total number of such buildings is uncertain). It is understood that the
data and the result of analysis about both cities are less reliable.

4) Suffering rate
The suffering rate Rs Shows the rate of unsafe buildings and is calculated from following
expression.

N : total number of buildings
R, = Ne *No N. : number of “Fatal” buildings
N N, : number of “Damaged” buildings

5) Assessment area
Following names are used to divide the Hyogo prefecture into the Mainland side and
Awgji island.
Hyogo area 8 cities : Akashi, Kobe, Ashiya, Nishinomiya, Takarazuka, Itami,
Amagasaki and Kawanishi on the Mainland.
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Awagji area 7 towns : Awgi, Hokudan, Higashiura, Ichinomiya, Tsuna, Sumoto and
Seidan on the Awsaji island.
For each figures and tables in this report, the name of the cities and towns are arranged
sequentially from west to east (Akashi to Kawanishi) in Hyogo area and north to south
(Awaji to Seidan) in Awaji area according to the distance from the epicenter.

Reference

[1] “A Survey Report for Building Damages due to the 1995 Hyogo-ken Nanbu
Earthquake”, Building Research Institute, Ministry of Construction, Japan, March 1996.
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