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QUICK INSPECTION OF DAMAGED REINFORCED CONCRETE
BUILDINGS DUE TO EARTHQUAKES

FORWARD

An earthquake of a magnitude of 7.4 (Ms, USGS) occurred at 3:01 local time on August 17, 1999, with an
epicenter near the City of Izmit in the western part of Turkey (Kocaeli Earthquake). The epicenter was
approximately 100 km east from Istanbul, and catastrophic damage was caused in several cities of the western
Turkey including cities of Izmit, Adapazari, Istanbul etc. and immense damage of 40,000 fatalities and missings,

45,000 injured and 200,000 damaged buildings was reported.

Immediately following the earthquake, the Japanese Government dispatched an expert team on disaster relief.
They surveyed the hardest-hit areas and recognized that damage inspection of buildings, especially of reinforced
concrete residential buildings, was most urgently needed to prevent secondary disaster due to aftershocks and to
estimate the number of temporary houses needed for displaced people. They also reported the conclusions above
to the Turkish Government, and the Government decided to request technical cooperation to perform quick

inspection of damaged buildings.

Following a request from the Turkish Government, the Japanese Government dispatched a second expert team to
contribute to the prompt recovery from aftermath in the affected areas, focusing on the development of quick
inspection procedure under the cooperation with Istanbul Technical University. Principally based on experiences
in Japan, a quick inspection procedure applicable to buildings in Turkey was developed mainly by the following

members through field surveys, several discussions and exchange of mutual knowledge.

Prof. H. Faruk Karadogan, Istanbul Technical University

Prof. M. Hasan Boduroglu, Istanbul Technical University

Dr. Pinar Ozdemir, Istanbul Technical University

Mr. Takashi Kaminosono, National Institute of Land and Infrastructure Management,
Ministry of Land, Infrastructure and Transport

Prof. Fumitoshi Kumazawa, Shibaura Institute of Technology

Prof. Yoshiaki Nakano, Institute of Industrial Science, the University of Tokyo

This report describes the basic concept, inspection sheet and application guidelines including damage definitions

and their examples which may facilitate to perform quick inspections in the field.
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1. SCOPE AND OBJECTIVE

When an earthquake strikes a community and destructive damage to buildings occurs, as was found after the 1999
Kocaeli Earthquake, immediate damage inspections are needed to identify which buildings are safe and which are
not to aftershocks following the main event. This is mainly because, as have been often experienced commonly
in past earthquake disaster in the world, people scaring building collapse are unnecessarily displaced from
buildings with just slight structural damage while heavily damaged buildings are continuously occupied. To
identify buildings that can be entered and those that should be kept from entering or using to avoid secondary
disaster due to aftershocks etc., it is significantly essential to perform quick inspections of damaged buildings at
the earliest stage after the disaster. It should be also pointed out that the results of quick inspection can serve as
basic information to estimate the number of temporary houses and refuge centers necessary for displaced people

because such facilities are usually required, especially in the case of extensive damage to a community.

When earthquake disaster strikes a densely populated urban center, the number of buildings to be quickly
inspected is enormous in general unless the damage is localized. Immediately after a damaging earthquake, local
building departments are usually swamped and structural engineers within the stricken area may not be able to
perform inspections due to damage to their houses, offices or even to themselves. It is therefore needed to seek
additional manpower available or to extend the period of time for quick inspections. To complete the inspection
within a certain short period, it is therefore inevitable to seek assistance from outside sources including volunteers
other than structural engineers. As long as utilizing many individuals and covering many buildings in the
inspections, simplified procedure but unified damage criteria is most essential so that two different individuals
examining the same building should arrive at essentially the same conclusion regarding the structural safety and

potential hazard category to aftershocks.

The main purpose of this report is to describe an example of quick inspection procedure which can be applied
mainly to reinforced concrete apartment houses in Turkey, emphasizing on the technical aspects of the procedure.
Although the procedure proposed herein was developed after several field surveys of typical building damage due
to the 1999 Kocaeli Earthquake carried out in Avcular (Istanbul), Izmit, Adapazari, Duzce, it should be noticed
that the procedure may need some revisions after its further field applications. It should be also pointed out that
although not discussed in this report, organizing and managing the inspection work is essential for immediate and
efficient inspections, and should be discussed and planned considering earthquake preparedness program in each

country and/or community.



2. RECONSTRUCTION STRATEGY

To restore a damaged community as early as possible, well-prepared reconstruction strategy, which needs deep
and wide discussions among engineers and governmental personnel prior to disaster, is most essential. Figure
2.1 shows an example of reconstruction strategy for earthquake damaged buildings, which is under discussion in
Japan. As is shown in the figure, there may be several stages chronologically after the event in general.
Although the detailed and practical flow should be determined after further discussions considering wide array of
issues related to earthquake disaster planning and social system in each country, local authority and community, a

quick inspection can be definitely the first action to be taken immediately after a major earthquake.

1) Stage 1: Emergency Stage

During the emergency stage immediately after a destructive earthquake, quick inspections of damaged buildings
are urgently needed, which is the major objective of this report. As discussed earlier, this is aiming quickly to
identify the damage level of a building according to the observed damage and to categorize the building into
different potential hazard to aftershocks etc. Natural environment that should be taken into account in evaluating
potential hazard of a building may include rainfall, snowfall etc. as well as aftershocks. Heavy or continuous
rain may cause another landslide or ground failure where the soil condition is unstable due to the main shock,
which may result in secondary damage to buildings. Increase in building weight due to snowfall is obviously

disadvantageous to vertical- and lateral-load-carrying capacity of damaged buildings.

After quick inspection, each building is categorized into one of the following three classifications.

UNSAFE: Remarkable danger to aftershocks exists. Emergency retrofit to prevent sudden collapse is needed
but entry and temporary use are not allowed.

LIMITED ENTRY: Damage to structural and/or nonstructural members is found. Temporary use is not allowed
unless temporary retrofit to prevent damage progress, repair to remove life-threatening hazards and/or
barricades around hazard striking area(s) are made. Entry only for emergency purpose is allowed at
own risk.

INSPECTED: No or few apparent structural damage is found but no hazard is believed to be present, although
some repairs may be needed. Original lateral resistance is not significantly degraded and temporary
use or occupancy is allowed.

It is also favorable to post the final results on each building, perhaps with colored placards (UNSAFE : RED /

LIMITED ENTRY : YELLOW / INSPECTED : GREEN) such that all occupants, users and the general public can

be easily aware of the results.

Quick inspections are basically performed through visual examination from outside the building. It is however
favorable to inspect inside if possible because interior inspection may lead to newly found damage. As described
later, either interior inspection or at least interview to occupants/users is strongly recommended when the building

is rated “INSPECTED”.



It should be clearly stated that the quick inspection principally does not deal with assessment to determine
whether or not the building need to be retrofitted for long-term use or demolished, to estimate the loss of private
property, or to estimate the cost needed for the retrofit. For example, an “UNSAFE” building does not
necessarily mean “demolish required” except for those obviously impossible to retrofit. After the 1995
Hyogo-ken Nambu Earthquake, misunderstanding of basic concept on quick inspections among inspectors,
building owners and even local government officials caused confusion and trouble in some cities. It is therefore

strongly desired to disseminate the basic idea for quick inspection activities.

In general, temporary retrofit to prevent damage progress and/or to remove life-threatening hazards for its
temporary use (e.g. “LIMITED ENTRY” building), or emergency retrofit to prevent sudden collapse (e.g.
“UNSAFE” building) may be needed. “INSPECTED” buildings may need some repairs for occupancy. Note
that engineering judgement by well experienced structural engineers may be most practical in this emergency
stage to determine the level and appropriate scheme for temporary and emergency retrofit needed, since detailed
structural calculations for numerous damaged buildings can not be generally performed within a short period of

time.

It should be strongly emphasized that buildings categorized into “INSPECTED (GREEN)” simply means that they
are believed to have no hazards to aftershocks, which are generally less affective than the preceded main event,
and does not necessarily ensure the structural safety for long-term use. In general cases, buildings designed and
constructed according to the dated codes have seismic capacities less than required in the up-to-date engineering
knowledge and current seismic design code, and may often need structural retrofit to provide enough seismic

resistance against future major earthquakes.

2) Stage 2: Quasi-stable Stage

Since the quick inspections are performed within a restricted short period of time, the results may be inevitably
coarse. Furthermore, it is not generally easy to identify the residual seismic capacities quantitatively from quick
inspection. In the second quasi-stable stage following the emergency stage above, damage assessment should be
more precisely and quantitatively performed, and then technically and economically sound solutions should be
applied to damaged buildings, if retrofit is needed. For this end, the procedure proposed by the Ministry of
Public Work can be a candidate for damage assessment, although it may need some modification to efficient

application.

Necessary retrofit and possible schemes should be determined considering experienced earthquake intensity,
residual seismic capacity etc. of damaged buildings. It should be noted that the retrofit level may be
case-by-case practically depending on the disaster scale. It is of course favorable if a building can be upgraded
to the level required in the current code and for long-term use. However, if the disaster is vastly distributed and
hence the number of buildings to be redesigned and retrofitted is enormous, temporary retrofit for mid-term use

may have to be applied. In this case, structural retrofit for long-term (or permanent) use is needed later as
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discussed below.

3) Stage 3: Stable Stage

In the final stage, buildings should be retrofitted considering the long-term use. In some cases, seismic
evaluation may have been already completed in the second stage. In such a case, results obtained above can be
utilized to determine the necessary retrofit level. It is essential to point out that this procedure can be also

applied to existing old buildings located in an area where a damaging earthquake has not stricken yet as well.

Stages 2 and 3 are significantly important for comprehensive earthquake preparedness measures, but a lot of

discussions will be needed to finalize the procedure and criteria which can be shared throughout Turkey.

As can be found in the flow chart, it is recommended to perform stages 1 and 2 within “1 to 2 weeks” and “2
weeks to 3 months”, respectively, but it is highly dependent on the disaster scale. It may be informative that
quick inspections could not be completed in Japan even 1 month after the 1995 Hyogo-ken Nambu (Kobe)
Earthquake due to the huge scale damage, although quick inspectors system had been already established in
several prefectures at the time of the quake. Considering the lessons learned from such evidence, nationwide

quick inspectors system was developed to mutually cooperate in case of emergency.

Corrosion, low quality concrete, poorly detailed reinforcement etc. are often found in field surveys. It is,
however, essential to point out that the damage evaluation described 1) and 2) above should be performed
principally based on the observed damage due to earthquakes. For example, if a building with such problem(s)
has minor damage, damage evaluation should be made primarily based on the fact that the structure resisted the
ground shaking, and such problem(s) should be carefully taken into account while discussing the retrofit design
and required seismic capacity for retrofit in subsequent stages. It is again emphasized that what is needed in a

damaged community immediately after an earthquake is not seismic capacity evaluation but damage evaluation.
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3. INSTRUCTIONS

An example of quick inspection sheet for reinforced concrete buildings appears on the next 3 pages. As
described earlier, this inspection sheet mainly concerns the reinforced concrete apartment houses in Turkey. In

the following sections, inspection procedures and general guidelines are provided.

3.1 General

1) Inspection Team:

Each inspection team should basically consist of two inspectors. This is mainly because of the following

reasons:

- Mutual discussions often help obtaining reasonable damage evaluation, resulting in less variety of damage
rating.

- Hazards which may strike an inspector during the building survey may be noticed by the other.

2) Overall Damage to Building:

Inspection should be started by overall damage survey. This is perhaps the best indicator of the damage level

experienced by the building. When the building is obviously unsafe, do not enter. It is also of significant

importance from inspector’s life-safety point of view to ensure exit ways or safe space in the case of aftershocks

especially when interior inspections are made.

3) Identification of Structural Members And Their Damage:

Damage to nonstructural members of course may cause hazards to occupants, users and the general public but the

structural safety due to aftershocks, which is in general most highly related to life-safety, is significantly

dependent on structural damage. Ordinarily people can not distinguish structural members from nonstructural

members, and therefore they may not notice a sign of structural damage or may take observed damage more

serious than needed. This is one of the major reasons why quick inspections by well-trained inspectors are

needed.

4) Falling and/or Overturning Hazards:

Damage to nonstructural members may often give life-threatening hazards to occupants, users, and the general

public. It should be noted that the hazard may be given by objects likely to fall down or overturn and not by

those already fallen down or overturned. It is therefore appropriate to rate a building “INSPECTED” if

nonstructural members are damaged but no hazards present in both structural and nonstructural members. It is

also practical to rate the building “INSPECTED” by removing falling hazards by inspectors themselves or asking

users to remove hazardous objects when the damage is localized and hazards can be easily removed.

5) Overall Rating:

The inspection procedure is designed to reach the final overall rating following a simple rule. The summarized

results should be properly informed to users or occupants, and recommend them necessary actions such as

evacuation, removal of falling hazards etc. It is also favorable to post the final results on each building, perhaps

with colored placards (UNSAFE : RED / LIMITED ENTRY : YELLOW / INSPECTED : GREEN) such that all

occupants, users and the general public can be easily aware of the results.



| INSPECTION SHEET 1/3

QUICK INSPECTION OF DAMAGED BUILDINGS
(REINFORCED CONCRETE STRUCTURES)

ID Code : Number of Inspections

Time and Date of Inspection : : , 1999 /Mon. / Day

Name 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 : [ THollow Brick [ ]SolidBrick [ ]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:

[ ]INSPECTED [ ]LIMITED ENTRY [ ] UNSAFE
Original lateral resistance is Temporary use is not allowed unless retrofit Emergency retrofit to prevent
not significantly degraded, to prevent damage progress, repair to remove sudden collapse is needed,
and temporary use or life-threatening hazards and/or barricades but entry and temporary use
occupancy is allowed. around hazard striking area(s) are made. are not allowed.

Detailed assessment may be needed. Detailed assessment needed.
RECOMMENDATIONS:

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

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

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

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

COMMENTS:




INSPECTIONS

STEP 1| Ingpection 1. General Inspection of Entire Building

INSPECTION SHEET 2/3

If a building is obviously unsafe due to 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 skipped.)

[ ] Total or Partial Collapse

[

] Extensive Damage to and/or Remarkable
Offset of Superstructure from Foundation

[ ]1Remarkable Inclination of Entire Building or

Individual Story

[

] Other(s)

STEP 2| Inspection 2. Hazard from Damage to Adjacent Buildings, Surrounding Ground and Structural

Members
A B C
a. Hazard Resulting from [ 1No [ ] Uncertain [ ]Yes
Damage to Adjacent
Buildings or Surrounding
Ground Failure
b. Settlement of Buildings due | [ ]<0.2 m [ 10.2-1.0m [ 1>1.0m
to Ground Failure
c. Inclination of Buildings due | [ ] < 1/60 rad. [ ]1/60-1/30 rad. [ ]1>1/30rad.

to Differential Settlement

(seemingly inclined)

(easily noticeable)

d. Damage to Columns

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

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

d-1. Ratio of Damage IV or V

[ ]<1/100

[

] 1/100-1/10

[

1>1/10

[(1)/G3)x100] % (1 %) (1% - 10 %) (10 %)
d-2. Ratio of Damage III [ 1<1/8 [ ] 1/8 -1/4 [ 1>1/4
[(2)/(3)x100] _____ % (12.5 %) (12.5% - 25%) (25 %)
Structural Safety [ ]INSPECTED* [ ]LIMITED ENTRY [ ]UNSAFE
Judgement from a. to (onlyA) (B>1butC=0) (C>1orB>2)

d.

* Either Interior Inspection or Interview needed as a general rule

[ SKETCH : If a column shape is rectangular, sketch as

such.]

Inspected story :

(1) Number of damage rank IV or V

(2) Number of damage rank III

(3) Number of inspected columns

(4) Number of total columns

(5) Inspected Ratio of columns

[ (3)/(4) x 100] %

1. Sketch building configuration
and column location of the
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STEP 3 .

INSPECTION SHEET 3/3

inspected story in the left box.
2. Find out columns with damage
rank > lll and indicate them.

Inspection 3. Falling and/or Overturning Hazards

A

B

C

e. Framed Nonstructural Wall
[ ] Hollow Brick
[ ] Solid Brick
[ ] Concrete Block

[ ]No or slight damage

[ ] Cracks observed but
no out-of-plane
deformation

[ ] Extensive cracks
penetrated, offset from
boundary members or
out-of-plane deformation

f. Unframed Nonstructural Wall
[ ] Hollow Brick
[ ] Solid Brick
[ ] Concrete Block

[ ]1No damage

[ ] Slight damage

[ ] Diagonal cracks
observed

g. Wooden Roof

[ ]1No damage
[ ] Unknown

[ ]Some damage
observed but no falling
hazards present

[ ] Noticeable
inclination, deformation
or separation from top

story

h. Stairways
[ ] Interior
[ ] Exterior

[ ] Unknown

[ ]No or slight damage

[ ] Extensive cracks
observed but stair
rebars are anchored

[ ] Noticeable
inclination / separation
from connected
members and rebar
anchorage missing or
uncertain

1. Window Frame and

[ ]No or slight damage

[ ] Visible deformation

[ ]Likely to fall down

Windowpane and/or cracks
j. Finishings [ ]No damage [ ] Partial crack [ ] Remarkable crack
[ ]Plaster [ ] Mortar or separation and/or separation

k. Elevated Water Tank,
Chimney, Signboard,
Machinery etc.

[ 1No inclination
[ ] Unknown

[ ] Slight inclination

[ ]Likely to fall down

1. Other Hazard(s)
( )

[ ]1No damage

[ ] Damage observed

[ ] Life-threatening

| Nonstructural Safety

STEP 4 |

Judgement from e. to I.

[ ]1INSPECTED*
( Only A and/or B)

[ TLIMITED ENTRY
(C>1)

* Either Interior Inspection or Interview needed as a general rule

SUB-SUMMARY on Inspections 2 and 3

Inspected Areas

| [ ] Exterior only

| [ ] 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

UNSAFE

Inspection 2
(Structural Safety)

[ ]

[ ]

[ ]

Inspection 3
(Nonstructural Safety)

[ ]

OVERALL RATING
Check the highest rating

among Inspections above.

[ I

[ ]

2. Following the above results, fill up SUMMARY on the first page.

* Either Interior Inspection or Interview is needed as a general rule.

If B or C Rank for falling

and/or overturning hazards (questions e. through |.) exists, describe your recommendations
and comments in SUMMARY on the first page.
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3.2 Quick Inspection Procedure

3.2.1 STEP 0: General Information about Inspection and Building Inspected

1) Describe inspection date, inspectors’ names, address etc. It is anticipated that the quick inspection proposed
herein would be performed under the direction of the central or local government. Building ID should be
coded or numbered in accordance with the government’s direction.

2) Include clear information to identify the inspected building since re-inspection due to mistakes to correct,
newly found damage, newly caused damage by aftershock, temporary retrofit or repair, or detailed damage

assessment of the inspected building may be needed later.

3.2.2 STEP 1: General Inspection of Entire Building (Inspection-1)

1) Survey the entire building damage from outside. Walk around the building if possible.

2) If the inspected building is obviously unsafe due to damage to the building itself, check corresponding
reason(s), and identify the building “UNSAFE”. Do not enter the obviously unsafe building.

3) If the building is obviously unsafe and rated “UNSAFE”, skip the following inspections, return to the
SUMMARY on the first page of the sheet, and check “UNSAFE”.

3.2.3 STEP 2: Hazard from Damage to Adjacent Buildings, Surrounding Ground and Structural Members
(Inspection-2)

1) When some damage around or to the building is found, check as such in questions a. through ¢. Ordinarily
noticeable inclination may be larger than 2 degrees (1/30 rad.) and rank C would be appropriate, while
unnoticeable inclination may be smaller than 1 degree (1/60 rad.) and rank A would be appropriate. If the
building is seemingly inclined but the degree is uncertain, inclination measurement is recommended.

Inclination can be easily noticed with a pendant-type measurement as shown below.

note: If the string is adjusted 60 cm long, inclination can be easily measured by the distance from the column
surface to the string. (e.g. 1 cm : 1/60 rad. and 2 cm : 1/30 rad. )
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2) Identify the most seriously damaged story and inspect column damage in the story. Note that it is essential to
identify structural and nonstructural members to assess structural safety. Column surface is often flush with
nonstructural (ordinarily brick) walls but vertically or horizontally continuous cracks can be a sign of border

between structural and nonstructural members.

Cracks along interface between structural members (column

and beam) and nonstructural wall are clearly observed.

3) Sketch the building configuration and column location of the inspected story, find out columns with damage
rank > III and then identify them on the sketch. If no serious damage to a column but some to beams and/or
beam-column joints is found above or below the column, take it into account assuming them as damage to the
column. Definitions of damage rank and examples will appear in Chapter 4. Note that this inspection sheet
is designed to rate the building damage based on damage III, IV, and V, it is significantly time-saving only to
identify columns with damage rank > III.

4) It is often found that a building is located on

the slope and damage to columns in two

adjacent stories is observed. In such a case,

it may be a solution to allow for both stories

and to take heavier damage into account as

shown below.

5) Count the number of columns having damage rank III, IV, or V as indicated on the right-hand side of the sketch
area and calculate the damage ratio as indicated in questions d-1 and d-2.
6) Judge the structural safety as defined in the sheet. It should be noted that interior inspection may lead to

newly found damage, and either interior inspections or interview to occupants/users is strongly recommended

if the building is rated “INSPECTED”.

-13 -



3.2.4 STEP 3: Falling and/or Overturning Hazards (Inspection-3)

1) Check the falling and/or overturning hazards to occupants, users and the general public. Note that inspections
should be made on objects likely to fall down or overturn, neither on fallen down nor overturned objects.

2) Judge the nonstructural safety as defined in the sheet. Hazards to the general public as well as building users
and occupants should be carefully considered. It should be noted again that interior inspection may lead to

newly found damage, and either interior inspections or interview to occupants/users is strongly recommended

if the building is rated “INSPECTED”.

3.2.5 STEP 4: Sub-summary on Inspections 2 and 3

1) Indicate the inspected area. As described above, either interior inspection or interview to occupants/users is
strongly recommended if the building is rated “INSPECTED”.

2) Check one in Inspections 2 and 3, and then choose the highest rating among them as the OVERALL RATING.

3.2.6 STEP 5: Summary of Inspections

1) Following the above results, fill up SUMMARY on the first page of the sheet and categorize the building into
one of the following three classifications.

UNSAFE: Remarkable danger to aftershocks exists. Emergency retrofit to prevent sudden collapse is
needed but entry and temporary use are not allowed.

LIMITED ENTRY: Damage to structural and/or nonstructural members is found. Temporary use is not
allowed unless temporary retrofit to prevent damage progress, repair to remove life-threatening
hazards and/or barricades around hazard striking area(s) are made. Entry only for emergency
purpose is allowed at own risk.

INSPECTED: No or few apparent structural damage is found but no hazard is believed to be present,
although some repairs may be needed. Original lateral resistance is not significantly degraded
and temporary use or occupancy is allowed.

2) If B or C rank for falling and/or overturning hazards exists in questions e. through 1., describe the inspector’s
recommendations and comments in SUMMARY. It is also informative for future detailed investigations to
provide comments on corrosion of re-bars, material deterioration etc. if they are found.

3) Inform the final results to building users and/or occupants, preferably to post them on each building with
colored placards (UNSAFE : RED / LIMITED ENTRY : YELLOW / INSPECTED : GREEN) such that all
occupants, users and the general public can be easily aware of the results. Note that the results above do not
mean the safety for long-term use. For example, old buildings may need structural retrofit, even if they are

posted “GREEN”, because their seismic capacities are ordinarily less than required in the up-to-date code.

- 14 -



4. DEFINITIONS OF DAMAGE RANK

4.1 Damage Rank of Structural Members
4.1.1 General Definition of Damage Rank and Damage State of Structural Members
Damaged structural members are divided into five damage levels; damage rank 0 to V. Definition of the damage
rank is as follows. In the inspection of damaged building procedure, it is important that the damaged structural
members should be provided into three categories, such as 1) Rank II and under, 2) Rank III, and 3) Rank IV and
over.
Rank 0: No Damage
Rank I:  Slight Damage
Visible narrow shear cracks on surface of concrete
(Average crack width is less than 0.2 mm)
Rank II: Light Damage
Visible clear shear cracks on surface of concrete
(Average crack width is around 0.2~1.0 mm)
Rank T1I: Medium Damage
Wide cracks (Average crack width is around 1.0~2.0 mm)
Local crush of cover concrete and small exposure of reinforcing bars may be observed.
Rank I'V: Heavy Damage
Big cracks (Average crack width is more than 2.0 mm)
Massive Spalling of cover concrete and extensive exposure of reinforcing bars are observed.
But buckling of the reinforcing bars is not observed.
Rank V: Collapse
Buckling and/or breaking of reinforcing bars
Crush of core concrete

Visible settlement and/or inclination of floor

Order of the width of cracks in this definition is as follows, Visibly narrow crack < Visibly clear crack <
Wide crack < Big crack.

The values of crack width in the damage definition are not strict values, the values are reference values.

If flexural cracks (Fig.4.1.1.1) are visibly narrow and visibly clear, the cracks are negligible in the damage
rank evaluation.

If the spalling of cover concrete at the corner of structural member cross section is small, the exposure length
of reinforcing bars is less than 20cm, the defect is negligible in the damage rank evaluation. (Fig.4.1.1.2)

If the length of longitudinal cracks along the structural member is less than 20cm, the cracks are negligible in
the damage rank evaluation. (Fig.4.1.1.2)

The structural members are usually covered by mortar and/or finishings. If the damages of structural
members are not visible because of mortar and/or finishings, take away the mortar and/or finisihings and

observe the damage, or evaluate the damage rank by the damage of the mortar and /or finishings
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Rank Il

Rank 11l

Rank IV

Rank V

1

AN
T

N

iy

—

Local crush

N

Visibly clear shear cracks
{0.2<Crack width<1mm}

Wide or big shear cracks
(1<Crack width<5mm)

Extensive Spalling

Big shear cracks
{Crack wid{h>5mm)}

Crush

Visible seitlement and/or
inclhination of floor

A

——

Fig.4.1.2 4 Damage Rank of Beams
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4.1.3 Damage Rank Evaluation in Special Cases
Cover concrete at the bottom of columns is easily spalled off, and the damage rank of those columns is sometimes
estimated in higher ranks. But there are some cases that the local spalling of the cover concrete should not affect

to the structural performance of columns according to the condition of core concrete.

The columns are evaluated in damage rank III in case that the cover concrete of bottom and narrow face of

columns is spalled, but there is no crush and no cracks in the core concrete. (Fig.4.1.3.1 a))

But the spalling of cover concrete occurs at the wide face of columns, the damage rank should be IV or V.
(Fig.4.1.3.1 b))

Spalling of Gover Congrate

af Marrow Face of Celumn
Mo Crugh and No Cracks
in Cora Cancrete

Spalling of Cover Concrete
of Wide Fase of Column

2] Damage Rark 1l b Damage Rark IV or W

Fig.4.1.3.1 Damage Rank of Calumns,
the Cowver Concrete is Spalled off Locally at the Bottom of columns
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4.1.4 Strength-deflection relationship and damage rank of structural members

Following figures, Fig.4.1.4.1 and 4.1.4.2, show the concept of damage rank and structural performance of

structural members.

Deteriorated | None

Horizontal Capacity Remai.ned Pt vannnnnnunns
Vertical Capacity Remained - None
Damage Rank | Il i v \Y

Strength Capacity

Yielding of
Tensile Re-bars

Beginning of
Compression Failure

Cracking Buckling of Re-bars and
Falling of Covering Concrete

Deflection
Fig.4.1.4.1 Concept of Damage Rank and Structural Performance of Ductile Members!"

Remained Deteriorated None

Horizontal Capacity =S PEPPTPE [
; : Remained None
Vertical Capacity S TEPTRPPS >
Damage Rank | Il 1 v \%

Strength Capacity

Buckling of Re-bars

Crackirigj

Falling of Covering
Concrete and Beginning
of Compression Failure

Deflection

Fig.4.1.4.2 Concept of Damage Rank and Structural Performance of Brittle Members. "
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4.1.5 Examples of Structural Damage
(a) Damage Rank I

Visible narrow shear cracks on surface of concrete (Average crack width is less than 0.2 mm)

1) Mortar is separated and fallen down, 2) Mortar is separated and fallen down,

and No shear cracks are observed. and No shear cracks are observed?.

3) Big crack is observed on mortar. But take the mortar away, no crack is observed on the face of concrete.
(Right Photo)
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4) Corner cover concrete is spalled off. 5) Only flexural cracks occur in beam

But shear cracks are not observed.

6) Corner cover concrete is spalled off. 7) Visibly narrow shear crack and flexural crack occur
But shear cracks are not observed. in beam. No shear cracks are observed in the beam-
column joint.
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(b) Damage Rank II

Visible clear shear cracks on surface of concrete (Average crack width is around 0.2~1.0 mm)

1) Mortar does not fall down, and only small 2) Construction joint is observed but negligible.

cracks are observed on mortar. Visible clear shear crack in the beam is observed.

3) Beam has a visible clear crack. (Rank II) 4) Evaluation of damage of this column is
Beam-column joint has no cracks. (Rank I) difficult. Spalling of cover concrete occurs
Spalling of corner cover concrete of column is negligible. at only corner. So, damage rank is II.

So, totally the column is Rank II.
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5) Construction quality is not so good. 6) Mortar is fallen down. There was no cover concrete
But almost no damage is observed initially, so the reinforcing bars are exposed easily, but there

in structural members. is almost no cracks in concrete. So, damage rank is II

7) Mortar is fallen down extensively, but no severe damage and no wide cracks are obsearved.

So. the inner two columns are estimated as Rank II.
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(c) Damage Rank IIT

Wide cracks (Average crack width is around 1.0~2.0 mm)

Local crush of cover concrete and small exposure of reinforcing bars may be observed.

1) Wide shear cracks and local crush of cover concrete 2) Wide shear cracks, local crush of
are observed at the upper part of column. cover concrete and small exposure of
reinforcing bars may be observed

are observed?.

3) Wide flexural crack and local crush of cover concrete and small 4) Local crush of cover concrete and

exposure of reinforcing bars are observed. exposure of reinforcing bars are
observed. But no cracks are observed
in core concrete.

This column is Rank III as Fig.4.1.3.1 a)
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5) Visibly clear shear crack occurs at the top 6) Wide shear crack and big flexural crack occur at beam end.

of the narrow face of the column.

7) Some corner cover concrete are spalled off in the column damage,

but damage mainly occurs beam-column joint. Cover concrete is

spalled off but no diagonal shear cracks are observed'.
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(d) Damage Rank IV
Big cracks (Average crack width is more than 2.0 mm)

Massive Spalling of cover concrete and extensive exposure of reinforcing bars are observed.

But buckling of the reinforcing bars is not observed.

1) Big cracks, Massive Spalling of cover 2) Big shear crack is observed on the narrow face of column™

concrete and extensive exposure of reinforcing
bars are observed. But buckling of the reinforcing

bars is not observed.

3) Big cracks, Massive Spalling of cover concrete and extensive 4) Diagonal shear crack is observed in

. . 2 ..
exposure of reinforcing bars are observed'. beam-column joint.
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5) Massive Spalling of cover concrete and extensive 6) Damage is almost same as Fig.4.1.3.1 a).
exposure of reinforcing bars are observed, but But the damage is heavier and there are cracks

buckling of the reinforcing bars is not observed!.. in core concrete.

7) Big shear crack and spalling of cover concrete is observed  8) Big shear crack is observed at the top of the

at the top of column!?. narrow face of column'?.
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9) Following structural members are evaluated in the Damage Rank IV

! Concrete crush at the bottom of column and

foundation beam-column joint.

(2] !

Diagonal shear cracks at the beam-column join Tensile crack at the middle height of column

Big shear crack at the top of column Big shear crack at the top of column
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(e) Damage Rank V
Buckling of reinforcing bars

Crush of core concrete

Visible settlement and/or inclination of floor

¥

1) Visible settlement and/or inclination of floor 2) Buckling of reinforcing bars

Crush of core concrete!”

=

S e ;'-____._

}:.__ r

e i - - &
3) Buckling of reinforcing bars 4) Buckling of reinforcing bars
Visible settlement and/or inclination of floor' Crush of core concrete
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5) Visible settlement and/or inclination of floor'”

7) Buckling of reinforcing bars 8) Buckling of reinforcing bars

Crush of core concrete

[2]

]

9) Heavy damage at beam-column joint 10) Crush of core concrete of beam-column j oint
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4.2 Damage Rank of Nonstructural Walls
4.2.1 Definition of Damage Rank and Damage State of Nonstructural Walls
Nonstructural walls are mainly constructed by hollow brick called “tugla” in Turkey. These
nonstructural walls show a brittle failure mode. But the walls are incorporated in the reinforced
concrete frame structures those have a ductile performance. Therefore the nonstructural walls fail in
the early stage of building response to earthquakes and the nonstructural walls change to hazardous
elements to the occupants and residents. Damage rank of nonstructural walls is divided into three
levels; hazard rank A to C, considering the potential of hazard to the occupants and residents.
Definition of the hazard rank is as follows.
a) Framed nonstructural walls

Rank A: No Damage or

Local and small crack and/or cracks at the boundary between wall and RC frame
Rank B: Cracks observed but no out-of-plane deformation
Rank C: Extensive cracks penetrated and/or

Offset from RC frame or out-of plane deformation

b) Unframed nonstructural walls
Rank A: No Damage
Rank B: Local and small crack and/or cracks at the top and/or bottom boundary of walls
Rank C: Diagonal cracks observed and/or Extensive cracks penetrated or

Offset from RC frame or out-of plane deformation

4.2.2 Examples of Nonstructural Walls

a) Framed nonstructural walls

1) Rank A: Local crack and cracks at the 2) Rank B: Cracks observed

boundary between wall and RC frame but no out-of-plane deformation
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3) Rank C: Offset from RC frame 4) Rank C: Extensive cracks penetrated

5) Rank C: Extensive diagonal cracks penetrated and

Offset from RC frame
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b) Unframed nonstructural walls

1) Rank C: Diagonal cracks observed 2) Rank C: Diagonal cracks observed
and offset from RC frame'”

= = *JR e S
3) Rank C: Diagonal cracks observed™ 4) Rank C: Diagonal cracks observed in
upper stories. Keeping out is

needed near the building.
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[1] The Japan Building Disaster Prevention Association “Manual for Quick Inspection of

Earthquake Damaged Buildings”, p.70, January 1998.

Photos

[2] Toshibumi Fukuta, Director, International Institute of Seismology and Earthquake Engineering,
Building Research Institute, Tsukuba-city, Ibaraki, JAPAN
The photos are damaged buildings due to the 1999 Kocaeli Earthquake in Turkey.

The other photos are taken by Authors after the 1999 Kocaeli Earthquake in Turkey.
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T
&= 8"

(1) Shoring upper stories (2) Shoring with double crossed wooden layers!"

with H-shaped Steels and Screw Jacks!"

Oil Jack

Suppots

(3) Shoring by additional concrete sections through placing additional columns or wall'"!
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(4) Shoring with steel pipes or screw jacks around heavily damaged column!"

(Photo (bellow, right) is taken by authors at Istanbul

after the 1999 Kocaeli Earthquake in Turkey)

Beam

l____ Damaged /

Column

(5) Jacketing of damaged column with steel wires!"

APPENDIX [I-iii



Beam[T Beam
l % ®
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(6) Jacketing of damaged column with steel sections!"

¢Additional Re-Bars gg:ggéhoelﬂimng og i

- - - H.
—— The—
4| Repair of - i
Cracks a = e
v _Additional — = e
Hoops A 3
— Additional-=..
New Concrete ~ Re-Bars
Section-A andHoops™-.
I
i
T =
Lo =1

L ow T

e —{IH T4 il

Beam Anchor —|4 ! # F:!-E

C 1 :

d Anchor 3
1 i i N il J
ki iti st
“'Section-B Additional Re-Bars

(7) Jacketing with newly cast RC section!”!  (8) Barricade around the hazard striking areal"
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(9) Shoring with steel sections beside a column damaged due to pounding

(left: before retrofit, right: after retrofit)
Photos are taken at Adapazari after the 1999 Kocaeli Earthquake in Turkey.
Left: by Dr. Toshibumi Fukuta, Right: by authors
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(10) Conceptual temporary retrofit design of damaged columns with wing walls

Em EXxisting Column

[ Additional Wing Wall

[COMMENTARY]

The most conventional retrofit strategy applied to existing reinforced concrete buildings, both for
emergency or temporary use and long-term use, can be installation of new RC shear walls within
bare frames. The scheme described above can be a primary candidate for damaged buildings.

It should be noticed that new RC shear walls can not be effective unless the shear wall panels are
sufficiently confined by boundary members ( i.e. beams and columns) around the panel, since the
seismic actions may concentrated on and around the newly placed wall members. As was often
found in RC buildings damaged due to 1999 Kocaeli Earthquake, however, RC residential buildings
in Turkey ordinarily have framing system with relatively low resistance, and the conventional
scheme mentioned above may not be the best solution.

A sketch shown above is a conceptual retrofit design proposal to overcome such problems for

temporary use that is believed to be applicable to buildings rated “LIMITED ENTRY”. This

concept is based on the following considerations.

1. Wing walls can be distributed and placed adjacent to damaged columns. This may lead to
seismic actions on structural members less concentrated than in the case of new RC walls.

2. New RC walls inevitable cause problems related to residential environment such as difficulties in
providing natural light, ventilation etc. Wing wall system, however, may minimize such
problems.

Although wing walls proposed herein may be provided primarily around the damaged members for

temporary retrofit, it is of course favorable to place them in a well-balanced manner as shown in plan
view above, if possible.
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Although the detailed arrangement of reinforcement is not explicitly determined yet, it is strongly

emphasized that the following general remarks should be carefully taken into account when this

scheme is applied in practice.

1. Re-bars should be deformed bars. They would be placed through drilled holes in existing
columns, and epoxy mortar should be injected into gaps around re-bars for smooth action transfer.

2. Longitudinal bars in wing walls should be properly confined with lateral reinforcement having
135 degree hooks. They should be jointed (lap splice joint) with anchoring bars embedded in
upper and lower beams at the top and bottom of the wall. Bonded anchors (epoxy adhesive
anchors) may be most preferable to connect anchoring bars with existing RC members. When
honey-combs are found in existing members, repair them before installing anchors. It should be
also noted that embedded length of anchors should be deeper than usual.

3. Quality of concrete for new wing walls should be carefully controlled.
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[1] Shizuoka Prefecture “Temporary Retrofit Manual for Earthquake Damaged Reinforced Concrete

Buildings,” March 1997.
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APPENDIX I

BACKGROUND OF CRITERIA FOR BUILDING DAMAGE RATING
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The Japanese quick inspection guideline!!! was first developed in 1985 after five-year National
Research Project of Rehabilitation Techniques for Earthquake Damaged Structures which started in
1981. During its development, the guideline was applied to structures damaged by 1985 Mexico

Earthquake and its effectiveness was confirmed.

To disseminate the knowledge and techniques of post-earthquake inspection, “Standard for
Evaluation of Damage Level of Earthquake Damaged Buildings and Guideline for Repair
Techniques!®” was developed based on the guideline and published by the Japan Building Disaster
Prevention Association in 1991. The Standard was applied to several hundred buildings affected by
1993 Kushiro-oki and 1994 Sanriku-haruka-oki Earthquakes. It was, however, the first time to
apply the Standard to a huge number of damaged buildings immediately after the 1995 Hyogo-ken
Nambu (Kobe) Earthquake and problems involved in the inspection system were revealed. After
many discussions and much thought on lessons learned from Kobe Earthquake Disaster, the quick
inspection procedure was revised and “Quick Inspection Manual for Earthquake Damaged
Buildings"” was published in 199*. A background history of Japanese quick inspection system

and experiences after the 1995 Hyogo-ken Nambu Earthquake can be found in some literatures!!"*’.

The quick inspection procedure presented in this report is primarily based on the Quick Inspection
Manual®!, lessons learned from post-earthquake inspection activities in Japan, damage surveys and
field trials after 1999 Kocaeli Earthquake. Although the basic concept and procedure developed for
reinforced concrete residential buildings in Turkey is basically the same as Japanese procedure,

criteria for potential hazard rank (Rank A through C) for columns are slightly modified as follows.

The Japanese procedure defines the rank as shown in Table A1 depending on the damage observed in
columns and its ratio. As was often found in damaged buildings after 1999 Kocaeli Earthquake,
however, columns of typical RC residential buildings in Turkey generally have less lateral resistance
and ductility than those in Japan, and visible clear cracks may lead to significant loss of residual

capacity of columns.

Considering the above fact, the rank proposed in this report is modifies as shown in Table A2. As
can be found in the Table, damage ranks IV and V are categorized into one group and new criteria
for rank III is additionally introduced. The new criteria for damage rank III (e.g. more than 30 %

corresponds to Rank C) are tentatively determined according to the following assumptions.

1. Columns with damage rank IV or V are assumed to have no residual capacity while those with

rank IIT 60 % of the original capacity.
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2. A damaged building has therefore 90 % of the original lateral capacity when its 10 % columns are
rated rank IV or V and the others have no damage (i.e. Rank C building).

3. A damaged building also has 90 % of the original lateral capacity when its 25 % (= 1/4 ) columns
are rated rank III and the others have no damage. The residual capacity of this building is,
therefore, equivalent to the building described in 2. and categorized into Rank C.

4. Less than half of the ratio, 12.5 % ( = 1/8 ) of damage III is assumed Rank A.

It should be noted that the criteria described above, especially of rank III, are tentative proposal
determined through discussions within a short period of time, and further experimental researches,
literature surveys, field applications and calibrations are needed to set more rational criteria for

buildings in Turkey.

Table A1: Definitions of Potential Hazard Rank in Japanese Procedure[3]

A B C
Ratio of Damage V [ 1<1% [ 1T 1-10% [ 1>10%
Ratio of Damage IV [ 1<10% [ 110-20% [ 1>20%

Table A2: Definitions of Potential Hazard Rank Proposed in This Report

A B C
Ratio of Damage IV or V [ 1<1% [ 1 1%-10% [ 1>10%
Ratio of Damage 111 [ 1<125% [ 112.5%-25% [ 1>25%
REFERENCES

[1] The Ministry of Construction “Manual for Rehabilitation Techniques for Earthquake Damaged
Structures,” Report on the National Research Program on the Development of Rehabilitation
Techniques for Earthquake Damaged Structures, March 1986.

[2] The Japan Building Disaster Prevention Association “Standard for Evaluation of Damage Level
of Earthquake Damaged Buildings and Guidelines for Repair Technique,” February 1991.

[3] The Japan Building Disaster Prevention Association “Manual for Quick Inspection of Earthquake
Damaged Buildings”, p.13, January 1998.

[4] Masaya Murakami “Post-earthquake Inspection and Evaluation of Earthquake Damage in
Buildings for Countermeasure,” Proceedings of the 8th International Research and Training
Seminar on Regional Development Planning for Disaster Prevention Emergency Assessment
System of Damaged Buildings, 16 January 1995, Osaka, Japan, United Nations Center for
Regional Development.

[5] Yoshiaki Nakano "Quick Inspections of Damaged Buildings Due to 1995 Jan. 17
Hyogoken-Nanbu Earthquake," Bulletin of ERS (Earthquake Resistant Structure Research
Center), Institute of Industrial Science, the University of Tokyo, No. 29, pp. 45-49, March 1996.
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1.258
= T2/3 (22)

HEOBEAEY T I1ZXQ@IITEV 52 o b,
T=C,(h)" (2.3
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MR FERIC K D435 T & nidftER 4. 6. 10 L V0 55 2 FitiE CI1% T'=0.35s & n=1.33 Th 5,
AEIERE Ao (THUE MK L 515 CThH D, B 4.6.8 L0 F7 =13 Zone 2 IZJET
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L7z~ T, 4R4.6.9 X0 C=0.75 ThH 5,
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E __.uTm.u‘rTE:;' 4"':,/ T
P e

iy
L A
P

%
8
I ik
| .‘:G';i
4 0
=
T 4.6.11 HhEHhis
1% 4.6.21 KFEHZH
Zone oh
Y4 0.08
v 0.05
I 0.04
I 0.02
I 0.01
1R 4.6.22 hEEFERI & HEEIZ K D%% (B)
Z A —ALff RCC | &4 & — LML AHE
Hog AR | bR } 7 S
T—F RCC 7—F 7
1 fE 1.0 1.0 1.0 1.0
o 11 Ff 1.0 1.0 1.2 1.2
o6 I Ff 1.0 1.2 1.5 1.5
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f14.6.6 bkjLaffap ~Had

RV 3 TlE 1944 FITRAOMEFLE S HIE S To, £ D% 1949 47, 1953 4|2 iR Hidk
X4y DEFIZ L HBEN T, 1961 FEDWIETIX Y — 0 T L ICREH IS AW MR A E
D D FEIN B HAE AW AR E & HUEAREIZ 0B 2 TTEIC A STz, 1968 41213 1963
D Zone Map OBUIE % 51T T MEAEENKIE Sz, & HIZ 1975 F121% 1972 40 Zone
Map O IE% 5 F TUMEIEENUIE Sz, £72.1996 121 Zone Map DU IENTTHOIL,
1998 I FEIRIEN K IE SN2, & 2 Tld, 1998 DM EIEYE L 1968~1974 4E DI FE I
K2R,

(1) 1998 = Difif = FLvE
@ EREtE
- M JRIREERR FHE
* RC &Y OXGFHIKRIRERRF, S EEMORFHIFF RIS ERFZHEIZ LT D,
@ MHEE
car7 J—Fh :0.66Fc
- Bkf7 0 0.87 0y
Q@ HFAKFER
1D ¥EEERE
FEt =276 DIC LY 52 bbb,
v =A(1,)/ R,(Ty W 20.10 4,1 W | 6.1)
a) [@EAHEH T
KO62AZLV HEZBND,
T=1,=Ch* (6.2)
XL RC IEEY Th 572 C=0.07 TH 5,
L7233 o> C, MmO FEAE I T1=0.07 X 15m?34=0.53s TH 5,
b) BN EE AT N RS A(T)
KB LV B2 D,

A(T)= 4,15(T) (6.3)
ANHENINE AR AL Ao 131K 4.6.22 LV 52605, T2 T OIS RHD -
B, RFREWZ ISV DA 2 BN IE RS T B KA Ao=0.40 & T 5,

O REFERNNC L D EEERE TIX, 75 4.6.23 L0 5t RE@WIEE O E 7729
I=1.0 TH 5,
AT M UAREL S(IER6.DIZ LY B2 b,

1+1.5T/T, O<T<T,
S(T)=42.5 T,<T<T, (6.4)
2.5(1,/T)* T>T,
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AT NVEREJE A Ta, TIL. 75K 4.6.24 10 52 6515, 5 3 FE Tl Ta=0.15,
Ts=0.60 TH 5=, S(T)=2.5 L 725,
L7=28> T, A(T)=0.40X1.0X2.5=1.0 TH %,
¢) HuEEm FEAKBAREL Ra
XBHIZLY Bz B,
Ra(T)z{;5+(R—1.5)T/TA ;i;’AgTA

(6.5)

REVFFAEAR L R 1T, ISR RIC L 2R TH D, FFK 4.6.25 L xtdix, 7 L— ot
EHFIMERC EICETHE L, R=4 Th D,

L= ->TC, RaD=4 725,

PEED KO.DEVr=1.00/4=025w 20040 £ 720 XR—=RATTIEV =025 & 725,
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5% 4.6.22 H3hBINEEHREK

i ik Ao
1 0.40
2 0.30
3 0.20
4 0.10

& 4.6.23 BEEZH

FHaAE

1. HEREAAT 28, fBBRWEOA->T2EY 1.5
2. BTN REIFEEN T 28%, MEOH L bOZIRT 28 | 14
3. PRI % 2 1.2
4. Z Dl 1.0
1% 4.6.24 ZRRY bR
Hig 1 Ta Ts
71 0.10 0.30
72 0.15 0.40
73 0.15 0.60
74 0.20 0.90
1% 4.6.25 IRENFMEFRE (R)
MG FHEPE RC EE RC &
7 L— L 4 8
Coupled ffifZERERE & 4 7
Solid Tt E=HE A & 4 6
M ERRERT 7 L — AAiE 4 7
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(2)  1968~1974 “E Dt FLUE
@® sREtE
AT R A
@ MHEE
A~
Q EFHRETAKEA
HEHN—271ER(6.6) LV B2 Hiv b,
V=C-W=Cpapy-W| (6.6)
a) HE iR E Co
1% 4.6.26 L0 52505, 7 > H T OHMBEHNRHDZ D, KR Co=0.06 &%,
b) HUEFERZ X DR o
1% 4.6.21 L5260 %, 1K 4.6.27 X0 2 MR TIE, o=1.0 TH D,
¢ BYo RN L D EEER B
1% 4.6.28 L HEZbN5, K 4.6.28 L0 MEEMIESEEICET O, =10
Th s,
d) EERER Sy
KXB.NEV HEZBHND,
T<05sD & Zy=1
T>05sD& Zy=0.5/T
EAFY T IZX6.8)E 52615,
T=0.091/\D (6.8)
D IZHIEBA D HF BT 2B OR S TH LD T, 58 %WIE D=30m THho, Li=n->

Tﬁ%@%@ﬁﬁﬁﬁﬁ\K@&iDTzaﬁssﬂmﬁﬁ%éo

6.7)

Lo T, y=1.0¢7%,
PLEXD, R=Z2T T35V =0.06x1.0x1.0x1.0W =0.06W & 7275,
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{15 4.6.26 HEHIH{HREK 15 4.6.27 HBFER I L HHEHK

R e Co A | o

1 0.06 1. i 0.80

2 0.04 2. W TR R 1.00

3 0.02 3. MR H 1.20

1% 4.6.28 BEERZRH

PR B

MEEM M 28 (BER, HE. FBEI. HEEE, KER. W)
ED & 5 b O % k3 5 St G AR) 1.50

RANEEWET Dhiae (P, B, BlY, PR, <Fhe. BR)

DN EINET Dhtex (BAER, £65EE, A7V, A7 0 AEL, L Lo
A NTy, TEENL) '
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f4.6.7 R)—"Hap ~Ha0
AL 1977 A HIE ST TR EUE b 1968 4R I2HIE S - B 4 51,

(1) 1977 FLURE Ot = FLUE
@® EREtE
- TR R A
@ MHEE
cary7 U—Fh . A~H
S N
Q EFHETAKEA
HAHN—=2 2 7IERTDIC LY B2 b5,
ZUSC
Rd
a) HuUEHERE Z
1R4.6.12 LV U ~iL Zone 1 IZET 72D, 5% 4.6.29 LV Z=1.0 Th 5,
b) o RBFERNC X 5 EEERE U
3 4.6.30 L 0 xXIGEMIT A REMIZET 720, U=1.0 Th 5,
c) HERERIIC X HHR%E S
{15 4.6.31 L 05 2 fiiz CI1X S=1.2 TH 5,
d) FEAEYT &M EY T2 X 26%% C
RADICLV B2 HND,

TQ8 0.16<C<0.40
~+1.0 (7.2)

N

B OEAJEH T 1T LY 5265,

0.09h
T = I (7.3)

D IZHEBEANFHNZB T 5BMOE S THHD T, JREWIT D=30m TH 5, LI-2->

TxIBRYOEAEINT, R(7.3L0 7o 0-%15 _ 0255 T B,

AT Ts (3445R 4.6.32 L0, % 2 FiHE Tid Ts =0.6s TH %,

V =

W (7.1)

C:

Lo T, oo 08 _gscbd, 72720, 016<C<040L D, C=0.40 Th 5,

e) MERERIIC X 2F4R% Ra
1% 4.6.33 LV X5@EMT. RCE7 L—ABXITET 729, Re=6.0 Th 5,
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PLEED ., _—2o 7 a7 D)LY . V=1-0X1'°;1)-2X°'40W=0,08W LD,
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15 4.6.29 HEHIS{RE

T T COLCDMEBEYA

Ba&LIYIA

RE1SHIC FORTFRICATION
IWN PERLU

Zone 1 High Seismiciey
Zone 2 Hedium Seimmdcity
fone 31 [ow Selawmicity

1 4.6.12 thE#hig Zone

1% 4.6.30 FEERZRH

JH 3 I U
Zone Y/
. " A fERWE % &Y >1.3
. 0'7 B : MEERAIRIEY 1.3
. 0'3 C: R EY 1.0
: D : M3 OB O MY —
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5 4.6.31 HAIER {13z 4.6.32 Huf&EHA

gt il S A ] Ts
I 1.0 I 0.3
I 1.2 II 0.6
m 14 m 0.9

f13& 4.6.33 WEMKIZE DHHEH

T Ra
El1l —RC&E7ZL—AER 6.0
—BEE T L — AR .
E2 RC &7 L—LA L MHERE, 1), iIZHED
D7 L—2A4 T EREDOM ANER %58 LA 22 Pt > T7 L— A -
&l ERE A A B K T HEHTT 5 ’
7 L—ATHEMTH D7 & 25% DK S HBIERE &2 Ff o
E3 — 7 UL —ACMERENITIERELZ H ol e Lz 2RV Cix, Eid
L= 4.0
— D — R E FNIR VR & SRE O EY
E4 KFENITMPERE D THBTT 2 8 3.0
E5 Wl SN 7-HUFE £ - 13RS o8y 2.5
E6 JFEMdiHfES., 7 FNE,. 2ofhoidy 1.5
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(2)  1968~1976 4= Difif 55 Fh: 1
@ E&EHE

AT R A
@ MHEE

KB
@ EETRAKES

A=A T7TIER(TDIC LY B2 b5,

v =UKkC-w] (7.4)

a) HUFE ik & A FIRFERNC X AR5 U

1B 4.6.13 X9 UV ~IiZT REGION 2 (ZJ& L. {43k 4.6.34 L0 X dWIL—MEMIZET
72, % 4.6.35 kv U=0.8 ThH 5,
b) HEEERIC L 5% K

1% 4.6.36 1 RC 7— A L JERiT Type R ICE 7=, K=0.80 TH 5,

o [EAAHTICE DR C

K(THICLY B2 BN,

0.05
C=
T (7.5)
BYoOFEAFRM T 13T L 5Exons,
0.09/
T=""""
5 (7.6)

DITHIBEAN T BT 2EWOE S THLDT, 58EMIT D=30m TH 5, L2 ->
THGEDOFEAEML. X768 L0 Tz(’-o}mzo.zsﬁmo
30

LMo T, c;}\?%:0.0W L%,

PLEXD, R"=Z2T T3V =0.8%x0.8x0.079% =0.05W £ 725
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i L ks

,\/

THETITUTD T2

nu{ EFTRUSTURAS % DE LA _._._
COASTARILIDY i
. WAEh D2 ‘
o PESIONALIZISON / .
| ag™ Nenke
F1 = L3 — T T e
X 4.6.13 HhEH#hig Zone
1% 4.6.34 FRFER 13 4.6.35 HhEHIHZEZHU
A 2 LU T O R G O MBI WY REGION 1 |REGION 2 |REGION 3
B : —fixp 72 A —
C: it (B, HEB%E. Wbt L) B 1.0 0.8 0.6
D : Fpgriddy) (faliityn) C 1.2 1.0 0.7
D FEHE 7R AR A B
15 4.6.36 HBEBRKIZELDZREK
T K
Type P : BEXEW) 1.33
Type Q : & D 1.00
Type R : 7 — X VEXEY 0.80
Type S : 897 L — LA INTHPT LRIZR 238132 0 B BIRE) 2 151 720 0.67
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1$4.6.8 &KE 40

B5 ClE 1945 FLARTIT B RO i I ZIMIEIZE O D EEE K=0.1 W H L Tu,
1974~1982 FEDIMHEILMETIIT A VU H D UBC 22— R& H L IZ_N—R U TREGEIC L D
B OBUENR 72 STz, 1982 I HIRRE I 280 A b, 1989 T Edbaio C
BT o HENBMSINT, 1997 FITITHE ST 2 FERBEZHIBR L, P E e
FHEBI TR ED 2 THEEW M ER GRS (XD b e L, E£7o, MlERELR
BaLw, BRI 2 BB L KRER Fu & 28 A Lz, 1999 4Fi2i%, BiBEEME

AT T, HEBHLIX X 7y 72 EHMUE IR 2 HENSUE S NTe, T 2Tl 1997 4ELE D
MHEEFEYE & 1974~1982 DM ERUEL R,

(1) 1997 FLUEOHENCET 2 BE
@® sREtE
- FFARIG IR R R
- M JRIREERR FHE
@ MHEE
FFAIS I EERRFHE)
car7Y—5h:0.6Fc
< 5% - 4/3x 1400 (kg/em?) (0y=2800~3500 kg/cm2 DA)
4/3X1700 (kg/cm?) (0y =4200 kg/cm?2 DGH
(F s R A HE)
A IRE R FHE CIX, T EARER & SRERBR 2 AV bl 22 M B E 2 RET 5,
Q EFHETAKEA
D IR EREHE
RN —=2 7 IEX@DIC LY 52 b b,

(8.1)
a) AR KCEIHESRE Zd
KBAIZLV H5EZBND,

Z-1

R (2 F5 1T B ACTE IR EEAR SR Z 1k, MRk S 1T B BB 475 A 0 iR KL
FEMIFHE O BT I INEE G Ik T DR TH 5, 48 4.6.14 L Y SALITHE X TH 5720
1% 4.6.37 LV, Z=0.23 ThH 5%,

MfRE Tk, 43 4.6.38 L0 XIS EMIE— BB T 572D, 1=1.0 Th 5,

ay ITHPERRAT E O FHHIE R RIS D R Py,/Pd T, 22 Clday=1.5 7%,

HEE ) DARBAR S Fu i3, W& #ERR KO OEAEH T I X > TRE S,
B OEAJEH T 13BN L Y 52 biLd,
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T =0.070(hn)"* (8.3)
SR OE A A T 12:0(8.3) L v . T=0.070X 150.75=0.53s TH 5, L7=h->T, FXK
4.6.39 X0 | HUEFERI AN 5 A2 X o MU RS Fu i3, N@B.DICL Y B2 b b,
Fu=+2Ra—-1 (8.4)
PPRMER & Ra X, R@BHIZEYV HExHD,

Ra:1+(Rz_01) (8.5)

FAMEAE R IR 4.6.40 LV, RCiET— AV EAITIR=48 TH D,
L7hi-»T, BB XY Ra=2.9 L720, KB4 LY Fu=2.2 Th %,

PEXy, ®82%Y z7- 02310 02310 _ ;450 745,
1415« Fu 141522

b)  HRHELACEINEE 2~ b LRE C

AR L OEMOBAEIIC L > TR ED . HUBFER 2N b A X T [E 4 5 1
T=0.53s OxREMIL, 1% 4.6.41 LV C=2.0 TH 2,

UEXYD, R=Z2T Ty =0.05x2.00 =0.100 & 725,
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TR0 4.6.14 HEMRR S

13k 4.6.37 KEMEEFREK Z

122

HiE— X 0.33
HIE— X 0.28
X 0.23
HFE =X 0.18

{15 4.6.38 F&FRE

BEEREY (HEES - B225% - JEPL - BET7 L) 1.5
ANHEOENEY) (F% - Bl - £ L) 1.25
— XY 1.0
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13k 4.6.39 HFENEBFHEE Fu

MR B OLEATEH T RS EEER L Fu
0.03sec LA Fu=1.0
0.03~0.15sec Fu=2Ra—1+(J2Ra—1 —1)(T(;—(1)'215)
R :
s 0.15~0.242sec Fu=+2Ra-1
0.242~0.333sec Fu=2Ra-1+(Ra~2Ra —1)%'92142)
0.333sec UL I Fu=Ra
0.03sec LA | Fu=1.0
0.03~0.15sec Fu=+2Ra—1+(2Ra—1 —1)(T;—(1)‘215)
i :
\ 0.15~0.308sec Fu=+2Ra-1
i
0.308~0.465sec Fu=~2Ra—1+(Ra—2Ra 4)%
0.465sec VL I Fu=Ra
0.03sec LA Fu=1.0
0.03~0.2sec Fu=+2Ra—1+(V2Ra—1 —1)(T 0_107'2)
Filat N :
0.2~0.406sec Fu=+2Ra-1
K55
0.406~0.611sec Fu=2Ra—1+(Ra~2Ra —1)%';506)
0.611sec LA I Fu=Ra
0.03sec LA | Fu=1.0
0.03~0.2sec Fu=+2Ra—1+(2Ra—1 —1)(T 0_107'2)
EE &AL :
0.2~0.8sec Fu=+2Ra-1
Hh X
0.8~1.4sec Fu=~2Ra—1+ (Ra —2Ra —1)(T;2'8)
1.4sec UL I Fu=Ra
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3 4. 6. 40

BHERER

PG AUTIS T 1.6~4.8, LIRS, HER SIS CTE SHIBRA D,

2.4 RC EREREYE . SET L — 2GS
3.2 RC & EEEERE & 2 O A BME 7 — 2 U E(IMRF) 2%
3.6 RC &M AR+ 0 E T — A A 1EAE
4.0 SR LT L — AREE, BT — A o CIEREEREA AT 5 0%
4.8 BME T — A U REE(SMRF) CHEEERE 2 A S R0 0%
132 4.6.41 FRELKFEMEERARY FILIZREC
AR R B OEHEY T R I ERBIREL Fu
0.03sec LA T C=1.0
0.03~0.15sec C=1.25T +0.625
B
. 0.15~0.242sec C=25
XS
0.242~0.333sec Cc=12/T*?
0.333sec A b C=10
0.03sec LA T Cc=10
. 0.03~0.15sec C=1.25T +0.625
%A
i 0.15~0.308sec cC=25
0.308~0.465sec CcC=12/T*3
0.465sec UL b C=1.0
0.03sec LA T C=10
- 0.03~0.2sec C =8.824T +0.7352
o —=FA
0.2~0.406sec cC=25
L/GE
0.406~0.611sec Cc=18/T*?
0.611sec UL | C=1.0
0.03sec LT C=1.0
0.03~0.2sec C =5.882T +0.824
Bk
0.2~0.8sec C=20
Hh X
0.8~1.4sec C=33/T
1.4sec VL E Cc=1.0
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(2)  1974~1982 FLUEDHIEETIZ BT D HUE
@ E&EHE
- TP R A
- KRR R FHE
@ MHEE
FFAIS T ERRFHE)
27 Y—F 0.6 Fc
< Bk - 4/3X1400 (kg/cm?)

(0y=2800~3500 kg/cm?2 DFA)
4/3% 1700 (kg/cm?) (0y =4200 kg/em?2 DHA)
(K& JmmREERR R HE)
LSRR FHE TIE, A EAREL & TREEIRIURH A - CRE G e M BHRE 2 JE T 5,
® EBREHAKERD
1) RIS ERREHE
X

FHHN—2 L TIEEBeIC LY B2 b5,
V=z-K-CW|

a) HIXLREZ

(8.6)
1R 4.6.15 L0 AILITHEREMRX CH 5720, FFK4.6.42 XV, Z=1.0 TH 5,
b) IEERHEIREL K
1% 4.6.43 LV, RCiET— A AT K=0.67 TH %,
c) HUEIIREC
VR R R oY
C=—=<0.1
T

7= 0.09An

BHO—REAEY T 1, X@8IZLV 52 HND,
VD

(8.7

(8.8)

hn (IHENSEREETORmS THHDO T, HREMIT hn=16m TH 5, D (THIESI D
RGNS AT OR S TH D DT, HREWIT D=30m TH D, L7Ieh > THREY
OEAFESIE, X@B.8LY 7=

0.09x15

=0.25s TH D,
LA T, i otE gt oo 01
0.

=016>01%&Y9. C=0.1 L7225,
PLEXY, "= T3V =1.0x0.67x0.1W =0.07W £ 725,
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&’.r" 0
i i

1B 4.6.15 HEHRX S

% 4.6.42 HX{EH 7

SR Z M Rl X 1.25
PR EE MR i X 1.0
S Hh i X 0.75

13 4.6.43 BEFEREK

EIMED & 2K T — A U HiE 0.67
it S BEZ G L 728D & D3R 7 — A UHEIETT — A U OHIE ) 0.80
AR 25%LL LD H D

it /1 RE S A2 1R ) & BT 5 i 1.33
RRELSN OIS 1.00
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PLEX D K 30 HRT &K 10~20 FRTNTHIE S A7 A E O R MEIZ LS <, B 4.6. 1
DETNEYDOR— A TIRBOFER R Z MR 4.6. 44 117,

(455 4.6.44 ZEDA—R S TFREHILEE

=4 #9 10~20 4= 9 30 4EAT
(H#h) PRSI EERRGHE | RIRmEEREHE RIS 1R A
ok 1980 LAk 1950~1971 4
() 0.20 0.40 0.20
(WBELORA 7K1 D473
74y 1986 =LAk 1972~1981 4
(v=7) 0.22 0.10
A k27T 1983 4Lk
(¥ HNH) 0.05
) il E AR il & AR
(v F7 ) (1993 4Ffilk WORLD LIST (Zic#k) (1973 4k WORLD LIST (ZF2#)
0.09 0.06
AR 1984 F L) 1970~1974 4
(=2—7VU—) 0.05 0.03
2= 1998 LAk 1968~1974 4
(7> Hh7) 0.25 0.06
A — 1977 4FLIRE 1968 4E~1977 4£
(V=) 0.08 0.05
a5 1997 4-LLFE 1974~1982 4
(&b 0.10 0.07
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ZE IR

f+ 4.1) TREGULATIONS FOR SEISMIC DESIGN A WORLD LIST - 1996/,
TAEE. June 1996

£+ 4.2) TREGULATIONS FOR SEISMIC DESIGN A WORLD LIST - 1996,
Supplement - 2000], TAEE. January 2000

£} 4.3) 'TEARTHQUAKE RESISTANT REGULATIONS A WORLD LIST - 1973],
TAEE, April 1973

£+ 4.4) TEARTHQUAKE RESISTANT REGULATIONS A WORLD LIST - 1973,
Supplement - 1976, TAEE, July 1976

fF4.5) ARG S 11990 7 ¢ U B U HigE SEMAERSE). 1992 48 3 H

£ 4.6) ARG YR, 11999 FE1 - FEME K EFERE I L OICSE BEIFEE
2000 4£ 11 H
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