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Han, Bum-Jin Recent seismic activities in countries like China and Turkey have underscored the widespread and
Tel : 82-31-539-2240 severe damages that earthquakes can inflict globally. Being situated in a seismically active zone, South

E-mail : archism@daejin.ac.kr - Korea can no longer regard itself as immune to earthquake hazards, necessitating the urgent adoption
of proactive measures against such threats. The government has been proactive in evaluating,
formulating processes, and methods for the seismic retrofitting of public buildings lacking in

Received : May 19, 2023 earthquake resistance. However, enforcement mechanisms for privately-owned apartment complexes
Revised :]June 22,2023 are absent, and in the face of insufficient previous research and guidelines, preemptive measures for
Accepted : June 26, 2023 public safety remain alarmingly inadequate. With over 48% of residential structures in Korea aged

over 30 years, and apartment complexes constituting more than 80% of these, the gravity of the
situation is undeniable. This study deduces key factors for seismic retrofitting of apartment buildings
like earthquake zones, soil type, building significance, aging degree, vulnerability, etc., based on
building seismic design codes. It further proposes an algorithm for a more succinct and efficient
determination of the priority of seismic reinforcements for apartment buildings.
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A Study on Priority Determination of Seismic Reinforcement of Apartment Houses Considering Earthquake Risk Factors

Table 1. Japanese seismic retrofitting support system|[7]

Division Contents
- Skip the building certification procedures during construction
. - Deregulation on approval standards and fire resistance / Special treatment of
Deregulation

volume ratio
- Temporary occupancy of high-quality rental housing during construction

Assistant Shear and Rehabilitation - Housing: Cost Aid: Government(1/3), Local(1/3)
Design Cost - Except Housing: Cost Aid: Government(1/3), Local(1/3)
Support - Housing: Cost Aid: Government(11.5%), Local(11.5%)
Rehabilitation Cost - Except Housing: Cost Aid: Government(11.5%), Local(11.5%)
- Around Emergency Road: Cost Aid: Government(1/3), Local(1/3)
10%(up to a maximum of 250,000 yen) of the standard construction cost for the
Income Tax earthquake-proofing work carried out until June 30, 2019 is deducted from the
income tax
Housing Decrease the amount of fixed assets(up to 120m?” equivalent) of houses that have
Fixed Asset been subjected to earthquake-proof reinforcement by 1/2 of one year for March 31,
Earthquake Tax 2018(However, the seismic retrofit of the housing which is the incapacitated
Resistant structure of the existing seismic disturbance is reduced to 1/2 for two years)
Repair Corporate Earthquake resistant diagnosis subject to earthquake resistant repair promotion law
Promotion 11}; < The earthquake resistant diagnosis result report until March 31, 2015 The person
Taxation Taxation lncomejTax who carried out earthquake resistant repair acquisition from April 1, 2014 till five
System System years from the reporting day , a special amortization of 25% of the acquisition price
Architecture When earthquake proof diagnosis result is reported in buildings earthquake
Fixed Asset resistant diagnosis by earthquake resistance repair promotion method, If the
Tax government subsidized the repair work from April 1, 2014 to March 31, 2017, the
amount of fixed assets tax will be reduced to half for two years(Construction cost
2.5% limit)
If earthquake repair work is carried out and it is provided for residential use until
June 30, 2019, 1% of the loan balance for 10 years shall be deducted from the
Home loan tax cuts Income Tax . . .
income tax amount(In order to comply with the current earthquake-resistant
criteria, construction work for over 1 million yen is eligible)
Loan Limit 10 million yen(80% of housing part construction cost is upper limit)
.. Interest L . o
Individual Rate 0.98% within 10 years of repayment period, 1.10% within 20 years from 11 years
Guarantor  Unnecessary
Loan . . PP . . . .
Loan Limit 5 million yen / house(80% of the construction cost of common part is upper limit)
Apartment House
Interest . L
Management Repayment period Within 10 years 0.71%
. Rate
Combination
Guarantor  Unnecessary

Table 2. Seismic retrofit assistance tools of California

Financial Policy Technical Assistance Information
-Loan Programs -Transfer of Development Rights  -Standardized Retrofit -Placards
-Credit Enhancements -Expedited Permits and Review Requirements -Public Awareness Campaign
-Interest Rate Buy-downs -Early Adopter Incentives -Process Navigation -Building Rating System
-Grants -Right to Rebuild legislation or -Training Construction -Tenant Notification
-Rebates/Fee Waivers code Professionals -Real Estate Transfer Disclosure
-Property Tax Exemption -Non-permitted work waiver -Developing group of Technical
-Fed/State Tax Credits -Limited liability legislation Advisors

-Accelerated Depreciation

-Non-conforming condition
exemptions

-Retrofit Ombudsman
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Table 3. Evolution history of seismic design standards

Revisions Number of Total floor area Hel.gh.t of Height of Spacing of
floors building eaves columns

General hospitals, power plants, and public works
facilities larger than 1,000m’
Public assembly facilities larger than 5,000m’

Building act enforcement
decree article 16

(1988.3.1) 6 floors or Sales facilities larger than 100,000m’
more
Building act enforcement
decree article 32 100,000m? or more - - -
(1992.6.1)
Building act enforcement
. 3 floors or
decree article 32 . 5 - - -
(2005.7.18) more General hospitals larger than 1,000m
S (excluding warehouses, barns, crop houses, and
Building act er}forcement structures built to standard design books)
decree article 32 - 10m or more
(2009.7.16)
o 5 13mormore  9m or more
Building act enforcement 500m” or more
. 2 floors or .
decree article 32 more (excluding warehouses, barns, crop houses, and -
(2017.3.30) structures built to standard design books)
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A Study on Priority Determination of Seismic Reinforcement of Apartment Houses Considering Earthquake Risk Factors

Table 4. Support measures for seismic retrofitting of privately owned buildings

Division Target building Reduction rate

* Acquisiti : ilding 509 i j ir 1009
Buildings that are not required to be seismically cquisition tax : new building 50% reduction, major repair 100%

Reduction of designed, but are seismically designed or have reduction
local tax shed, .. " g * Property tax : new building 50% reduction, major repair 100%
confirmed seismic performance .
reduction
Reduction of Buildings with confirmed seismic performance * Income or corporate tax : 3~7% reduction in investment amount
national tax that were not required to be seismically designed ~ (Major company 3%, mid-sized company 5%, small company 7%)

* For seismic retrofitting of existing buildings : 20% reduction
Reduction of insurance Seismic performance secured building * For seismic design of buildings not subject to seismic design :
30% reduction

Relax of the building to
land ratio, floor area ratio

* Relax of the building to land ration, floor area ratio : Maximum

Seismic performance secured building 10%(Confirmed by building committee)

Table 5. Local tax reductions for seismic retrofitting of private buildings(Unit: USD)

Division Number of case Amount(Dollar) Region
2013~2015 4 904.18 * Gyeongnam: 3, Gangwon: 1
2016 35 125,551.33 » Gyeongnam: 28, Geonggi: 3, etc.
2017 9 14,401.52 * Gyeongnam: 2, Ulsan: 2, etc.

* Gyeongnam: 33, Ulsan: 4, Geonggi, Jeju, Gangwon: 2 each, Seoul,

Total 48 140,857.03 Sejong, Chungnam, Gyeongbuk: 1 each

Note: 1,315 Won =1 USD as of 2023/4/4(Bank of Korea)
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Table 6. Concrete strength reduction factor
Division Concrete compressive strength EF; Score
30 or more 0.8 1.0
Number of years 20 or more 0.9 0.9
20 under 1.0 0.8
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Table 8. Seismic zone and factor

Seismic zone Administrative district Seismic zone factor(Z) IF; Score
City Seoul, Incheon, Daejeon, Busan, Daegu, Ulsan, Gwangju, Sejong
I Province Geonggi-do, Chungbuk, Chungnam, Gyeongbuk, Gyeongnam, 0.11g 1.0
Jeonbuk, Jeonnam, Gangwon nambu
I Province Gangwon bukbu, Jeju 0.07g 0.8
AEEO] FRTE AU B LS FFR AIUSE, HVWEIMI APt ] 7152 5 SRE] WA B AL
7|SHA o S 5, A B Q17 o H7P O%P 2753 =7 B7 Rt &2 o= TIEAEEHSEE) W
W35 BP0y N ANE 25EY] F2E ST w}a} A Reloln FAEE Wk A7 AL 3
SrEor g g Ayt = *V*%E EH S R5(1) E= ()0l siE st 21 712 ol Table 99+ 2Tt
Table 9. Degree of importance of buildings
Division Type of buildings IF; Score
(1) Dangerous goods storage and handling facilities with a gross floor area of 1,000m? or more
(2) National or local government buildings, foreign diplomatic center, fire stations, power stations,
broadcasting stations, and telephone stations with a gross floor area of 1,000m? or more
Importance(S) . . - 1
(3) General hospitals, surgical or emergency facilities
(4) Buildings designated as emergency evacuation facilities in the event of an earthquake, typhoon, or other
emergency
(1) Dangerous goods storage and handling facilities with a gross floor area of less than 1,000m?
(2) National or local government buildings, foreign diplomatic center, fire stations, power stations,
broadcasting stations, and telephone stations with a gross floor area of less than 1,000m?
(3) Theatres, meeting hall, stadium, exhibition hall, athletic facility, sales facility, transportation facility with
Importance(1) a gross floor area of 5,000m* or more 0.9
p (4) Child-related facility, aged care facility, social care facility, and workforce facility ’
(5) Accommodation, office, dorm, and apartments with 5 or more floors
(6) School
(7) Hospital without both surgical and emergency facilities, and other medical facilities with a gross floor area
of 1,000m? or more that do not include of importance(S)
Importance(2) (1) Buildings that are not of significance(s), (1), or (3) 0.8
(1) Agriculture, small warehouse
Importance(3) (2) Temporary facility 0.7
3.3 FAE0f ofet e & 7HSA
5552 HFL(Vulnerability Factor, Pyr)0ll et H45 APgst7] flote] 23 HoF ASFE FJ(VF), Avtxd
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Table 10. Degree of importance of buildings

Division Structure type VF; Score
1 Pilotis structure, Masonry structure 1.0
2 Reinforced concrete structure before 1990 0.8
3 Other structures 0.6
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Table 11. Soil modulus and type

Standard of classification

Ground type Ground condition Basement rock depth Average soil shear wave velocity VF Score
H(m) Vs s0il(m/s)
S1 Rock Less than 3 - 0.6
S2 Shallow, hard ground 3~20 or less 260 or more 0.7
S3 Shallow, soft ground 3~20 or less More than 120 less than 260 0.8
S4 Deep, hard ground More than 20 less than 50 180 or more 0.9
< Deep, soft ground More than 20 less than 50 More than 120 less than 180
Soft ground 3 or more 120 or less 1.0
S6 Ground that requires site-specific evaluation and geotechnical response
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Table 12. Vulnerability based on building floors

Division Height VF; Score
1 50 floors or more 1.0
2 30~50 floors 0.9
3 15~30 floors 0.8
4 5~15 floors 0.7
5 5 floors or less 0.6
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Figure 1. Algorithm for determining seismic reinforcement priority
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Table 13. Comparison of earthquake damages with algorithm outcomes

Year o'f Structure Floors Per Pir Vis Total Priority Earthquake Result
completion type EF, EF, IF,; IF, VF, VF, VF; score Damage

1 2014 RC(Wall) 20 0.8 0.7 1 0.9 0.6 0.9 0.8 59.8 3 Mid term match
2 1992 RC(Wall) 6 1 0.8 1 0.9 0.6 0.9 0.7 61.9 2 Short term match
3 2016 RC(Wall) 16 0.8 0.7 1 0.9 0.6 0.9 0.8 59.8 3 Mid term match
4 1993 RC(Wall) 15 0.9 0.8 1 0.9 0.6 0.9 0.8 63.0 2 Short term match
5 1994 RC(Piloti) 5 0.9 0.8 1 0.8 1 0.9 0.6 65.4 2 Emergency mismatch
6 1999 RC(Wall) 20 0.9 0.8 1 0.9 0.6 0.9 0.8 63.0 2 Short term match
7 2021 RC(Wall) 5 0.8 0.7 1 0.8 0.6 0.9 0.6 514 3 Mid term match
8 1993 RC(Wall) 15 0.9 0.8 1 0.9 0.6 0.9 0.8 63.0 2 Short term match
9 2013 RC(Wall) 22 0.8 0.7 1 0.9 0.6 0.9 0.8 59.8 3 Mid term match
10 1990 RC(Wall) 15 1 0.8 1 0.9 0.6 0.9 0.8 64.6 2 Short term match
11 1989 RC(Wall) 15 1 0.8 1 0.9 0.8 0.9 0.8 71.8 1 Short term  mismatch
12 1983 RC(Wall) 5 1 0.9 1 0.8 0.8 0.9 0.6 63.6 2 Short term match
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A Study on Priority Determination of Seismic Reinforcement of Apartment Houses Considering Earthquake Risk Factors
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