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ABSTRACT KEYWORD

Purpose: This study aims to systematically classify the architectural risks that may arise during the partial -T'-EZE—.”

participation green remodeling of apartment buildings into physical/technical, institutional/evaluative, legal, and ‘E"lfﬂa Z'Z:j fjl 2|2 E

social/operational dimensions, and to propose practical response frameworks to provide foundational data. Method: EHéiﬂ A <

The risks were identified through a qualitative analysis based on an extensive literature review, and the spatial scope

was limited to apartment buildings within South Korea. For risk classification, the risk management guidelines of ~ Apartment Building

ISO 31000:2018 were followed , utilizing the establishment of the scope and context, along with risk identification ~ Partial Participation Green Remodeling
. . . . L Risk Classification

procedures, as core methodologies. Result: As a result, the architectural risks of partial participation green Response Framework

remodeling were classified into four distinct categories: (D envelope continuity disruption, @ building-level

evaluation system mismatch, 3 disputes over common area construction authority and boundary defect liability, A CCEPTANCE INFO

and @ inter-household equity conflicts and maintenance responsibility gaps. Furthermore, it was identified that ~ Received Jun. 1, 2026

these risks do not exist in isolation but rather form a cascading causal structure. To address these risks, a  Final revision received Jun. 9, 2026

comprehensive risk response matrix was proposed, integrating technical measures such as the mandatory ~Accepted Jun. 12,2026

installation of thermal breaks at boundaries and airtightness testing with institutional improvements including the

introduction of a Green Remodeling coordinator system and a digital maintenance log system. These findings are

expected to serve as foundational data for establishing policies to promote on-site tailored green remodeling and to

achieve national greenhouse gas reduction targets in the future.

(© 2026. KIEAE all rights reserved.
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« Investigation of detailed measures by type
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‘ « Design risk comprehensive matrix

Fig. 2. Research flow chart
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Table 1. Classification of green remodeling construction types in

apartment houses
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Detail

as window replacement, exterior insulation finishing

system (EIFS) installation, and balcony insulation

reinforcement
- Thermal discontinuities occur at the boundaries

areas — such as rooftop insulation, underground

parking ceiling insulation, and common corridor

making this the type that carries the most complex
window replacement — is carried out in

risks

building participate in envelope improvements such
- A type in which construction targeting common

exclusive areas, such as replacing boilers with
high-efficiency models, installing heat recovery
ventilation(HRV) systems, replacing lighting with
areas, the likelihood of legal disputes is relatively
low; however, energy savings are limited due to
the absence of thermal performance improvements
to the building envelope, including exterior walls
and windows

between participating and non-participating units,

LED, and reinforcing interior insulation
- Since no direct modifications are made to common

carry out improvements limited to their own
- A type in which only some units within the same

- A type in which participating units independently
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resolution by the building management association

- Equity issues, such as cost-sharing arrangements,

conjunction with participation from select units
- Construction work on common areas requires a
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Table 2. Risks of partial participation green remodeling

Risk Detail
- When thermal continuity is not secured at the
boundary the total thermal bridge area across the
Thermal building envelope increases, resulting in a
Bridge localized reduction in interior surface temperature
Formation at the affected zones
- This serves as energy loss and a physical driver
of condensation occurrence [26]
- When the air barrier is not continuously installed,
.. air leakage occurs due to pressure differentials
Interstitial . . o
. - As indoor air meets the building envelope and
Condensation . ..
reaches surfaces below the dew point, interstitial
condensation develops [27]
Surface - If appropriate mechanical ventilation is not
. incorporated and insulation performance of indoor
Condensation, .
L vapor pressure rises
Deterioration .
.| - Surface condensation concentrates
of Indoor Air . L . . .
. - This leads to a deterioration of indoor air quality
Quality
[28]
. - Individual unit-level envelope improvements
Conflict of . . P p
. inherently involve structural conditions that affect
Exterior 8 . .
Walls the exterior wall surfaces of adjacent units
. - This constitutes a potential source of legal
Permissions .
disputes
Social - Disputes may arise over the allocation of rework
Conflicts costs for previously completed sections at the
Including time of future comprehensive remodeling
Aesthetic - Noise, vibration, and dust generated during
Inconsistency, construction cause direct harm to non-participating
Construction units, constituting a practical obstacle to project
Nuisance implementation
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Fig. 3. Risk management process of 1SO
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Fig. 4. Risk classification process of partial participation GR

Table 3. Set analysis context of partial participation GR

Application to partial participation
green remodeling

Context
Factor of 5.4.2
External context

- Energy certification schemes

- Provisions on alterations to common areas
under the "Act on Ownership and
Management of Aggregate Buildings)
Operational guidelines for the Green
Remodeling Support Program

Legal -regulatory
Social
Economic

Internal context

Vertical stacking structure in multi-family

¢ Organizational residential buildings
structure - Separation of unit-level authority arising
* Roles & from sectional ownership
responsibilities - Responsibility framework for common area
* Competencies & administration
resources - Physical connectivity of mechanical
* Interdependencies systems and building envelope across units

Partial participation conditions, in which
only a subset of units takes part in
construction

A core premise that, in combination with
external and internal contexts, gives rise

Risk management -

* Specific context
of activities to
which the process

applies to and exacerbates risks
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Table 4. Derivation of risk categories from literature

Category Basis for grouping Reference
@D Physical-Technical: Unit-level discontinuity [14,17~19
Envelope System Continuity of insulation, 25 ’3 0 31]’
Disruption airtightness, ventilation ”
Institutional - Evaluative: .
@ I\I/II?slali loglaem V;iltl}? ve Mismatch between
sa e evaluation unit and | [14~16,32]
Building-level Assessment . .
construction unit
Framework
@ Legal: Disputes over Conflict between
Construction Authorit}/ m common-area work and [7.20~23 25]
Common Areas & Liability the Aggregate
for Defects Buildings Act
@ Social-Operational: Inter-unit Structural traits
Equity Conflicts & Gaps in inherent to partial [2,10,33]
Maintenance Responsibility participation
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Table 5. Envelope system continuity disruption risk

Risk Cause — Mechanism — Consequence
Insulation discontinuity
l
Th 1
érma Surface temperature drop due to concentrated heat
bridge . .
. flux density at boundaries
formation

!

Increased risk of surface condensation

HRV not installed following high-airtightness
construction
Interstitial !
condensation Sub-dew-point surface formation due to elevated
and mold indoor absolute humidity
growth l
Interstitial condensation within structural components
& mold growth

Variation in airtightness performance across units

I
Ventilation Cross-airflow induced by building pressure imbalance
imbalance l

Reduced heating/cooling efficiency &
deteriorated IAQ in adjacent units

(©2026. Korea Institute of Ecological Architecture and Environment all rights reserved. 729



=2 2(23 23 U tiSHA Aot

BEA HJEE, S E9E, T3y AFR) oA gzt g s
3, o #AE Tofl A7 Rt A Ee Qurt 27t s 94
HoH17,18]. oA 44 Qe 2tz AR o] delo s 2-get
o A7) g-a1gkd Algo] oo f o] Al A Eelad 271
A7 A=A A AEE B, AW Al S v et @
< BH RS 7] 4 FH0lA ol&H olste] Rk 52101 @4
wof 29 Az7h At B 9 etz qlsf oled ARt
TFEA WFE ol 5sle Wi 22 JA BT 5 9}@[18 191.
AN 7S v A2 Y] EvF o= oot AR Al
HIE AsS B A A A C] 71 227} WeteiH, e

= 2Yo] T8 B A Altiete] EAE F4l 4

52 ettt Feist et al. (2005)2 171 A5
AlHi7E A wAF Ae 58 AFZER A9 A
A= (air leakage path)7} @44 = o] AA g7 o
2 A5k rH31]. o] = ule] A<l 3
W a8 Astet AY3712(AQ) AotE oK},

Lo

oA B A% — A — AZ-FFo| - B7] B3 —
IAQ A2 olojA| Hg Asi7k FAH 0, o Ash kol A
PEEERES E R L

7‘“%])9} Al EINE Al ol
A2 A H]%ﬂ% E]iﬂg Z &3}, Galimshina et al. (2024)
Eal o] Atelol A AE 4R it
ﬁo’?‘ o @7:-} g5ol A A% thr] @A Word & A
12 s HE Oﬂ‘f‘V] 45 A
(Energy Performance Gap, FPG) 2.2 &3 duha dAo] At
= YHo]ld A HE AHotEHE 7/10 B,
Hamburg etal. (2020)2 2licHo]AH F5FE 9 AZ Gt oy
A Aggol Alg ol A5t 1oHl, 39 AU A= 4.4400 2
She e Hilstglon, 6] B2 114 2l iowo]do] AetH
35 Aol v& 9}EHE] & A A5}QTH15]. Cuerda et al. (2020)2
ntedE 35 F 5@ e o] 5 v 2l ke o] A5)S Wl &
Asto], EF tefun ]ﬁi HAHE Algdloldo] AS52]9t 4u) Ao
£ HYs AFSHHAL, o & Eo7] Sl A= 7H 2 nfetn|E
B I ES AQretITH 6] Ul A s S EQd e ¥o] 17l
2 ey A QA Zhol =l e Q1F B7E e AAdE A
SHaL 9lof[32], B2 AlE AFd 9] 915 5 2 JIAE B AAZE A
T2 0 8 AetE = L2 A SHA7F EA g
=94 de ZHE A2 HA 392 A4 9 Brkd
AAete] FAFC 7 AAHL o] YA F 7R FFoR Y

<

Rusgeh]

ﬂﬂﬂiﬂ*%ﬂ%@%J#ﬂ14Edﬂ:;@ﬂﬂ1

A4S Bl A2E0 R FPgete] 45w,

B8 A3 2L A7 ool AR d&lo] A4HBE

Agdold AEgat A= Aol AFF o)t WA
[14~16].

EA, AFAEste] HHFelt. @

AP A=A A%E(ZEB)

130 KIEAE Journal, Vol. 26, No. 3, Jun. 2026

Table 6. Building-level evaluation system mismatch risk

Risk Cause — Mechanism — Consequence
Whole-unit simulation assumptions
l
Energy Discrepancy between predicted and measured values
performance due to unaccounted heat loss to adjacent
gap non-participating units
l
Failure to meet expected energy savings
Certification unit is the entire building
Energy . l . o
e Failure to meet whole-building performance criteria
certification . .
due to partial remodeling
not
achievable U t . L
Weakened project justification & deterioration of
incentive linkage
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Table 7. Common area construction authority and defect liability

Table 8. Inter-household equity conflict and maintenance responsibility

dispute risk gap risk
Risk Cause — Mechanism — Consequence Risk Cause — Mechanism — Consequence
Unauthorized alteration of exterior walls by Indirect benefits accruing to adjacent
individual units non-participating units from participating units
Disputes over l Eauit |
construction Risk of violating the Aggregate Buildings Act; . gﬂic{ Perceived imbalance between costs and benefits
authority in ambiguous permit criteria © s 1
common areas l Reluctance toward new participation &
Orders for restoration to original condition & entrenchment of partial retrofitting
claims for damages Absence of a designated party for routine
Insufficient delineation of responsibility for management of critical systems
Disputes over boundary zone treatment Qaps in o L . .
o l maintenance Omission of equipment inspections
defect liability at _ . .
boundary zones Unclear attribution of liable party responsibility 1
£ l Shortened equipment lifespan & increased
Delayed repairs & further legal disputes long-term project costs
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Green Remodeling
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Fig. 5. Cascading structure of risks in partial participation green
remodeling
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4.1. A-SAA A 4A

2 A79] o) A A1 150 31000:2018 A6.5.20014 A|A5H=
P23 g -2 23 YA AA (removing the risk source), B
A 7HsA W7 (changing the likelihood), A¥te] J3F HA
&+ (sharing the risk)—29]
= 1%

(changing the consequences), 823 5
=57 AAE 2H&sHETH29]. ohet 2 F4A3 9] AlE ek
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Table 9. Comprehensive risk response matrix for partial participation green remodeling

R« licability/
Risk Reference | Responsive agent e;s(}:io;::se Ap[l:ﬁco;:ylty Cost bearer Means
- Mandatory installation of thermal break materials at
Envelone boundary zones
s stenli [17~19, Desieners Design & Short-term Participating |- Pre-calculation of W-values & mandatory simultaneous
cot}lltinui 26,30~31, contrircltor; construction | (immediately units installation of HRV
disru ti(:z 34,37] phase applicable) | (subsidizable) |- Securing ACH>0.5h™"
P - Blower Door Test & pre-construction thermographic
diagnosis
- Research . . .
Misalignment institutes Desi hase Mid- to - Development of simulation module with fixed boundary
with ovemme;lt e gnlaltjo ’ long-term Government/ | conditions for adjacent units
building-level |[14~16,32] g(M OLIT) im grzvemZnt (re glato research - Introduction of a ‘Partial Energy Performance
assessment certi ﬁcati(;n P hase reg;:)m)w institutes Improvement Certificate’ at unit & building level &
framework bodies p linkage to incentives
. Project . . . . ..
Disputes over Government Jannin Mid- to - Establishment of green remodeling special provisions
construction [720~23] (MOJ, MOLIT), P haseg long-term Government under the "Aggregate Buildings Act)
authority in ’ management lepislati,ve (legislative - Relaxation of voting requirements & legalization of
common areas body an;gen dment amendment) coordinator system
Disputes over Contractors,
de fellt liabili management Contract Short-term Participating |- Standardized contract template (specifying scope of
at bounda ty [25] body, hase (immediately units, responsibility, warranty period, liability ratio calculation
Jones 24 participating P applicable) contractors & objective diagnostic procedures)
units
Manacement | Mandatory building-wide briefing session at least 90 days
Management Project Short-term bogd / prior to project commencement
Equity conflicts| [2,33] bod cfor dinator planning (immediately artici };tin - Written agreement on cost-sharing arrangements
¥ phase applicable) P unﬁ . e Management fee contributions proportional to free-rider
benefits
Management - Digital maintenance history system (HRV filter
Gaps in bogd Operation Mid-term Participating | replacement every 3~6 months, digitization of inspection
maintenance [10] artici };tin hase (operational units records)
responsibility P unis 8 P system) (subsidizable) |- Scheduled performance inspections at 1 and 3 years
post-construction
A He A9 TAo] ofye, Algdold s AHEd A4 o|F 7zt 2|23 f ol disl th-s B Tk te A, 74
Hol 89] el A Folshe BAE AARERE 4B NS A A 40 EFG EY 943 hSAA EY LS At 2
ch A47)%7 AAas A AAR d@ A 24, 150 7
U-value A%, 3487144 44 2 712 45 B lower Door
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