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ABSTRACT

KEYWORD

Purpose: This study aimed to develop a modular bathroom wall panel applicable to residential buildings and to ~Z2=2 24

verify its potential for embodied carbon reduction within the cradle-to-gate (A1-A3) stage. By comparing
conventional wet and existing modular construction methods, a lightweight and low-carbon wall system was
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proposed. Method: Large-format wall materials such as pre-painted steel, enamel-coated steel, and composite  Modular Bathroom

boards were evaluated according to KS F 2223 and KS L 1001 standards. Mock-up tests for deflection and impact =~ Modular Wall Panel

were conducted to validate performance, and the embodied carbon emissions (A1-A3) were calculated based on ~ Carbon Emission Assessment
material quantities and emission factors. Result: Pre-painted steel satisfied all performance criteria and was

selected as the optimal material. The developed wall panel achieved 19% of the total weight of wet construction and

60% of the existing modular wall, while reducing A1-A3 emissions to 87% and 82%, respectively. The results A CCEPTANCE INFO
demonstrate that modularization and material substitution can effectively reduce embodied carbon during early  Received Oct. 14, 2025

construction stages.
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Table 2. Evolution of system bathrooms

3™ generation

2™ generation
(oversea case)

Category | 1% generation

Images

g
Wall Plast-faced PU (polyurethane) Prefinished
| I | wall panel large-format steel
pafie watl pafie with tile finish wall panel

Table 3. Comparison of wall assembly

Category Conventional bathroom Modular bathroom
Masonry Wall i _ said
Wall Wet Waterproof Gypsum Board
assembly 1!:‘* édh'les.'ve PU Panel
tle Finishing Tile Finishing
L
Masonry, Waterproofing, Interior fit-out,
Trades ny . P ¢ N
Tiling System Bathroom
. Site-built with discrete Modular components
Characteristics . . . .
materials; labor-intensive installed (factory-made)
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Table 4. Development objectives of modular bathroom wall panels
based on comparison with conventional construction methods

Devel
@y Conventional | Existed modular ;‘;::}:_d
bathro bathro
om om bathroom
i -
. Qua 1ty‘ VAUSS 1 Uniform quality | Uniform quality
Quality depending on
. Lo through factory | through factory
consistency workers’ skill . .
production production
level
Tile Frequent tile Integrated finish
Wall detachment q . &r .
.. breakage during | panel minimizing
composition and surface
. transport damage
cracking
Complex Simplified Simplified
assembly process; | assembly process;
.. process and .. ..
Constructability . no additional no additional
multiple trades o L
required finishing work finishing work
equire needed needed
. Extensive use High embodied Imprc?\./ed
Environmental carbon due to recyclability by
of cement .
performance . PU reuse using recyclable
materials R
limitations steel panels
Table 5. Definitions by LCA phase
Category Sub-items
Goal and scope The stage that defines the study objectives and
definition sets the analysis boundary and level of detail.
Life cycle The stage that collects and quantifies input and

inventory (LCI)

output data over the entire product life cycle.

Life cycle impact
assessment (LCIA)

The stage that evaluates the magnitude and
significance of potential environmental impacts
associated with the inventory flows across the

product life cycle.

Interpretation

The stage that interprets the results with respect
to the defined goal and scope, and derives
conclusions and recommendations.
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Table 6. Embodied-carbon emission factors for wall materials

B2 A5 AFE T 7 AES A8, #52
DB, 89 Al EPDE &-8-5to] st 4 F8 AAE ga

v &A= Table 6.7} 2t}

2 AT AA AFEA(A1-A3)

=T AL B A sl EauEAE 5t

3.1 2 A3

. Emission factor
Materials o) Remark
Cement brick 0.12
Concrete Block 0.15 Korea LCT DB
Tile adhensive 0.18
Ceramic tile 0.52
Premixed mortar 0.18
Corrosion-resistant Korea EPD
2.00 .
steel -certified product
Gypsum board 0.14
Glass wool insulation 1.71
Rigid PU foam 3.20
ALC block 0.21 Oversea EPD

Table 7. Materials applicable to wall panels

3. 282 84 9 g JiE

Bl vhhA A& 91sh Table 7.3 Zo] ol A &4 of 4]

= -
$01 /153 g 5 RS 2ASH AT 8ol s B

Catego Porcelain-enamelled Pre-painted (coil-coated) PVC-based polymer Stone—plastic
gory steel panel steel panel composite board composite (SPC) board
Image
Metal substrate fused with High corrosion-resistant steel Board composed of PVC, PET, | Composite of stone powder and
Overview | vitreous enamel glaze, enhancing | panel with printed graphics and | and CaCO; filler, laminated with | polymer resin, laminated with
durability and functionality. special surface coatings. patterned decorative sheets. patterned decorative sheets.
Lightweight / moderate Relatively heavy / moderate
Proertics Recyclable / excellent Recyclable / excellent cleanability / widely used cleanability / widely used
P cleanability / high durability cleanability / moderate durability domestic finishing material / domestic finishing material /
low cost low cost
Table 8. Performance criteria and test results for wall-panel materials
KS Result
Test item standard Criteria Porcelain-enamelled Pre-painted (coil-coated) PVC-based polymer Stone—plastic composite
steel panel steel panel composite board (SPC) board
I t N
I?pac © sulfa.ce No abnormality No abnormality No abnormality No abnormality
resistance abnormality
> -
Adhesion < 3 peelings 0 0 0 0
(target: 0)
Wat t N . . .
a.er PO © swfaFe No abnormality No abnormality Warpage observed No abnormality
resistance abnormality
Corrosion No corrosion . . .
resistance observed Corrosion observed No abnormality Warpage observed No abnormality
Detergent . . . .
resistance KS F 2223 | No abnormality No abnormality No abnormality Warpage observed No abnormality
Pencil
ha:(?rf;ss No abnormality No abnormality No abnormality Surface marks observed No abnormality
Mglsture No surfaf:e No abnormality No abnormality No abnormality No abnormality
resistance abnormality
Heat N i f:
.ea © swfaFe No abnormality No abnormality Watpmg.and surtace No abnormality
resistance abnormality deformation observed
Hot water No surface . . . .
. . No abnormality No abnormality No abnormality No abnormality
resistance abnormality
Acid No surf: . . . . . .
.Cl oS a.ce Surface discoloration No abnormality No abnormality Surface discoloration
resistance abnormality
- KS L 1001
Alkali No surface No abnormali No abnormali No abnormali No abnormali
resistance abnormality Y vy Y ty
Overall - Fail Pass Fail Fail
performance
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Fig. 1. Prototype drawing for mock-up test
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a) Deflection test

b) Impact resistance test

Fig. 3. Test for wall panel
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Table 9. Performance test criteria for system-bathroom wall panels

Test item Test mothod Criteria Test Result
. At the panel center, place a rubber pad . .

Deflect . M deflection < 7mm 3mm (P
etiection (@150mm, 5mm thick) and apply a 98N (=10kgf) load aximum detiection (Pass)
Impact Using a ste?el pend.ulum (length Im), raise it to 30 No defects that hinder serviceability, such as .

. and release it to strike the cloth bag (©9200mm, 15kg) . . No abnormality (Pass)
resistance deformation, fracture, or cracking

for five consecutive impacts

Table 10. Wall weights by bathroom construction method

Conventional Existed modular Developed modular 5 ’é‘%
bathroom wall bathroom wall bathroom wall
. Weight . Weight . ‘Weight - - -
Material | " S| Material | T ST Material | 7t @ATLA FET} 74 $7 Wate 12 8 539 ojele
Masonry | 2,247 | ALC block | 60 | ALC block 60 9 A1 ZA S A5 BEFE) 288 4 Qe B ED] &4 Wi
Water 2 Lightweight 413 Lightweight 413 4dg sty ALS AZst 7| ZHET AA AT T
proofing stud wall stud wall - _ -
PU wall (A1-A3) F2uEFS vl 245t 2 Aol = A5 A
Mortar 660 94 Steel wall _
pancl et |1 e e o AR A4t BA o et LCAS $5ke] A4
”IT;EI 35:739 ”IT;EI 15;‘130 Total 662 B e B2 AL BIAS AT 712ARE AT S,
b 9

Table 11. Carbon emission by bathroom construction method AR, 71& BEDY 4 A AL QA= AstE g9 1

Conventional Existed modular Developed modular d-g A4S 5o A4 o] sttt ol & A5l oAl &
bathroom wall bathroom wall bathroom wall FHE oY md A E 2Abetel 45 ARSI, AT
Material (fg“('js(s)iz‘:;) Material O]fg“és(s)'z‘::) Material (fg"cls(s)'z‘;:) 22 TUA Z el 7haro] AR E ol
Masomry | 227 | DO 13 AL 1 A, D Had o] A8 HES g8 Qi 29 355
Water Stud Stud g0l 1.5mx 2.4m 84 FAS iy o & A7 9 Mock-up TestE
proofing | 0 wall 144 wall 144 KSttA o] g3 Agotglct. 83 A 2 54 2= AN A5
vorar | 1o | PO o SE W], A7) Ago] 5L BT 4 it
s e | A, 54 84 WA, 71 E 2B S WA, Y B Ee 84
Total 617 Total 654 Total 535 HAE oz E5F AE U AR A4 BA(A1-A3) eAuES
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