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Executive Summary &2

English

This report analyzes the functions, long-term value, and cultural contributions of natural
stone 1n comparison with artificial and composite building materials. Drawing on official
standards (ASTM, EN, CNS) and international guidance (WHO, EPA, UNESCO, EU
Circular Economy Action Plan), the findings emphasize three key dimensions:

Functions (Science, Health, Safety):

Natural stone demonstrates measurable scientific advantages through water
absorption and color change, which serve as natural diagnostic tools for moisture
and leakage. Its inorganic composition prevents mold growth and avoids the
emission of volatile organic compounds (VOCs). As a non-combustible material,
stone enhances building fire safety and indirectly reduces risks of electrical failures
by indicating concealed moisture conditions.

Long-term Value:

With durability that can exceed the lifespan of buildings, natural stone represents a
sustainable investment. It resists resin degradation, requires minimal maintenance,
and provides a lower life-cycle cost compared to many artificial alternatives.
Health-related costs are also reduced, as stone does not release harmful emissions
or toxic smoke.

Cultural Contributions:

Stone’ s natural diversity of patterns and colors provides beauty in  “similar but
different” harmony, reflecting principles found in family resemblance and nature
itself. Historic buildings such as the church beside the Leaning Tower of Pisa
show how variation can coexist without conflict. Encouraging designers to
embrace originality rather than over-emphasize uniformity increases both
architectural value and cultural identity. Natural stone has shaped world heritage
sites and continues to be recognized as a material of authenticity and sustainability
in international frameworks.

Conclusion:

Natural stone 1s not only a building material but also a scientific safeguard, long-term

asset, and cultural expression. It provides visible safety signals, reduces health risks, and

enhances architectural originality. As global and national policies emphasize sustainability

and cultural preservation, natural stone remains a critical material for the future of

construction.
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# Key Messages Big2EH A

o Visible Safety: Natural stone’ s water absorption and color change reveal hidden
moisture, preventing mold and indirectly reducing electrical risks.

o Health Protection: Inorganic and non-combustible, stone avoids mold growth,
VOC emissions, and toxic smoke.

e Long-term Value: Durable for decades to centuries, stone offers lower life-cycle
cost compared to resin-based materials.

o Cultural Identity: “Similar but different” natural patterns enhance originality,
design style, and cultural richness — unlike uniform copy-paste solutions.
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Section A — Functions (Science, Health, and Safety)

Thae (RHEE ~ f2RR ~ &)

il /K%EE#:2E (Commercial Natural Stone vs Man-made)

Table Al. Water Absorption Comparison of Commercial Natural Stone and Man-made
Materials

RKE KER

—24 N I
" . %) Water Eﬁ*ﬁ:ﬁmﬁ% PEEER = Commercial
#El Material X Official Test o
Absorption (% by Application Notes
) Standards
weight)
GERBUE - ZHPHF LR
» B
1EEA Granite 0.2 - 0.8% ASTM CIT/EN <DO.5% E% H'Q{E {t}gj
2-0. n n re,
{eR= Granite b 13755 / CNS ense crystalline structure

most commercial types <0.5%,
color change slight
ARG LI % > BREE L
ASTM C97 /EN  #HHZH More veining and
Marble 0.3 - 2.0%
AHEE Marble ’ 13755 / CNS micro-pores, color change more
visible

SREEIPAZRE » BAEEE
NERE <0.05% (4 PR SSRGSk fIHEEIPAZR M - BACIEE

- fAESFEAE ST Resin-sealed
Engineered 77K/ almost zero Manufacturer , _ ’
fixed color; no moisture

Quartz absorption ) specifications ,

regulation
BIIEEANEA <0.1% (s SUEpEESHE Aok RIFREESYEZ
Resin-based EEGATE /resin- Manufacturer =55 Non-absorptive; may
Artificial Stone dependent ) specifications crack or yellow with time
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(L A.1 Scientific Functions FHE2THEE

When natural stone absorbs moisture, its color temporarily darkens, then returns to its

original state once dry. This is not a defect but a natural mechanism of “breathing” and

moisture regulation.

Leakage detection tool: This color-change phenomenon serves as a practical
indicator; if a local area remains darkened for an extended period without returning
to dry, 1t likely indicates water accumulation, seepage, or structural leakage
requiring inspection.

Building diagnostics: Color change provides an immediate visible signal to users
and inspectors, unlike impermeable building materials that conceal hidden
moisture problems.  “The ASHRAE Handbook of Fundamentals provides data on
thermal conductivity and moisture transfer, supporting natural stone” s role in
passive indoor climate regulation
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@2 A.2 Health Functions {2 EEThAE

Mold resistance: Natural stone is inorganic and provides no organic nutrients.
When stone remains dry, it confirms that no standing water is present — indirectly
proving no condition for mold growth.

Official references:

o  WHO /Indoor Air Quality: Dampness and Mould (2009): mold exposure
strongly linked to respiratory illness, allergies, and asthma.

o US CDC: prolonged mold exposure can cause severe infections in
immunocompromised individuals.

Health risks of some artificial materials:

o Resin-based materials may release VOCs (volatile organic compounds)
such as formaldehyde and benzene under normal conditions.

o US EPA reports VOC exposure linked to headaches, respiratory problems,
and long-term cancer risks. In Taiwan, the Green Building Material Label
(administered by ABRI / reviewed by TABC) requires indoor materials to
meet low VOC, mold-resistant, and moisture-protection standards.

o — Thus, artificial materials may release harmful chemicals even without
burning.
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. ©A.3 Safety Functions 2¢&IhE

o Non-combustibility: Natural stone does not burn and emits no toxic smoke; resin-
based or engineered stone, when burning, release dense toxic fumes (CNS 12514;
EN 13501-1).

o Electrical safety (indirect): When natural stone maintains its dry appearance, it
indirectly indicates that concealed plumbing and electrical conduits behind walls or
beneath floors have not experienced leakage or flooding, showing no abnormal
conditions — reducing risks of wire corrosion or outlet short-circuit. ASHRAE
also highlights the importance of moisture regulation in reducing hidden electrical
risks within building systems

o RN T RIROMANNE > EAEES R S a R I EE
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@AA Misinterpretation and Correct Understanding of Color
Change BHEES88 LHYRR AR EE IEHERT A%

The temporary darkening of natural stone due to moisture absorption has long been
misinterpreted as a defect. In fact, it is a natural mechanism for revealing environmental
conditions. When ventilation and humidity are normal, stone faithfully reflects wet-to-dry
cycles. By contrast, impermeable building materials prevent users from knowing whether
hidden moisture or abnormal dampness exists behind walls or beneath floors, thereby
concealing potential risks. Natural stone thus provides a “visible safety indicator”
instead of hiding problems.

R IR KT B ELE IR 5 - A 25 i RoBbiiE Bl - EIE b > 81E
B BUREREGIRARHT E A - = iEE RiF ~ REIEE - OMBEENER
WRRZRIEER - AR T NEKBE M &R (A SANS RS 12
EATKEREE R - NV ER b g R~ a8 - RIVaMedt 7 T
Rzt o IRk SR -

Page 7 of 18



Section B - Long-term Value =HEi{E{E

23 B.1 Durability and Lifespan SZeuEaifif A i

Natural stone: Official tests show durability lasting decades to centuries,
effectively matching the building” s lifespan.
o Example: Stone elements in medieval European structures and Japanese-
era buildings 1in Taiwan are still functional today.
Artificial materials: Most engineered stones and composites have a 10 - 20 year
lifespan before resin aging, cracking, or yellowing.
Official references:
o EN 1469 (Cladding Slabs), EN 12057 (Modular Tiles) specify strength and
durability tests for stone.
o Taiwan CNS 11031, 11032 define compressive strength and abrasion
resistance for natural stone.
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& B.2 Non-combustibility and Safety R4 B2z 24

o Natural stone is classified as Al non-combustible (EN 13501-1), meaning it does
not burn or emit toxic gases 1in fires.

e Resin-based engineered stone and composites produce dense smoke and toxic
fumes 1n fire, hindering evacuation.

 Official references:

o EN 13501-1 (Fire classification of construction products).
o Taiwan CNS 12514 (Fire performance of building materials).

e According to the European Standard designation code EN 13501-1, natural stone is
classified as Al non-combustible, the highest level within the Reaction-to-Fire
system.

Al classification indicates that the material does not burn, does not release
flammable gases, and does not contribute to fire growth, typically accompanied by
minimal smoke (s1) and zero flaming droplets (d0).

o Because natural stone is an inorganic mineral material, it qualifies under Al
Without Testing, meaning it 1S recognized as non-combustible by nature without
requiring laboratory fire testing.

This inherent safety makes natural stone one of the most predictable and secure
materials for fire safety design, especially compared to resin-based engineered
stones, which generate dense smoke and toxic fumes when burning.

o RINGHMIBEY Al REPRE (EN 13501-1 474k ) > fEK SRR » R
BIEBRE -
o IR ANEABEEMEHE K KRR RIEEER - o 2kd -
. EBEHE:
o EN 13501-1 (Fire classification of construction products) °
o B CNS 12514 BAREMRE G -
o RIBECNIZEAE F 5% EN (European Standard designation code) 13501-
1 RGBS dl iy Al TR, -
Al FRAFEMEHE K K522 RS - NEBREIRER - FEIRX
o WEEFE REER (s1) 9 BREEEY (o) -
o RINAMBEMIEMAE > fFE7EHH Al Without Testing (FEFEEAERR!
IR R Al) AR
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¢% B.3 Maintenance and Health Costs #ESE SRR A

o Natural stone: Low maintenance cost, requiring only routine cleaning. No large-
scale replacement needed, leading to lower life cycle cost (LCO).

o Some artificial materials: Prone to resin aging or color changes, often requiring
replacement or refinishing, adding to maintenance cost and waste.

o Health cost:

o VOC release from artificial materials and toxic smoke in fire contribute to
hidden social and medical costs.

o WHO and US EPA highlight significant health impacts of indoor VOC
exposure. Taiwan' s Green Building Material Label (ABRI / TABC)
further reinforces this by certifying only those materials that limit VOC
emissions and resist mold growth.

o RINEM : HEERAE > HFEHEERIT] « MRS - Bggg
AR (LCC) B -
o EHONERM - RHEE LGS L FEFEREE > W nEER
RELEEEEY) -
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HE— L FOKEMVVEEARRS] VOC HEREHi RS » JoliE
Geda8 ©
o R : VOC kK Volatile Organic Compounds (FEZEMEH(LEY)) » BFE
FAEE ~ K~ RS » B RNEIHEE MBS 2  -

I
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Section C - Cultural Contributions X AEEJER

[5] C.1 Natural Patterns and Colors [ fRGGH B =

o Natural stone possesses unique mineral structures and colors, with no two pieces
identical.

o Its aesthetic value lies in  “similar but different” harmony: like family members
who resemble each other yet remain distinct, or leaves from the same tree that are
similar in form but never exactly the same.

o This natural diversity avoids monotony and creates richness without conflict.

o Example: In the church beside the Leaning Tower of Pisa, large stone columns and
walls of different colors coexist beautifully even without polished surfaces,
showing that variation can be timelessly elegant.

o By contrast, some modern projects in Taiwan place too much emphasis on
uniformity. A more sustainable and creative direction is to encourage architects
and designers to express their individual design styles through stone, rather than
relying on repetitive  ‘copy-and-paste”  solutions.

o This approach is consistent with Taiwan’ s Public Construction Commission
(PCC) guidelines, which promote value-based procurement and encourage
creativity beyond lowest-price competitio

o RAOHMBAE—E_HEYSSREEE B -
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a2 B - RE— e BRI R EIR AW A e 2]

o EREEANZHEIER S THEM > EEHEE A EZEEECR -

o {ilan - LEEERBESSHYEE - HAME RO O 2R A FE X - Bl
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fmd C.2 Historical and Cultural Applications
& St B bR SR e A

e Iconic structures such as the Roman Colosseum, the Parthenon in Athens, and
Japanese-era official buildings in Taiwan show natural stone’ s cultural durability.

e Stone has long symbolized permanence, dignity, and identity in architecture.

e UNESCO World Heritage guidelines recognize natural stone as a critical element
of cultural heritage preservation.

o TREHH  HEAIOR I GO AR B TR R T
ARSI A -

o EFEALURRTE T BT - TR -

o B EIEORSTARE (SRR R AT B (L
S BT -

C.3 Repairability and Sustainability 518 48k SHEE

o Natural stone can be polished, repaired, or re-laid, prolonging service life without
full replacement.

o By contrast, artificial materials often fail irreversibly when resin layers or printed
surfaces degrade.

o From a circular economy perspective, stone is recyclable and reusable in
secondary construction.

e The EU Circular Economy Action Plan identifies natural stone as a low-waste,
reusable building material.

o RAOMHEBESTE « (EREE s REME - MAOEEE
A

o NS E RGN EEIRR A bMmEAEE - HaewsEE -

o [EFERLOBRAVAR > A AT EEA R K TR -

o B (TERQEETEIETE) KRAOMYIRREEE - IR -
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Appendix - EN 13501-1 A1 Non-combustible Classification:

Official Definition and Source

EN (European Standard designation code) 13501-1 is the unified European fire
classification system for construction products, issued by the CEN (Comité Européen de
Normalisation).

It defines how materials behave under fire exposure through a structured classification
from A1 to F, combined with smoke production (s1 — s3) and flaming droplets (dO - d2).

1. Purpose and Relation to CE Compliance

EN 13501-1 is a core requirement of the CE (Conformité Européenne) regulatory system.
Many construction products must declare their reaction-to-fire performance according to
this standard before being legally sold within the EU market.

2. Official Definition of A1 Classification

Al 1s the highest level within the Reaction-to-Fire system, indicating that the material:

e Does not ignite or burn

e Emits no flammable gases

» Does not contribute to fire growth or flashover

e Produces extremely low heat release

e Typically corresponds to s1 (minimal smoke) and d0 (zero flaming droplets)

Al materials are used in high-safety applications, including public buildings, evacuation
routes, and fire-resistant assemblies.

3. Natural Stone and A1 - “Al Without Testing”

Natural stone, being a fully inorganic mineral, 1s recognized under:
Al Without Testing

This classification indicates that stone is inherently non-combustible, without requiring
laboratory fire testing.
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In contrast, resin-based composites may emit toxic gases, smoke, or molten droplets
during fire, increasing evacuation risks.

4. Summary of Classes (Al - F)

e Al - Non-combustible: natural stone, concrete, ceramics, glass, metals
e A2 - Limited combustibility: stone composites, fiber-cement boards

e B - Very limited combustibility: fire-treated wood

e (C - Combustible: engineered wood, some flooring

e D - Readily combustible: general wood

o E - Highly combustible: plastics, foams

o F - Not tested or failed classification

5. Relevance to Building Safety

The Al classification of natural stone enhances fire compartmentation, reduces smoke
risks, and increases long-term safety, making it a preferred material in sustainable and
public-interest architecture.

figk — EN 13501-1 Al MRFEHK ZIEN EZHTER

EN (European Standard designation code ) 13501-1 ‘EEREE4E— A EERE Tl K 5
JEREAE > iy CEN (Comité Européen de Normalisation) & °

AFEREST AR KORIE A NI SETT B T4k 0 > s Al 2 Fo I
BRCEE (sl -s3) BIPAEER %Y (d0-d2) 1 -

1. EXERRE CE &¥EX

EN 13501-1 ABEREEM A CE (Conformité Européenne) HIRZ Mk > — -
ZHUEEEMRHE A ABE T AT » DRI AR R B KM ERE 2 734 »

2. Al EFWENXER

Al RyemliKEFeh > AR
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o TREBTRRE

o PEIHRKEIBOOE ST
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BT AROMARE KRR - A BRI AT EEE R =k Sk -
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|5} Appendix - References / £Z7JER

« UNESCO - Operational Guidelines for the Implementation of the World Heritage
Convention

@ https://whc.unesco.org/en/guidelines/

Guidelines emphasizing authenticity of materials, acceptance of natural variation in
cultural heritage.

o BEBERES (EFCUBEEALIHITRER]) - @ BT
IR LAY R REZ 1 -

* European Commission — Construction Products Regulation (CPR, EU 305/2011)

@ https://ec.europa.cu/growth/sectors/construction/product-regulation/
Defines performance requirements for building materials, including aesthetics as part of

product quality.
or BCE (BEEELAR) BOREMMERE PSRRI > (E B a s —
Rl

+« EUROROC - European & International Natural Stone Organization

& https://euroroc.net
Promotes the aesthetic uniqueness and cultural value of natural stone in architecture.

& BUNERRIFE RGOS - EERACHERR PR AR RSB EE -

« EU - Circular Economy Action Plan

@ https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
Identifies natural stone as a low-waste, reusable building material in sustainable
construction.

¢ BUR (TEEREUBTENRETE ) RRINEMYIRKEEEE - v 2 k8=
#

« Taiwan Public Construction Commission (PCC) - Procurement Guidelines

@ https://www.pcc.gov.tw

Encourages value-based procurement in construction, discouraging lowest-price-only
competition.

o GENETREZES (REfES) - SEILUEEHEERERIE =0 dF R
{8 DU (R

» Taiwan CNS Standards - Stone and Building Materials
& https://www.cnsonline.com.tw
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https://whc.unesco.org/en/guidelines
https://whc.unesco.org/en/guidelines
https://ec.europa.eu/growth/sectors/construction/product-regulation/
https://euroroc.net/
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://www.pcc.gov.tw/
https://www.cnsonline.com.tw/

Provide official test methods for stone durability, water absorption, and fire performance.

O B CNS - FREOMIMT A ~ KSR BLREEMERE Z A5 7% -

« ABRI/TABC - Green Building Material Label (4% 744 FEES)

& https:/fwww.abri.gov.tw/cp.aspx 1n=805

Administered by the Architecture and Building Research Institute (ABRI), Ministry of the
Interior, with certification review by the Taiwan Architecture & Building Center (TABC).
Sets standards for low VOC, mold resistance, moisture protection, and durability. Results
are also summarized in MOENYV reports.

¢ WEBEFREFTAT (GEBMRE) - HeBERTL (TABC) FE @ R
EMREM VOC ~ Hifll ~ PIEIEEN A M - MHERECSRFEBRE R B AT -

+ ASHRAE - Handbook of Fundamentals

@ https://www.ashrae.org/technical-resources/ashrac-handbook
Provides official data on thermal conductivity, thermal comfort, and moisture transfer in
building materials, supporting natural stone” s role in passive indoor climate regulation.
O FEZEHTRESES (ARFM) - REEMEAEE - NG EER
IEER R RINEM IR EN = E N R ERER IR -

« CEN - EN 13501-1: Fire classification of construction products and building elements

- Part 1: Classification using data from reaction to fire tests

& https://standards.cencenelec.eu/dyn/www/f2p=205:110:0::::FSP_ PROJECT:34006
Provides the official European fire classification system (Al - F) for construction

materials, defining non-combustibility and reaction-to-fire performance used in CE
compliance.

o BONREE(EZEE CEN (2020) © EN 13501-1 (EEEE MK —5 1
B SESKENERE) o WO EATE - AEER -
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