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Embodied Engagement with Narrative: A Design Framework for Presenting
Cultural Heritage Artifacts

FORRI :
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3(1), 1; https:/ /doi.org/10.3390 /mti3010001.
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Chu, J. H., & Mazalek, A. (2019). Embodied Engagement with Narrative: A Design Framework for
Presenting Cultural Heritage Artifacts. Multimodal Technologies and Interaction, 3(1), 1. https://doi.

org/10.3390/ mti3010001
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Abstract: More and more museum
exhibits are beginning to incorporate multi-
model technologies and interactivity.
However, these media distract visitors from
focusing on the cultural relics themselves.
This paper proposes an overall conceptual
structure for designing interactive interactions
of cultural relics in museum exhibits to
understand their cultural background. The
research results show that the interaction
between narrative characters and cultural
relics can help visitors understand the
meaning of cultural relics and establish
personalized connections with them. Based on
this research, we propose design suggestions
for the use of TENF in the field of cultural
heritage and describe the future direction of
this research.

Keywords: tangible interfaces; interactive
digital storytelling; digital cultural heritage;
framework

1 Introduction

This study proposes a"Tangible and
Embodied Narrative Framework (TENF)"for
designing digital media that enables visitors
to interact with cultural heritage artifacts in
museums. By embedding digital media and
coupling digital resources with real-world
objects and physical environments, it allows
interactors to engage with computational
data through gestures and expressive
interactions. Current ways of presentation
(e.g., descriptive texts, images) of cultural
heritage artifacts (e.g., pottery, bronze/
wooden tools, masks, garments) lack
context and narrativity and do not connect
visitors with the artifacts. The sensory
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experience of touching artifacts can provide
participants with a mysterious experience,
triggering an understanding of the object’s
significance and establishing an intimate
personal connection with it.

This study uses a mixed-method
approach to demonstrate how to design
interactions that attract museum visitors
to engage with cultural heritage artifacts.
First, it examines the academic literature
on interactive narrative and interaction
frameworks to emphasize the necessity of
a narrative framework. Then, through a
literature review and the study of existing
frameworks, a comprehensive framework —
TENF,is constructed, which enables visitors
to participate in artifact-related practices.
Next, the article illustrates TENF through
two projects; finally, it presents design
recommendations for using TENF in the
field of cultural heritage, as well as the
limitations of the research and future
directions.

2 Literature Review
2.1 Interactive Narrative

Digital media such as mobile
applications, web applications, or digital
games have changed the way stories are
told, making them interactive. In interactive
narrative, interactors create or influence a
dramatic storyline through their actions.
By studying the academic literature on
interactive narrative, we can gain a deeper
understanding of how the design of digital
media can stimulate visitors’participation
with cultural heritage artifacts in museums.

2.2 Tangible Interactive Narrative
Systems

Studying tangible interaction
frameworks and existing museum and non-
museum tangible and embodied narrative
projects, such as those mentioned above,
helps reveal the design directions that
museum projects can take to better integrate
interactive narrative and embodied
interaction, allowing visitors to participate
in narrative perspectives.

2.3 Towards a Narrative Framework

We extracted the following narrative
design elements from the literature on
interactive narrative and the above examples:
(1) bodily participation, (2) narrative roles,
and (3) narrative consequences. These
elements can help interactors interpret a
story from a narrative perspective. Table 1
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Table 1. Narrative design elements for a framework identified in existing projects
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Triangle LiRGIE75 SRR o Rk RI
Using triangular pieces to represent | The “Interactor” is the narrator | The tale unfolds as participants fit
characters, events, and scenes. who steers the story. these triangles together.
R ZFHRESIR LI SRR | “Interactor” TR MEAIIR | 44 4 AT RARAT ol B2 SRR
Nintendo TSR TR — BB HRM
The interface supports gesture- ~ [Within that world, the “Interactor”|  Proper play may lead to victory or
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IiH inside a game world.
Non - E g R AR | AR G TR T | “Interactor” JL— M LI, | B ReB 7 il DR R
Tangible Spatial o, FHF M Eiliiaey
Narrative Tangible pawns stand for characters| The “Interactor” isafocusing | Moving these pieces reveals different
in the story. tool used to dissect the narrative. parts of the story.
NOOT YIRS ORI | “Interactor” 2N THEFHE | FRBIR & LAEMA NG UL
Physical tags record distinct FREMET H. o
segments of dialogue. The “Interactor” isastorytelling [ A playback unit triggers and replays
device for capturing the narrative. the audio logs.
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Observing A physical ring on the interactive external focuser. Moving the ring around shows
Plankton table functions as a magnifying glass. changes in the quantity of plankton.
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TRk A solid wooden table and stools. FHEAGISFMER. AT HZ AT o
Lunch Counter The “Interactor” acts as the focal | Seated participants listen to an audio
Simulation guide within the real-world setting. | play with no interactive component.
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Tangible objects on an interactive | The “Interactor” is the creator of | Participants build the city in multiple
tabletop let users manipulate and a virtual city. sustainable ways.
adjust the story.
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R ERI % . sl ENGILE P
The Hague and Tangible artifacts allow The “Interactor” isafocusing | Moving around these objects reveals
the Atlantic Wall | manipulation and adjustment of the|  tool for dissecting the narrative. different parts of the story.
Exhibition story.
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below illustrates the elements that appear

in each project.

3 Tangible and Embodied Narrative

Framework (TENF)

The TENF proposed in this paper
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is composed of the three dimensions
introduced above, namely diegetic vs.
non-diegetic, internal and external,
and ontology and exploration, to assist
designers in integrating design elements
such as physical interaction, narrative roles,
and narrative consequences in various ways
(see Figure 1).

Diegetic vs. Non-Diegetic. The
diegetic and non-diegetic spectrum (see
Figure 1) describes the position of the
interactors in the narrative environment,
which determines the physical form of the
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Figure 1. Three spectra comprising the Tangible and Embodied Narrative Framework (TENF)
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& 3: Mapping Place e Y v o T L) L)
Figure 3. Interaction around the tabletop in the Mapping Place
exhibition
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Figure 4. The interior (left) and exterior (right) of a 16th-
century prayer nut (Image courtesy of the Metropolitan
Museum of Art)
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involves the psychological identification
of the interactors with the narrative
perspective. Internal or external interaction
provides a specific narrative perspective
that visitors can assume so that they can
interact with the exhibits and related
activities.

Ontological and exploratory. The
ontological and exploratory spectrum
(see Figure 1) captures how interactors
engage with the narrative plot.
Ontological or exploratory interaction
helps convey information and guide the
visitors’experience.

Structural interactive narrative
framework. The TENF provides an overall
conceptual structure for designing,
generating, or analyzing tangible and
embodied narrative interactions. The
framework can map projects onto the
continuum of each dimension (see Figure 1).

4 The Pilot and Case Study Projects

In the two projects below, “Mapping
Place”, and”Multi-Sensory Prayer Nuts” ,
research is conducted through the creation
of an interactive installation using digital
and tangible media to simulate traditional
cultural practices, and developed and
explored TENF during this period.

4.1 Pilot Project: Mapping Place
(2013-2014)

Inspired by the Lukasa board of the
Luba people of Congo, the project created
an interactive tabletop where visitors
could use it to tell stories about their own
families, friends, and neighbors (see Figure
3). After identifying and evaluating the
three-dimensional mapping orientation
of the Mapping Place project, the next
iteration constructed the“multi-sensory
prayer nuts,” using non-diegetic interaction
to guide visitors into a deeper engagement
with the cultural perspective embodied by
the Lukasa board.

4.2 Case Study: Multi-Sensory Prayer
Nuts (2014-2016)

The project focus on 16th-century
prayer nut(see Figure 4), engaging three
distinct senses —tactile, somatic, and
olfactory,created three distinct replicas of
the artifact, each embedded with sensors and
microcontrollers to enable interaction .The
project enabled visitors to (1) contextualize
the artifacts and to (2) make personalized
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connections.

4.3 Findings from the Pilot and Case
Studies

Based on Mapping Place and literature, we
developed TENF, It fosters visitor engagement
with cultural perspectives across three spectra.
We then applied TENF to the Multi-sensory
Prayer Nuts case study, designing interactions
that heighten narrative participation and
foreground the importance of cultural context.

5 Conclusion
5.1 Design Recommendations

Research with TENF shows that
integrating digital media, narrative, and
embodied interaction deepens engagement
with heritage.

Recommendations: (1)Simulate cultural
practice: Digitally re-create artifacts so that
cultural forms are abstracted diegetically
or non-diegetically, linking gesture and
multisensory feedback to the physical
object. (2)Associate Visitors with Cultural
Perspectives:Define the visitor’s narrative
role and supply background that clarifies
the artifact’s original meaning and its users’
interpretations. (3)Provide Simultaneous
Digital Feedback: Offer real-time, ontological
or exploratory responses (audio, sensory
cues) so visitors can adjust their actions, avoid
misinterpretation and approach the original
experience.

5.2 Limitations and Future Work

Four limitations emerged: (1)
combinatorial constraints, (2) need for
dynamic interaction, (3) absence of
professional perspectives, (4) environmental
restrictions. Future research should explore
alternative dimensional combinations,
dynamic interaction design and on-site
validation with museum professionals.

Summary

TENF —structured around diegetic/non-
diegetic, internal/external and ontological/
exploratory dimensions —guides designers
in crafting immersive heritage interactions
that help visitors grasp artifacts’ original
contexts through digital reconstruction.
Validated in Mapping Place and the Multi-
sensory Prayer Nuts, the framework turns
traditional exhibitions into participatory
cultural dialogues and advances the digital
transformation of museum experiences.

(translated and edited by
Yang Di, Jiang Lai)
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The Spatial Narratives and Characteristics of Colonial Heritage Representation
in Amsterdam
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1 Introduction

Amidst the deepening research
on colonial heritage, the integration of
cultural tourism with spatial narratives has
demonstrated significant potential for the
representation and interpretation of this
heritage type.

Based on this, this study selects
Amsterdam, the Netherlands, as the research
object, focusing on two core questions: first,
to elucidate the pathways of spatial narratives
for colonial heritage, and second, to construct
the structure and elements of such narratives.

This paper addresses two key issues:
first, what forms of narrative spaces are
more likely to engage the public and evoke
interest and resonance with colonial heritage;
and second, based on public participation,
to map the spatial narratives of urban
colonial heritage. These investigations can
provide potential solutions to the challenges
of balancing urban development with the
preservation and transmission of colonial
heritage in European cities.

Following this, the paper begins with
a literature review on colonial heritage
preservation, summarizes the research
methods, discusses the findings, and
concludes by highlighting key elements.

2 Literature Review and Research
Methods

Existing research on Amsterdam’s urban
heritage has two main characteristics: first,
it predominantly focuses on the impact of
slavery in former colonized countries and
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American plantation regions, with relatively
fewer studies on spatial narratives; and
second, the memory of colonial cities has
long been excluded from mainstream
historical narratives. Historically, the
seventeenth century holds a special place in
Dutch historiography, often referred to as the
“Golden Age”, described as a period when
the Netherlands ascended to the pinnacle of
the global economy through trade, science,
and artistic achievements. The dominant
narrative emphasizes the “miraculous”
story of how a “small and relatively
remote Republic” achieved remarkable
advancements politically, economically, and
culturally. However, recent critical research
reveals that this so-called “miracle” was built
on the exploitation of other people, land,
and resources through slavery and brutal
colonization, creating dissonance around the
term “Golden Age” in contemporary public
debates on historical reckoning.

Against this backdrop, this study
systematically examines how Amsterdam’s
cultural tourism represents the spatial
narratives of seventeenth-century slavery
and colonial heritage, particularly in
deconstructing the hidden historical
dimensions of dominant narratives.

The research method involves linking
specific case studies to systematically
elaborate on the mechanisms of spatial
narratives for colonial heritage in
Amsterdam. It focuses on three key
perspectives: (1) behaviors in spatial settings,
(2) interactive modes of public participation,
and (3) strategies and construction
processes of spatial narratives. Through
this approach, the study not only analyzes
the representation of spatial narratives but
also delves into their role in interpreting the
significant connotations of heritage.

3 Selection of Research Paths and Key
Stops

During the participatory observations,
it was found that the four “free walking
tours” (Red, Orange, Yellow, and Green
routes) included an average of nine stops
where guides provided explanations.
Among these, two to three stops typically
addressed themes related to the seventeenth
century, colonialism, and/or slavery.
The two “paid walking tours” (Blue and
Purple routes) averaged ten stops, with
similarly two to three stops dedicated to
narratives about the seventeenth century,
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Figure 1. Map of Key Stops in Amsterdam’s City Center
(Authors’ own illustration —not drawn to scale)

Notes: (1) Dam Square: The central square and historic heart
of Amsterdam, where the National Monument and the New
Church are located; (2) Headquarters of the VOC and WIC:
The former headquarters of the Dutch East India Company
(VOC) and the Dutch West India Company (WIC); (3) Canals
(major ones within the city center): Including the Herengracht,
Keizersgracht, Prinsengracht, Oudezijds Voorburgwal, and
Oudezijds Achterburgwal; (4) The Begijnhof: An inner court
dating back to the Middle Ages, housing Amsterdam’s oldest
wooden house, a Protestant church, and a Catholic church; (5)
The Waag: Originally a city gate of Amsterdam; (6) Rembrandt
House: A museum and the former home of the famous painter
Rembrandt; (7) Anne Frank House: A museum dedicated to
Jewish wartime diarist Anne Frank; (8) Jewish Quarter: The
neighborhood that was home to the Jewish community from
the sixteenth century until their persecution during World War
II; (9) Beursplein: A square featuring the national monument
Beurs van Berlage, symbolizing Amsterdam'’s historical role as
the birthplace of the global stock exchange.
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colonialism, and/or slavery. Additionally,
the “canal cruises” (Pink and Brown routes)
highlighted an average of fourteen sites
during the boat tours, with approximately
three stops involving themes from the
seventeenth century, colonialism, and/or
slavery. Due to the dense canal network in
Amsterdam’s city center, the Pink and Brown
canal cruise routes differed significantly, with
limited overlap. The main canals traversed
included the Herengracht, Prinsengracht,
Keizersgracht, the Golden Bend or Houseboat
Alley, and the open harbor area. The boats
often slowed down when passing significant
landmarks or tourist sites to allow for
introductions and historical narratives.

A comparative analysis of the “free
walking tours” and “paid walking tours”
revealed high similarity in stop selections
and narrative content, with only minor
differences. As illustrated in Figure 1, the key
stops shared across the walking routes are
prominently marked.

4 Dam Square

As the historical heart and main public
square of Amsterdam, Dam Square serves
as the starting point for four out of the “six
walking tour routes” (Red, Yellow, Green,
and Blue-lines). Here, guides provide
introductory narratives that establish the
foundation for subsequent storytelling. As
Tess, the Blue-line guide, explained:

The Dam holds crucial historical
significance as the narrative starting point
for Amsterdam’s urban development. This
site provides the fundamental cognitive
framework for tour explanations-visitors
must first comprehend its historical origins
to effectively connect with subsequent site
interpretations.

The interpretive themes at this location
primarily cover: the Royal Palace, Dutch
monarchy, Amsterdam’s urban origins,
the National Monument, the Red-Light
District, the New Church building, and other
quintessential Dutch cultural elements. While
seventeenth-century history constitutes only
a minor portion of the narratives here, all
guides mention the Royal Palace-originally
built in the seventeenth century as the city
hall. Guides starting their tours here also
briefly discuss Amsterdam’s seventeenth-
century development, emphasizing the
Dutch shipping fleet, trade activities, and the
accumulated power and wealth of that era.
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They particularly highlight the golden ship
ornament atop the Royal Palace (as shown
in Figure 2) as a symbolic representation
of seventeenth-century maritime trade.
Notably, with the exception of the Blue-line
guide’s brief mention of the Dutch East India
Company (VOC) origins and its connection
to colonialism, none of the Dam Square
narratives address themes of colonialism or
slavery.

5 VOC Headquarters

The Dutch East India Company (VOC),
established in 1602 as the world’s first joint-
stock company, possessed trade monopolies
and quasi-state powers. Its former
Amsterdam headquarters (now a university
building, shown in Figure 3) serves as
a core stop on city tours. Among the six
walking tour routes, guides on four lines
(Orange, Yellow, Blue, and Purple) select
this site to deliver their primary historical
narratives about the seventeenth century.
At this location, all guide commentaries
focus exclusively on themes of wealth
and power from that era, omitting other
historical dimensions. The Purple paid tour
guide particularly emphasizes the VOC’s
fleet size and global dominance, while
notably highlighting the significant Jewish
participation in the company. The narrative
also covers the building's functional
evolution from VOC headquarters to its
current academic use.

The Blue paid walking tour guide
adopts a distinct narrative focus, examining
the origins, operational models, and historical
impacts of both the VOC and Dutch West
India Company (WIC). Field observations
confirm the commentary concentrates on
these two chartered companies” activities.
Significantly, this guide deliberately
foregrounds the period’s darker aspects-
detailing how the VOC enforced colonial rule
through oppression and massacres, including
the systematic plundering of colonial spice
resources at minimal cost.

6 WIC Headquarters

The Dutch West India Company
(WIC), established in 1621, held monopoly
rights over all trade and shipping activities
west of the Cape of Good Hope, primarily
engaging in transatlantic slave trade. Given
this historical significance, the former WIC
headquarters building now serves as a key
stop across various tour routes. The Red
freewalking tour (Red line) delivers its core
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interpretation at this site, structured within
the following historical narrative framework:
Beginning with religious context that
connects to background events like the
Eighty Years' War, it then analyzes how
Dutch-Spanish-Portuguese trade rivalries
gave rise to the VOC/WIC system. The
guide systematically elaborates on the
spice, oil, textile and slave trade networks
before analyzing the establishment of
Amsterdam Stock Exchange and its economic
impacts. The narrative further emphasizes
the global reach of Dutch colonialism
through toponymic evidence, concluding
with the decline of both VOC and WIC.
Field observations reveal the guide’s
deliberate avoidance of detailing slave
trade mechanisms when discussing various
commerce systems. This narrative selection,
as explained by the guide, stems from
tourists primarily seeking urban cognitive
frameworks rather than in-depth slavery
discourse, as such discussions risk disrupting
tour atmospherics. Entertainment-focused
guiding requires avoiding guilt induction
among visitors. This approach creates a
compromise model of "acknowledgement
without elaboration"-simultaneously
recognizing historical facts while preserving
recreational enjoyment of the tour experience.

7 The Waag

The Waag (Weigh House), originating
in the 15th century as Amsterdam’s oldest
surviving secular building, was designated
a national monument in 1970. Originally
one of three main city gates in Amsterdam's
medieval walls, it functioned as a weighing
center for colonial commodities during the
17th-18th centuries (circa 1600s).

In the Purple paid tour’s interpretation,
the building’s functional evolution from
city gate to weigh house is presented, with
particular emphasis on the anatomical guild
activities associated with the site and their
connection to Rembrandt’s artworks. The
guide’s narrative primarily focuses on the
Jewish Quarter and the historical trajectory
of Amsterdam’s Jewish community. The
historical interpretation at this site exhibits
distinctive characteristics: Centering on
VOC’s trading achievements (especially
highlighting exclusive trade with Japan).
Making passing references to Caribbean
and South African colonies. Advocating
a balanced view of the Golden Age-
acknowledging slavery while emphasizing
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infrastructure contributions. Through this
“acknowledging both merits and faults”
narrative strategy, the guide simultaneously
addresses historical controversies while
maintaining the tour’s positive tone,
exemplifying the “selective memory”
phenomenon characteristic of heritage
tourism.

8 The Canals

Amsterdam’s canal system, a
product of 17th-century Dutch colonial
expansion, was directly financed by wealth
accumulated through the slave trade and
colonial exploitation. Yet contemporary tour
narratives present this history selectively:
guides predominantly emphasize the Golden
Age’s glorious achievements-the VOC’s
trading networks and the opulence of canal
houses-while deliberately downplaying the
underlying colonial violence.

Research reveals three primary
factors shaping this narrative selection.
Firstly, commercial considerations lead
tour companies to instruct guides to avoid
sensitive topics. Secondly, guides themselves
prioritize maintaining a lighthearted
atmosphere, fearing in-depth slavery
discussions might compromise visitor
experience. The last, most tourists prefer
entertainment-focused content, with only
occasional visitors from former colonies
actively inquiring about this history.

Significant variations exist across tour
formats: Paid canal cruises completely avoid
slave trade references. But free walking tours
may acknowledge but typically gloss over the
subject. Even when personally recognizing
this history’s importance, guides consistently
choose circumspection to preserve group
dynamics and avoid tourist discomfort.

This phenomenon reflects the
broader European dilemma in addressing
colonial heritage: how to balance tourism’s
entertainment demands with historical
honesty. The study recommends future urban
tours incorporate more balanced historical
perspectives while maintaining engagement,
enabling visitors to develop more complete
understanding.

9 Conclusion

This study aims to explore how urban
tourism activities, particularly walking and
boat tours, represent and interpret colonial
regeneration of historical spatial narratives
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in Amsterdam. The findings demonstrate
that the integration of cultural tourism can
indeed broaden public historical awareness
and facilitate cognitive restructuring, but it
may also carry negative implications. Key
takeaways include:

First, the research reveals that
Amsterdam's spatial narratives of colonial
heritage are primarily framed from the
perspective of power and wealth, often
confined to specific temporal and spatial
nodes. This selective approach weakens the
interconnected narratives of colonial heritage
across different regions and periods, directly
influencing the boundaries and connotations
of heritage recognition.

Second, the study expands the
discussion on key factors influencing the
construction of urban heritage narratives.
The planning of routes based on urban
perception not only determines the paths
through urban spaces but also defines
the selection of key sites and the depth of
narratives. The research identifies three
stakeholders —employers, guides, and
tourists —as significant influencers in this
process.

Third, the study highlights the
critical relationship between atmosphere
management and the construction of
heritage narrative spaces. Public perception,
resonance, and acceptance of specific urban
heritage functions greatly impact historical
spatial narratives.

In summary, as an important cultural
production practice, cultural tourism
plays a vital role in shaping collective
memory, offering new perspectives for the
interpretation of history and culture. Tools
such as guided tours, guidebooks, and
city maps can achieve a balance between
education and entertainment in general
urban tours through the orchestration
of diverse spatial narratives, thereby
reactivating tourist sites as sites of memory
for historical narratives.

(translated and edited
by Wang Jiayi, Peng Huijia)
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Introduction

Narrowly defined, Huizhou traditional
dwellings refer to vernacular residences;
broadly, they also include ancestral halls,
academies, shops and archways, with the
residence being the most fundamental type.
Under the concepts of economic development
and adaptive conservation, these dwellings
have acquired new commercial value.
By reprogramming original spaces, they
have been turned into business premises.
Designers break the functional constraints of
the old layout and inject new uses through
carefully redesigned floor plans. However,
few studies have examined how the various
renovated layouts affect indoor fire-growth
numerically.Therefore, this paper extracts
five typical renovation patterns from actual
adaptive-reuse projects and takes the Yang
Zili residence in Pingshan village, Huangshan
City, Anhui Province as the research object.
Six fire-simulation scenarios (prototype + five
renovations, labelled N1-N6) were modelled
with the FDS solver in PyroSim. Fire spread,
heat-release rate , fire products and flashover
time were analysed. The results clarify post-
renovation shortcomings and offer guidance
for the conservation-oriented renovation
of traditional Huizhou houses and for the
design of modern “pseudo-traditional”
buildings.

1 Plane-layout features and
renovation typologies of traditional
Huizhou dwellings
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1.1 Original plane-layout features

Huizhou dwellings, representative of
Chinese vernacular architecture, fall into
four basic plan types:

M - (concave) - one-courtyard,
two-storey; central hall flanked by two
bedrooms (“one bright, two dark”).

il - (enclosed) - three-bay, two-
courtyard; symmetrical, two three-bay
ranges face each other.

H - three-bay, two-courtyard; two
three-bay ranges back-to-back sharing a
ridge.

H - (double-enclosed) - three-bay,
three-courtyard; rare in ordinary houses.

1.2 Renovation typologies

Driven by the growth of tourism,
Huizhou traditional dwellings have been
reprogrammed with a diverse range of
functions — guesthouses, cultural centres,
exhibition halls, restaurants and more —
prompting corresponding changes in
floor plans and spatial configurations.
Guesthouses, for instance, add communal
areas to meet visitors’ needs; cultural
centres are redesigned and expanded
to serve both villagers and tourists;
exhibition halls are reorganised around
visitor circulation. Spatially, these houses
are structured around central courtyards
and subdivided by partition walls, yet
they originally lack large-scale open
public spaces. Renovations therefore rely
primarily on the removal or insertion of
interior partitions to create the required
spatial qualities.

2 Model development and parameter
settings

2.1 Baseline model and fire-scenario
setup

Traditional Huizhou dwellings are
organised around the “Four Waters Return
to the Hall” ( U7KJH%E ) courtyard, forming
a compact, multi-courtyard “ ”-shaped
plan. The courtyard acts as a vertical
ventilation shaft that accelerates smoke
rise and oxygen supply, readily creating a
chimney effect that drives flames rapidly
upward along the courtyard’s wooden
windows. Internally, timber partitions
divide the house into functional units such
as “one bright room flanked by two dark
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rooms” and “three-bay, two-courtyard”
layouts; narrow passages and convoluted
circulation paths slow occupant evacuation.

Based on field surveys and statistical
analysis of adaptive-reuse projects, five
typical renovation patterns were extracted.
Interior partitions were chosen as the
design variable: five distinct floor-plan
variants were generated by removing or
adding partitions (Fig. 1). Together with the
baseline prototype, six simulation scenarios
were defined (a-f, corresponding to N1-
N6). All cases share identical computational
domains, meshing and boundary
conditions.

As shown in Fig. 2(a), a 1:1-scale
dwelling model was built in FDS via
PyroSim. The plinth height is 0.45 m, the
timber superstructure 7.8 m, yielding a
total height of 9.4 m; plan dimensions
are 10.7 m (width) x 14 m (depth). Initial
conditions were set at 20 °C, 30 % relative
humidity and 0 m/s wind speed. The 1 m
x 1 m fire source was located inside the
first-entry room (Fig. 2(b)). All combustible
material in the FDS model is the building’s
own timber structure.

Pine—the primary structural wood
of Huizhou houses —was characterised
through on-site measurements of moisture
content and density, supplemented by
literature data on aged-pine weathering,
pyrolysis kinetics and combustion
behaviour. The resulting thermal and
combustion properties are summarised in
Table 1.
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Table 1. Thermal performance and basic combustion

characteristic indicators of pine wood materials

¥ Parameter K Pine Wood

I {E 3 Peak Heat Release Rate  [242.78 kW/m?

- 24 5T 4k 5 28 %8 Average Mass Loss[0.1077 g/s
Rate

“F ¥l K % Average Heat Release|187.08 kW/m?
Rate

P R R 5 Average Effective|14.17 MI/kg
Heat of Combustion

- 2 — S AL W A % Average CO[0.0025 g/s
Production Rate

KA A 135 4K fE Activation Energy|120 kJ/mol
of Char Formation

MK B Ignition Temperature 456 °C
P15k Average Charring Rate |1.03 mm/min

% % Density 400 kg/m?

LL#A%¥ Specific Heat Capacity 1.64x10° J/(kg-°C)
W2 241 Absorption Coefficient 5.0x10"*m"”

&3 2% Thermal Conductivity 0.14 W/(m'K)

2.2 BHIgE

2.2.1 KREBRRFRE

R KRG RE T, R I R 1
A KRB R BT AR R
JEL AARGEEER, RILRA € K B A R
G ¢ KIHEARAL I AT LLAE F K ¢ I 1Y
TRk, ATLASRIR N -

Q=at’

Hof QKRB ESE, HAH KW, TE
Phs B An BT ); a S kORISR, A
hkW/s?e BN 158 B R DT 4 80H A XL 2
M, RIS KRG, 56 PR R
o B, R4 GG HEHEN R G AR
(GB51251-2017), AR I K RIBRK RECH
0.04689kW/s’, i KR HUE SN SMW, H
Sk SEHE U 52 4% G0 BRI K O A R R B M
A, W E RIS Y 1500 so

2.2.2 MiERE

WA RS R/ B Wi A0 R L R s B 2
RSN ZR, Q2R A% 3 0 2oL 240 0 < 39 #E K
2 M TH S E), 6 O AR A SR 1 g G it
20 B R, AERE T RT3/ B A AT SR
ANRI RS, AT B T S AR . 2 KR
fit B 1% D* 531 5 R A% R ox 19 L 61 Dy 4-16

20 | THE
HERITAGE
SPECTATOR

2.2 Parameter settings

2.2.1 Fire parameters and ignition
source

In historic-timber buildings the early
stage of a fire is fuel-controlled, while the
later stage becomes ventilation-controlled.
Because traditional Huizhou residences
are dominated by timber beams, a t? fire-
growth model is appropriate. The heat-
release rate can be expressed as:

Q=at’

where Q is the HRR in kW, t is time in
seconds, and a is the fire-growth coefficient
in kW/ s?. After centuries of weathering, the
moisture content of the timber is low; the
wood therefore behaves as a fast-burning
material. In accordance with the Chinese
Code for Smoke Control Systems (GB 51251-
2017), a growth coefficient a = 0.04689
kW/s” is adopted. The maximum HRR
is set at 8 MW. To capture the complete
fire-development process, the simulation
duration is 1500 s.

2.2.2 Grid settings

Grid resolution is critical for both
computational efficiency and accuracy.
Over-refinement dramatically increases
run-time, whereas coarse grids may
introduce unacceptable errors. When the
ratio of the characteristic fire diameter
D* to the grid size 6x lies between 4 and
16, reliable results are obtained. D* is
calculated from

2
5
i (Lﬁ)
PoCpl /8

with Q = 8000 kW, p ., = 1.206 kg/m53,
cp = 1.005 kJ/kg - K, T .. = 293 K (20 °C)
and g = 9.81 m/s? yielding D* ~ 1.395 m.
Consequently, 6x should range from 0.08 m
to 0.35 m. After a grid-independence study,
a uniform cubic cell of 0.2 m x 0.2 m x 0.2
m is selected. The computational domain
measures 12 m x 16 m x 10 m, comprising
240 000 cells.

2.2.3 Detector layout

Thermocouple rakes are placed in the
first, second and third courtyards at heights
of 2 m, 4 m and 6 m above floor level —
nine points in total. A temperature slice
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is defined at X = -6 m, Y =4 m, Z = 2.0
m. To observe the impact of hot smoke
on evacuating occupants, a visibility-
parameter slice is placed 2.0 m above the
indoor floor. In addition, to assess the
safety effects of CO generated by the fire
on evacuation, gas detectors are located
directly beneath the courtyard skylight,
with measurement points at 2 m, 4 m and
6 m along the Z-axis, totaling nine further
points.

2.3 Judgment of building fire flashover
Flashover prediction formula:
F=0.118 (Kpc)—ﬂ.OSZ (H’{(I HOI.S) —0.215 QD.JBBAT—O 312

K is the thermal conductivity of the
material, W/ (m K); p is the density of
the material, kg/m?; c is the specific heat
capacity of the material, J/ (kg K); W, and
H, are the width and height of the vent,
respectively, m; Q is the heat release rate of
the fuel, kJ/s; A; is the total surface area of
the inner surface of the room, m2. Therefore,
the critical time when a flashover occurs in
an ancient building is determined based on
the dynamic change images of flame spread
and the sudden change of the curve.

3 Results and discussion

3.1 Dynamic fire-spread analysis

Vertically, the fire plume rises and hot
gases accumulate beneath the first-floor
ceiling. In scenario N1 (prototype, Fig. 3a),
during the initial 0-200 s the combustible
linings in the ignition room ignite; smoke
spills into the courtyard through doorways.
When the ceiling temperature reaches
~600 °C, the ceiling itself ignites, flames
propagate to the second floor, and full-
room flashover occurs at 488 s.

Scenario N6 (all partitions in the first-
entry space removed) presents a completely
open plan. The absence of walls provides
abundant oxygen and allows the plume to
spread unimpeded (Fig. 3f). Between 0-200
s flames race along the ceiling toward the
courtyard; by 235 s the courtyard windows
are fully involved, and at 262 s flames
erupt from the skylight, triggering global
flashover.

3.2 Visibility variation

Because indoor visibility tends to
stabilise between 600 s and 800 s, its
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incremental impact on occupant safety and
structural damage is small. Therefore, the
0-800 s simulation interval is selected for
analysis, which highlights key dynamic
processes and avoids dilution of the core
conclusions by long-duration data.

Comparing the visibility changes in
renovation scenarios N2 and N6, it can be
seen that before 200 s the visibility in the
courtyard remains at 14 m, exceeding the
safety threshold. After 300 s, scenario N2,
due to the increased number of internal
partitions, is unfavourable for smoke
exhaust, and the courtyard visibility drops
below 5 m, with smoke severely obstructing
evacuation routes; in scenario N6, visibility
slowly decreases to below 13 m, but because
the internal partitions have been removed,
smoke exhaust is facilitated, so the impact
on evacuation is smaller, and the courtyard
visibility stays above 5 m within 600 s.

3.3 CO volume-fraction variation

CO released after ignition is the
main cause of occupant poisoning. The
time-varying CO volume fraction at 2
m elevation in the courtyard space for
each scenario is shown in Fig. 5. The
averaged CO volume fraction measured
by all courtyard detectors is taken as the
analytical object; the reference line in Fig. 5
denotes the safety limit of 0.05 %. It can be
seen that CO concentration is initially zero
for a period after ignition and then begins
to rise. This is because the plume ascends,
hot smoke accumulates beneath the ceiling,
then spreads horizontally along the ceiling
before descending. The CO volume-
fraction trends in scenarios N3 and N6 are
consistent with scenario N1, exceeding the
safety limit at 472 s and 313 s respectively.

3.4 Analysis of flashover-time
variation

The heat-release-rate curves for each
scenario are shown in Fig. 6, and the full-
room flashover times together with peak
heat-release rates are given in Table 2. From
0 to 180 s the fire-development trends in
scenarios N1-N5 are essentially identical:
within 0-150 s the flame remains stable and
the heat-release-rate growth is relatively
slow; around 160 s the heat-release-rate
undergoes a sudden change as flashover
occurs in the fire-origin room, and the
first peak is reached at about 200 s. Two
peaks appear in the heat-release-rate curve.
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Combined with the fire-spread process, it
can be deduced that the first peak occurs
after flashover in the ignition room, when
all timber members inside are ignited. As
combustion proceeds, oxygen concentration
decreases and the heat-release-rate begins
to drop; meanwhile the flame spreads along
the ceiling to the courtyard space, where
oxygen is abundant and timber members
start to burn, causing the heat-release-
rate to rise again. After some time, internal
partitions and members are damaged,
indoor oxygen is replenished, and the
courtyard flames ignite timber members in
the second-entry space. Full-room flashover
occurs at 488 s, 630 s, 489 s, 570 s and 827
s for scenarios N1-Nb5 respectively, the
dwelling enters a fully developed burning
state, and the second peak is reached.

4 Conclusions

CO released after ignition is the
main cause of occupant poisoning. The
time-varying CO volume fraction at 2
m elevation in the courtyard space for
each scenario is shown in Fig. 5. The
averaged CO volume fraction measured
by all courtyard detectors is taken as the
analytical object; the reference line in Fig. 5
denotes the safety limit of 0.05 %. It can be
seen that CO concentration is initially zero
for a period after ignition and then begins
to rise. This is because the plume ascends,
hot smoke accumulates beneath the ceiling,
then spreads horizontally along the ceiling
before descending. The CO volume-
fraction trends in scenarios N3 and N6 are
consistent with scenario N1, exceeding the
safety limit at 472 s and 313 s respectively.

Taking the numerical variation of
indoor fire development after adaptive-
reuse renovation of traditional Huizhou
dwellings as the research focus, six fire-
simulation scenarios were established. The
study reveals that adding or removing
interior partitions alters the plane layout,
which in turn affects both the fire-
development process and its quantitative
parameters. In comparison with the fire-
spread behaviour and numerical changes in
Scenario N1, the following conclusions are
drawn:

1 When the ignition location is kept
constant, changing the position and
quantity of interior partitions leaves the
overall fire-spread path unchanged: first-
entry space — courtyard space — second-
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Figure 6. Change of fire heat release rate in six scenarios
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entry space. Interior partitions can obstruct
flame spread and thus reduce the rate of
fire propagation.

2 Adopting Renovation Method 5
produces the least adverse impact on
courtyard visibility caused by smoke and
results in the shortest duration during
which CO concentration exceeds the safety
threshold, thereby lowering health risks
to occupants. In Renovation Methods 1,
3 and 4, courtyard visibility drops below
2 m between 200 s and 300 s, while CO
concentration rises sharply around 300
s, exceeding and remaining above the
safety limit; the resulting smoke hazard
is severe and detrimental to evacuation.
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Consequently, from the perspectives of
occupant evacuation and health safety,
Scenario N6 (Renovation Method 5) is the
most suitable.

3 Relative to the 506 s full-room
flashover time in Scenario N1, flashover in
Scenario N2 is delayed by 154 s, remains
virtually unchanged in Scenario N3, is
delayed by 75 s in Scenario N4, delayed
by 334 s in Scenario N5, and advanced
by 266 s in Scenario N6. Therefore, from
the viewpoint of fire protection for the
dwelling, Scenario N6 (Renovation Method
5) poses the greatest destructive potential,
whereas Scenario N5 (Renovation Method
4) is the most favourable.
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47th Session of the World Heritage Committee Kicks Off
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Figure 1. Opening Ceremony of the 47th Session of the World

Heritage Committee
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The 47th session of the World Heritage
Committee (6 July-16 July) commenced at
UNESCO Headquarters in Paris on Sunday,
6 July 2025, at UNESCO Headquarters in
Paris, France, with the Plenary starting on
Monday 7 July with the examination of the
firs items of the Agenda.

Under the leadership of Chairperson
Prof. Nikolay Nenov (Bulgaria), supported
by Rapporteur Ms. Joelle Bucyana (Rwanda)
and Vice-Chairpersons from Belgium,
Mexico, Qatar, Republic of Korea, and
Zambia, during the following 10 days,
the Committee will examine and discuss
thematic initiatives, the reports of the
activities of the World Heritage Centre,
the Advisory Bodies (ICOMOS, ICCROM,
IUCN) and of UNESCO Category 2 Centers
such as WHITR-AP. It will discuss the
conservation and management of the
World Heritage inscribed on the List which
is the key responsibility of State Parties
to the Convention. The Committee will
examine also inscription proposals on the
World Heritage List. The 21 Committee
members are Argentina, Belgium,Bulgaria,
Greece, India, Italy, Jamaica, Japan,
Kazakhstan, Kenya, Lebanon, Mexico,
Qatar,Republic of Korea, Rwanda, Saint
Vincent and the Grenadines, Senegal,
Tuirkiye, Ukraine, Vietnam, Zambia.

In the opening ceremony, the Director-
General (DG) Audrey Azoulay kicked
off the session by delivering a powerful
opening address that framed heritage
as "Our shared legacy and a beacon of
hope". Against the backdrop of 1,200+
World Heritage sites spanning 4.8 million
square kilometers across 196 States Parties,
Azoulay underscored urgent global
challenges: one-third of natural sites and
20% of cultural sites now face severe
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climate impacts, with Mediterranean
heritage cities particularly vulnerable.

She highlighted UNESCO's
deployment of georeferencing tools for
real-time risk monitoring and the Kingdom
of Saudi Arabia supported "Dive into
Heritage" platform as critical innovations.
Equally emphasized was UNESCO's equity-
driven agenda, including capacity-building
programs across 27 unrepresented African
nations and post-conflict recovery in Mosul
(US$115 million reconstruction) and Gaza
(satellite damage assessment). The Director-
General closed by invoking philosopher
Julia Kristeva's vision of humanity's
essence in uniqueness, urging "tangible
multilateralism" to combat climate change,
war, and inequality.

As Director-General Azoulay
quoted: "Each of us is unique, and in
this uniqueness lies humanity's essence."
(philosopher Julia Kristeva) From climate-
threatened monuments to Al-based human
autonomy, the 47th Session of the World
Heritage Committee will embody heritage’s
enduring power as both a shield against
crises and a canvas for human uniqueness.
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7th World Heritage Site Managers’ Forum Convenes in Paris

PR E Source :

https:/ /www.iccrom.org/news/world-heritage-site-managers-gather-paris-strengthen-reactive-monitoring-
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From 7 to 9 July, the 7th edition of the
World Heritage Site Managers' Forum took
place at the UNESCO Headquarters in Paris,
alongside the 47th session of the World
Heritage Committee.
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Figure 2. Eighteen World Heritage site managers attended the

meeting
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This year's Forum brought together 18
site managers responsible for the management
of 17 World Heritage properties in Albania,
Bulgaria, Chile, China, Ecuador, France,
Kyrgyzstan, Lebanon, Morocco, Mozambique,
North Macedonia, the Republic of Korea,
Suriname, Sweden, Ukraine, Uzbekistan and
Zimbabwe.

Held under the theme Enhancing
engagement in the World Heritage Reactive
Monitoring process, the Forum explored
how this mechanism provides support to
better manage and protect World Heritage.
Discussions focused on what is needed
by site managers to implement mission
recommendations and World Heritage
Committee decisions. Participants shared
experiences, identified challenges, and
proposed ways to make the process more
relevant to on-the-ground needs.

On 8 July, participants presented a final
statement to the World Heritage Committee,
summarising the results of their discussions
and exchanges. The statement emphasized
the importance of Reactive Monitoring in
supporting World Heritage management and
conservation and called for:

*Stronger collaboration among site
managers, States Parties, the World Heritage
Centre, and Advisory Bodies;

*More inclusive engagement of
Indigenous Peoples, local communities, and
civil society to ensure effective conservation
action; and

*Prioritising increased investment in
capacity building to equip site managers with
knowledge and tools to engage with World
Heritage processes and strengthen heritage
management.

Over the years, the Forum has become an
essential networking space for site managers
to meet, exchange and establish collaborations
to foster the protection of World Heritage
by building a global community of practice.
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The First Online Session of the 2025 “Sino-French Heritage Dialogue”
Successfully Held
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The first session of the 2025 "Dialogue
Sino-francais sur le Patrimoine" was co-
hosted by the UNESCO World Heritage
Institute of Training and Research-Asia and
Pacific Shanghai (WHITR-AP Shanghai)
and the College of Architecture and Urban
Planning at Tongji University. It was
supported by the Cité de 1'architecture
et du patrimoine, the Loire Valley World
Heritage Office, the Association Nationale
des Petites Cités de Caracteres, and the
Association Nationale des Batiments de
France. The event also received strong
support from the Institute of Heritage
Conservation and Cultural Revival
at Tongji Urban Planning and Design
Research Institute Co., Ltd., and the Tongji-
Dali Institute of Heritage Conservation and
Cultural Innovation.

The dialogue aimed to provide insights
for the development of theory and practice
in the field of heritage conservation based
on in-depth discussions among Chinese and
French heritage conservation policymakers,
managers, experts, scholars, and local
communities. Additionally, it served as
a capacity-building platform for local
practitioners.

The discussion centered on the
theme of "Poetical Dwelling," drawing
inspiration from the philosophical concept
of "being" by the German philosopher
Martin Heidegger (1889-1976) and the
humanistic sentiment by the Chinese
thinker and philosopher Li Zehou (1930-
2021). It addressed the challenges
and opportunities in the integrated
conservation and utilization of natural and
cultural heritage, as well as tangible and
intangible cultural heritage, and sought
to promote high-quality and innovative
regional development through a landscape
approach. This approach considered the
region from a socio-economic, ecological,
and broad cultural perspective, dedicated
to enhance the quality of human settlements
while respecting the natural environment.
It avoided both nostalgia for the past and
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development that is detached from local
context. In other words, it built a "poetic"
lifestyle and create a living environment
based on a shared understanding of
heritage values.

The topics discussed by Chinese and
French experts in this session included:
heritage valuation, integrating heritage
conservation into spatial strategic planning,
improving legal frameworks, responding to
local community needs, modernizing living
environments and public services, and
developing a diversified economy, all while
avoiding the reduction of heritage to mere
tourist attractions.






