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Introduction

Historical buildings play an important role in strength-
ening an area that continues to grow over time. The 
architectural features of historical buildings have an 
identity that acts as placemaking for their homeland 
and reveals the thoughts of its people [Salleh, Mohtar 
2020, pp. 37–46]. This distinct identity serves as a mon-
umentalization of bygone eras and warrants safeguard-
ing akin to a precious cultural artefact. Essentially, his-
torical buildings require focused attention given their 
intrinsic value, association with urban identity, and 
significance in cultural memory [Hanachi, Moghimi 
2017, pp. 308–316]. The presence of historical build-
ings in an area provides historical evidence that ensures 
the sustainability of human life in the development 
process. Historical buildings should continue to be 
used to meet current human needs [Ariffin et al. 2022]. 
The preservation of historical heritage buildings plays 
an important role in becoming an asset of a nation’s 

cultural treasures. Its sustainability can be enjoyed by 
future generations and can contribute to education and 
science as an object of research.

Historic buildings certainly experienced severe con-
ditions for decades in their respective environments. 
The physical condition of a building changes due to 
natural conditions. It will certainly experience degrada-
tion due to use. Historical buildings in Southeast Asia 
generally use wood as the main material for its struc-
tural system. Wet and dry environmental conditions 
make construction materials also highly vulnerable to 
degradation and shorten their service life (Ałykow et 
al. 2024, pp. 29–45). In addition, the degradation can 
change the original shape of the building. Historical 
buildings must maintain their authenticity in accord-
ance with historical records.

The physical elements of historical architecture 
are diverse and can vary significantly depending on 
the specific style and time period in question. The 
common features of historical architecture, including 
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building materials, structural elements, ornamenta-
tion, roof styles, windows and doors, and site design, 
serve to define and distinguish the various styles that 
have emerged over time. It is, however, of the utmost 
importance to emphasize the significance of histori-
cal texture and to strive to mitigate any discrepancies 
in its perception and potential degradation [Hanachi, 
Moghimi 2017, pp. 308–316]. The physical and 
non-physical elements were employed to construct a 
cognitive map of the historic core of the city. A com-
prehensive survey, inclusive building assessment and 
inspection represent a crucial and instructive phase for 
the successful execution of interventions within both 
singular and collective regeneration projects [Vicente 
et al. 2018, pp. 25–57].

The most common method for detecting building 
degradation is the life-cycle assessment. This physical 
assessment principally utilizes data derived from a visual 
inspection or local non-destructive testing programs, 
thereby facilitating the implementation of more precise 
and systematic techniques that are inherently suscep-
tible to assessment uncertainties [Nguyen et al. 2019, 
pp. 5–19; Zain et al. 2022, pp. 89–100]. A further assess-
ment is that of modelling reviews. A modelling review 
is an essential process for gaining insight into the de-
sign, construction, and cultural significance of historical 
buildings. The combination of physical and digital mod-
elling techniques can facilitate a more comprehensive 
examination of the distinctive characteristics and design 
elements of historical architecture, enabling a more ac-
curate assessment of its degradation. Tafahomi [2021, 
pp. 75–86] posited that this combination can facilitate 
multiple criteria decision-making and proposed priori-
ties for conservation. For example, in West Kalimantan, 
a historical item has been reconstructed with the aid of 
an appropriate remodeling process and digital documen-
tation [Zain et al. 2023, pp. 34–43].

In light of the aforementioned issues and findings, 
this study employs a combination of life-cycle assess-
ment and modelling reviews to assess the extent of the 
building’s degradation. The condition of the physical 
elements should be evaluated in order to ascertain the 
compatibility, reversibility, and necessity of interven-
tions in reconstructing the wooden structure. This study 
aims to calculate the deterioration area on the building 
envelope of a historical building using digital mode-
ling through photogrammetry, integrated into Historic 
Building Information Modeling (HBIM), to reassess the 
condition of its physical elements. The Alwatzikhoebil-
lah Palace in Sambas is used as the object of study, with a 
focus on improving the accuracy of detecting and quan-
tifying the impacted area of deterioration.

Current research and technology in heritage 
building assessment 

A comprehensive and interdisciplinary approach 
is essential for the assessment of a building’s current 
state. This approach should draw upon historical re-

cords, technological surveys, non-destructive testing 
techniques, and the analysis of crack and decay patterns 
(Vicente et al. 2018, pp. 25–57). Historical structures 
frequently display a degree of fragility, which can pres-
ent challenges in terms of accessibility. Virtual tours 
have been available for several years, created using 
open-source or professional software to produce com-
prehensive animations without causing any harm to 
the building. It can be seen, therefore, that the utili-
sation of virtual tour technologies is beneficial in the 
documentation of historical edifices.

In the context of cultural heritage restoration, digital 
virtual technology has emerged as a crucial supplemen-
tary tool. Techniques such as digital photogrammetry, 
laser scanning, 3D modeling, and artificial intelligence 
have been employed in heritage restoration studies 
[Chen et al., 2023, pp. 12–20]. In the case of ancient 
buildings, photogrammetry, three-dimensional (3D) 
laser scanning, or a combination of both methodolo-
gies are frequently utilized for surveying and mapping 
purposes, thereby facilitating post-display analysis and 
evaluation [Chen et al. 2018]. The application of pho-
togrammetry is advancing architectural methods for 
documenting the built environment, offering a flexi-
ble digital approach to managing images and essential 
measurements that are critical for architectural anal-
ysis and documentation methodologies [Firzal 2021, 
pp. 100–105].

The objective of utilizing Building Information 
Modeling (BIM) in cultural heritage buildings is to 
evaluate the efficacy of the method in documenting, 
managing and restoring data on historical heritage for 
specific purposes [Bruno and Roncella, 2018, pp. 171–
178]. BIM is capable of providing data for a mod-
el pertaining to the dimensions of intricate building 
components. Heritage Building Information Modeling 
(HBIM) is a technology designed for the management 
and preservation of heritage buildings, offering con-
venient and intelligent data for subsequent analysis 
[Nagy & Ashraf, 2021, pp. 1–15]. HBIM is a dynamic 
database for historic buildings that facilitates more suit-
able integration of documentation data with construc-
tion needs. The documentation data are displayed in 
a more structured manner, with spatial relationships, 
geometry, geographic information, and quantities of 
documented building components clearly delineated. 

The application of photogrammetry in the quanti-
fication of building deterioration has gained considera-
ble recognition in recent research. Nevertheless, there 
is still a need for integration with Historic Building 
Information Modeling (HBIM) technology. For exam-
ple, Dörtbudak et al. (2023, pp. 62–68) employed un-
manned aerial vehicle (UAV) photogrammetry to doc-
ument and model structural deterioration. Although 
the deformations, such as cracks and collapses, are ef-
fectively visualized, the study lacks detailed quantifica-
tion of these deformations through formulated meth-
ods or calculations. Instead, it relies on visual data and 
3D modeling to assess structural damage. Similarly, 
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Russo et al. [2019, pp. 1–20] quantified deterioration 
on historical building facades using ultra-lightweight 
UAVs but did not integrate their approach with HBIM 
technology. Similarly, Zollini et al. [2020, pp. 1–16] 
employed UAV photogrammetry in conjunction with 
Object-Based Image Analysis (OBIA) to detect and 
quantify surface deterioration and cracks in concrete 
bridges. Although their method is effective in identify-
ing and quantifying concrete deterioration, it also lacks 
integration with BIM systems. This paper aims to en-
hance current photogrammetry-based building deteri-
oration quantification methods by further integrating 
them with HBIM systems, thus addressing this critical 
gap in existing research.

Historical and architectural significance  
of Alwatzikhoebillah Palace

The subject of this study is the historic edifice that 
constitutes the primary structure of Alwatzikhoebillah 
Palace in Sambas, West Kalimantan. This edifice holds 
historical significance as a component of the Sambas 
Sultanate, which attained prominence in the seventeenth 
century [Kusnoto, Firmansyah 2016, pp. 19–28; Zain et 
al. 2024, pp. 11–21]. The Sultanate was established in 
1631 by Raden Sulaiman, who became its inaugural Sul-
tan [Kusnoto, Firmansyah 2016, pp. 19–28; Posha 2024, 
pp. 18–37]. The palace itself was constructed between 
1933 and 1935 under the direction of Sultan Muhammad 
Mulia Ibrahim Syafiuddin. It is situated at the confluence 
of the Sambas Kecil, Subah, and Teberau rivers.

The architectural style of the palace is represent-
ative of traditional Malay design, with wood utilized 
as the primary building material [Norita et al. 2022, 
pp. 482–491]. The design exhibits the influence of the 
Dutch East Indies colonial era, particularly in its sym-
metry and geometric patterns, which are imbued with 
Islamic symbolism [Posha 2024, pp. 18–37]. For exam-
ple, the octagonal design on the second floor represents 
the eight cardinal directions, while the rectangular roof 
symbolizes the four attributes of the Prophet Muham-
mad [Posha 2024, pp. 18–37]. The palace’s ornamen-
tation includes squares, triangles, circles, and trape-
zoids, with roof structures combining triangular and 
trapezoidal shapes, as well as repeated circular patterns 
[Zain et al. 2024, pp. 11–21]. These elements serve to 
reinforce the Islamic identity of the palace, reflecting 
the religious foundation of the Sambas Sultanate.

The palace was rebuilt during the reign of Sultan 
Muhammad Mulia Ibrahim Syafiuddin, with the orig-
inal design from Sultan Muhammad Syafiuddin II’s 
era being maintained [Posha 2024, pp. 18–37]. Nota-
ble renovations were conducted by the West Kaliman-
tan government between 1984 and 1985 [Posha 2024, 
pp. 18–37]. Subsequently, efforts to maintain the palace 
have been ongoing, with the objective of preserving its 
structure and intricate ornamental features [Zain et al. 
2024, pp. 11–21]. As observed by Norita et al. [2022, 
pp. 482–491], the deterioration of the palace’s wooden 

elements can be attributed to a combination of biolog-
ical and non-biological factors. The former encom-
passes the presence of fungi, while the latter includes 
weather-related mechanical erosion.

Preserved as a cultural heritage site, the Alwatzik-
hoebillah Palace serves as a tourist destination. The his-
torical and architectural significance of the Sambas re-
gion is a key factor in the region’s identity [Posha 2024, 
pp. 18–37]. The objective of the conservation efforts is 
to maintain the traditional Malay woodcarving motifs 
and symbolic decorations that reflect the region’s rich 
cultural heritage.

Methods

This study employs digital documentation methods to 
assess and detect deterioration in the building’s exteri-
or envelope, which was mapped in 3D Building Infor-
mation Modeling (BIM). By integrating these digital 
assessments, the HBIM processes deterioration data on 
the building in order to calculate patterns of impact. 
The data can then be used to inform further action 
with regard to the physical elements of the building, 
with the aim of preserving and conserving the cultural 
heritage structure through the use of BIM modeling. 
This approach allows for the monitoring of the cur-
rent condition of the building. The data collected on 
the physical elements, which are influenced by biolog-
ical factors (mold and mildew), non-biological factors 
(weather, chemicals), and mechanical factors, are pro-
cessed to determine the extent of deterioration of the 
wood surface.

The study by Norita et al. [2022, pp. 482–491] 
represents a foundational stage for the present re-
search, constituting a pioneering effort in the use of 
photogrammetry and Building Information Mode-
ling (BIM) for the documentation and assessment 
of deterioration in heritage buildings. The study fo-
cused on the Alwatzikhoebillah Palace and employed 
a combination of manual measurements, close-range 
photogrammetry, and UAV imagery to create 3D 
models and map surface damage. Although this ap-
proach yielded valuable insights, it primarily con-
centrated on 2D surface mapping and basic quanti-
fication, without a more comprehensive integration 
into HBIM. Building on this foundational work, this 
study extends the methodology by improving the 
quantification of deterioration and enhancing accu-
racy. The objective of this study is to develop a more 
robust system for calculating and tracking structural 
and surface deterioration on the building envelope, 
including the exterior walls, openings, and roof, by 
integrating UAV photogrammetry with HBIM. This 
will facilitate a more comprehensive and precise 
analysis, thereby enabling the implementation of 
more effective preservation and maintenance strat-
egies for heritage structures.

The process of creating the BIM model commenc-
es with the recording of the object in question using 
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the BIM system, thereby establishing it as a parametric 
component. The parametric object prototype library is 
then mapped to the point cloud. Point cloud data for 
HBIM can be obtained from image-based or photo-
grammetric or structure-from-motion (SfM) tech-
niques (Chiabrando et al., 2017, pp. 605–612). The fi-
nal product is a three-dimensional model that includes 
detailed information regarding the construction meth-
od and material composition. The implementation of 
HBIM 3D modelling facilitates the identification of 
deterioration without causing damage to the fragile 
historical structure. Moreover, this methodology gen-
erates comprehensive and detailed technical drawings, 
which are instrumental in the conservation and man-
agement of historic buildings.

The data obtained from the building survey is pro-
cessed using the Agisoft Metashape software as a ref-
erence for three-dimensional modeling, which is then 
imported into Blender using the digital asset exchange 
(DAE) file format. Subsequently, the process is contin-
ued using SketchUp for the delineation of each com-
ponent of the edifice. Subsequently, the SketchUp file 
is imported into Autodesk Revit, which is used to con-
struct a new building model for the purpose of storing 
information in a Building Information Model (BIM).

The unmanned aerial vehicle has been indispensa-
ble to this project. Given the condition of the building, 
it was not feasible to reach the top of the building to 
carry heavier equipment or directly measure its height. 
It should be noted that unmanned aerial vehicles do 
have certain limitations. For example, the flight will be 
adversely affected if there are additional trees in close 

proximity to the watchtower. Data collection and pro-
duction for the tree leaves presents a significant chal-
lenge. Two methods were employed for the collection 
of field data, in order to accommodate the specific 
circumstances of the case study of heritage buildings. 
Two-dimensional images of the data were collected 
with great care from the air using the drone technique 
and from the ground using the DSLR camera. This 
was done in order to obtain a map of the distribution 
pattern of the deterioration on the building envelope 
surface.

The mapping of deterioration patterns in physical 
elements is conducted on the building envelope in 
two phases. The initial phase entails the mapping of 
the subject matter using Joint Photographic Experts 
Group (JPEG) photo data, which is then rendered into 
three-dimensional modelling material by means of 
Autodesk Revit software. The photographic data will 
provide information about the unobstructed portions 
of the building elements. The material from the pho-
tograph serves as a reference for mapping. Phase two 
entails mapping on Autodesk Revit using the filled 
region feature for the photograph of the building el-
ements that are situated in obstructed portions of the 
surrounding environment. The regions are assigned a 
color based on the color code, as illustrated in Table 1. 
This feature also stores information pertaining to de-
terioration factors that occur in the building envelope, 
which are marked with letters, as shown in Table 2 and 
number codes.

Results

Based on the field observation data above, building visu-
alization uses photo data as modeling material (Figure 1 
a) while the visualization in Figure 1b shows the original 
color of the material from the front facade of the build-
ing. The building elements were observed to undergo a 
color change, manifesting as gray at the roof covering el-
ements. Additionally, the roof covering exhibited a tran-
sition from gray to brown. The floor material and the 
foundation cover element at the base exhibited a black 
stain, which had also taken on a brown hue.

Deterioration 
factor 

Color Source

White rot  White [Shang et al. 2013]
[Riggio et al. 2015]

Brown rot Wistful [Reinprecht 2016]

Brown

Soft rot Brown [Reinprecht 2016]

Stain Black [Zabel, Morrell 2020]

Green

Blue

Brown

Wistful

Grey

Red

Purple

Moss Green [Sáiz-Jiménez 1999, 
pp. 27–37]

Mechanical ero-
sion and weather

Brown [Zabel, Morrell 2020]

Grey

Strong acid Brown [Zabel, Morrell 2020]

Strong base White [Zabel, Morrell 2020]

Table 1. Color codification of the deterioration factor.

Code Deterioration factor

A – white rot
– Strong Base

B – brown rot
– stain

C – brown rot
– soft rot
– stain
– Weather Influences
– Strong acid

D – stain
– Moss

E – stain
– Weather Influences

F – I – stain

Table 2. Codification for the impacts type of the deterioration factor.
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The occurrence of color changes within the building 
is indicated by the pattern of deterioration visible on the 
facade. The color change from black to gray is indicated 
by code E (Figure 1b), which corresponds to the deteri-
oration factor indicator. The observed discoloration of 
the wood material can be attributed to the action of fun-
gi or mechanical erosion and the effects of weathering. 
The deterioration of roof coverings may be caused by a 
number of factors, including the presence of brown rot 
fungi, soft rot fungi, wood-colouring fungi, mechanical 
erosion, weather changes, and strong acids. A blackish 
discoloration on the floor and beneath the foundation is 
indicated by code F, signifying deterioration due to stain.

The deterioration observed on the rear facade of the 
building was limited to the roof covering and the sheet 

covering under the foundation. The roof covering ex-
hibited a change in color from its original black hue to 
light and dark gray tones (code E) (see Figure 2). The 
covering sheet located beneath the foundation exhibits 
a black coloration, indicative of stain-related deteriora-
tion (code F).

A visual inspection of the rear facade revealed a no-
table contrast in coloration between the roof covering 
and the surrounding area. The roofing material, which 
was originally black, has almost completely lost its pig-
mentation. The black coloration on the facade has been 
replaced with light and dark grey hues. It was not pos-
sible to visualize the color stains under the foundation 
due to the presence of vegetation around the building, 
which obstructed parts of the covering sheet. The vis-

Fig. 1. The front facade of the main building of the Alwatzikhoebillah Palace; by N. Norita.
Ryc. 1. Frontowa elewacja głównego budynku pałacu Alwatzikhoebillah; autor: N. Norita.

Fig. 2. The rear facade of the main building of the Alwatzikhoebillah Palace; by N. Norita.
Ryc. 2. Tylna elewacja głównego budynku pałacu Alwatzikhoebillah; autor: N. Norita.
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ualization (see Figure 2b) demonstrates deterioration 
to the roof covering, stirrups, and stairs. The covering 
sheet under the foundation and floor was found to be 
in a state of deterioration. However, it was not pos-
sible to visualize this deterioration directly, so it was 
sketched directly as the original building documenta-
tion for visualization purposes.

The deterioration of the roof covering elements vis-
ible on the left facade (Fig. 3) of the building is identical 
to that observed on the right facade. The deterioration 
is caused by the presence of stains or moss, which im-
part a green coloration to the affected area. However, 
the roof covering on this facade is also subject to attack 
by white rot fungal factors or a strong base, resulting in 
the formation of white stains. The non-structural ele-
ments of the wall on the left facade display a brownish 
discoloration, which may be attributed to brown rot 
fungi, soft rot fungi, stains, mechanical erosion, weath-
er changes, or the action of strong acids (code C). Fur-
thermore, the presence of black stains was observed 
on the wall, which can be attributed to the combined 
effects of staining agents (code F) and wood-colouring 
fungi (code E).

The stairs are exhibiting signs of deterioration due 
to a combination of factors, including stains, mechan-
ical erosion, and weathering. Additionally, the steps 
and risers of the stairs have been subjected to attack by 
white rot or strong alkaline fungi (see Figure 3). The 
stair baluster exhibits the effects of deterioration as 
defined by code factor C. The covering sheet of the 

foundation on the left facade has also undergone a 
change in color, appearing green due to the presence 
of wood-coloring fungi or moss. Additionally, brown 
spots have been observed, classified as an effect of code 
factor C. The stirrups on this side have also demon-
strated deterioration, attributed to the same factors that 
have caused deterioration under the foundation. The 
structural elements of the column exhibit the effects of 
wood-coloring fungi and white rot fungi, as well as a 
robust foundation.

A deterioration effect was observed on the right fa-
cade (see Figure 4), specifically in the section of the 
bracing material that constructs the wall element. This 
section appears to be no longer intact. This section 
displays grayish spots, which indicate deterioration 
classified as category E according to the code. The 
deterioration is caused by wood-coloring fungi, me-
chanical erosion, and weather changes. Additionally, 
deterioration effects were observed on non-structural 
wall elements coated with yellow paint, resulting in the 
formation of brown stains. This condition is classified 
under code factor C, which encompasses brown rot 
fungi, soft rot fungi, wood-coloring fungi, mechanical 
erosion, and weather changes, as well as strong acids.

The non-structural elements of the stairs, including 
both the steps and the riser, have suffered deterioration 
due to the combined effects of wood-colouring fun-
gi, mechanical erosion, and weather changes, classified 
under code E. Additionally, the deterioration observed 
on the right side of the staircase’s main structure can be 

Fig. 3. The left facade of the main building of the Alwatzikhoebillah Palace; by N. Norita.
Ryc. 3. Lewa elewacja głównego budynku pałacu Alwatzikhoebillah; autor: N. Norita.
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attributed to the presence of white rot fungus or strong 
base (code A). Another deterioration effect factor that 
affects the staircase elements is code factor C. The low-
er part of the building, situated beneath the foundation 
on the right side, also exhibits a change in coloration 
to green, which is attributed to the presence of wood- 
coloring fungi or moss. The brown spots observed in 
this area are categorized as a result of code factor C.

Identification of deterioration effect  
on the physical element

This study builds upon the work of Norita et al. [2022, 
pp. 482–491] by advancing the integration of un-
manned aerial vehicle (UAV) photogrammetry with 
historic building information modeling (HBIM) to 
reassess the structural and surface conditions of his-
torical building envelopes. While Norita et al. [2022, 
pp. 482–491] concentrated on the utilisation of UAVs 
for fundamental structural evaluations, this study takes 
a more comprehensive approach by emphasising 3D 
digital modelling using Structure from Motion (SfM), 
thereby creating more precise and comprehensive 
models of facades and roofs. The improvement lies in 
the enhanced accuracy in quantifying deterioration ar-
eas, which allows for a more detailed and systematic 
analysis of the impact of such deterioration on various 
building components.

In light of these assessments, two distinct deterio-
ration mechanisms were identified as the underlying 
causes of the observed condition of the elements. The 
first category comprises elements coated with paint, 
while the second category comprises elements that are 
uncoated. The roof covering elements are not coated 
with paint, whereas the floor covering, foundation 
sheet, and exterior floor have been coated with paint. 
In contrast with the stairs, all the components of the 
stair railing have been painted, with the exception of the 
steps. The application of a coating has been demonstrat-
ed to enhance the durability of the material. In a study 
conducted by Santos-Bobadilha (2020), the perfor-
mance of coated and uncoated wood samples was com-
pared. The uncoated wood samples exhibited a greater 
proclivity towards deterioration as a consequence of en-
vironmental factors, including moisture and ultraviolet 
(UV) radiation, in comparison to the coated samples, 
which demonstrated superior water repellency and re-
duced swelling [Santos-Bobadilha, 2020].

The deterioration of the roof covering elements 
that are not coated with paint on the building with the 
most significant area is caused by wood-colouring fun-
gi or mechanical erosion and weather changes (code E), 
which collectively account for 48.88% of the total roof 
covering surface area. The proportion of deterioration 
caused by white rot fungi or strong bases is minimal, 
representing only 0.08% of the total area. The presence 

Fig. 4. The right facade of the main building of the Alwatzikhoebillah Palace; by N. Norita.
Ryc. 4. Prawa elewacja głównego budynku pałacu Alwatzikhoebillah; autor: N. Norita.
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of brown rot fungi, soft rot fungi, wood-colouring fun-
gi, mechanical erosion, and weather changes or strong 
acids with a brown staining effect was observed in up 
to 0.60% of the samples. 

This underscores a significant challenge in the 
evaluation of biological deterioration, particularly in 
the context of heritage buildings constructed from or-
ganic materials. The study’s emphasis on fungal and 
moss-related deterioration represents a significant ad-
vancement in the field of preservation techniques. In 
comparison to the pioneering work of Sánchez and 
Quirós [2017, pp. 21–30], which introduced the use of 
low-cost material detection through spectral classifica-
tion, this study builds upon their work by integrating 
photogrammetry with HBIM, with the specific aim of 
addressing the preservation of wooden historical struc-
tures. The combination of high-accuracy deterioration 
quantification with a cultural heritage focus renders 
this study more comprehensive and applicable to re-
al-world conservation efforts. 

Meanwhile, deterioration due to wood-colouring 
fungi or moss with a green stain effect was 2.86%. The 
deterioration factor for the elements of the stairs with a 
white effect was 0.83% on the painted section and 0.09% 
on the unpainted section. Additionally, the presence of 
brown stains is frequently observed on painted staircas-
es, with an estimated prevalence of 1.14%. Additionally, 
the stairs exhibit a gray color effect, resulting in deterio-
ration of 0.69% on the painted surface and 0.89% on the 
unpainted surface. Another noteworthy phenomenon is 
the presence of a black stain on painted elements, which 
was observed to have a severity of 0.85%.

On the floor, minor deterioration caused by 
wood-coloring fungi (code F) was observed, affect-
ing a mere 1.39% of the total floor surface area. An-
other form of floor deterioration is caused by wood- 
coloring mold with a green stain effect. The observed 
deterioration was found to be as much as 1.07%. The 
architectural elements situated beneath the founda-
tion exhibited indications of deterioration attributable 
to the wood-colouring fungus factor (Code F), which 
constituted 0.78% of the total surface area beneath the 
foundation of the building. These findings align with 
the methodology proposed by Zollini et al. [2020, 
pp. 1–16] for condition assessments that lacked the 
capacity to monitor changes over time. The incorpo-
ration of HBIM into this study affords the opportuni-
ty for long-term monitoring, thereby enabling stake-
holders to continuously track deterioration and make 
informed decisions regarding proactive maintenance. 
Similarly, while Russo et al. [2019, pp. 1–20] concen-
trated primarily on surface-level mapping and visu-
alization, their methodology lacked a mechanism for 
storing, managing, or tracking deterioration data over 
time. Furthermore, a green stain effect was observed at 
a rate of 0.58%, while a brown stain effect was noted at 
a rate of 0.23%. The deterioration of wall architectur-
al elements was attributed to the code C factor, which 
may be caused by brown rot fungi, soft rot fungi, wood- 

coloring fungi, mechanical erosion, and weather changes, 
as well as the presence of strong acid with a concentration 
of 0.68% of the total wall surface area of the building mass. 
Additionally, three other colors were observed on the wall 
surface: green, gray, and black. The green spot effect was 
0.04%, the grey spot effect was 0.05%, and the black spot 
effect was 0.12%. These results further demonstrate the 
value of integrating photogrammetry with HBIM, as this 
study offers a more robust and functional system that al-
lows for the continuous monitoring of structural condi-
tions and a more comprehensive understanding of long-
term deterioration trends. This methodology is therefore 
highly effective for heritage conservation, where the long-
term preservation of historical structures is of critical im-
portance.

As time progresses and conditions change, the 
complexity and difficulty of conservation practices 
increase [Eryudhawan, Andi 2021, pp. 43–54]. The 
attributes of performance and inventiveness are both 
inherent to the role of the conservator. The identifica-
tion results may prove invaluable in determining the 
subsequent steps necessary to preserve and conserve 
the Alwatzikhoebillah Palace. In accordance with the 
principles of conservation, the treatment of Alwatzik-
hoebillah Palace must be applied to both the functional 
and formal elements in order to preserve the cultural 
significance of the building’s meaning. Furthermore, 
this study has contributed to a broader understand-
ing of the deterioration of wooden structures. While 
previous research using photogrammetry has focused 
on stone structures, such as that conducted by Pozo- 
Antonio et al. [2019, pp. 227–236] and Dörtbudak et 
al. [2023, pp. 62–68], Russo et al. have concentrated on 
masonry materials, including brick and stone. Sánchez 
and Quirós [2017, pp. 21–30] have primarily addressed 
granite surfaces. This study, however, broadens the 
scope by addressing wooden materials, thereby filling 
technological and material-type gaps left by previous 
studies. The collective findings of these studies provide 
a more comprehensive framework for the monitoring 
and preservation of a broader range of historical mate-
rials and deterioration processes.

Conclusions

From the observation of the identification of the 
building envelope, it can be seen that the latest con-
ditions demonstrate a significant impact of this build-
ing on the roof. Other physical elements have been 
protected by a layer of paint, thereby preventing se-
vere impacts. The anticipation of further actions in 
any given area is identified as a means of reducing the 
effects of deterioration on the roof of the building. It 
is recommended that further discussion be held with 
the building administrator to determine the most 
appropriate course of action for controlling physical 
elements outside the building that are significantly 
impacting the deterioration of the building’s physi-
cal elements. Appropriate data storage in a database 
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allows for the documentation of a building’s physical 
elements, which can then be used to enhance the ma-
terial condition of the building in the future through 
the implementation of a suitable preservation meth-
od, thus ensuring the continued protection of a cul-
tural heritage site. The essential data and information 
derived from the identification process will inform 
the subsequent actions necessary for the preservation 
and conservation of Alwatzikhoebillah Palace.

This study has successfully integrated advanced 
photogrammetry with HBIM to enhance the accu-
racy of deterioration assessment. By extending previ-
ous methodologies, the study not only maps but also 
quantifies the affected areas, thereby providing a more 
comprehensive analysis of the building’s structural 

health. The most significant findings indicate a per-
vasive deterioration of wooden elements, particularly 
on the roof, where fungal infestation and mechanical 
erosion are prominent. Conversely, other areas exhibit 
superior preservation due to the presence of protective 
paint layers. This comprehensive evaluation of the pal-
ace’s condition not only documents the current state 
of deterioration but also establishes a foundation for 
future preservation efforts, thereby supporting the ob-
jective of providing precise data for the conservation 
of cultural heritage buildings. The precise mapping 
and calculation of deterioration patterns facilitate more 
informed decision-making with regard to the palace’s 
maintenance, thereby ensuring the long-term preser-
vation of the building.
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Streszczenie

Zabytkowe budynki w Azji Południowo-Wschodniej, 
w większości wykonane z drewna, są szczególnie po-
datne na degradację, zwłaszcza po wiekach istnienia. 
Celem tego badania było zmapowanie i obliczenie ob-
szaru zniszczeń w powłoce budynku historycznego za 
pomocą modelowania cyfrowego, aby ponownie oce-
nić stan jego elementów fizycznych. Przedmiotem ba-
dania jest Pałac Alwatzikhoebillah w mieście Sambas, 
w Indonezji. W badaniu wykorzystano fotogrametrię 
do stworzenia modelu 3D fasad i dachu przy użyciu 
modelowania BIM. Analiza powłoki budynku wykaza-
ła znaczną degradację dachu, gdzie 48,88% powierzch-
ni zostało uszkodzone głównie przez grzyby barwiące 
drewno oraz erozję mechaniczną. Z kolei elementy 
pokryte farbą, w tym ściany i schody, wykazują lepszą 
konserwację. Badanie to rozwija wcześniejsze prace 
poprzez integrację fotogrametrii z HBIM, umożliwia-
jąc precyzyjniejsze śledzenie degradacji i długotermi-
nowy monitoring, kluczowy dla ochrony drewnianych 
zabytków.

Abstract

Historic buildings in Southeast Asia, predominantly 
made of wood, are highly susceptible to deterioration, 
especially after centuries of ageing. The aim of this 
study is to map and calculate the area of deteriora-
tion on the envelope of a historic building using dig-
ital modelling to review the physical condition of its 
elements. The subject of this study is the Alwatzik-
hoebillah Palace in Sambas, Indonesia. In this study, 
photogrammetry was used to create a 3D model of 
the facades and roof using BIM modelling. As a re-
sult of the building envelope analysis, significant de-
terioration was found on the roof where 48.88% of 
the surface area is affected mainly by wood coloring 
fungi and mechanical erosion. Meanwhile, painted el-
ements, including walls and stairs, show better pres-
ervation. This study improved on previous research 
by integrating photogrammetry with HBIM, allowing 
for more accurate tracking of deterioration and long-
term monitoring, which is critical for the conserva-
tion of wooden heritage.


