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Abstract

This study proposed a basic hand-drawn technical drawings skill (BHTDS) assessment
framework to evaluate the BHTDSs of undergraduate students in terms of six indicators,
namely (S1) cleanliness, (S2) line transparency, (S3) drawing weight, (S4) precision in drawing,
(S5) completeness, and (S6) text. The relevance of the six indicators was evaluated by a
random sample of 25 experts in structural design, architecture, engineering, and academia and
a questionnaire was developed to collect data from the sample. This study employed a
quantitative methodology using I0OC analysis, confirmatory factor analysis (CFA), and structural
equation modeling (SEM). Statistical analysis and structural equation modeling were
performed to validate the indicators by using a random sample of 200 experts, architects, and
engineers. All BHTDS indicators were acceptable, with factor loadings of 0.86-0.94 (R* = 0.74-
0.88), a composite reliability of 0.96, and an average variance extracted of 0.81. The validated
BHTDS framework was used to assess the skills of 39 undergraduate students. The purpose of
this research was to develop and validate a Basic Hand-Drawn Technical Drawing Skills (BHTDS)
assessment framework for undergraduate architecture students. The students achieved the
highest average score for cleanliness (6.54), followed by perfection (6.49). According to the
results of the assessment, the aspect that required the least effort to perfect was the
correctness of the students’ drawings, which had the lowest score (6.07).

Keywords: Assessment, Basic drawing skills, Hand-drawn, Technical drawing, Validation

indicators



1. Introduction

Technical drawings are a cornerstone of professional practice in architecture,
engineering, and technology, facilitating crucial communication between the creators of ideas
and the producers who bring those ideas to life (Eckert & Boujut, 2003; Gao, Walters, Jaselskis,
& Wipf, 2006; Stacey, Eckert, & McFadzean, 1999; Tai, 2022). These drawings function as a
universal language, designed to be clearly understood by engineers, contractors, and architects
alike. Given their essential role, professionals in these fields must master technical drawing
skills, beginning with the fundamental competence of Basic Hand-Drawn Technical Drawing
Skills (BHTDS) (Oakley, 2019; Sharma, Murugadoss, & Rambabu, 2020).

In higher education systems g¢lobally—including those in Thailand, Malaysia,
Indonesia, Japan, the United Kingdom, and the United States—BHTDS is recognized as the
foundational basis for a wide range of skills related to architecture, engineering, and industrial
operations (Triyono, Trianingsih, & Nurhadi, 2018). Even with the increasing prevalence of digital
drawing tools, the practice of manual sketching has retained its importance, and in countries
like Thailand, BHTDS-related courses remain a mandatory component for all technician
programs, from vocational certificates and diplomas to university degrees. The enduring value
of BHTDS is also seen in its ability to help students engage more deeply with technical subjects
they might otherwise find unappealing (Ware, 1896). In higher education, including Thailand,
Malaysia, Indonesia, Japan, the United Kingdom, and the United States, BHTDS serves as the
basis for the vast majority of basic skill related to architecture, engineering, and industrial
operations (Triyono, Trianingsih, & Nurhadi, 2018).

Within the specific context of architecture, students are required to learn construction
technical drawing alongside a broad curriculum that includes design, history, commerce, and
law. Technical drawing is an indispensable skill for architects, allowing them to effectively
communicate their design concepts to the builders, contractors, and other professionals
involved in the construction process. This involves using specialized tools like rulers,
compasses, and protractors to create precise drawings that convey critical details such as
dimensions, materials, and construction techniques, ensuring a project is built correctly and
safely. Coursework typically begins with basic techniques like sketching and shading,
progressing to more advanced topics such as perspective drawing, rendering, and 3D modeling

(Ching, 2019; Yee, 2012). Students learn to produce a full range of technical documents,



including plans, elevations, sections, and details (Robbins & Cullinan, 1994). While traditional
drafting techniques are central, many architecture programs now integrate computer-aided
design (CAD) software, enabling students to create adaptable digital models. Ultimately, the
goal is to equip students with the skills needed to communicate their design ideas effectively
to all industry stakeholders, from clients to building officials (lulo, Weinreb, Aviles, & Ling,
2017; Meyer & Norman, 2020).

The quality of hand-drawn technical work is determined by several crucial factors,
including line weight, correctness, and the consistency of text type and font (Ching, 2019;
Fakhry, Kamel, & Abdelaal, 2021; Herbert, 1993; Mahmoud, Kamel, & Hamza, 2020; Peters,
2020; Ware, 1896; Xu, 2020). Assessing these qualities is vital, as assessment results can reveal
the strengths and limitations of students, which in turn informs their growth and the ongoing
development of educational curricula (Henderson & Phillips, 2014; Lew & Nelson, 2016). By
analyzing these results, educators can identify areas where students are excelling or strugsling,
allowing for tailored instruction to meet individual needs (Bates, Konkin, Suddards, Dobson, &
Pratt, 2013). Furthermore, if a significant number of students consistently face difficulties with
a particular concept, it may signal a need to revise teaching methods or the curriculum itself
(Sundberg, 2002).

To create a standardized and effective method for this evaluation, a recent study
was conducted to identify and validate key indicators of BHTDS. These indicators are designed
to assess the skills of architectural, engineering, and technical students at all educational
levels and ensure they meet the needs of employers. The six proposed BHTDS indicators are:

(S1) Cleanliness

(S2) Line transparency

(S3) Drawing weight

(S4) Precision

(S5) Completeness

(S6) Text

These indicators underwent a rigorous validation process. First, they were subjected
to expert validation using item-objective congruence (IOC) analysis. Following this, their
applicability and relevance were evaluated through questionnaires distributed to a sample of

entrepreneurs (in structural design and architecture), architects, and engineers. The data from



these questionnaires were then statistically analyzed using confirmatory factor analysis (CFA)
to identify the factor loadings of each indicator. In structural equation modelling (SEM), a factor
loading of 0.6 or higher suggests a strong effect. This analysis was performed using the Analysis
of Moment Structures (AMOS) statistical program, a module of SPSS. The results of the analysis
verified the proposed indicators, providing a powerful, validated tool for assessing BHTDS. The
findings of this study can be directly incorporated into the evaluation process for architecture
students and others in technical fields, promoting student growth and improving the overall
quality of education by aligning academic skills with professional necessities (Ware, 1896).
The contextual "problems" of BHTDS skills assessment in Thailand have been clarified
by elucidating the discrepancy between teaching and assessment. The theoretical aspects of
hand-drawing are still emphasised in Thai architecture curricula, but the assessment process
lacks standardised and validated criteria. Consequently, there is a discrepancy between the
curriculum and the assessment of student performance. This research endeavours to resolve
this issue by creating and verifying a systematic assessment framework that will serve as a

bridge.

2. Indicator Review and Research Framework

Validated Framework
(I0C, CFA, SEM)

Educational Outcomes
(Improved Skills,
Curriculum Feedback)

Problem
(Gap in Teaching vs
Assessment)

BHTDS Indicators /
(S1-S6)

Student Assessment

(Architecture
Undergraduates)

Figure 1 Conceptual framework of the study

Figure 1 demonstrates the connection between the identified issue (the divide
between instruction and assessment), the six BHTDS indicators (51-56), the validation process

(I0C, CFA, SEM), and their implementation in student assessment. The results emphasise



enhanced drawing abilities and feedback on curriculum development for architectural
education.

The BHTDS (Building and Housing Technical Drawing Standards) holds immense
importance for architectural students as it serves as a valuable benchmark for evaluating their
technical drawing skills in the context of building and housing projects. Each indicator within
the BHTDS provides specific insights and benefits for architectural students:

(S1) Cleanliness:

For architectural students, cleanliness holds significant importance as it directly
reflects their professionalism and attention to detail. Technical drawings serve as essential
tools for communicating and visualizing architectural concepts, making their clarity and
neatness paramount (Ceylan, Sahin, Secmen, Somer, & Sther, 2021; Charitonidou, 2023). By
following standards for legible lettering, pristine paper, and correct pagination, students
develop the discipline needed to produce work that meets industry expectations. Clean, well-
organized drawings facilitate effective communication with clients, contractors, and other
stakeholders, which is critical during the construction phase. The precision and accuracy
demonstrated through cleanliness minimize the risk of misunderstandings and errors,
contributing to successful project outcomes. This practice nurtures an architect's ability to be
meticulous, a fundamental skill for ensuring design accuracy and functionality (Liu, Castronovo,
Messner, & Leicht, 2020; Milo, 2020). Furthermore, the habit of cleanliness translates into
visually appealing drawings that enhance a student's professional portfolio, showcasing their
skills to potential employers and boosting career prospects in a competitive industry (Ostime,
2019). This principle also extends to comprehensive project documentation. Properly
organized drawings with correct pagination streamline reviews and revisions, demonstrating a
student's capacity to manage complex projects effectively (Baduge et al., 2022). Ultimately, an
emphasis on cleanliness equips architectural students with the foundational habits for
professional excellence, positively impacting their future projects and contributions to the built
environment.

(S2) Line Transparency:

Line Transparency (S2) is a crucial indicator for architectural students, directly
influencing the clarity and visual impact of technical drawings (Rosales, 2022; Charitonidou,

2023). By focusing on creating crisp, well-defined lines, students learn to precisely convey
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design elements, spatial relationships, and construction details, which fosters a high degree of
precision and consistency in their work (Ching, 2019). This clarity is vital for delineating different
architectural components, ensuring drawings are coherent and organized. By avoiding
overlapping or indistinct lines, students enhance the legibility of complex designs, which helps
prevent potential misunderstandings and errors during the construction phase (Charitonidou,
2023). Furthermore, this practice develops an eye for aesthetically pleasing presentations, as
drawings with sharp, uninterrupted lines evoke a sense of professionalism and visual appeal.
Effective line transparency also underpins successful collaboration. When technical drawings
have well-defined lines, they facilitate seamless communication among design teams and
stakeholders, creating an efficient working environment essential for any project's success.
Mastering line clarity equips students with the skills to produce drawings that are technically
accurate, visually engaging, and easily understandable, laying a strong foundation for a career
where precision and effective communication are paramount.

(S3) Drawing Weight:

For architectural students, the indicator of Drawing Weight (S3) is of significant
importance, as it involves the skillful use of varying line thicknesses to convey depth,
dimension, and visual hierarchy in technical drawings (Charitonidou, 2023). The ability to
control line weight is fundamental to shaping the visual representation of a design and
enhancing its overall clarity and impact (Ching, 2019). By employing different line
weights purposefully, students learn to create a clear visual distinction between elements.
Heavier lines can represent objects closer to the viewer or define primary structural forms,
while lighter lines can indicate finer details or background elements. This technique imbues
flat drawings with a sense of three-dimensionality, making them more comprehensible and
visually engaging. This nuanced precision elevates the quality of architectural representations
and fosters a keen understanding of visual priority. Furthermore, astering drawing weight is
crucial for effective communication throughout the design and construction process. Clear line
weights help articulate materiality and spatial relationships, enabling clients and construction
teams to accurately visualize the final project. Adherence to industry standards for drawing
weight ensures that technical documents are professional and unambiguous, facilitating
seamless collaboration among all stakeholders in the architectural field (Sharifjanovna, 2022).

Ultimately, this skill combines technical proficiency with aesthetic sensibility, empowering



students to produce drawings that are not only accurate but also communicate design ideas
with depth and finesse, laying the groundwork for a successful career.

(S4) Precision in Drawing:

The indicator of Precision in Drawing (S4) is immensely important for architectural
students, evaluating their ability to produce accurate and meticulously detailed technical
drawings (Charitonidou, 2023; Ching, 2019). Precision is a cornerstone of architectural
documentation, ensuring that drawings reliably convey design intent through the correct use
of line weights and standard symbols for floors, doorways, levels, and directional arrows. When
executed with precision, these drawings become dependable references for construction
teams, enabling them to accurately translate concepts into tangible structures (Adilov, 2022;
Bianconi, Filippucci, & Buffi, 2019). A focus on precision enhances a student's ability to create
documents that are readily interpretable, reducing the likelihood of costly misunderstandings
and errors during project implementation. The correct application of annotations and symbols
ensures that drawings provide a comprehensive and accurate representation of the design
(Adilov, 2022). This practice instills a professional mindset of meticulousness and attention to
detail, which is critical for adhering to building codes, regulations, and safety standards in
professional practice (Alnusairat, Al Maani, & Al-Jokhadar, 2021; Sharifjanovna, 2022). Moreover,
this indicator teaches students to critically review their work, identify errors, and continuously
refine their skills (Al-Malah, Hamed, & Alrikabi, 2020). By mastering precision, architectural
students enhance their ability to communicate effectively with all stakeholders and develop
the foundational skills necessary for a successful career where accuracy is essential for turning
architectural visions into reality.

(S5) Completeness:

The indicator of Completeness (S5) is vital for architectural students, assessing their
ability to deliver well-organized, comprehensive, and timely technical drawings (Charitonidou,
2023). This extends beyond including all essential plans, sections, and elevations; it also
encompasses meeting project deadlines, a critical aspect of professional practice (Alnusairat
et al,, 2021; Ching, 2019). By delivering complete drawings on time, students demonstrate
professionalism and reliability, traits highly valued in the industry (Al-Malah et al., 2020).
Comprehensive documentation is crucial for effective collaboration. When drawings are

complete, they enhance communication and coordination between project teams and



stakeholders, minimizing the risk of misunderstandings or delays during construction (Alnusairat
et al,, 2021; Bianconi et al., 2019). This indicator fosters a meticulous, detail-oriented approach,
encouraging students to review their work thoroughly to ensure no critical information is
omitted. Ultimately, completeness is essential for building a strong professional portfolio that
showcases a student's capability to manage and document projects thoroughly. Adhering to
standards of completeness prepares students to meet industry expectations, where
comprehensive technical drawings are fundamental to successful project execution and clear
communication among all parties involved.

(S6) Text: The Text (S6)

The effective use of text in technical drawings is a critical indicator of an architectural
student's communication skills, providing essential context that drawings alone cannot convey
(Charitonidou, 2023). This skill involves more than just legible penmanship; it requires
thoughtful text organization and font selection to ensure all annotations, captions, and
specifications are clear and concise. By mastering written communication within their drawings,
students produce documents that are easily understood by clients, contractors, and other
stakeholders. Aesthetically organized text not only enhances the professionalism of a
presentation but also streamlines the construction process by providing unambiguous
information on materials, dimensions, and other critical elements. This attention to detail
reflects a student's commitment to precision and helps build a cohesive narrative that
effectively explains the design intent. Ultimately, proficiency in textual communication extends
beyond technical drawings into professional reports and proposals, making it a foundational
skill for a successful career (Veza, 2021). Evaluating this and other manual skills requires a
standardized approach, which is why a Basic Hand-drawn Technical Drawing Skill (BHTDS)
assessment framework is indispensable in architectural education. While digital tools are
prevalent, fundamental hand-drawing remains essential for conceptual development and
rapid ideation (Al-Malah et al., 2020; Khodeir & Nessim, 2020). The BHTDS framework provides
an objective method for assessing a student's mastery of core principles like line weight, scale,
proportion, and spatial relationships. This structured evaluation allows instructors to provide
targeted feedback, helping students improve specific weaknesses (Al-Malah et al., 2020). By
implementing a consistent assessment framework, architectural institutions uphold academic

rigor and ensure their graduates possess the competencies required to meet demanding



industry standards (Al-Malah et al., 2020; Veza, 2021). Furthermore, the framework serves as a
valuable tool for curriculum development, enabling educators to identify and address
common deficiencies in their instructional approach. It fosters a culture of continuous
improvement, encouraging students to actively refine their hand-drawing abilities throughout
their education (Veza, 2021). In essence, the BHTDS framework is crucial for empowering
students with the foundational skills needed to excel in the dynamic field of architecture,
ensuring they can communicate their visions with clarity, precision, and confidence.

The six indicators of Basic Hand-Drawn Technical Drawing Skills (BHTDS)—(S1) purity,
(S2) line transparency, (S3) drawing weight, (54) precision in drawing, (S5) completeness, and
(S6) text—were determined through a methodical approach. Initially, a comprehensive
examination of the literature on architectural and engineering drawing standards revealed
recurring criteria for evaluating the quality of technical drawings. Secondly, these criteria were
further refined through consultation with professionals and academicians in the fields of
architecture and engineering, thereby guaranteeing that the indicators accurately represented
both academic requirements and industry practices. Lastly, the indicators were validated using
the Item-Objective Congruence (I0C) method and subsequently confirmed through
confirmatory factor analysis (CFA) and structural equation modelling (SEM).

The six indicators are interconnected and collectively function to establish a
comprehensive framework for evaluation. Visual precision is crucial for the interpretation of
technical drawings, and cleanliness (S1) and line transparency (52) underscore this importance.
The accuracy and effective representation of design intent are ensured by the drawing weight
(S3) and precision (S4), which ensure that technical details are communicated reliably. By
guaranteeing that the drawings are not only technically accurate but also exhaustive and
readily comprehensible to stakeholders, the documentation is fortified by completeness (S5)
and text (S6). Collectively, these indicators establish a comprehensive framework that ensures
that academic training is in accordance with professional standards, thereby facilitating the

consistent and dependable assessment of student performance.

3. Research Methodology
This study developed Basic Hand-drawn Technical Drawing Skills (BHTDS) indicators
for Thai university curricula based on surveys of architectural and engineering businesses. Six

key skills were identified: (S1) cleanliness, (S2) line transparency, (S3) drawing weight, (S4)
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precision, (S5) completeness, and (S6) text. To validate these skills, a questionnaire using IOC
analysis was sent to 100 experts from the Association of Siamese Architects and the Engineering
Institute of Thailand, from which 25 replies were received. This sample size was deemed
statistically sufficient, as the relevancy score was >0.86, exceeding the minimum 0.60 threshold
cited for smaller expert groups (Chaisanit and Suksakulchai, 2009; Thanvisitthpon et al., 2020;
Turner and Carlson, 2003). All six BHTDS indicators proved valid, achieving high relevancy scores
of 0.86-0.96. Based on this expert validation, a subsequent questionnaire using a 10-point
Likert scale was created. This was distributed to a random sample of entrepreneurs, architects,

and engineers to further verify the indicators' relevance in professional practice.

Table 1 Basic Hand-Drawn Technical Drawings Skill Indicators

BHTDS indicators

Dimension ID Indicator Definition 10C

No tears on the paper and legible penmanship; no folds or stains and
S1 Cleanliness 0.88
correct pagination

Sharp and distinct linework; elegant and meticulous structuring with no
S2 Line transparency 0.91
indication that the collision line has been crossed

BHTDS S3 Drawing weight Awareness of line weight; deep understanding of dimension 0.96

Understanding of line weights and symbols such as floor symbols, doors,
Sa Precision in drawing 0.89
level signals, directions, and sales patterns

S5 Completeness Clean and detailed composition, on-time delivery 0.86

S6 Text Correct spelling; neat and organized layout; appropriate font size 0.89

The BHTDS indicators were the basis for a six-item questionnaire (Supplementary S2). According
to Dawson, Peppe, and Wang (2011); Thanvisitthpon (2023), an appropriate sample size is at
least 10 times the total number of items and >200. Because the present study developed six
questionnaire items for each BHTDS indicator, the sample size was 200 respondents. Prior to
SEM analysis, the data from the 200 responses were subjected to a Kolmogorov-Smirnov test,
with the null hypothesis (H,) being that the data would be normally distributed. If the observed
value is larger than the crucial value (>0.05), Hy is supported, and the data are normally
distributed (Bayraktar, Tatoglu, & Zaim, 2008; Thanvisitthpon, 2021). The six BHTDS indicators
were verified using CFA, and SEM analysis was used to evaluate their factor loadings and
reliability. The relevance of the BHTDS indicators was determined using factor loadings (0-1).

The reliability (R?) of the BHTDS indicators was used to assess the factors’ composite reliability
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(CR). SEM-based CFA was conducted using means and variance—covariance matrices rather than

a correlation matrix (Table 2).

Table 2 Correlation Matric of BHTDS Indicators

Indicator A B C D E F
A 1
B 0.81** 1
C 0.8%* 0.81** 1
D 0.82%* 0.79%* 0.86** 1
E 0.77** 0.72** 0.84** 0.9%* 1
F 0.8** 0.82%* 0.78** 0.82** 0.81%* 1

The correlation coefficients of 15 pairs were substantially different from 0 at the 0.05 level,
indicating that the correlation coefficients were statistically significant. These results are
displayed in TABLE | with the significance of the correlation coefficients. The association
between D and E and the variable with the greatest correlation coefficient had values ranging
from 0.77 to 0.90, with the highest correlation coefficient being 0.90. The smallest value was
0.77, representing the correlation between A and E. The results of the investigation of the
BHTDS indicators were developed into grading criteria with five levels, namely distinction,
medium, pass, resubmit, and fail (Table 3). The BHTDS indicators were applied to a group of

39 students studying architecture at a tertiary institution.

Table 3 Scoring Criteria for BHTDS Exam Based on BHTDS Indicators

Indicator

Scoring criteria

Distinction

10-8

Medium

7-6

Pass

5-4

Resubmit

3-2

Fail
1-0

(S1) Cleanliness

Lettering is legible,
paper is not ripped or
wrinkled, and no
erasure is visible;

pagination is correct

Lettering is legible,
paper is a bit ripped or
wrinkled, and some
erasure is visible;

pagination is correct

Numerous messy and

unclean areas

Messy and careless work
in general; improvement

required

Messy work requiring

improvement

(S2) Line

transparency

Lines are crisp and
distinct; beautiful; no

disruption of the line

Most lines are clean

Some overlapping lines

that are not crisp

Black lines used to
soften lines and prevent
them from seeming

messy and angular

Lines incredibly sloppy

and lacking sharpness

(S3) Drawing
weight

Able to discriminate
between line weights,
which indicates a solid
grasp of drawing

proportions

Strong line weight but a
lack of clarity; able to

properly divide the load

Draft lines adding bulk
and negatively affecting

already poor work

Line weights not
separated and
proportions and
significance of lines

incomprehensible

Lack of separation of
the weight of the lines;
proportions and
significance of the lines

incomprehensible
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Indicator

Scoring criteria

Distinction

10-8

Medium

7-6

Pass

5-4

Resubmit

3-2

Fail
1-0

(S4) Precision in

Ability to draw
accurately using the
right line weights and

symbols for, for

Text written properly;
application of line
weights, but symbolic

representations of, for

Incorrect writing in
places, indicating
improper use of

symbols and

Written on several
occasions; no model
display sign and missing

measurements

Incomprehensible
shapes and inability to
accurately convey size

or appearance

use

correct spelling

appealing or well-

written

example, floors, example, floor symbols, incomplete
drawing
doorways, levels, and doorways, level measurements
directional arrows indicators, and
extended directions
have minor errors
Written in full; Full attention to task Insufficiently polished in Lack of attention to Failure to focus,
comprehensive; yet disregard for some many ways; some detail and refinement; resulting in a lack of
delivered on time details; organized crucial aspects not requiring more time to quality in many areas
(S5) overall and included, causing the complete; work and failure to submit
Completeness comprehensive; work to seem submitted late work on time
delivered on time unfinished and
preventing it from being
delivered on time
Proper spelling; letters Aesthetically pleasing; Poorly written in many Further work required to | Several places
well-organized and well-organized; correct respects; not develop characters; impossible to read;
clean; appropriate font spelling aesthetically pleasing; characters not visually inelegant; immediate
(S6) Text

correction required;
numerous misspelled

words

Table Il presents the Scoring Criteria for the BHTDS (Building and Housing Technical
Drawing Standards), a comprehensive framework designed to evaluate technical drawings. This
system utilizes a five-level grading scheme to ensure a detailed and nuanced assessment of
a candidate's skills and competencies. Adopting a five-level scoring system is essential for
moving beyond simple binary classifications to achieve a more thorough evaluation of quality.
This multi-level approach allows evaluators to distinguish subtle differences in skill,
knowledge, and outcomes, facilitating a more precise and objective assessment process.

Furthermore, this detailed scale enables the provision of specific, constructive
feedback. By pinpointing exact strengths and weaknesses, individuals gain valuable insights
into their performance, empowering them to target areas for improvement effectively. This
fosters a culture of continuous learning and professional development. The standardized
framework also promotes objectivity and impartiality, reducing subjectivity and ensuring
consistent evaluation across different contexts. This aligns with the principles of academic
integrity and meritocracy. Additionally, the nuanced scale facilitates effective benchmarking

and the establishment of clear performance standards, making comparisons between
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individuals or projects more meaningful. In summary, the five-level scoring system enhances
the precision, fairness, and clarity of assessments. By offering detailed insights and promoting
objectivity, the BHTDS framework contributes significantly to the advancement of academic

excellence and professional growth in architecture and engineering.

4. Results and Discussion

A. CFA of BHTDS indicators

CFA was used to evaluate the first-order factor loadings and reliability of the six BHTDS
indicators. The associations between the BHTDS indicators were analyzed using SEM. Figure 2
presents the structural equation model and factor loadings of the BHTDS indicators, where X?
= 2.49, degrees of freedom (df) = 4, p = 0.65, root mean squared residual = 0.05, root mean
square error of approximation = 0.038, goodness of fit index (GFI) = 0.995, adjusted GFI (AGFI)
= 0.945, normed fit index = 0.997, and confirmatory fit index = 0.999. GFI, AGFI, normed fit
index, and confirmatory fit index values should be close to 1, and root mean square error of

approximation and root mean squared residual values should be less than 0.05.

Figure 2 Structural equation model and factor loadings of BHTDS indicators.

The indicators’ first-order factor loadings are presented in Table 4. The factor loadings for S1-
S6 ranged from 0.86 to 0.94 (R* = 0.74 to 0.88). According to Kim and Mueller (1978), a factor
loading of >0.3 is statistically significant. The CR of the BHTDS indicators was 0.96, with average
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variance extracted values of 0.81. According to Fornell and Larcker (1981), a CFA construct is

legitimate if the CR value is greater than 0.6 or the AVE is greater than 0.5.

Table 4 First-order factor loadings of BHTDS Indicators

CFA construct validity

BHTDS
Latent factor Average variance Factor loading R?
CR indicator
extracted
S1 0.86 0.74
S2 0.87 0.77
S3 0.94 0.88
BHTDS 0.96 0.81
S4 0.91 0.82
S5 0.89 0.79
S6 0.92 0.84

B. Implementing Scoring Criteria for BHTDS

Architectural drawing was analyzed through an evaluation of the 39 students’ BHTDSs,
each of which was scored using criteria derived from an analysis of the indicators. The BHTDS
evaluation was completed over the course of a semester (4 months, July to October 2022).

Each student completed 13 tasks that were scored using the BHTDS criteria.

S6 52

S5 S3

Figure 3 presents the BHTDS evaluation outcomes for each task

related to architectural drawing
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Figure 3 presents the evaluation results across six key indicators, providing a granular
look at the strengths and weaknesses of architectural drawing students. The average scores
were as follows: (S1) Cleanliness at 6.54, (S2) Line Transparency at 6.13, (S3) Drawing Weight
at 6.21, (S4) Precision in Drawing at 6.07, (S5) Completeness at 6.49, and (S6) Text at 6.35. The
data indicates that students performed best in Cleanliness (S1), achieving the highest average
score of 6.54. The second-highest score was for Completeness (S5) at 6.49. However, a
nuanced look at this category reveals a specific issue: while students demonstrated a good
understanding of how to use line weight, they frequently erred in the presentation of standard
symbols for floors, doorways, level indications, and other forms. The most significant finding
is the lowest average score in Precision in Drawing (S4) at 6.07. This identifies a clear and critical
skill gap, suggesting that students struggle with accuracy in their work. This lack of precision
may be attributable to traditional teaching methods that overemphasize theory at the
expense of applied practice.

To address these identified deficiencies, a shift in pedagogy is warranted.
Methodologies such as Active Learning can significantly improve students' comprehension and
application of theory. This approach facilitates content analysis, synthesis, and evaluation
through dynamic activities like reading, writing, conversation, and collaborative problem-
solving, while also providing students with valuable informal feedback (Freeman et al., 2014,
Kozanitis & Nenciovici, 2022). Complementing this, Project-Based Learning (PBL) offers a
powerful hands-on solution. By engaging in planning, developing, and creating practical
solutions to complex, unstructured problems within small teams, students can directly
improve their BHTDS (Bilgin, Karakuyu, & Ay, 2015; Mahasneh & Alwan, 2018; Zen & Ariani,
2022).

Beyond its diagnostic capabilities, the implementation of the BHTDS framework has
had a demonstrably positive effect on the learning environment itself. Student satisfaction
with the assessment process significantly increased from an average of 3.82 in previous years
to 4.21 after the tool was introduced. This improvement can be attributed to several factors.
Primarily, the six indicators provide a transparent, objective, and standardized method for
evaluation, which minimizes ambiguity and subjective judgment. Students appreciate a fair
process with clear performance criteria that align with industry standards. As research indicates,

effective teaching and learning models paired with robust evaluation tools are proven to



enhance student abilities (Dow, DiazGranados, Mazmanian, & Retchin, 2014; Dunn & Mulvenon,
2009; Kimball, White, Milanowski, & Borman, 2004).

Furthermore, the BHTDS framework fosters more constructive and individualized
feedback. Instructors can pinpoint specific areas of strength and weakness, allowing students
to better understand their progress and focus their efforts. This targeted feedback loop
enhances the learning experience and empowers students to take ownership of their skill
development. Consequently, this has led to increased student motivation and engagement.
Knowing that their work will be assessed against well-defined criteria encourages students to
invest more time and effort in refining their hand-drawing skills. Finally, by reflecting real-world
architectural conventions, the BHTDS framework better prepares students for the challenges
of their future careers, smoothing the transition from academia to professional practice.

In conclusion, the development and implementation of reliable skill evaluation
instruments are essential for enhancing student abilities. A consistent and objective tool like
the BHTDS framework allows educators to identify areas where students need additional
support and to personalize instruction accordingly (Idris, Talib, & Razali, 2022; Nieminen &
Carless, 2023). This data-driven insight into student performance is crucial for validating the
effectiveness of teaching models. For instance, strong student performance on assessments
following hands-on activities provides evidence for the efficacy of those techniques (Najah
Ahmed et al,, 2019; Patel, Shukla, Huang, Ussery, & Wang, 2020). Ultimately, the synergy
between a dependable evaluation framework like BHTDS and effective teaching strategies is
fundamental to providing high-quality instruction and preparing students for success in their

future endeavors.

5. Conclusion

This study proposed and validated a set of Basic Hand-drawn Technical Drawing Skills
(BHTDS) indicators for evaluating university-level architecture and engineering students. The
six indicators are: (S1) cleanliness, (52) line transparency, (S3) drawing weight, (S4) precision in
drawing, (S5) completeness, and (S6) text. The indicators underwent a rigorous validation
process, beginning with IOC expert validation and followed by a questionnaire administered
to 200 industry professionals. A Confirmatory Factor Analysis (CFA) of the data confirmed the
model's robustness. The Structural Equation Modeling (SEM) validation was successful, with

all indicators demonstrating high factor loadings of 0.86-0.94 (R?= 0.74-0.88), a composite
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reliability of 0.96, and an average variance extracted of 0.81. In a practical application, these
indicators were used to assess architecture students in a fundamental sketching course. The
results identified specific areas for improvement, with "precision in drawing" (S4) receiving the
lowest average score (6.07), while "cleanliness" (S1) scored the highest (6.54). This study
concludes that the validated BHTDS indicators are a reliable evaluation instrument. They
provide educators with a tool to identify student weaknesses and offer targeted feedback.
Developing and implementing such effective evaluation tools, which are aligned with learning
objectives, is crucial for ensuring students acquire the essential technical competencies

necessary for future success in professions like architecture.
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Abstract

Bamboo is a native plant commonly found in Southeast Asia, particularly in Thailand,
where it is abundantly available. It is considered a renewable material that can regrow much
faster than other types of wood. Consequently, bamboo has been widely used in vernacular
architecture. Beyond its applications in furniture and housing, bamboo is also frequently
employed as scaffolding in construction due to its lishtweight nature, ease of transport,
durability, flexibility, and simple assembly and dismantling processes, as well as its lower cost
compared to metal scaffolding. This study investigates the structural limitations of bamboo in
order to develop a “guidebook” a set of design and assembly guidelines for bamboo
structures specifically intended for stage construction. The findings indicate that bamboo
possesses strong potential for stage design, demonstrating eco-friendliness, flexibility for
design modifications, ease of repair, cost efficiency, and the capacity for assembly and
dismantling without requiring specialized expertise.

Keywords: Bamboo, Guidebook, Stage
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Abstract

Study of the influence of the luminance ratio on crime prevention on pedestrian
walkways for Thai people. From exploring the luminance standards of IESNA in the United
States, the appropriate luminance ratio is 4:1 (background: face). However, a proper brightness
ratio has yet to be found for Thai people. Therefore, an experiment was conducted using a
lisht bulb with an adjustable brightness level projected onto people and the background for
participants to answer a questionnaire assessing their feelings of perceived safety, pedestrian
behavior, and criminal identification. Laboratory tests were carried out at the Faculty of
Architecture, Kasetsart University. The results of the study of luminance values were compared
using ANOVA statistics. The study's results showed that a luminance ratio of 5:1 was most
appropriate for preventing crime on public sidewalks for Thai people.
Keywords: Luminance ratio, Crime prevention, Perceived safety, Pedestrian behavior, Criminal

identification
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Huwda: Tudn 10 suiu f 111 fis 1011 adnluiamnans
#udsnu (Dependent variable) Wurawsadayannguinatine
- AnuiAnmUasadunnanegnTay J
(Perceived safety)
- - ) ‘ nnsiiasevidayadions auluamsﬂnu:
- WEANTIUAULAUIWN (Pedestrian behavior) SnTduaudesainimuzax
= o aa
- TRy IRUYeeTyINs (Criminal AATIZVNIEGH ANOVA dmuaulne uazdiowusuus

identification)

AN 1 NFBULLIANNAANITITY (Conceptual Framework Diagram)
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2. IUITaIAYaIN1TIY

[y

MiATeilfeUszasdilon1sfinudninaressnsdiunuaing (Luminance ratio) #ons
Jasiuonvginssuvumavnaissasdmsuaulng aeilingusvasddeosde

1. iilefnundvinavessanduanuainsdensaiunruidnasaduaineo1vnngsy

2. \lefnuavnavednsdunLaIengAnsuALLALYN

3. liOANYIINTNATDIBATIAIUANUAIHONTTLUMAUYDIDIYYINT

3. N15AEUIUIY

vya o 1

nnaaeUteanily 3 933 Aetriuziinsmeaedlaeiugive YrunseufIveitnsiu

Y

wazdradnunmnaesuesiidinm nedifevhmihilvideyaduiiesssuuasdunouungidriane
WovernuBuseutazauulumisdouanianuruseninsiuniside nmsmeasasulugraiioy
UNIIAY 2565 B 1015113 N UTULaELIa1U 1994 (Randomization) (Ranjith, 2005) a4 Aflg
anrlnenssumians umingrdeinenseans au1a 3.00 x 3.50 x 4.00 11AT (10.5 A1519LURT)

TngagldnandisiulaeUssana 15 wii/au luiemaassndnisaivaudiwdsunsndeuluisowes

Ya o

wassunulaen1sUanienglifiuld (Park et al., 2008) IngdlaullivundaiuideuasAugide

Y

[
Y 1% [

wagsaAnludndiudaus 1:1 89 10:1 Weligidnsiudendndiunmunzauian lnun15annaziasin
ANudesadnely 2 uiiae Nunluninvew|ideneylduataine 3 3a wagiunainndsluszey
Panemueaiuluung (Visual field) yuuw 50° yuane 70° sudiewazedn 90°9n 4 9adin 20x20

uduns Wldaade 5 uALAaY/MTIUUAT AUMUSITUTIZRINTY 1.50 WAT AINTNN 2 uag 3

Participant
& Light pole 4.00 m

Meter position
toward viewer
1.50 m

2.50

Light bulb

Researcher

4.00

150

~
—

3.50

1.50 | 1.00
Kl

N

Light pole 4.00 m

Measured at the
& position 20x20 cm

Measured at
3 points
on the face

L Light bulb x4
<———— Researcher

MU 2 NANaeINsRARImaen lwaY IR TALEETN
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1:1 21 331
1 r
i 1 r I I 1 ¢ I

AN 3 NINTIBBINNTVNABDRNTIEIUAMNATIN 10 WUU

4

! @ oA = a Y] Y A !
nauUsensitegeiieny 18-60 U inaweuasngdludadiuinmiiiy nmsidennguuszving
919899NTeYaTI8UTeyaaifevyInTTHAIAUTEI U IUTEWA WA, 2550 Nifleny 18-60 U

wudeyarUsauieiussmesiinaiuinayenigae Sevay 61.5 Tuvusnlumangas

IS [y ] P [ [y 1% A [ [y
wulludadrunnnianludminnsunnaumuasievay 53.6 lnsegmdearvainssuduielng

o

driineuAInseRsTsy, 2552) Iuaudisan 50 Ay (lidndt 30 Aw) WWesan (1) Wuduudey

—~

S v

fgaas1aldsunale (2) lasunduuanunsalidwaswazdiudetuuunsgiuidanunanioutoy

anwinfigausuls (3) 1AIUNAEINNIT0LANUAIT DLNRR5 9N LA ABUT19h (fairly) wiasgldadf

a
7

q
A luTndudesldnisnszansuuulasund (Gosset, 1908) fauUsiu (Independent variable)
Usznaumie 1 Jady 8n51duANa119 (Luminance ratio) Wuwas: Tuniin 10 sAU Ao 1:1 8 10:1
Tunsnaassazdunisilieudisurnuidnuasndeainervginssulaenisuesiuluniiuagyinng
vaged nelduasaing lngnisianslasuazvaonlnlugaiunalvnuvinvuinasaigludnuinem
Audesadnefliuzanluuuline denis19 13 el ld19iuiendadiuiiinunzauian

AIMN919N 1 TAgAINUADIAINNMULTIAMSUNUVAIAD 5 WAULAA1/AN519WAS (Thorn, 2017)

A15197 1 AL UIAUVBINTNAABIDRSIEINAMUATI (Luminance ratio)

anu fauus 1
1 1:1 (5:5 LALLARY/ANSIBUAT) 4 4. .
AMNERIEINDU ¢ RoINSANY
2 2:1 (10:5 LAULARY/ANTIUNAT)
3 3:1 (15:5 LAUAA/M1T1NUAT) ANUADIEI 19U NV UNTUN. (IESNA, 2003)
a 4:1 (20:5 LAULAA/ANTI9LURT) mydesEIikuzvesiuAmafuyNAeuen (IESNA, 2003)
5 5:1 (25:5 BAUARY/FITINNNT) ALADIEINNDY 9 NIReIN1SAnY
6 6:1 (30:5 LAULAA/MITNUAT) ANUADIEIIALUEIYR I URlLDIA1S (IESNA, 2003)
7 7:1 (35:5 WALLAAY/ANTIUUAT) ALADIEINDY 9 NIReIN1SAnW
8 8:1 (40:5 LAULAAT/ANTILUAT) ANYdRIEIwUETveINsaUaNANS (IESNA, 2003)
9 9:1 (45:5 LAULARY/ANTINLUAT) LA a4 o
AMUADIAINNDU 9 idoINsAn
10 10:1 (50:5 WAULAAT/ANTILUAT)
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AuU3013 (Dependent variable) Usgnausag 3 Jadenanlawn Ausantasndsain
919 1NT5U 1mAllANInTInanAR (Semantic differential technique) Aan1514116157 (Scales)
foluusiseduresauifntasndsinertnssy 7 sy (Boyce et al,, 2000) Tnsifadeviavun
Usgnoudae 3 o fie 1) duddnnelafiegdesdudlulunuuaned 2) duddnauie 1 fouuaned
3) 5u§§ﬂﬂaamﬁauuauumaﬁ (Blébaum & Hunecke, 2005; Boomsma & Steg, 2014) WaAnssuAL
Wi faen1sdunanazteaiulumingnioy wern13IEURIAUYEIYINT AIBNITTZYWA ANy

[
o

wardELEaN (Davis et al., 2015) AIAISI9N 2

A15197 2 FILUTANLVBINISNAABIDRNSIEIUANUAINS (Luminance ratio)

AU FauUs A
1 AuANUABAfEINIYINTIU 3 ANDNL
1.1 duidnnelanazdoniudluluouumeil
—= 5 = (Blobaum & Hunecke, 2005; Boomsma &
12 duidnaue o Nouuaedl
— ” - Steg, 2014)
13 duidnuaendouuauuaeil
2 NOANTTUAUAUVN
2.1 nssuslunthvesau Tusesrudaaulu nswiuluni aw (Boyce et al., 2000)
AILGNADY
3 N3SPUMINUYRIDTEYINT
3.1 Lwel (nosgemssnwautuainiely
3.2 Any-ALF0mN 799191903, 2561; Davis et al., 2015)

4. Nan3ANYN

namsvaaostseenidu 3 diude 1. deyalosiuresdidnsiunuuasuany 2. nan1sfin
SvEnavessmsdumLainsTiunnssiuieniEnUasndvesauiiunarii uas 3. nansdnw
SnBnaveIdnIIduAILAIT AN U ONGANTTUYDIAULAUNIAYINAEAT TEYF AUV
919515 1NN15ATIINGUAI0E19NGNUTEYINTATe Y 18-60 T §1uam 50 AU Taeiid9am
nsveaeslifidammiduanenn anunsodeansntuingluseduiidlauazduiliausuie
SRHLERSINRIVERT]

1. foyadosturesidhiunuuasuny asnsnasinauazenguosngusegnsldfseluil

wAnedIwIn 25 AU (Seeag 50) wasnanddiinuiu 25 (Sevar 50) @185eWing 18-20 U
f911u 18 AU (Fauag 36), 01g38Wing 21-30 UI11U 24 Ay (Feuay 48) 81y581INe 31-40 U
133U 3 AU (Fe8ay 6) 8185¥NINN 41-60 VWU 4 AU (Seway 8) waveys¥ning 51-60 U

J9uu 1 au (3oway 2)
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2. HANSANINTNAVRITRTIdIUAINEINTLANA T UAEANFANUABAABYDIAUAUNNY

2.1 wafanumnuiiswelafideufuluvuauuansdnneldsnsidruauainedfiuandiaiu
wansliiiuinnsisuiisudnadevesnnuiielafideaduluvuauuasi neldensidiuniy
asiunnaadulagldadi ANOVA nanisanwuandiiiiuiniesnsidriumuanaunnsneiuazii
TAAN1T1UANDIBELI15IUN1TNABBN AN ANUa DA BAINDIYYINTTULANANA UBE 19T

gdANNaineg19ge (p<0.01) Fann599 3

M990 3 wansfnwvasiauanuiswelandeafuluuuauwesiiTunelignsdIuANain ey

. avwiswelaideadulyuunuuaneil

ansneu — T
L ALady AndeauuNInsgIy

ANdDeEdN p-value
(Mean) (SD)

1:1 222 0.71 0.00**
2:1 3.54 0.81
3:1 5.16 0.87
4:1 5.98 0.68
5:1 6.50 0.54
6:1 5.44 0.81
7:1 4.80 0.93
8:1 4.12 1.06
9:1 3.56 0.84
10:1 3.10 0.89

WBWR: ¥ A1 p<0.05 inefis Ided1Ayn1eadia lnen1simseiaeaiis one-way ANOVA

** f1 p<0.01 vueds SdvddmeaifegisgalaonTinsgianeatia one-way ANOVA

MnAedsuansliiuindasdiunnuainsineliifaaafanelafifidrsmesnfiazey
Tuan i uisdnassfiannignde snsndiuaauaing 5:1 (Aade = 6.50) sesasunfe 4:1
(Auade = 5.98) 6:1 (AAY = 5.44) 3:1 (Fiads = 5.16) 7:1 (ARd = 4.80) 8:1 (ALade = 4.12),
9:1 (Auady = 3.56) 2:1 (ANaAY = 3.50) 10:1 (ALade = 3.10) wag 1:1 (Auade = 2.22) muddu

2.2 wamsAnmaruidnaunslunsifuuusuuaeinigldsandiuanuaiaiunndeiy
wandlififiuinnmaisuiisuanedsvesamuidnavisluninfuuuauuasineldsnsmaiuami
anafiuansnafulagliadia ANOVA nansAnwuandliifiuinilesnsaiumsainaunnsiaiuagsi
liiAAN1sneUaneIvedd Id13IUNITMARRIHBAINI ANUABAABA1NB1YYINTTHLANA ST ULl
gdAnysEiRo819gs (p<0.01) Fam319 4

[

nanadeuansliiivindnsdiuanuaininelifnanuidnauieididnsinesiniazey

Y

Tuan Ui uId1aeInuINgafe 6ns1duAua319 5:1 (ALY = 6.34) 50983u1AD 4:1
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(FAads = 5.88) 3:1 (ARAY = 5.06) 6:1 (ALade = 4.96) 7:1 (Aade = 4.16) 2:1 (A1QAe = 3.52)
8:1 (Aady = 3.38) 9:1 (ALads = 2.92) 10:1 (ALads = 2.62) uay 1:1 (Aady = 2.20) Aud1su

M990 4 KanNsANWIveIAInINANNIENauIgluNSRLUaUYEEUNTINAINSRTIEIANLAI LA NS Y

. anuddnaunsluninfiuuuauuaeil
ansneu — —
. GRILEL Andgauuansgy
AR p-value
(Mean) (SD)
1:1 2.20 0.70 0.00**
2:1 3.52 0.79
31 5.06 0.87
4:1 5.88 0.75
5:1 6.34 0.59
6:1 4.96 1.01
7:1 4.16 0.98
8:1 3.38 0.83
9:1 292 0.88
10:1 2.62 0.85

WBLR: * A1 p<0.05 aneds Aluddgyneada lnensnseiseatia one-way ANOVA

** 61 p<0.01 nueils ddedAymeaifegsgilagnTiinseiiiieatia one-way ANOVA
2.3 nansAnwauanUasadelunsiauuuauuaeilnglidnsidiuanuainmuaneig

wansliifuimaieudioudiaisvesmuidnuasafovunuuasinigldsnadiuni
ainaiunnssiulngldaia ANOVA nams@nwuandlififiuinilednsdunimainaunnsiisiuazyi
TAAN1TnUANDIBEU1TIUNTNABBIMBAINT ANUaDAN BAINDIYEYINTTULANA N UBE 19T
vAdyaaAetnege (p<0.01) Fans it 5
MnAnadonansiifiuidnidunnuainineliiinanuidndasadeiifidismesniiaz
otfluanuiiwisiassiisnnigade sasdrmauaing 5:1 (Anads = 6.30) sesaunde d:1 (Aede
- 5.92) 3:1 (Anad8 = 5.00) 6:1 (Ade = 4.94) 7:1 (ARds = 4.26) 2:1 (AAAY = 3.40) 8:1
(Aade = 3.40) 9:1 (A0dy = 2.94) 10:1 (Fiede = 2.70) uaz 1:1 (ANAAY = 1.88) MUy

2.4 wasauauianelanndenigladndiuanuainanunnsiaiu

DS =~ d { N v e o °
wanaliiiudinisiieuiiisuaai evesadus andasndsaine1vyinssuluainiy
Anuianalanntde aelddnmdiunnuainmuandraiuiulagldada ANOVA nans@nwiuwansli
WiuInilednsdumuaduana19iuasyinliAnnsneuaueIreslidns N INAaedsenusEn

o w aa

UasnsizannanvginssuunnsinsiuegaiifudAgynisaifognsas (p<0.01) Aam15199 6

a2



M13199 5 KansAnwveinLANLIEnUaenduuLauLYeii1TIMANTRTEIALAT LA NN ey

. AMuiAnUasadeuunuuaeil
ansnedu — —
L ALadY AndgauuNINIgIY
GRRHELEG RN p-value
(Mean) (SD)
1:1 1.88 0.80 0.00**
2:1 3.40 0.83
31 5.00 0.88
4:1 592 0.75
5:1 6.30 0.58
6:1 4.94 0.98
7:1 4.26 1.03
8:1 3.40 1.01
9:1 294 0.98
10:1 2.70 0.95

WEWR: ¥ A1 p<0.05 vanefis Ied1Anyn1eadia lnon1simseimuaiis one-way ANOVA

** @1 p<0.01 nuedls dedAymsatfedsgilaenislinseineaia one-way ANOVA

nAnafsuandbiviuingnsdiuauaineineliinanuianUasndeainersyinssy

Wnsaulndidssiulnegeiqade 5:1 (ALedes = 6.38) s93a8nAe 4:1 (AL@de = 5.93) 6:1
(Auade = 5.11) 3:1 (Anade = 5.07) 7:1 (ALady = 4.41) 8:1 (Aady = 3.63) 2:1 (Alady = 3.49)

Xy

9:1 (Auady = 3.14) 10:1 (Aiade = 2.81) uay 1:1 (Aads = 2.10) Awaw

3. HANSANWIBNENAvEISATIAIALAINAUANFTUReN AN TINTRIALLAUM LT uAY
MsszyfAuTesITYINTHAavEININa VAL lESATd AT AT swes uvda: Tuth 10 szdy
fio 1:1 9 10:1 Yseneuludae 3 Jadede 1. maszymaldgnies 2. nmassyfided-nuldgndos
wa 3. mysryiiildgnios Aaunsaagulddmned 7 deludl

NAN15ANYIBNENAVBITNTIAIUANATIT LA T U A aNgANTINVBIAULAUNIALI
nsueswiuluniiladaiaugndendunisseyvnfivesfdesasdeindulinsnionnaiulagndas
Tusnsndrunnuained 4:1 uay 5:1 awgeiiqniifesas 98 s09auNAD SAT1AILAINATNT 3:1
f%owaz 86, sRI1@IUANUAINT 6:1 5pEaT 68 SATIEAIUANNETI1T 2:1 NSeway 44 ShI1dIU
AL 1:1 fAfesay 36 Sndruanuained 7:1 fi¥esay 22 uardnsrdrunruained 8:1-10:1

aunsaTEYAINABEToLae 4
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M19199 6 asuAnuiFndaendvandranuanuiianelanndevesfidisiungladasduanuainaiuandeiu

. Aanuidndasadeaindaiualnuiswalaynds
ansnedu — —
L ALadY AndgauuNINIgIY
GRRHELEG RN p-value
(Mean) (SD)
1:1 2.10 0.75 0.00%*
2:1 3.49 0.81
31 5.07 0.87
4:1 593 0.72
5:1 6.38 0.58
6:1 511 0.96
7:1 4.41 1.01
8:1 3.63 1.03
9:1 3.14 0.94
10:1 2.81 0.92

Y

NUBWR: * A1 p<0.05 nueda ddudAgmneata

** @1 p<0.01 nueda iled

Y

o

TPgn19IA1E9RI8E0R one-way ANOVA

&
nadifeg1sglnen1siaTeiaeais one-way ANOVA

M19199 7 FRUagNgANIIUVRIALAUNGNILALNITTEUMINUYDDIUYININElAIRTIEILANAINNLANAII

Y Souaz
o gneas ‘ laigndas
1. aMsAnuEMSHAYeSmT UM LA ILANs s ENgANsSIvRIAUAuah (MIusadiulunihlddaaugnsies)
1:1 36 64
2:1 a4 56
31 86 14
4:1 98 2
5:1 98 2
6:1 68 32
7:1 22 78
8:1 4 96
9:1 4 96
10:1 4 96
2. wansinwidvnavesdnnaiummasiuanmetuiiuanafusionsssyfnuveseIvgns
NTITYNA 100 0
(MNIRTIEIUAIMNEINY)
nsszyAiein-ualdgnies 100 0
(MNIRTIEILAIMEIN)

a4




A15197 8 ATUNANIINARBIBATIAIUAIINATN (Luminance ratio)

Faudsny | 1:1 | 2:1 | 3:1 | 4:1 | 5:1 | 6:1 | 7:1 | 8:1 ‘ 9:1 ‘10:1

2.1 Nan1sANYIBNENaTeBnTIdANNaTALANIsTuseAN N Uaonfe v IAuAUIN AT

1) dusdnmelafiazdoafuinluluauuaned v
2) $uidnaune q fiouuaneil v
3) dujdnuaeadeuunuuaeil v
1) s 3 Ao v

2.2 NanANYIBNINAUDIBHIIAIUAIINAINTLANAIAUR DN AN TINVDIAULAUNILIN

1) msueadiluntlddniaugnies v |V

2.3 HamsAnunavEnavessnTaaLaiuanAusioN ST uYeIeTYINT

1) e gndesviavn
2) myswyAn-Adernldgnsies gndoviavn

5. ayUnauazdaiauauue
HANISANYIBNTNAVDINTIEIUANUAINNUANANAUADNITTEYAINUVBIDIYY INTHAVDY

nsnaUanaInNelagnIEILANEINYe Tunas : Tunih 10 sedu Ao 1:1 89 10:1 UanwNan13sey

¥
a A ¥ 1

e FLEORN-HY waEN13IEYYINTTOINNTEYIRA HLU1TINNNAUAINITOTEYLNAYEIDIYYINTUALNTT
seyddern-ruldegsgnaoiane

[ Y s

NANISANYIAIUFUNUS TENINAIATI196a2N15U 090 UDIYYINTTUIINAITNAADINT AN

gnTduANNaINdldNaAgn defuUsny 3 MAe 1. anuidnUaendeane1wyInssu 3 A1y

aa A

A8nTIdINANNEINTNATIgRfe 5:1 2. woRnssuawAuin sglunisueaiulundilddaaugnsies

|
= 1
a

Aad &

ANDATIAIUANNAINNANAAAD 4:1 Uag 5:1 uag 3. NTILUAINUVDIDIVYINT NANEABIAINY
anunsasyya Auu-Aderildgndeduyndindiu gindidnnduaruainsiiuusilasmassu
ES G-1-016 71 4:1 anansnusaiiulddmaulasiinininalisuniu
wonwilonnnisfnwvuiuiiniainasisay fuiidu 9 Wy auassae maiusuh
sudamariluiiuiivnendediuyaeasudeiduluiieiodu 4 faamsfnsufududioads

WNIFIUANUARIEINN Femsiinsfnwiiiuisluswiansely
6. NAANSIUUIZNA

nsfnwasailannaduayuaindrdnanuiauineimansiazmaluladuviend (@3ny.)

%@ SCA-CO-2561-7572-TH
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Abstract

This research focuses on understanding the interrelationships between architecture
and the environment, defined as architectural ecology. The main objective is to study the
animal architecture of the baya weaver nests. The research adopts architectural principles as
the framework for analyzing the nests, considering aspects such as nesting seasons, locations,
materials, construction methods, nest morphology, and functions. The results found that in
Nesting Season: Baya weavers typically build nests during the early rainy season, benefiting
from abundant nesting materials (grass stems) and food sources (grains and small insects).
Location: Nests are often found on thorny trees near water sources, providing safety from
predators. Multiple nests are built in clusters on the same tree for collective protection.
Materials and Construction: The birds use locally available grass stems as the primary material,
weaving them into elongated gourd-shaped nests. The long neck of the nest serves as an
entrance tunnel, while the inner chamber is designed for nurturing the young, ensuring
functionality, strength, and aesthetic appeal. This study highlights the intricate relationship
between natural architecture and environmental adaptation. The findings could inspire
sustainable human architectural designs that harmonize with the natural environment, drawing
from the efficient and eco-friendly principles observed in further studies.

Keywords: Architectural ecology, Animal architecture, Baya weaver nests
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Abstract

This study evaluates the effectiveness of an underground rainwater storage system
following the installation of an innovative underground stormwater retention system, inspired
by the "Monkey Cheek" concept, for flood prevention. The project aims to enhance flood
resilience in Dusit District, Bangkok, a high-risk area prone to both riverine and pluvial flooding,
exacerbated by sea level rise (SLR), urban expansion, and climate change. Using the MIKE 11
hydrodynamic model in combination with Geographic Information System (GIS) tools, high-
resolution flood inundation maps were developed under various flood return periods and sea
level rise scenarios. Furthermore, the study calculates the estimated annual damage cost
based on projected changes in building typologies and land use by the year 2025.
Keywords: Underground stormwater storage, Flood adaptation and flood prevention, Urban

climate adaptation, Nature based solutions, Bangkok
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Dusit District

:'_'_:; New Royal City

Zoom 13 1000 m 1:66.286
P Y

AN 2 UEuTNLARNElunndn NFENNUIIUAT

nMsfmuALFse Uy diaans (EAD) wagantunsaimadsuulaaiedddisisnisi
iaualag Klijn & Skelcher (2007) wag De Moel & Aerts (2011) sgn1sldtoyandn e 1) wHuTiUsELAY
o1sTiszyAunneides uae 2) unuiitvhuiiuansaudnvesilumamsaiivhy Weussanuemia
deveiiatudunsndmudnurreternisang 4 lngldninanudiazdunisiiuladiia-a
RV %%@ﬂi’]Wﬁ?ﬂmg‘c’N (de Moel et al., 2015; Grossi & Kunreuther, 2005; Meyer, 2018) Lﬁ'aLfJu
msﬂmimﬁmﬁ%m&;mim}fﬁmmﬁﬁmmm%L“fJusil’wLLazqa Sntaduiieussiunansznuainnnsian
wsusRuardsausenudssmivhi Tnsvhmslfunuiivssamoiasiimansallilud e 2025 3
W fudunilsveannunsuniasusiauazdanu DDBT U 2025 (DPA, 2010) d1m3uUns3Asgi Lile

Atlsdansiasunlastesiiotuazanudssainuiiulugiaaiaig o

M990 1 AnnuaudenggaalarTateanudemnerenuanveaviiudazIURUAS

Building Type Max Damage Damage Factor (%) per cm Inundation Depth
(USD per m2) 10 50 100 300 500
Small Business 36.2 0.05 0.25 0.5 0.75 1
Large Business 36.2 0.04 0.25 0.45 0.68 1
Road 0.4 0.02 0.1 0.2 0.4 0.75
Public Building 26.1 0.04 0.25 0.4 0.6 0.8
Government Building 45 0.08 0.35 0.53 0.85 1
Residential (Multi -Story) 28.3 0.065 0.3 0.48 0.75 0.85
Critical Infrastructure 50 0.09 0.4 0.6 0.95 1
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AN wndagiuiarlusuipnunn s NIUVNLMILAT HA1TNINTLELIAINITAAU
My 3 999 lawA 1/2 U, $1/10$ U way 1/100% U laefluazlaidnisiiuseauinneia (SLR) 7 +30 @il

a| Y 1 d’lj oy [} = a %:’ ' Ao A % g |
Aelut A.A.2050 uanslniudn NunauegIuanveduniindssiviunaniign lngssauuivialy
NINTULTINGR (1/100 U wiouriu SLR) 813a98a 100-130 a3, Tuvagniunniemeg Jusanaziumiud
AUNIUNRA LABTEAUUIMINENAZAINTT 50 9. MINTTAUVUMLLALNNTY +30 9. AUanveIdIviuly
d!l’ a [y a éf [N ~1 1 a g ] 1 [y} d‘l’ a
NUNALTURNILLANTY 20-30 9. LaASlANINAMULEE9R NUMINazkanA1en LU uun N8 luan

Ineiunnansiunnianulsisunsiian

(A) Inundation depth - No SLR: 1/2 (B) Inundation depth - No SLR: 1/10 (C) Inundation depth - No SLR: 1/100

Inundation depth {cm) — — |0 @ TET S

. High : 130 005 15 35
Low : 0 ‘:' Dusit District

AN 4 UHUTIANANVOINVIIUNTIADUVANEN NTINNUNIUAS
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U a dgl/ d' = 95 ] a L
N13N38UANTINUNVBIAMUFLMEINUIIL (USD/95.4.) luwnndn njannuniuasaigle
L3 EJQ"Q 5 v 0O = = % %’ Q‘ 49{ 1
anunsaimslanaunslutagdunazeunan lngalafasedutIneiaiugayy (SLR) wandyatIaInTg
AngesdvhuAuana1eiy (1/2 T, 1710 U waz 1/100 V) nelunsalntlifl SLR wazlunsdiiannnisedin
SLR agtindu 30 9. A1elul 2050 (SLR+30) n15Usziliuaiidsnna o 148991 5eAuAuanvein
Wy AULIV0I0IANTUTEANAN 9 LALYARIUDI1ANT
Aav 1A = T o [ & A Y}
nsedlidl SLR (A, B, Q) avudemeainuiiinasnszandieglunufineunalauazngiueanved
wadunan dusudraning 172 U (A) anudemeainiviaudsreudismn Tngdiulngiunlasu
v | 1 =3 A a %,’ dy a [
HanTEnUteunI 5 USD/aT.4. 9813l5Anu Weaszeznainisiiag1e1du audenieaznizaieniig
Tukaruussu laglanglunsdvesdiwaningy 1/100 U (O) Faauidenieiu 20USD/ms.u. Ty
NALWUN LHaNANTUNFIUAITAL SLR+30 AMNLERNI81A UL NT Uog Nl dad1 AR sian
Tnglaniziunnngiunnuaznounals delasunanssnusgnaminlutisaaning 1/100 U (F) lagil
ANNAEIEEIRT 20 USD/MT.4. 381N tura1eqn MSiuTuredseauaAuanuesdivitiasady
Wizuweserasdwaliminaudsmeainumiauunduluynyawianing Weisuiunsailad
SLR Feuiulviviudamnuisigunesiiinduvesuandn nyavmuniuas neflenn1sivainvany
UsgnoumeeInIsNine ds 91 1swaed waye1assuns nee1mssenisandu 20% wese1mns
avian Tuvaionasiinofedidnadinuseann 60% waze1AsmIaivduazgnaInnIsusINAUsn 20%
AANUdsenAsygianatanisalied (EAD) dwsuaiaslulagduegiuseunas 10 éu USD sel
wararndnaziududu 15 d1u USD setl neludll 2025 LlesainnnsveneiiveddlniiasNansenuain
SLR msiiuduiluanslisiudsanuddnog1e8aueen1sinunun1siinaunaziinsnisusuddiioan
AULEIINUIVILTLANTU
elarrananingnuandaiuludiureinsussuiouseasidenuean1sinaredll AU
warANUaIsalunsandviuaeldvisaiingivesUsuaruiuanesiuluiun DDBT Yayagn
Jauvseeniduassaniunisal laun anngunfneuindunnuin wagannzsyuigiilaenisanseaui
a4 1.00 tuas Wiennnudliueniiuiilasenis Jeisassaaiunisallasunisuseliunialadasaning,
wosru 10 U (142 wu./4u) uay 100 U (202 un./3) Tasdinsauiuausunaniluauivesusaznsal we
aa a U dy
aznItliiTvazdunnsll
1) nsdlanzund luaaunisaldn@iAinsszune mnuguazauasnsalunmsiniviives
29AUSENBUNANAINEIU bon UB 9 (Pond 9), maaeszungdl (Canals), kagseuu USSS WS aU1aA15y

FRYUA SIUDIANNANMNITOIUNITANA VTN UTUDNTATINT A9nAlA1T2UUARDITEUI8ULARAIAN
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muansalumsiniuindua fwedinmeiduniensiniuiilifiomeluieestisaning
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2) nsdlanzszureunluaaiunisalfifinnsususeiutiias 1.00 wns wudwmmqﬁ;ﬁammz
muansalunsinfiuiindusgredaeu Tnaewze 9 ‘%x‘iﬁj‘UWUW%ﬁﬂﬁ@lﬂﬂ’]ﬂﬁuﬁuﬁﬁﬂLﬁmj!;’]
Tnsawzmeldifouluduiizuuss uenani ssuuianmiilassmanansaanarundsmintivhuldity
aeaiideddn Tnefidmuanansalunmsiniiuiduuin Tneemgluuing WB waze 9

Andsveafiuiiianansoantiivinale Iﬂaasviﬁ 496,000 §15.4. dvduthananinevesy 10 U

48z 184,000 A3.4. dnsutisianing vewy 100 ¥ nadndimardwanddifuiclssdnsamues
mmmsu‘%msiﬁ’wmﬁﬁwqugﬁmmﬂuwmﬁm nuvmumuAsT Aaetfindneniwlunisussmdam
dvhulFegnafiuszansam

(A) Damage per m2 - No SLR: 1/2 (B) Damage per m2 - No SLR: 1/10 (C) Damage per m2 - No SLR: 1/100

(D) Damage per m? - SLR: 1/2 SLR: 1/10

Damage (USD/mz2) — — il MeEters
P High: 20 005 15 35
- Low: 0 I:l Dusit District

A9 5 NsUseiiuaNUEeneantviig (USD/ms.al.) nelatiaianingniunnmiany

5.2 winnssukiudsldnudnsuiniivinwaztaatuiin

nnssuniudslaaudnsuiniuiinastesiuinilaseasradniui Usenausie diudniy
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' ¥ [} d

U1 warduviousiuiy lnedndniuinsilulassasiwesudeniuiiignussqeyludiuvieriu ign
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2N 6 MSEIUTNETeRUlATIEsaRnLAULA

uamsnageulassaifnfuiveminnssududsddfudmsuiniuiuasdostudwiog wa
nsMAdRY 3 FDE ATBUAGUTLIA T00X700X690 TEaxiBEn fil

F08137 1 nan1svadeuusIMIeAIFuTnsgyiTlufiamatuauey Tnsussiinseyiey 157.8
Alafadusiofiudl 1 msrams uazmsvageuiiifiamenisnssyioausdduuuis Ssianudurioussd
nspvinilAnegatiey 173.5 Alaliafusenisnauuns

Fr08137 2 nan1svadouusIvIeAIFuTinszyiTlufiamanuauey Tnsussiinsyiieg 151.1
Alafadusiofiudl 1 msams uazmavaaeuiifiamenisnszyieausdduuuis Ssianudurioussd
nsvinilAnegetiey 173.5 Alaliafusenisnauuns

F08137 3 nan1IvadRUNSIMIBAIFUTnsgyiTluiamaLaLey Tnsussiinseyieyd 150.3
Alafadusiofiudl 1 msraams uazmsvageuifiamenisnssyioaussduuudis Ssianudurdoussd

NSEYNIANDENNLBY 173.5 NARIPUADAITINUNT
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‘ Specimen Horizontal test direction, kN/m? | Vertical test direction, kN/m? Size, mm
1 157.8 >173.5
2 151.1 >173.5 700 x 700 x 690
3 . | 150.3 >173.5
Note: 1) Compression speed 12.7 mm/min
2) Condition of testing Temperature (23  2)°C, Relative humidity (50 % 5) %

3) Maximum capacity of compression tester 85 kN

Horizontal test direction Vertical test direction

a v o g 8
AN 7 Nﬁﬂ’]'ﬁ%ﬂﬁ@ﬂﬂ’iﬂﬁ’ﬁﬁﬂﬂLmJu’l

A1INAEUMINNINTEIY RoHS umsUsziliuansionadusunsienateatn wu azi Usen
a = = 14 v < H 14
wARLEY LenggauYlasIley waglusiu IQEJIUﬂ’]ﬁﬂﬂﬁaUIﬂiﬂﬁiNﬂﬂLﬂUU’m’]Miﬂﬁiﬁﬁu RoHS 7y

wadaniilden e iausuneans RoHS Mgninunisluasnnnaes Kan1svaaoulandlunsni 20151

v

2 HANIINAADUANNINTFIU RoHS TneiialUudq RoHS 92a1udngnduiuiusuvesaInuudy

a' )

~
N

° Y] v v ! a )~ NN o W = o v
Zﬂﬂﬁ!ﬂa"lﬁﬁUﬂ'ﬁ@]@QWWQJLLWaSGU‘UW ARl aNdYRIINAUTEU 0.01% Iuﬁﬂmg‘ﬂigﬂ‘U@u 9 Nﬂﬁ]%@]ﬂl’l'ﬂ

0.1%

A) Test Result Summary:

Test 100 Loq
Lead (Pb) Content (mg/kg) <13 2 13
Cadmium (Cd) Content (mg/kg) ND 1 5
Mercury (Hg) Content (mg/kg) ND 3 13
Chromium (V1) (Cr™) Content (mg/kg) ND 1 10
Polybrominated Biphe nyls (PB8s) (mg/kg]
Monobromobiphenyl (MonoBB) ND
Dibromobiphenyl (DiBB) ND
Tribr omobi phe nyl (TriBB| ND
Te i (Tetrab8) ND
Pentabromobiphenyl (PentaB8) ND 2 5
Hexabromobipheny| (HexaBB) ND 2 5
Heptabromobiphenyl (HeptaBB) ND 2 5
Odabromobiphenyl (OctaBB ND 5
Nonabromobipheny| (NonaBB| ND 5 - N R
Decabromobiphenyl (DecaB8) ND 5 Remark: mg/kg = Milligram per lhlogram based on weight of sample = ppm
Sum. of Polybrominated Biphenyls [PBBs) (mg/kg) ND 5 tgﬁ : Eﬁﬁ:ﬁﬁf&'ﬁ:m
Polybrominated Diphenyl Ethers (PBDEs) (mg/kg) =
Monobromodiphenyl Ether (MonoBDE) ND 2 5 :m ; m{s({:‘:‘cmﬂ {(Lassthan 100}
Dibromodiphenyl Ether [DIBDE) ND 2 5
Tribr i I Ether (TriBDE) ND 2 5 Tested t: Black plastic
Tetrabromodiphenyl Ether (TetraBDE) ND 2 5
Pentabromodiphenyl Ether (PentaBDE) ND F] (B) RoHS Requirement:
Hexabromodiphenyl Ether {(HexaBDE) ND 2 Rastrictad substances Linits
Heptabromodiphenyl Ether (HeptaBOE) ND 2 Lead (Pb) 0.1% (1000 mg/kg)
Octabromodiphenyl Ether (OctaBDE) ND 2 Cadmium (Cd) 0.01% (100 mg/kg)
Nonabromodiphenyl Ether (NonaBDE) ND 2 s | Mercury (Hg) 0.1% (1000 mg/kg)
Decabromodiphenyl Ether (DecaBDE) ND 2 5 Chromium (V1) (Cr*) 0.1% (1000 mg/kg)
Sum. of Polybrominated Diphenyl Ethers (PBOEs) (mg/kg) ND 2 5 | Polybrominated (PBBSs) 0.1% (1000 mg/kg)
Phthalate Content (mg/kg) Polybrominated Dipheny| Ethers (PBDES) 0.1% (1000 mg/kg]
Diethyl hexyl phthalate (DEHP) ND 15 25 Diethyl hexyl (DEHP) 0.1% (1000 mg/kg)
Benzyl butyl phthalate (BBP) ND 15 25 | Benzyl butyl phthalate (B8P) 0.1% (1000 mg/kg)
Dibutyl phthalate (0BP) ND 15 25 Dibutyl phthalate (DBP) 0.1% (1000 mg/kg
Di-isobutyl phthalate (DIBP) ND 15 25 Di-isobutyl phthalate (DIBP) 0.1% (1000 mg/kg)

29 8 NANINAFDUANNUINTFIU RoHS
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5.3 NagNSNITINNITUIYIY

nagnsn1sInnIsUhLluenndn nsawmumuas taun

[ 1%
[y o

1) ﬂaqwﬁ‘ﬁ’uﬂummmmmﬁw (River Dike Strategy) 18t osiunisnoas1eszuURuA UL
(Levee System) aeauwansitindmssen dedusuadesiunmmeniniieanloniaintimau Tnad
fudhgnesnuuulisuflefuseiuinasands 2.8 was Fadussdusznavddglunistesiutiviui
AetuUsendaluiundl BMA, 2023) asmlsﬁmmmﬂszﬁuﬁwLﬁuﬂ’jwﬁmiﬂqm furuineadunasieliia
dvinguusald fafudesndusod uuiuiiogniduuazinnsnmstesiutngm esuilefuaniunisal
V& (Goeysinsup, 2022)

2) szuuinfuiduldfu (Underground Stormwater Storage System - USSS) tduluinng
Benasnslunsananuidssanivian lnenstnfuisududulildau fannsotnduuldlng
dmsunmsideiilidesnisimuls ssuvidisanuSunanitlnauivuiuialugiefiduanmin vilian
andgsaniyiuldegaiusyansan (Citaristi, 2022) szuu USSS lasunseenuuulimangauy
aquwﬂﬁizﬁ%wmmmﬁuﬁ Imammsmm%’w%mmﬂfﬁwmumﬂuﬁma3@1ﬂm§uLLia (MacLean et
al., 2020; Peterson et al., 2022) ﬁmmamWiaiuﬂWiU%’UﬁaIﬁLsﬁﬂﬁ’uwﬁuﬁLﬁaaﬁﬁmmwu%muqa

3) uwanaiildsssumiduiiugiu (Nature-Based Solutions - NBS) nagnsiililassadieiugiua
a7 (Green Infrastructure) Ly ﬁuﬁﬁuﬁﬂmﬁm (Urban Wetlands), mu%’uﬁmu (Rain Gardens), Lay
n&aniTe7 (Green Roofs) Liletisanmnulaienaiainvhuussifinauansnlunisgaduiiiay
535U7% (Badura et al., 2021) uaﬂmﬂmﬁa@mwmﬁmmmfwmmé’aﬁwaSJU%'UU'gmmmwszwﬁnﬂ
Yo Unladlaulasuas19IANnaINateN 1IN Nl w0 uard 18ENTEAUAMAINTINYBIUTEY VU
(Debele et al,, 2023; Pinto et al., 2023; Wang et al., 2024)

4) ﬂaqwﬁ‘wﬁmamw%wﬂ%’uLﬂﬁauiﬂﬁqa%’mﬁaﬂ (Combined Strategy with Adjusted Urban
Transformation - WSC) LHukuamauuuasinuiinauwnAnvesisaunagnsdeuniing wasuiunisld
fiuiteussmenudesanivh Tnefluumeddey 1w

4.1 frenindauiiunsuseesnanituiidsnivha

[
a a =

4.2 YSUlauile WiioIe95uUssuUseungtINtuseans A nunnay

1%
o a

4.3 Wenwn NBS wiadaasunisivaisunas AnAutinmusssusna
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ilofiansaNINUszinneAsuazanTUN1TalsEAULIMELaINLEUY WUl

1. szuuiniululdfu (USSS - S2) hazwuin1enldsssu@mdusiusiu (NBS - S3) a1u1s0an

<3

[% [
o w Y 1

yarAadenein1anisal (EAD) aegnalitiudndsy Aaws 20% s 100% Yuagiuanunisel

o

2. nagnsAunuinukwkii binadnsneomgsuniglaaniizdagdu lnsarunsaanaiiy

E@en1891n1U9ulen 100% 9819l5ARN 1 aA1TIaN1SI LT UYITEA VLML (SLR) UszAnSaw

[

anaunaR 78% vilvikin EAD yarn 0.155 duneaalsansy

o«

saa < va a

3. NayNsNAAMULTILNT WazaIusaUsURIlaATI gnAe NaynsHaNNa unsouUsua o

lassaiadles Feaunsavinaudsmeainudviiulaeganysal lneyad1Audenenainnisal

1=

anasla 100% Bniadagieszndnsulszanalanavun 12 Aunsaaisanigaed

6. agUnaLazdaLauaLUE
nauTRnssULANATlAAY “S® Underground Stormwater Storage System (USSS) 1lusguuf

P LY go’ U io’ ! d’lj Aaa LY IS 1 dy d'
PENLUUNIBN1TIANSUIRULaEN1UBI LAY TnenigluNuAndnswL I panuILLULaE NUT

o w gy ! v & H ! a ya = o v ! = ' =
910 syuviiiidnwaznulunsiniuiidudmiuldaiu Feusainduanldlng Inedigawiuluges

(% '
v A =

voUsyndniunlidimansynuaeNuAnIsonudy 9 Wi auunsoaiualsnsug drvantamiviauly
A d‘d v 1 1 [ goj | a ¥ ] a a a U 901 ¥
Wesdnswauiegeruiuniy lnensdnnisuinudiwiulaegnsduszd@nsnin lngamisasessuuile
1NE9 95% FosUSINafifeansiiukazausadaiuilalulSinaenn Tnglidesldiunvuiaonu v

=~ 1

Ianunsaldnunlmasuseleviawn nanlaiinsesnwuungavguaunsafinnslaineuazdandy lng

9

1% o
AaAa Yy [

T fannanadiniivunu anunsersdeutulévarsdu fedousevdaiui wazanmnsoldfiuiinddoddn
Fnsfnuilugrdeunumddyaes nagnsnisufuiauiioanaundssivhuuuuysanns Tums
asuaeniuanansalunisfufievesiiuiiifies 91nns@nwinagnsnisdanisiviaulung dn
nyamuvuas asuldin nagnsnaunaunienuiudsulassaafloadunmeiiafandmiunis
Famsuwinlusrozem amnsosesfuamudisuulamesanmgliomeuasseduinngiafiing uld
othaildsydvsn il dunadeniidsduiiaansfiutuvessesuimeass [Hudladendniivilianna
Fomeanuwhudindu 112 -115% n1eludl 2050 FedenndestunisAnuiiiiosSenmesdy Ussne
wisasuaus 1ag de Moel et al. (2015) uag Poussin et al. (2016) finanisaiianuidssintiviaas
i 97 ~185% melud 2050

uanaInilnsAnwinansgnuvosnagnsn1sUudade EAD 3nn1sAnmiuns Poussin et al
(2012) Fewuinmstesiutviauuuy “dry-proofing” luitufiduan EAD Iéifies 40% wandlwidiuds

UszdnSnmilniianinves nagnsnaunaunseuUsuildeulassasialiosluannds ngammumiuassil
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HansgnuIINMsWaguLlamaasegiakazdenuinduanmsiiulnveuasugiaviivyarmsngdu
297U MaiuduvesUseansiararnsdmalyiuniuiianas lassasiiugunileglildasunseenuuy

[y

seafuMTvenefivailas dnvadauvuiwiugs uaslemaimuilassasislesiudvhuiuiniidnnie

(%
[

ANEeMEaINUNlunnds nTenNEnIues TuwdluuiaTy 15.5 -17.1% lussezdudu
d‘ al' a [ 1 v [~ dg‘, d‘ Ql' 901 1 d' I % 1 g
WaawnnnsiasusUamiaesegianasdaunanlaindunuinidesdiiugadesneglnduaiun
Lﬁ’]’wwwmuazLw%mﬁwﬁammwmqamau’aaﬂ%’qmmﬁﬁﬁmmmmsﬁmmﬂaqwﬁﬁwmﬂwmmazmmsa

' A A A " a v & o 3 A a 1

novauaworUdslUasuLUadl Tnglamgatdanelaanunisalseiudmeaiiiing@uiagnis
YUFIDNIBY NTINULNEAS19ANNaINTaluNsSUTot v TusuAn STURDINEIUITININTANT
W9lATIAS AT BUININDINUSISUVIR LD LAEINITOIANITANULEEIRINUYIINS 9e19TiUsE AN AN

U =

wagtasuaseeudiduveadieduszazen venanidnduseadununuvundauazidengaunse

LY o Y A

T dusuamsdmiunisnevaussnnidu ddeyadidgdmsunismunudodussezen sl

U o
1%
o |

foyatiugrudmiumssenuuuinasnistlesiutvio

TorauauusiiivInsvsenisin ULy

1) nsounsUssidunnnudenenniviag fraunudiosanunsn ssyiluiiddgideanis
wmsnstlesiy wae Saasseulszanaiulasaseiugiu Wy seuussuned fufuh uay wuamneiild
sysumfuiuguld (NBS)

2) wnsmadsgninariiiudsduiu Weadunruamnsalunmsiuiiorognndoszoren uas
dueuaninsalunsuiuiveasiediiaeniufumuidssuaningiiennidlusunan

TolausiuzdmiunsITelueuian

1) lumsfnwiadaeluasmsysanmslsadiaesiviamaeifviludesmesnisuaudoya
210 Internet of Things (IoT) 1y wwasseduth 010 wagnsszuIstn WaifuAuusiugIes
WUUIIADS

2) ﬁﬁ]mmmaﬂizwusuaqwmﬁ@umﬁuuazm?iwuﬂawmgﬂLL‘U‘UNumn
7. inAnssuUsENA

seuatuidniatuldfennuiuiiouaratvayuanvatsniediu fideveveunmiiuide
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