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[Abstract]

This study aims to explore the structural and visual characteristics of modular textiles manufactured using 3D printing. To
achieve this, it sets three structural elements—connection method, geometric pattern, and material property—as analytical criteria
and classifies modular structures into three types: organic curved, fixed lattice, and precisely contoured. Each type is then
examined in terms of visual rhythm, spatial flow, and material responsiveness. After establishing the classification criteria for
structural elements, the study analyzes cases of actual production to demonstrate how modular units form flexible and 3D textile
surfaces, enabling interactions between form, body, and movement. These structures extend beyond the conventional notion of flat
textiles, offering a new language of structural aesthetics. By integrating digital fabrication technologies with design principles, the
study emphasizes the interconnection between structure, material, and surface expression, thereby indicating the potential for

responsive and visually rich textile designs.
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Fig. 1. Conceptual framework of research structure and
analytical procedure
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Table 1. Formative characteristics of 3D printing methods and
key materials
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sintering Powder -
durability
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Fig. 2. Comparative examples of form and material properties
by 3D printing materials: (a) Flexible structure using
TPU - (b) Rigid structure using PLA - (c) Translucent
material using PETG
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Table 2. Theoretical correlation of formative elements in
modular textiles

Formative Elements
of Modular Textiles
(Braddock Clarke &

Theory of Visual
Order and Contrast
by Donis A. Dondis

Visual Language
Theory by Johannes
Itten (1961)

Harris, 2012) (1973)
Arrangement / Unity & Variety, Visual Order,
Repetition Rhythm Rhythm
Assembly / Form Proportion, Balance,
Connection Method Contrast Visual Structure

Overlap / Organic Flow, Tension
Transformation Form Contrast
Visual Density / Color & Value Density,
Spatial Composition Contrast, Visual Contrast
Visual Weight
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Table 3. Formative elements and characteristics of modular

textiles
FemELE Structural function Visual characteristics
element
Establishes visual order Sense of 'hy””.“’
" stability or tension
Arrangement through repetition of )
depending on
modules o .
regularity/irregularity
Flexibility in module
Enables unit connection combination,
Assembly ) o
and structural expansion replaceability,
modularity
Allows transformations Structgral ﬂeX|b|Il|ty,
. dynamic expression,
Overlap such as rotation and : .
) formation of irregular
folding
curved surfaces
Densn‘y & Defined by spacing and Adjustable denS|lty,
Spatial openness, and guided
placement of modules .
Layout spatial flow
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Table 4. Structural elements, functional characteristics, and theoretical interpretations in modular textiles

Sélrg;tg;?l Subtype Functional characteristics Interpretation based on Oxman’s theory
Hinge type High flexibility, capable of rotation gf&ﬁ;’g‘?@i—aﬁgf’n desigr: Interpretation of flexible
Connection
method Clip type Repetitive assembly, strong retention Interpretation based on modular assembly system
Snap type Precise fit, high wearability Fixed modular system with repetitive connection
Triangle Structural stability, tension generation Morphogenetic logic: Formation of repetitive tension
structures
Geometric Hexagon Stress distribution, efficient repetition B/Q/og/ca/ fe;ge//az‘lon- ) )
pattern Grid composition for stress dispersion
Organic form Swtablevfor curygd composition, Digital morphogenesis: Design of non—linear curved structures
emphasizes fluidity
Rigid plastic High shape retention, low elasticity Material resistance. Formation of fixed structural units
) Elasticity, flexibility, enables curved Material behavior.
. Flexible TPU ; ) .
Material expression Enables formation of responsive structures
Composite material | Functional integration, contrast effects gfégfgtgisgeous fogict Design based on functional-formal
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Table 5. Classification criteria for structural elements in

3D-printed modular textiles

Classification

Design basis and interpretive Example

Criteria
(Sub—Criteria) approach WIS
Module coupling form,
Connection rotational capacity, and Hinge type,
Method mechanical behavior snap type,
(Joint Structure) including flexibility, insert type
detachability, and fixation
Repetition rules for

Geometric Pattern establishing visual order, Triangle,
(Repetitive Array enabling spatial hexagon,

Structure) expansion, and

maintaining cohesion

organic form

Morphological formation
and structural
responsiveness depending
on material strength,
flexibility, and reactivity

Material Properties
(Material + Printing
Method)

TPU, PLA,
PETG
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’ Structural Components ‘

| i ]

(

‘ ic Pattern

Material Behavior

-Flexible linkage

-Rigid interlocking structure
-Inserted/interlocked joint
-Self-aligning configuration

l \ |
!

Integrated Typological Analysis

-Repetitive grid
-Radial matching
-Organic curve-based

-Single material
-Composite/multi-material
-Responsive (e.g., heat,light)

-Irregular / non-uniform -Hybrid-responsive

Formative Aspects
(visual rhythm, repetition, organicity, etc.)
+
Functional Aspects

ity, responsi ; ilty, etc.)

: Design Application Based on Interactions
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Fig. 8. Detailed typology and integrated interpretive
framework of structural elements
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Table 6. Case analysis of 3D modular textiles based on classification criteria of structural elements

Structural Element Subtype Representative Case Formative Characteristics Functional Characteristics
(Sub—Criteria)
Hinge tyoe Kinematic Dress Organic curvature, continuous Flexible rotation according to
ge typ (Nervous System)[10] structure movement
Connection Method Geometric arrangement Inter—unit cohesion, wearable
Clip type | Pixel Jacket (Cutecircuit)[18] " rang ’ ’
(Joint Structure) repetitive units modular assembly
Snap type Self-Aligning Modules Tight—fit connection, simplified | Automatic alignment, rapid
pyp (Skylar Tibbits)[19] repetition assembly
T Kinematics Dress . . Structural density, interactive
riangle (N Syst 2014) Rhythm, tension, regularity
Geometric Pattern ervous oystem, response
Hexagon Parametric Textile Curtain Repetitive structure, visual Uniform expandability, structural
(Repetitive Array 9 (Matsys)[20] balance precision
Structure) - -
. Hybrid Holism ) ) . Lo . )
Organic form (Iris Van Herpen)[21] Organic flow, irregular rhythm Fluidity, biomimetic expression
TPU (ﬁf’f:f)'[/g;ﬁ’ face Textie Soft curvature, fluid form Wearability, flexibility
Material Properties PLA Chain mail smart fabric Emphasis on linear density and | Structural rigidity, repetitive
(Material + Fabrication) (3D Printing Industry )[23] modular repetition arrangement
Hong Kong Eco—Pavilion Translucent shaping, stable L o .
PETG (LAAB Architects)[ 24] form Stimuli-responsive interactivity
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Organic Curved Type Fixed Lattice Type Precisely Contoured Type

Hinge-type connection Clip-type connection Snap-type connection
+ + +
Organic pattern Regular lattice pattern Precise repetitive pattern
+ + +

Flexible material High-rigidity material Medium-rigidity material

¥

Dynamic surface formation
Wearable responsiveness

+
Structural stability
Modular expandability

¥
Precise curvature formation
Visual depth

Connection Method Geometric Pattern ’ Material Property

Hinge-type Organic Flexible
Clip-type Regular lattice High-rigidity
Snap-type Precise repetition Medium-rigidity
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Fig. 11. Framework for deriving structural types of 3D
modular textiles based on the combination of
structural elements
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Table 7. Structural and functional characteristics by structural type in 3D-printed modular textiles based on element combinations,

with representative cases

Structural Combination
Structure type (Connection / Pattern /
Material)

Formative
characteristics

Functional characteristics

Project / Designer

Organic curved

type Hinge / Triangle / TPU, Nylon

Curvilinear flow,
organic rhythm

Wearable responsiveness,
flexible curvature shift

Kinematics Dress
(Nervous System, 2014)

Snap-Insert /

Fixed lattice tyoe Hexagon-Square / PLA

Repetitive alignment,

visual order

Structural stability,
repeatable modular
assembly

inBloom Dress
(XYZ Workshop, 2014),
Self-Assembly Tile System
(MIT, 2016)

Precisely Snap / Organic Curve /
contoured type PETG, Nylon

Precise curvature,
visual density

Visual tension,
static preservation

Kinematics Petal Dress
(Nervous System, 2016),
Voltage Dress
(Iris van Herpen, 2013)
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