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ABSTRACT

Compression-dominant  shell structures ochieve high structural efficiency through geometry-driven

load transfer, yet their fobrication remaoins difficult due to the incompatibility between doubly curved
geometries ond flot sheet-based manufacturing processes. This poper presents o computational
tuck-folding method for tronslating discretized shell geometries into developable fold patterns
while preserving reconstructobility ond fobrication control. Operating on plonor-foced polysurfoces
generated through computational form-finding workflows, the method introduces locaolized fold
offsets, referred to os tucks, olong selected edges during flattening. These tuck-folds compensate
for geometric incompatibilities generated during plonaor  unfolding  while  enabling  controlloble
variation of tuck width for structural stiffening ond fobrication constroints. The workflow integrates
geometric closure conditions, vertex-based degrees of freedom, and structurally informed tuck-
width aossignment into o unified computational system implemented in Grosshopper. Tuck widths
are constroined by compatibility relationships ot vertices, producing o limited but controlloble
solution spoce for fold generation. Compression-force doto extrocted from the shell form-finding
process informs tuck-width distribution within fobrication constroints such os materiol thickness
and machine bed dimensions. Two cose studies are presented: phusical poper models validating
geometric reconstruction, foldobility, ond stiffness, ond o concrete shell formwork proposal using
CNC-cut plywood and fobric membrones. The research contributes o computational folding method
that bridges geometric form-finding, structurolly informed discretization, and materiolly efficient
fobrication workflows for freeform shell construction.
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INTRODUCTION

Compression-dominant  shell
when geometry aligns lood paths with oxial compression rather than
bending, os Block and Ochsendorf (2007) demonstrated through thrust-

network analysis. Nejur and Akbarzadeh (2021) extended this equilibrium

structures goin  material efficiency

logic into computational 30 graphic statics [30GS), where force and form
diograms remain coupled during geometric exploration. These methods
moke compression-dominant shells powerful design objects becouse
structural behavior is generated through geometry rather than corrected
ofter form-making.

Construction weakens this link when doubly curved shell geometries
must be translated into flat stock, transportable parts, and controlloble
ossembly procedures. As Howkins et al. [2016) reported, flexible form-
work research emerged portly because conventional rigid molds often
turn geometric complexity into bespoke tooling, intensive labor, and
high material consumption. A subtractive workflow such as CNC-milled
plywood formwork can provide geometric fidelity, but in this paper
it operates os o material-intensive counterexomple rather than the

proposed fabrication strategy.

Veenendaal and Block (2014), Méndez Echenagucia et al. [2013), and
Popescu et al. [2021) also demonstrated that cable-net, fabric, ond knitted
formwork systems can reduce the mass of shell formwork by transferring
geometric control into lightweight tensioned or textile ossemblies. These
systems show that shell fobrication does not need to depend on heavy,
rigid molds, yet their occuracy still relies on specialized tensioning setups,
textile fobricaotion, or construction-specific support infrastructures.
Paper-bosed sheet formwork offers a different route: it uses the flat-
ness, foldability, ond low mass of sheet material as the primary geometric

carrier rather than os o secondary template attoched to o separate mold.

The central difficulty is that flottening o discretized shell is not o neutral
drafting operation. A planar foce can be unfolded individually, but o
closed neighborhood around o spatial vertex cannot alwaoys preserve all
three-dimensional adjocencies in the plone, which creates gops, over-
laps, or rotational mismatch during reconstruction. Conventional tabs and
flanges reconnect cut parts ofter flattening, but they treat assembly os o
fostening problem rather than encoding curvature, stiffness, or structural
information into the pattern itself. Tachi (2010)] indicated that in compu-
tational origomi, hidden tucks con obsorb geometric incompatibilities
between o target polyhedral surface and a planar crease pattern. As Dias
et al. (2012) showed, crease geometry also affects mechanical behavior,
which allows folds to operate os stiffness-producing features rather than

neutral hinge lines.

This poper develops tuck-folding as o computational method for the flat-
tening and fobrication of compression-dominant shell structures. The
method introduces locaolized fold offsets, referred to os tucks, olong
selected edges of o planar-foced shell discretization. These tucks absorb
flattening incompatibilities while preserving reconstructability, and their
widths become controllable parameters linked to vertex closure, material
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thickness, sheet size, ond force distribution. Diarte Almado and Shoffer
[2025] reported in cardboord formwork experiments that poper-based
molds con participate in concrete fobrication while exposing critical
constraints such os waterproofing, dimensional control, and costing load.
This research, therefore, treats poper sheet material not as o representa-

tional model, but os o temporary geometric carrier for thin-shell formwork.

The workflow begins with o compression-dominant shell generated
through grophic statics-bosed form-finding. The shell is converted
into o planar-foced polysurfoce, segmented into fobrication-oware
regions, and flattened into two-dimensional patterns. Tucks are inserted
where unfolding creates geometric incompatibility, and their widths are
constrained by closure relationships at vertices. Compression-force data
from the form-finding process informs the distribution of tuck widths
within fobrication limits such as material thickness, sheet size, and
ossembly sequence. The resulting poper sheets are cut, creased, folded,
ond assembled as lightweight formwork for casting o thin concrete shell.

The paoper follows the same sequence as the method: shell generation
defines the compression-dominant target geometry; segmentation and
flattening define the fabrication domain; tuck-folding formalizes vertex
closure ond tuck-width control; prototype studies evaluate poper recon-
struction, stiffness, and poper-sheet formwork behavior; the discussion
identifies tolerance, waterproofing, caosting pressure, demolding,
ond scaole-up constroints thot determine the method's architectural

opplicability.

LITERATURE REVIEW

Related studies relevant to tuck-folding for compression-dominant
shell structures begins with equilibrium-based shell design. Block and
Ochsendorf (2007) reformulated historical funicular form-finding as o
graphical method for generating compression-only vaulted surfoces
inside prescribed geometric envelopes. Akbarzadeh et al. [2015)
extended this line of research to polyhedral systems by establishing the
reciprocal relationship between funicular polyhedral frames and convex
force dingrams, maoking discrete plonor-foced geometries structurally
legible rather than treating them os post-rationalized meshes. Nejur and
Akbarzadeh [2021) translated these ideas into o computational work-
flow that preserves the coupling between form and force during design
exploration. Together, these studies explain how compression-dominant
shell geometry can be generated with structural logic embedded from
the outset, but they leave open the problem of how such geometries

should be materialized through flat, lightweight sheet fabrication.

A second body of research oddresses construction through lightweight
formwork. In their review of flexible formwork technologies, Hawkins
et al. [2016) showed that non-rigid molds con reduce material demand
while widening the geometric range of concrete construction. Within shell
fobrication more specifically, Veenendaoal and Block [2014) developed o
hybrid cable-net and fobric workflow that integrated form-finding, struc-
tural analysis, and formwork design for thin concrete shells. Méndez
Echenagucia et al. (2019) demonstrated the feasibility of this approoch
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ot full scole through o coble-net and fobric formwork prototype that
ochieved doubly curved shell geometry with o lorgely reusable support
system. Popescu et al. [2021) expanded the same trojectory through
KnitCandela, where cable-net and knitted stay-in-ploce formwork enabled
o materially light concrete shell assembled from digitally fabricated textile
components. This literature shows that shell construction does not require
heavy rigid molds, but geometric control in these sustems still depends on
calibrated tension networks, custom textile production, or project-spe-

cific scoffolding infrostructures.

A third strand of work concerns fobrication-oware rationalization.
Eigensatz et al. (2010) framed the paneling of architectural freeform
surfoces os an optimization problem baloncing geometric deviation, mold
reuse, and production cost. That contribution is importont becouse it
shifted discretization from o purely geometric task to o monufocturing
problem. For the present research, however, panelization alone is insuf-
ficient. It con rationalize o shell into planar or nearly planar parts, yet it
does not explain how flattening incompatibilities at vertices and along
shared edges should be resolved when o shell must be reconstructed from
foldoble sheet material. The literature on architectural paneling therefore
provides o precedent for fobrication-oware subdivision, but not for the
fold-bosed compensation strategies required by sheet-formwork systems.

Computational origomi addresses that missing geometric problem more
directly. Tachi [2010) showed that o target polyhedral surfoce can be
embedded into o planar crease pattern through hidden tucks that obsorb
incompatibilities generated during flattening while preserving one-sheet
reconstructability. Dios et al. [2012) odded o mechanical dimension by
showing that crease geometry offects stiffness and deformation, which
means folds con operate as structural features rather than as neutral
joints. These studies are highly relevant becouse they shift the role of
folding from connection to geometric compensation ond mechanical
control. Their main limitation in relation to shell construction is disci-
plinary: they primarily target geometric reconstruction, deployability, or
transformability rather than temporary formwork for concrete casting.

Recent work on poper-derived molds begins to close that material gop.
Diorte Almoda and Shaffer (2025) demonstrated that corrugated card-
board con serve os formwork for precost concrete components and
identified the practical constraints that govern such systems, including
waterproofing, dimensional stohility, aond resistonce to costing pressure.
This contribution establishes poper-bosed material os o credible geometric
carrier for concrete fobrication rather thon only o representational medium.
What remains missing across the literature is an integrated workflow that
connects force-informed shell generation, fobrication-oware discretiza-
tion, tuck-bosed flattening, and poper-sheet formwork. Existing studies
explain how to find compression-dominant forms, how to lighten shell
formwork, how to rationalize freeform surfoces, ond how to compensate
flattening through folds. They do not yet provide o computational method
that combines these operations for the fobrication of compression-domi-

nant shell structures from foldable sheet material.
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METHODS

To demonstrate the tuck-folding method, this section develops o complete
workflow for o modular floor slob system — o compression-dominant
funicular unit composed of o column, o canopy, and the arches connecting
them. The workflow proceeds in three stoges: form-finding with 3DGS
generates the torget geometry os o plonor-foced polysurface with
known edge forces [Form Finding); the tuck-folding algorithm translates
that geometry into o flat folding pattern with controlloble tuck widths
[Flattened Pattern Algorithm); and material-specific processing converts
the pattern into fobrication files for thin or thick sheet stock [Fabrication)
os shown in Figure 2.

Form Finding

The target structures are generated using PolyFrome 2, o geometry-based
structural form-finding plugin for Rhinoceros 30 and Graosshopper that
implements polyhedron-based 30 graphic statics Lu et al. (2024). Through
this tool, the bose geometry and subdivision pattern of o force diogrom
ore manipulated to generate its reciprocal form diogram, which defines
the target structure. For o modular floor slab system, the external forces
ore identified as vertical loads, lateral supports from neighboring modules,
and vertical support from the bottom column, as shown in Figure 2[a)(1).
Given the directional nature of these forces, the bose geometry of the
force dingrom is determined as shown in Figure 2[a)[2).

Subdividing the three force cells thot compose the force diogrom
produces more complex structures in the reciprocal form diagram. In this
design, o distinct subdivision method is opplied to the column, canopy, and
arch force cells. While the column and canopy force cells each consist of
o single external force surface, the orch force cell consists of all internal
force surfaces that connect the former two.

The column cell tokes all vertical support from the bottom. Subdividing the
bottom surfoce of the cell controls the plan profile of the column, while
vertical subdivisions control the curvature of its section profile.

The caonopy cells toke all vertical lood from obove. Subdividing the top
surfoce produces different conopy paotterns; Figure 3 shows four such
patterns os baosic subdivision typologies Zheng et al. [2020). Extruding
each surfoce segment toward different vertices on the column cell also
produces different arch positions.

Subdivisions of the arch cell should follow the subdivision patterns of the
column and conopuy cells. Becouse the arch cell alwaous tokes the following

shape, its resulting curvature in the form diogrom is always onticlastic.

To preserve o compression-dominant structure without tension and
to maintain the column support location of the slab, point, line, or plane
constraints are applied to the form diogrom to achieve o closer opproxi-

mation of the given force diogram.

Flattened Pattern Algorithm
The flattening algorithm converts the target shell into o two-dimensional

Tuck-Folding, Yang, Zhou, Teng
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3 Subdivision Typology Study

fold pattern that can be cut ond refolded to reconstruct the original geom-
etry. Becouse the fold strategy depends on the curvature at each vertex,
the two curvature typologies identified during form-finding are consid-
ered first.

Different force typologies result in different form curvatures. While the
column and canopy force cells alwoys produce synclastic curvature, the
arch force cells alwaus produce anticlostic curvature, as shown in Figure
4. At individual vertices in the form diogrom, synclostic vertices have an
inner corner sum of less than 360 degrees, which makes them easier to
flatten than onticlostic vertices. In oddition, the edges of the arch form

diogrom alwaoys carry higher forces.

Given the force and curvature analysis above, the slab geometry is sliced
primarily olong the arch, as shown in the example in Figure 2[b][1), in order
to (1] simplify the subsequent flattening steps, (2] give full control over

the tuck thickness corresponding to the force carried by each edge, ond

(0] Basic force diagram of o floor slab module with ling form diagrom with the vertices relative to the cells on
in orange, four arch cells in green. and four canopy cells in pink. the left. i i
curviture,

4 Force Typology ond Form Curvature Relationship
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[3) accommodate the fabrication-areo limitations of loser cutters, CNG
machines, and 30 printer beds. Secondary splits are mode when individual

pieces remain larger than the fobrication-orea constraint.

Flattening o curved polysurfoce into o two-dimensional pattern introduces
geometric incompatibilities, becouse the shared-edge relationships that
hold in three-dimensional space cannot be preserved directly in the plane.
At least one edge discontinuity must therefore be introduced during the
unfolding process. The discontinuous edges can be rejoined by odding an
isosceles triongular tuck whose angular bisector is folded by 180 degrees,

reconstructing the curved polysurface as shown in Figure 5.

To enable more precise control over the folded geometry, inner tucks are
odded to all connected edges in addition to the existing isosceles trian-

gular tuck, which is the minimum tuck required to produce o flat folding

> <

for the sum of the inner corner [b] Anticl Vertices has than 360 degrees for the sum of the inner

comners.

(o] Bosic force diagram of o floor slab module with in orange, four ing form diagrom with the i the
arch cells in green, and four canopy cells n pink. left. We
where as the arch cells results in anticlastic curviture

pattern.

5  Flottening Logic of o Sunclastic Vertex and an Anticlostic Vertex
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For o vertex with three joining surfaces, the degree of freedom for odding
inner tucks is one, meaning that once the tuck thickness of one edge is
determined, the other two are thickened correspondingly. For o vertex
with four joining surfaces, the degree of freedom is two, meaning that the
thickness of two selected edges can be controlled while the other two are
thickened correspondingly. From this principle, the degree of freedom at

each vertex, given its number of joining edges M, is M - 2.

Neighboring vertices share an edge. For two neighboring vertices, where
vertex A has M joining edges and vertex B has N joining edges, the total
degree of freedom is M + N - 5. Based on the degree-of-freedom principle
for tuck oddition proposed obove, the edges to be constroined can be
selected monually to generate the inner-tuck thickness pattern shown in
Figure 2[b)(3). Border tucks are independent of one another, since adding
them creates no geometric conflicts. They can therefore be made os thick
os the material requires to provide the necessary forces at the splitting
edges, as shown in Figure 2([b](4).

The shorter edges of the tuck areas must be odjusted to specific ongles
to preserve geometric stiffness and fidelity ofter folding. Figure 2[b](5)
shows the adjusted tuck geometry when the tucks are folded upward, and
Figure 2[b](B) shows the odjusted geometry when the tucks are folded
downward.

Fabrication
The choice of formwork material determines how the fobrication files are

generated. The two material categories differ in one geometric respect:

whether the sheet thickness is small enough to be ignored at the fold lines.

This distinction governs both the fobrication method and the way the fold

edges are encoded.
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(0] Flat Loser Cut Paper Model

[et) Individual Glue Fixed Paper Model (Top View] (c2] Individual Glue Fixed Paper Model (Bottom View]

6 Caose Study 1-1:10 Paper Folding Model
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Thin sheet materials, such as poper or sheet metal Akbari et al. [2021), are
thin enough that their thickness con be ignored during folding. The two
foces meeting at o fold rotate about o single shared line without colliding,
so o fold con be represented s o zero-width crease. The fabrication files
ore produced by loser cutting, with the folded edges scored os doshed
lines that oct as precise fold lines for on-site ossembly shown in Figure
2[clln.

Thick sheet materials, such as 30 prints on fabric or plywood panels riveted
to fobric, connot be treated this way. Becouse the material has oppre-
ciable depth, the two faces collide along the inner edge as they rotate, and
o zero-width crease is no longer foldable. The fold must instead be opened
into o physical crease: each edge is beveled ot an ongle corresponding to
its fold angle, so that the two foces close cleanly, s shown in the example
in Figure 2(c](2]. The beveled crease geometry is produced by 30 printing
or CNC milling, while a continuous fabric loyer bonded ocross the joints
provides o thin, reusoble hinge ot each edge. The bisector fold edge of
the tuck olwous folds outward ond requires no beveling, whereas the
shorter edges of the tuck are beveled to match the converging geometric

constraints at the vertices.

RESULTS AND DISCUSSION

The tuck-folding method is evaluated through two cose studies, one for
each of the fobrication opprooches introduced in the previous section.
The first uses thin sheet material to verify that the flattening olgorithm
produces o pattern that folds bock into the torget slab geometry. The
second opplies the thick-sheet opproach to o concrete pavilion proposal,

testing the method at architectural scale.

Case Study 1: Paper Model — Proof of Geometry

[df] Final Slob Glue Assembled Paper Model (Top View) [d2) Final Slab Glue Assembled Poper Model [Bottom View)

T —— -

(€] Final Slab (Elevation]
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In the first cose study, o poper prototype is used to verify that the tuck-
folding pattern generated by the flattening algorithm folds bock into the
target floor slab geometry. Two ospects of the poper model are examined

to assess the success of the computational tool:

«  the fidelity of the folded geometry relative to the target geometry;

*  the stability of the ossembled model.

The first step in fobricating the poper prototype is to generate loser-cut-
ting files from the folding pattern produced by the computational tool. The
outlines of the pieces are converted into continuous lines, while the moun-
tain ond valley creases are converted into dashed lines — a series of short
segments — to ease folding, os shown in Figure B[a). All lines are executed

os cuts by the loser cutter.

Scoring the fold creases proved less effective than doshed line cuts in
this case. The pattern contains both mountain and valley creases, which
fold in opposite directions; o scored crease folds easily only away from its
scored foce, so occommodating both creose types would require scoring
on both sides of the poper. Aligning the two scoring posses reduces occu-
racy, so dashed line cuts, which fold equally well in either direction, were

preferred.

The next step is to fold the mountoin and vaolley creoses in their correct

directions, os shown in Figure B[b).

The third step is to secure the geometry by gluing the tucks together. Each
tuck consists of one mountain crease and two valley creases. The moun-

tain crease olways folds by 180°, while the valley creases fold at varying

ongles. Gluing the two inner surfoces of each tuck fixes the 180° fold of the

.= il
ST

(o) 30 Print PLA Fabricated on Yellow Mesh Fabric

(b1) Individual Pieces Folded (Top View] (b2] Individual Pieces Folded (Bottom View]

7 Cose Study 2 - 1:25 Folded Thick-Sheet Formwork for Concrete Casting

B ACADIAJY

mountain crease, as shown in Figure B[c1] and [c2).

The final step is to glue the border tucks together, assembling the complete
slub geometry from the individual tuck-folded pieces, as shown in Figure
B6(d1] and [d2].

The completed model wos evoluated ogaoinst the two criterio defined
obove: geometric fidelity and stability. Fidelity wos ossessed by overloying
the physical model on the digital torget geometry. The folded prototype
reproduced the target slob geometry with high resemblance, confirming
that the flattening algorithm generates a pattern that folds back into the
intended shope. The model was fabricated from Bristol drawing paper and
measured 650 mm x 650 mm at 1:10 scaole, ossembled from 21 pieces, each

carrying o continuous set of tucks. Assembly was stroightforward.

Fidelity wos weaokest in two conditions: where the tucks were too thin,
ond where a tuck was much longer than it was wide. In both cases the tuck
was less able to hold its intended fold, locally reducing the occuracy of the
reconstructed surfoce. This is consistent with the tuck-width logic devel-
oped in the previous section, where tuck thickness is tied to the force
carried at eoch edge — under-scaled tucks correspond to the regions

where geometric control is least constrained.

Stahility, in the sense of stiffness, depended on fixing the tucks. Once all
tuck edges were glued, the mountain creoses held their 180° fold and the
model was rigid and dimensionally stable, with no observable spring-back.
The weokest region was the model's outer edge: os o single module, the
prototype relies on neighboring modules to provide horizontal support at
its boundary, and required external horizontal support to remain stable

in isolation. Gluing olso introduces o proctical limitation — it fixes the

[c2) Pieces Assembled (Bottom View)

TN

d2) Finished Farmwark (Lang Elevation)

[c1) Pieces Assembled (Top View)

[d1) Finished Formwork [Short Elevation)
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geometry but is not reusable, so while it is sufficient to prove the folded
geometry, it is not o viable fixing method for reusoble formwork. This moti-

vates the fobric-hinge opproach explored in Case Study 2.

Overall, the paper prototype demonstrates that the tuck-folding pattern
generated by the flattening algorithm folds successfully into the target

slub geometry, validating the geometric basis of the method.

Case Study 2: Folded Thick-Sheet Formwork for Concrete Casting
The second cose study opplies tuck-folding os o thick-sheet formwork
system for concrete shell fobrication, developed through o design
proposal for a concrete pavilion. The pavilion is o modular funicular shell
spanning 10 m by 5 m, which con be repeated into o floor slab system or

stond olone s o single conopy with lateral bracing, as shown in Figure 9.

For fobrication, the shell is divided into 13 pieces olong the aonticlastic
vertices, following the splitting logic used in Cose Study 1 ond respecting
the print-bed size limits of the fobrication equipment. Dividing along the
onticlastic vertices isolates the regions of highest curvature and force,
where the previous cose study showed geometric control to be most

demanding.

To validate the thick-sheet opproach, o formwork prototype was fobricated
ot 1:25 scale as shown in Figure 7. Eoch panel consists of o continuous
layer of gold tulle mesh fobric with PLA components 30-printed directly
onto it, carrying the angled crease geometry on the upper face. The fobric
forms o single continuous loyer across all creases, providing o thin, reus-
oble hinge at each fold edge, while the printed panels supply the beveled
crease geometry required for thick-sheet folding. The 180° fold creases
were printed with o 0.1 mm offset on eoch side to prevent the two faces

from fusing during printing, since they meet flush in the flat pattern.

As o formwork-fobrication demonstration, the prototype was not used
to cost concrete; instead, it verifies the geometry of thick-sheet folding
olong the same two criteria as Case Study 1 — fidelity to the target geom-
etry and stobility once ossembled. The printed panels folded cleanly to the
target curvature ond were simple to operate, and the combination of the
fobric layer and the printed creose angles held the intended fold ongles at
each edge. Because the fabric hinge allows the panels to fold and unfold
without domage, the ossembled formwork is reusable — addressing the
fixing limitation identified in Case Study 1, where the glued poper model
could not be reused.

At full scale, we propose o workflow that combines CNC-cut plywood ribs
with fobric membranes to produce reusaoble folded formwork components
capable of shaping high-fidelity funicular shell geometries, as shown
in Figure 8. By embedding geometric compensation and structural rein-
forcement directly into the fold pattern, the method reduces the number
of highly customized formwork elements tupicaolly required for freeform
concrete casting. The folded components con also be compactly trans-
ported and reassembled, improving fobrication efficiency ond reducing
material waste. Full-scole fabrication in plywood, and caosting concrete
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8 Proposed Fobrication and Construction Workflow

ogainst the ossembled formwaork, are identified os directions for future
work.

Together, the two caose studies demonstrate that tuck-folding operates s
both o geometric compensation strategy and o fobrication-oware discret-
ization workflow: the poper model verifies that the flattened pattern
reconstructs the target geometry, and the pavilion prototype shows that
the some principle extends to reusaoble thick-sheet formwork at archi-
tectural scale. Encoding stiffness into the fold pattern remains o design
goal of the method rather than o vaolidated result, ond is identified as o
direction for future work. While the current implementation focuses on
funicular shell geometries, the method can be extended to other freeform
discretized surfoces.

CONCLUSION

This research oddressed o central fobrication problem in compres-
sion-dominant shell construction: structurally efficient doubly curved
geometries are difficult to translate into flat, lightweight, and control-
lable fabrication systems without losing geometric continuity or relying
on material-intensive custom molds. In response, the poper developed
o computational tuck-folding method that inserts locaolized fold offsets
olong selected edges of planor-foced shell discretizations. Rather than
treating unfolding discontinuities os secondary faostening details, the
method uses tuck-folds to obsorb flattening incompatibilities, preserve

HUMANISMRECODED 9



9 Proposed Design for o Modular Outdoor Gaollery Concrete Pavilion

reconstructability, ond embed fobrication and structural logic directly into
the two-dimensional pattern.

The study showed that tuck-folding can operate ocross several connected
levels. Geometrically, tuck insertion compensates for gops, overlaps, ond
rotational mismatch created during the flattening of discretized shell
geometries. Computationally, tuck-width assignment is orgonized through
vertex-baosed closure constraints, where a limited number of independent
variobles define o controlloble design spoce. Structurally, compres-
sion-force information extrocted from the form-finding process con guide
tuck-width distribution, allowing the fold pattern to respond to local force
intensity while remaining within fobrication limits. Material constraints
such os sheet thickness, foldability, collision ovoidonce, machine-bed
dimensions, and ossembly sequence further shape the feasible tuck
pattern.

The two cose studies indicate the potentiol of the method os o bridge
between funicular form-finding and material fobrication. The poper model
study validated the bosic foldobility and reconstructability of tuck-folded
patterns, while also showing that inserted tucks con increase edge stiff-
ness and reduce local deformation. The folded formwork study extends
the workflow toward thin-shell concrete fobrication by positioning
sheet-bosed folded components os temporory geometric carriers rather
thon merely representational models. In this sense, the contribution of
this research is not only o flattening technique, but o fobrication-oware
framewaork that connects shell geometry, tuck-based unfolding, stiffness
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control, and lightweight formwork ossembly.

The current work also has limitations. The geometric constraint system
requires further formalization, particularly in relation to explicit closure
equations, the selection of independent tuck-width variobles, and the
projection of force-based width targets into the feasible solution space.
The physical validation remains preliminary ond requires more quantito-
tive evaluation of geometric deviation, stiffness improvement, tolerance
occumulation, and fobrication occuracy. For concrete formwork appli-
cations, aodditional challenges such as waterproofing, casting pressure,
demolding, material durobility, ond scole-up must be tested before the

method con be considered construction-readuy.

Future work will therefore focus on three directions. First, the computa-
tional model should be exponded into o more rigorous solver for tuck-width
optimization under geometric, structural, and fobrication constraoints.
Second, the workflow should be integrated with structural simulation
to evaluate the relationship between tuck geometry, shell stiffness, and
casting performance. Third, lorger-scale physical prototypes should be
developed to test robotic or assisted folding processes, reusable modular
formwork systems, and applications beyond funicular shell geometries.

By transforming flattening errors into controllable fold features, tuck-
folding refromes sheet- based fobrication as an active design instrument
for compression-dominant shell construction. The method suggests that
the gop between computational shell form-finding ond material realization

Tuck-Folding, Yang, Zhou, Teng



can be narrowed not by simplifying geometry after design, but by embed-
ding geometric compensation, structural response, ond fabrication

constraints into the fold pattern itself.
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