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Figure 1: Pipeline overview: We first simulate deformation of the mold under the load of the plaster infill (§3). Then we compute a strain
field that captures local deformations on the mold. We project this field onto the target shape and smooth it (§4). A segmentation algorithm
segments the target mesh into quad-shaped patches such that cloth fiber directions and seams align with the strain field (§6). The segments
are flattened to the plane and used to trace fabric patches that can be sewn together to make the mold. The mold is filled with plaster, allowed
to cure, and then demolded. Bottom Left: Comparison with the segmentation method from [PDF∗22] (we refer to it as CPM, which is an
automatic garment production system). Our approach yields fabricated shapes with better geometric fidelity.

Abstract
We present a physically-informed segmentation pipeline for producing fabric formwork for the casting and molding of arbitrary
3D objects. Fabric formworks are molds made by stitching together patches of textile fabric. The mechanical flexibility offered
by these molds aids the fabrication of unconventional and complex geometries and allows for greater transportation ease
for on-site fabrication tasks. We employ an isotropic material model to estimate maximal strain directions that result when
casting fluid is poured into the formwork. Our physically driven segmentation approach ensures seams and fiber directions
align with these maximal strains. Experimental observations indicate that this alignment strategy significantly reduces twisting
and shearing artifacts associated with the orthotropic deformation of woven fabrics. Aligning seams with strain directions
further limits deformation of the formwork, improving fidelity to the input model. Moreover, our segmentation improves upon
that of [ZFS∗19] by promoting smoother seams and quad-like patches, reducing the time and expertise needed to construct the
formwork. We validate the efficacy of our pipeline by fabricating and simulating shapes of varying complexity, showing superior
geometric reconstruction and fabrication ease.
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1. Introduction

Recent computational mold-making methods enable hobbyists to
fabricate intricate shapes [AMG∗19, MPBC16], but these 3D-
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printed molds face size limitations unsuitable for architectural-
scale structures. Large-scale additive manufacturing approaches,
such as those proposed by [Kho04] and [Bog13], involve significant
technical complexities and high costs. To address this, [ZFS∗19] in-
troduced a computational pipeline for fabric-based molds, known
as Fabric Formwork. These fabric containers, first realized dur-
ing the industrial revolution [VWB11], are crafted by joining to-
gether flat patches of fabric to produce a three-dimensional mold.
This helps circumvent size limitations and enables the fabrication
of structures of arbitrary size and good surface quality at a low cost.

While [ZFS∗19] developed a comprehensive computational
pipeline for designing fabric formworks, their approach overlooked
a key aspect. They optimized the geometry of the patches based
on the physics of the deformation from the plaster infill via an in-
verse design approach. However, the initial patches were generated
through a segmentation procedure focused solely on developabil-
ity, which can result in poor initial guesses and cause the opti-
mization to converge to suboptimal local minima. To address this,
we propose a more physically driven segmentation pipeline in this
work. Our segmentation method is self-contained and effective on
its own, but can also serve as a good initialization for subsequent
inverse design optimization.

We make the following observation based on our understanding
of the material properties of woven fabrics. When designing fabric
formworks, aligning fiber directions with strain directions is cru-
cial, as woven fabrics typically have a low shear modulus (see Fig-
ure 2) and stretching along the bias leads to defects like twisting and
shearing of the cloth mold [Gor09](Ch. 12) (Fig. 1). Proper fiber
alignment also optimizes load distribution and prevents tearing of
the formwork during the curing process [Wes16]. We estimate these
strain directions using a non-linear isotropic material model and
align fibers accordingly. Our findings show that this approach ef-
fectively minimizes asymmetric distortions caused by shearing, as
the mold stretches primarily along the much stiffer warp and weft
directions under fluid infill pressure. A more thorough discussion
demonstrating this under perfect alignment can be found in Sec. 5.

We use this strain field to segment the mold into quad-shaped
patches aligned with fiber directions. Tracing the orthogonal strain
field yields patches whose seams align with maximal strain, fur-
ther minimizing distortion due to increased stiffness. Quad-shaped
patches also facilitate smooth seams, simplifying the sewing pro-
cess. We validate our approach with the help of both physically
fabricated and simulated results. We compare our results to other
segmentation approaches from prior work on fabric formwork
[ZFS∗19], garment sewing patterns [PDF∗22], and general purpose
developable segmentation [SC18]. We demonstrate how fiber and
seam alignment with strain directions improves the match to the
target shape. In summary, our contributions include:

� A strain field synthesis procedure that captures local mold defor-
mations and generates a vector field with high-quality topology,
enabling the tracing of developable segments aligned with the
strain field.
� A field-tracing-based segmentation method that aligns fibers

and seams with, or orthogonal to, the directions of maximal
strain—providing stiffness where needed and reducing torsion,
twisting, and overall distortion in the formwork.

Figure 2: Left: Fabric sample stretched in tensile testing at a bias
of 45 degrees, Right: Tensile test force-displacement data for vari-
ous bias angles.

� A merging approach resulting in patches that are easier to sew
due to their quad-like nature and smoother boundaries, facilitat-
ing the fabrication process.

2. Related Work

2.1. Cloth-based Inverse Design

Past work in inverse design has largely employed iterative opti-
mization based approaches. In this section, we review some of
these works and highlight their key limitations. [LCBD∗18] pro-
posed an inverse-design framework to estimate the rest shape of
thin shells and the frictional contact forces required to achieve a
target deformation. However, their simulation models each mesh
edge as a spring with constant stiffness, which—as shown by
[MBT∗12]—fails to accurately capture in-plane shearing behav-
ior. [LDW∗22] proposed a differentiable cloth simulation pipeline,
enabling inverse tasks such as material calibration and trajectory
planning. Rod and plastic-reinforced, pre-stretched fabrics are op-
timized to deploy into a target shape in [POT17] and [JSVB22]
respectively, while [MTMP20] reduce seam stress and pressure
for skin-tight garments. All three aforementioned works assume
isotropic cloth, even though real fabrics are typically orthotropic.
These approaches also require computing force Jacobians, which
are particularly difficult to evaluate for non-linear orthotropic fab-
ric models, as demonstrated by [FWYX24]. It should also be noted
that a good initial guess is crucial, as these optimizations oper-
ate over highly non-convex landscape with many local minima.
State-of-the-art approaches for differentiable cloth simulation such
as [LLK19] suffer from the same issues - they simplify the stiffness
model from [WOR11] to an isotropic one and struggle to estimate
stiffness values for large deformations accurately for the material
parameter estimation task.

2.2. Computational Mold Design

Many advances in algorithms and computational approaches for the
fabrication of free form shaped 3D structures have been seen in
recent years. [AMG∗18] demonstrate a segmentation technique to
fabricate metamolds - intermediate 3D printed molds used for cast-
ing silicone molds. These silicone molds can then be used to create
multiple copies of the desired 3D object. In a similar vein, the al-
gorithms developed by [VLAR19] enable the fabrication of multi-
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