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In this paper, we introduce the Nip and Tuck Method, which provides a general
approach to construct complicated shapes without using high-level software
and/or without solving complex mathematical problems. Our framework is based
on discrete version of Gauss-Bonnet theorem, which states that the sum of vertex
angle defect in a given piecewise planar manifold or manifold with boundary
mesh surface is independent of the number of vertices, faces and edges. Based on
this property, architects and designers can simply introduce negative and positive
curvatures in the places they want to obtain desired shapes. We presented Nip
and Tuck Architecture to freshman students in beginning level design studios to
design arches with modular elements along with other methods. Several groups
of students, that chose to use Nip and Tuck approach to obtain individual
modules, were able to design and construct unusual small-scale arches.
Keywords: Nip and Tuck , Double-Curved Surfaces, Surface Active Arches,
Self-Supporting Plywood Structures, Fabrication with Planner Materials,
Freshman Design Studio

INTRODUCTION AND MOTIVATION
In this paper, we address two challenges that designers and more speciﬁcally, beginning designers deal
with in the context of geometric complexity and ﬁnding form. Despite the widespread development and
adoption of three-dimensional (3D) modeling software that allows for the virtual design of complicated
shapes, the physical construction of such shapes remains an unsolved problem; currently, it requires advanced machinery capable of milling custom 3D features or 3D printing. However, the most readily available digital fabrication tool in most schools of ar-

chitecture continues to be the laser cutter. Consequently, for architecture students, moving from 2D to
3D methods of fabrication often leads to higher manufacturing costs and a need to access outside fabrication facilities.
The other challenge for beginning design students and, particularly, foundation architecture (ﬁrst
year) learners is how to ﬁnd forms suitable for their
designs and determine the criteria necessary for the
selection of such forms. There is, therefore, a need
to develop form ﬁnding approaches to help design
students become "form ﬁnders" rather than "form
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Figure 1
A Self -supporting
structure designed
by Nipping
technique.
Foundation design
students at Texas
A&M University:
Nicholas Houser
and Ezequiel
Campos.

givers." In this paper, we introduce such a formﬁnding approach that we have termed Nip and Tuck
Method.
Nip and Tuck Method is based on construction
with developable surfaces. These types of surfaces
are made out of thin sheets of ﬂat materials that are
rolled rather than stretched [1] ; they are widely used
for the physical construction of complicated shapes.
These ﬂat sheets are excellent for teaching the design
of complicated architectural forms because they can
easily be cut using laser cutters, one of the most common digital fabrication tools available to students of
architecture. Moreover, using widely available ﬂat
materials such as plywood panels can signiﬁcantly reduce manufacturing costs.
The design and construction of large-scale
shapes with developable surfaces requires architectural, engineering, and computer science exper-
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tise (Sun and Fiume 1996, Mitani and Suzuki 2004).
Presently, only a few architectural ﬁrms take full advantage of the currently available graphics and modeling technology to construct more complex forms.
However, in the long term it is reasonable to expect
that the design of complicated shapes will become a
common practice, even in small architectural ﬁrms. It
is, therefore, important to introduce students to such
design and construction problems at the freshman
level.
One of the most signiﬁcant challenges to doing so, however, is that freshman students do not
have the software expertise and math/physics knowledge necessary to properly engage with these types
of problems. In this paper, we will present the Nip
and Tuck method, a process that allows for the introduction of complicated shapes into freshman design
studios. This Nip and Tuck Method permits the con-

Figure 2
Introduction of
maxima and saddle
points in desired
locations. Initial
paper (left), Maxima
(middle) and Saddle
(right).

Figure 3
With nipping and
tucking, it is
possible to use
paper to easily
obtain a wide
variety of shapes.

trolled curvature of planar panels without the need
for extensive software expertise and math/physics
knowledge.
Freshmen can design simple planar panels from
thin sheets, and cut them using laser cutters; they
can then turn these planar panels into doublycurved panels and use them to construct complicated shapes. One of the most important impacts
of our approach is that it allows students to internalize geometry through hands-on experiments. Another advantage is that this approach will signiﬁcantly lower construction costs because the planar
panels can be cut from inexpensive materials such as
plywood.
As part of our ongoing research into formﬁnding structures, this practical design approach is
introduced in this paper in an eﬀort to addresses the
following objectives:

Our method is based on the introduction of maxima and saddle points in desired locations. Maxima
points are obtained by nipping, and saddle points are
attained by tucking from an initial piece of paper. To
nip, we remove a piece; to tuck, we add a piece (Figure 2). In this research, for arch designs, we allowed
students only to nip in order to guarantee convex
arches.

• The design and fabrication of complicated
shapes using planner materials;
• The curvature control of planner panels without the need for extensive software expertise,
in order to make non-structural surfaces into
self-supporting structures; and
• The introduction of strategies for bending
rigid materials such as plywood, and ﬁxing
them into their ﬁnal forms.

Our approach is based on a discrete version of the
Gauss-Bonnet theorem, which states that the sum
of the vertex angle deﬂections in a given piecewise
planar manifold (or manifold with boundary) mesh
surface is independent of the number of vertices,
faces, and edges (Akleman and Chen 2006). Since paper is a developable material, it can be considered a
piecewise linear surface that consists of long strips of
planes; therefore, our formula can be applied to developable surfaces such as curved paper.

THEORETICAL PRELIMINARIES
In this paper, we introduce an extremely simple approach to design and construct double curved surfaces with hands-on manipulations of developable
materials. Our approach does not require any speciﬁc mathematical or computational knowledge. Designers by using the intuition coming from Gaussian
curvature can create designs with nipping and tucking using just paper, glue and stapler (exactly like
tailors designing clothes with nipping and tucking
fabrics). These paper models provide simple proof
of concepts and larger versions of the designs can
eventually be constructed using thin materials such
as sheet metal and plywood.

As mentioned, our method comes from the concept
of discrete Gaussian curvature, which is also called
angle defect. The angle defect, µi , of a vertex i, µi , is
deﬁned based on the corner angles:where θi,j is the
internal angle of the corner, j, of the vertex i and Ni
is the number of corners.
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µi =

Ni
∑

Θ i ,j

(1)

j=0

A discrete version of the Gauss-Bonnet theorem
shows that the sum of the vertex angle defects of all
of the vertices of a planar mesh is equal to 2(2 − 2g)
where g is the genus of the surface (i.e., the total number of holes and handles), and to (2 − 2g) where
g is the Euler Characteristic of the surface. This result agrees with the Gauss-Bonnet theorem (Chavel
1994), which states that the integral of the Gaussian
curvature over a closed and smooth surface is equal
to 2 times the Euler characteristic of the surface [2].
Vertex angle defect is a very simple concept that
can provide a good intuition sensitivity to control surface curvature. Note that the value of µi is related to
the Gaussian curvature.
1. If µi > 0, then the vertex, i, is either convex
or concave.
2. If µi = 0, then the vertex, i, is locally planar;
(i.e., it can be unfolded to a plane without any
gap or self-intersection).
3. If µi > 0, then the vertex, i, is a saddle point.
In other words, to create a convex or concave region
with paper, we can simply take out some angle by
nipping (or pinching). To create saddle regions we
can add angles by tucking. Using this intuition it is
easy to play with paper to design developable surfaces.
Since we know that the total angle will always
stay constant, we can shape papers simply using glue
and staples. Using this insight, it is possible to shape
planner materials intuitively and construct a variety
of forms (Figure 3).

METHODOLOGY
To demonstrate the eﬃciency and simplicity of Nip
and Tuck Method, we used the method for designing
Surface Active Arches in a freshman studio. For exploring the notion of three-dimensional structures,
students in freshman design studios in Department
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of Architecture at Texas A&M University were asked
to use plywood and design self-standing arches [3].
The Surface Active Arch design project had two
stages. In the ﬁrst, students explored surfaces and
geometrically active surfaces by using paper-like materials. Paper is an appropriate material for exploring
developable surfaces because it does not stretch and
is easy to cut and form (Figure 4).
In the second stage, students were asked to remake their concepts out of 1/8" thick plywood, and
explore active uses of the form through the relationships among the various geometrical and material
behaviors. Students' ﬁnal models were iteratively developed from small study models, eventually evolving into various joint and detail models created along
a number of diﬀerent scales.
Using this process, we were able to observe the
eﬀectiveness of the Nip and Tuck process in ﬁnding
forms. Using Nip and Tuck approach, students not
only learned how to ﬁnd forms, but also learned to
the eﬀect the materials in obtaining ﬁnal designs. In
this particular case, students learned to diﬀerentiate
between two types of materials, namely paper and
wood. The most signiﬁcant observations made by
students working with two types of materials were
that changing the materials changed the properties
of ﬁnal forms. In other words, these forms were
not driven simply by geometry, but also by material
properties.

IMPLEMENTATION DETAILS
In the design studio, we considered three strategies
for the design and construction of the surfaces of selfsupporting arch structures: (1) Folding, (2) Bending
and weaving, and (3) Nipping (Figure 5). Unlike paper, plywood is not easy to bend or fold; therefore, for
bending the plywood, we used three types of methods (1) Making relief cuts, (2) Cutting a series of kerfs,
and (3) Soaking plywood and reforming it (Figure 6
and Figure 7).
In all of these techniques, volume is created
somewhere between the parts. The convex forms
that result from applying these strategies can be used

Figure 4
A journey from
small paper models
to large plywood
arches.

Figure 5
Bending and
Folding were two
other strategies
that students used
to design
self-supporting
arches. Left project:
Madison Wilson
and Alexis Flores,
Right project:
Austin Madrigale,
Laura Zipps and
Madison Larmeu.
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not only to cover space, but also as load-bearing
building elements. Students used all of these strategies to increase the stiﬀness of a thin layer of plywood, thus converting the wood into surface-active
structures. What is interesting about the Nip and
Tuck strategy is that the material and its distortion are
the determining factors in the form-generation process (Buri and Weinand 2011).
Six groups of students chose to use Nip and Tuck
Method to design their arches. Since arch structures can only have positive curvature, for designing arches, only nipping approach is suﬃcient. When
nipping, students had to pay attention to the direction of the inner layers of the plywood. By cutting
out some sections and taking out certain angles, students were able to make convex or concave designs.
However, if the angle was large, the nipping process
needed to be conducted in progressive stages. Although through soaking and steaming the plywood
surface became ﬂexible enough to be squeezed into
the ﬁnal angle, reaching that ﬁnal angle was a gradual progression. After getting the surface into the ﬁnal form, it needed to be ﬁxed into position. Fixing
together two parts of a cut was achieved through various diﬀerent methods such as screws and nuts, zip
ties, and rivets. To push the connections further and
experiment with the material, there was also the option of using methods such as intertwining or cutand-tenon (Figure 8).

Figure 6
Left: diﬀerent relief
cuts, Right project:
Michael Hergert
and Sugey Zavala.

Figure 7
Cutting a series of
kerfs and soaking
plywood to reform
it.

CASE STUDIES
Here, to exemplify the practical possibilities of nipping, we have included several self-standing arch
projects built from thin plywood modules. Below,
we discuss how the diﬀerent modules can be made
and how they might be connected together to form
arches. In these examples, the main focus is on how
to create complex, double-curved modules out of developable surfaces, as well as how to ﬁnd methods
that simplify the process of forming and bending plywood.
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Figure 8
Diﬀerent methods
of ﬁxing parts
together.

Figure 9
Diﬀerent models
were made to ﬁnd
the right curvature
and module.

On the surface, the constructed arches were treated
as 2D domain structures. The design process was
conducted in three stages. In the ﬁrst stage, student proposed their desired single- or double-layer
arch structure. Once the arch was roughly designed,
the central challenge of creating the structural modules presented itself. During the second phase, the
proposed arches oﬀered a convenient geometric basis for using nipping to design the diﬀerent curved
modules that would eventually become the arch's
building blocks. In the third phase, the stability of
the proposed arch was revised, based on the threedimensional geometrical arrangement of the modules.
When a plywood surface is bent in one or two directions, its stiﬀness and load capacity increase. For
this project, the depth of the bent surface became
a structural variable (Figure 9). The nipping method
enabled student to bend their piece of plywood in
both directions, in order to achieve a positive Gaussian curvature. In this case, the local behavior of the
plywood was changed by vertex deﬂection. To make
the basic module for the arch, three types of curved
surfaces were considered:

interconnected. As the number of triangular cuts increased, the degree of bending and twisting at each
cut area was enhanced accordingly. Longer cuts required less torsional force. In other words, the narrower the piece, the more twistable the entire plywood surface. In nipping, the ability of a sheet of
plywood to absorb the impact of torsional forces is
limited by the size of the panel, its core thickness
and density, and the length, width, and proportion
of the triangular cuts. Diﬀerent groups of students attempted to determine and apply the optimum combination of these parameters in order to manipulate
the bending stiﬀness of the material. A wide variety
of 3D shapes could be achieved once the students
regularly or irregularly cut the diﬀerent parts of their
sheets.

1. Neutral single curve (cylindrical);
2. Negative double curve (hyperboloid); and
3. Positive double curve (spherical).
Students made the double-curved modules by physically constructing developable surfaces. Since negative double-curved surfaces are diﬃcult to construct
from plywood, the students mainly investigated positive curved surfaces in their arch modules.
Although a number of diﬀerent ways to make
positive double curvatures were presented, the students typically began with a rectangular sheet. Based
on the vector-drawing ﬁles produced through the
Rhinoceros platform, the students removed certain
angles as triangular pieces, and then joined the
neighboring edges of the angles together to create
convex regions. By turning the ﬂat surface of their
plywood into a series of smaller cut pieces, the uncut
surfaces were easily bent or twisted and the planes

Students cut 2D pieces while leveraging 3D models
as masters, guaranteeing the accuracy and quality of
their designs. Flattening and then laying the digital
models of their 3D surfaces onto their 2D materials
helped students estimate the best connection holes
and angle cuts for the edges.
Continuous arch structures were achieved by
overlapping the surfaces of two neighboring modules. Most of the arches did not follow a variable curvature. Consequently, the convergence angles of the
edges were, in some ways, alike.
By fabricating three-dimensional structural surfaces with strict two-dimensional cutting, students
were able to quickly grasp the possibilities and limits
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Figure 10
Diﬀerent arches
designed by
nipping methods.
Left project: Lorena
Espinosa and Julia
Grasley, Right
project: Natalie
Akins and Thomas
Holmes.

Figure 11
Diﬀerent arches
designed by
nipping methods.
Left project: Chesli
Nicole, Kathleen
Berger and Loryn
Taylor, Middle
project: Anna Cook
and Cynthia Castro,
Right project: Elise
Werner and Manuel
Duran.
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of their proposed designs (Figure 10 and ﬁgure 11).
The speed, eﬃciency, and low cost of prototyping allowed the students to improve and ﬁne tune their
structural modules in order to accommodate speciﬁc
requirements; this opportunity for revision was available until a very late stage of the design and fabrication process.

CONCLUSION AND DISCUSSION
The Nip and Tuck Method oﬀers great freedom for
structural curved forms, allowing them to be fabricated from two-dimensional sheet material and laser
or 3-axis cutting machines. In addition, these simple methods oﬀer enormous beneﬁts in terms of fabrication, modularity, and customization. To date,
little published research has been presented that
describes the structural and mechanical properties
of the conﬁguration formed through the nipping
method. In the future, designers and scholars should
investigate the eﬀects of its geometry on the stability
and performance measures of convex and concave
surfaces, and discuss the advantages to and limitations of using nipping to form ﬂat materials. Across
a wide array of methods that can be used to transform a ﬂat sheet of material into a three-dimensional
form (such as bending and folding), it seems that nipping is uniquely suited to forming plywood shapes;
it is one of the most eﬃcient shape and structureforming processes. Combining nipping with other
methods enables the generation of diﬀerent structural forms with a myriad of desirable characteristics.
Beyond allowing complex surfaces to be constructed out of regular laser cutters, the nipping
method also oﬀers an additional beneﬁt; it ampliﬁes
the stiﬀness of a surface without adding extra material. By exploiting the deformation of the materials, the nipping approach generates bending-active
structures and causes more stiﬀness.
In this study, students explored nipping approach as a form-ﬁnding technique by using plywood; however, it was possible to apply this method
to other materials such as metal or plastic sheets. The
experiences described here illustrate that the ﬁnal
arch structures were not only informed by geome-

try, but also that the fabricated geometries stemmed
from the materials, tectonics, and assembly logic.
Therefore, exploring the use of nipping and tucking
with other materials will even more tightly couple future design explorations with materials-based prototyping.
Under extreme time constraints and without a
thorough knowledge of digital modeling software,
freshman students were challenged to explore the
geometric complexities of their designs and transform their ﬂat sheets of material into intricate threedimensional convex surfaces; the goal was to create self-standing structures with improved mechanical properties that were also light in weight. The
arch project sequence emphasized the mutual interactions among physical prototyping and simple digital modeling, weaving together precision, jointure,
detail, connection, and assembly. Armed with the
empirical knowledge provided by the project, students enjoyed a wide playing ﬁeld of possibilities for
designing complex forms that otherwise would only
have been possible through the use of advanced digital modeling. Exploring the nipping technique and
its utility in addressing developable surfaces within
the bounds imposed by certain material properties
helped students to generate complex surfaces and
deliver robust 3D design capabilities.
Exploring developable surfaces within the context of the design studio provided a framework for
developing a new in-house open source software
called UNFOLDING to address the constructability
and structural geometry of complex forms. This software demonstrates the economic eﬃcacy of using
minimal amounts of isotropic materials that can only
be bent in one direction to construct sculptural and
architectural forms of diﬀerent scales. After being designed, the software can be used to unfold a desired
form so that it can then be laser cut. Giving future
designers hands-on experience with modeling and
laser cutting will familiarize them with simple methods of fabrication, thus overcoming some of the current limitations with exiting CAD software and fabrication techniques.
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