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ABSTRACT

Graphic statics is a method for analyzing and designing structures based on the
geometric representation of equilibrium conditions, where both forces and structural
forms are depicted through reciprocal diagrams. This paper presents a
comprehensive review of the development, application, and current state of graphic
statics, with particular emphasis on its computational and three-dimensional
extensions. Although the fundamentals of graphic statics date back to the 18th
century, there has been a resurgence in interest in the field throughout the last three
decades, primarily due to improvements in digital modeling and visualization tools.
The review is structured into three main sections: the historical evolution of graphic
statics and its entry into computational domains; an overview of form-finding
methods and their integration into design workflows; and the role of graphic statics
as a form-finding method in generating spatial, three-dimensional funicular forms.
The paper concludes by identifying key research gaps and arguing for further
development of graphic statics as a powerful tool for both architectural exploration

and structural optimization.

1 Introduction

Graphic statics is a method for structural analysis and
design based on the geometric representation of equilibrium,
where both forces and forms are expressed through
reciprocal diagrams. Using principles of projective geometry,
it enables the construction of a force diagram in equilibrium
paired with the form diagram, facilitating intuitive and visual
determination of internal force distributions.

The graph reveals a marked increase in publications over
the past three decades, underscoring a resurgence of
interest in graphic statics largely driven by computational
innovations, based on a chronological overview derived from
the analysis of over 100 publications, Figure 1. For clarity,
the major contributions have been grouped into three key
periods: the foundational era (1725-1990), early
computational developments (2000-2010), and
contemporary research (2010-present), which includes
recent advances in three-dimensional graphic statics. While
the origins of the method can be traced back to the 18th
century, the surge in publications in recent years highlights
the ongoing evolution and research potential of graphic
statics as a dynamic and expanding area within structural
design and analysis.
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This paper presents a comprehensive review of the
development, application, and current state of graphic
statics, with particular emphasis on its computational and
three-dimensional extensions. The analysis of the selected
works is structured into three main sections: the first section
provides a summary of the evolution of graphic statics and
the recent development of three-dimensional computational
graphic statics; the second section reviews form-finding
methods, encompassing their historical development in
relation to graphic statics and contemporary use; and the
third section discusses the role of graphic statics as a
method for form-finding in the design of spatial, three-
dimensional funicular forms.

2 Historical development of graphic statics

The literature that provides a historical overview of the
development of graphic statics is chronologically divided into
three segments. The first segment focuses on works that
explore the fundamental principles and methods of graphic
statics, spanning from its origins in the 16th century to the
end of the 20th century. The second segment examines
literature from the late 20th century that marks a renewed
interest in the field, particularly through its integration with
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Figure 1. Chronological Overview of Research on Graphic Statics

computational technologies, advancements that not only
enabled more efficient application of classical principles but
also extended their use in the analysis and design of
complex structures. The third segment encompasses the
most recent developments in the field of three-dimensional
graphic statics, from the late 20th century to the present, a
period during which, research has utilized three-dimensional
form and force diagrams for the analysis and design of
complex structures, supported by advanced digital tools.
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2.1 Fundamental principles and methods of graphic statics
In the detailed historical overview of graphic statics
presented in The History of the Theory of Structures by
Kurrer [1] and Symmetrie Gruppe Dualitét by Scholz [2], it
is stated that the origins of graphic force analysis date back
to the 16th century. The first significant contribution is
attributed to Simon Stevin, who in 1586 [3] graphically
represented the balance of forces on inclined planes using
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weighted rope diagrams, concluding that the forces on either
side of the inclined planes are in equilibrium if the magnitude
of the force on each side is proportional to the length of that
side. In one of the earliest examples related to graphic
statics, Nouvelle Mécanique ou Statique [4], Varignon
introduced the key terms: funicular polygon and force
polygon. By employing a polygon, or more precisely, a force
diagram, Varignon described the static equilibrium of internal
forces in simple structures, as well as in systems consisting
of a suspended, inextensible rope with attached weights. The
shape assumed by the rope under the action of the applied
forces represents the funicular polygon, which visually
illustrates the interaction between external and internal
forces, Figure 2.

By the beginning of the 19th century, the concept of the
force polygon had been employed by several researchers to
visualize, analyze, and explain the equilibrium of force
systems. In 1822, Poncelet [5] used the force polygon to
determine the center of gravity, while Lamé and Clapeyron
[6] applied the same method in 1828 to analyze the dome of
Saint Isaac’s Cathedral. In 1858, Rankine [7] demonstrated
how force polygons could be used to calculate internal forces
in statically determinate trusses. Graphic methods for
analyzing static equilibrium were formally introduced into
engineering as graphic statics through Culmann’s Die
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Graphische Statik [8], which established that the funicular
polygon and the corresponding force polygon are
interchangeable as reciprocal diagrams [3], [4]. The theory
of reciprocal relationships between the funicular form and
force diagram was further developed in the publications of
Maxwell [9], [10]. Building on Culmann and Maxwell,
Cremona introduced a method for constructing reciprocal
diagrams [11], thereby expanding the application of graphic
methods for analyzing force distribution in trusses [12],
Figure 3.

During the late 19th century, graphic statics gained
further popularity due to its application as a complementary
technique for the analysis of cast-iron structures[1].
contrast to traditional structures built from combinations of
stone and timber, cast-iron constructions were composed of
a series of linear elements subjected to axial forces, either in
compression or tension. The equilibrium of forces, as well as
the design and analysis of such complex load-bearing forms,
could be graphically determined using graphic statics,
without resorting to complicated numerical methods and
calculations. A comprehensive presentation of the known
methods at the time, illustrated through practical examples,
was provided by Wolfe in Graphical Analysis: A Text Book
on Graphic Statics [13], which represents the final reference
from the reviewed period.

Figure 2. Drawings of funicular polygons in Nouvelle Mécanique ou Statique [4] that graphically represent the static
equilibrium of a system of ropes
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By the end of the 20th century, the use of reinforced
concrete had become widespread in structural construction,
introducing load-bearing elements subjected to complex
stress states. Since the method of graphic statics is
particularly well-suited for analyzing structures composed of
linear elements carrying only axial forces, the design and
analysis of reinforced concrete structures increasingly
shifted toward numerical methods based on linear algebra.

2.2 Computer implementation of graphic statics

The growing interest in research within the field of graphic
statics has been driven primarily by new methods of
“research through design,” as well as by the possibilities that
emerge when graphic statics is combined with advanced
software for algorithmic and computer-aided design. Three-
dimensional modeling tools used in architectural design have
enabled the exploration of structural design through three-
dimensional graphic statics in ways that are not possible with
two-dimensional manual or computer-based diagram
drawing.

The inherently parametric nature of graphic statics was
first implemented through the development of two-
dimensional software applications such as ActiveStatics [14],
Interactive THRUST [15], and eQuilibrium [16], which use
parametric software to construct interactive drawings. These
implementations allow real-time interaction and visualization
but require prior programming and a good understanding of
graphic statics. Moreover, modifying the software topology of
an existing diagram is complex, which limits the exploration
of new architectural forms and often necessitates a complete
reconstruction of the interactive diagram.

The transition from two-dimensional to three-dimensional

implementation of graphic statics began with RhinoVAULT
[17], which is based on thrust network analysis and
implemented as a plug-in for the parametric modeling
software Rhinoceros3D [18]. This tool enables the interactive
design of freeform shells using reciprocal diagrams, by
applying a thrust network that represents the spatial
equilibrium of compressive forces, Figure 4. RhinoVAULT
manipulates the three-dimensional form by using horizontal
projections of discretized shells to construct interactive two-
dimensional form and force diagrams in planar view, and in
this sense does not constitute a true implementation of three-
dimensional graphic statics.
The software implementations based on two-dimensional
graphic statics provided a critical foundation for the
conceptual and computational transition toward true three-
dimensional graphic statics. By addressing their limitations
and extending their capabilities, later developments
introduced methods that operate entirely in three
dimensions, both in geometric representation and in static
equilibrium.

2.3 Three-dimensional graphic statics

The modeling capabilities integrated into today’s
parametric software have enabled contemporary research in
graphic statics to focus on its extension into three
dimensions, employing a range of approaches and methods.
Within this context, the methodologies are commonly
categorized into three main approaches: projective,
composite, and fully three-dimensional [20]. Two principal
methods emerge within the fully three-dimensional category:
the vector-based method and the polyhedral-based method.

Figure 4. Output from RhinoVAULT: (a) defined shape of a compression-only shell; (b) two-dimensional reciprocal form; (c)
force diagram [19]
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Vector-based three-dimensional graphic statics resolves
spatial force equilibrium using weighted vectors [21],
particularly through so-called “Cremona reciprocal diagrams”
[22] or ‘three-dimensional Cremona diagrams” [23]. While
determining equilibrium at a single node using vectors is
relatively straightforward, constructing a complete force
diagram for a three-dimensional structure often results in
ambiguous, overlapping vectors and a force diagram that is
no longer reciprocal to the form diagram. To establish a
parallel relationship between the spatial form and the force
diagram [24], additional numerical computations are
required, thereby diminishing the intuitive and transparent
qualities traditionally associated with graphic statics, Figure
5.

The vector-based approach to three-dimensional graphic
statics is founded on the argument that it remains consistent
with the original techniques of two-dimensional graphic
statics by using vector lengths to represent force
magnitudes; however, since vectors in three-dimensional
space do not lie in a single plane, their true lengths often
become difficult to interpret visually, which undermines the
clarity characteristic of planar graphic statics.

Polyhedral-based three-dimensional graphic statics,
which represents force equilibrium through polyhedral
geometries, builds upon the foundational work of Rankine
[26] and Maxwell [10]. As early as 1864, in his paper titled
Principle of the Equilibrium of Polyhedral Frames [26],
Rankine proposed the possibility of a reciprocal relationship
between structural form and force transmission in three-
dimensional space. Maxwell subsequently developed a

(b)

F

geometric procedure for constructing three-dimensional
reciprocal diagrams to express this idea. Although both
Rankine and Maxwell use the term frame in their writings,
McRobie [23] clarifies that their analyses pertain to truss-like
structures in which elements carry only axial forces. This
definition differs significantly from the contemporary use of
the term frame, which refers to rigid structures capable of
transmitting all internal forces, including bending moments.

In two-dimensional graphic statics, the axial force in a
truss element is represented by the length of the
corresponding edge in the force diagram. In contrast,
Maxwell and Rankine’s method uses the areas and
orientations of faces in a polyhedral force diagram to
represent the directions and magnitudes of forces in a three-
dimensional truss. This approach enables the construction of
a reciprocal 3D force diagram for a polyhedral truss in static
equilibrium, composed of closed polyhedral cells, each
representing force equilibrium at a specific truss node, Figure
6.

Akbarzadeh [27], [28] clarified the proposals of Maxwell
and Rankine through three-dimensional diagrams and
visualizations, combining their foundational ideas with the
capabilities and advantages of contemporary parametric
software. Their more concrete implementation has been
realized through additional plug-ins for Rhinoceros3D [18],
such as PolyFrame [29] and 3DGS [30], which provide
practical implementations of reciprocal force and form
diagrams. The most comprehensive computational
framework based on three-dimensional graphic statics using
polyhedral force diagrams was developed by Lee [31], who

F*

Figure 5. Vector-based three-dimensional graphic statics: (a) planar force diagram and its projection (superimposed); (b) form
diagram; (c) three-dimensional force diagram [25]

(c)

Figure 6. Polyhedral three-dimensional graphic statics: (a) force diagram and form diagram (superimposed);
(b) force diagram; (c) form diagram [27]
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established a generalized theoretical foundation supported
by a data structure formulation to address a wide range of
equilibrium problems, including spatial force systems.

In recent years, numerous applications have been
developed for design using three-dimensional graphic
statics. These include methods based on iterative
subdivision of force polyhedral [32], [33], testing of spatial
models designed to carry only compressive forces [34], and
the full materialization of structures created with 3D graphic
statics [35]. In addition to design and form-focused research,
McRobie and Konstantatou [36] established a generalized
theoretical framework for three-dimensional graphic statics
by linking it to fundamental principles of structural
engineering. Their research introduces n-dimensional
reciprocal construction methods through projective geometry
[37], applies Minkowski sum diagrams to interpret Maxwell’s
load-path theorem [23], addresses the limitations of
Rankine’s reciprocity, and discusses the generalization of
three-dimensional graphic statics for arbitrary 3D trusses
[23], [36].

3 Form-finding methods

Form-finding methods represent an advanced process in
which parameters are explicitly controlled to define an
optimal geometry of a structure that is in static equilibrium
under the loads anticipated during the design process [38].
In this context, the optimal geometry of the structure refers
to the definition of a shape or configuration that most
effectively receives and redistributes the applied loads,
maximizing the capacity of the cross-section of the structural
elements while minimizing material usage. This concept
includes the design of structures that follow the natural path
of axial force transmission — either in compression or
tension — while avoiding the occurrence of bending
moments and shear forces. Structural forms that align with
the forces they are intended to carry and transmit are called
funicular forms. In funicular forms, the stress across the
height of the cross-section is evenly distributed, reducing the
likelihood of stress concentrations and the formation of weak
points that could lead to structural failure.

The earliest form-finding methods are based on Hooke’s
hanging chain principle [39], where by mapping the shape of
a hanging chain, by definition subjected only to tensile
forces, an equivalent arch shape under compressive forces

(a) (b)

is defined. The resulting shape of the chain illustrates the
transmission of compressive forces in the arch, effectively
defining the thrust line [40]. Hooke's analogy is
fundamentally linked to the origins of graphic statics through
the investigations of Varignon, in which the term funicular
polygon was introduced, derived from the Latin word
funiculus, meaning cable or rope. Varignon proposed a
graphical method for constructing the shape of a suspended,
inextensible rope with attached weights, thereby laying the
foundation for the use of geometric methods in the analysis
of static equilibrium, Figure 7.

Hooke’s hanging chain principle defines the shape of
constant-thickness arches subjected solely to their self-
weight. Varignon expanded upon this principle by introducing
the influence of varying loads on the suspended rope. In
doing so, he connected this shape to the concept of the force
diagram, demonstrating that the geometry of the funicular
polygon is directly dependent on the load distribution [4].

For a rope fixed at its endpoints and loaded with vertical
forces of varying intensity applied at discrete points, a
corresponding funicular polygon is formed, for which a force
diagram is constructed to represent the equilibrium at each
node. Specifically, in the funicular polygon, each of the
individual triangles represents the force equilibrium of the
corresponding node, while the length of each side of the
triangle corresponds to the magnitude of the forces acting at
that node. Each funicular polygon thus achieves a unique
state of static equilibrium for the given boundary conditions,
geometry, and loading configuration.

3.1 Computationally implemented funicular form-finding

The definition of a funicular form, which in the design
process may be interpreted as a geometric constraint limiting
the forms to those that carry only compressive forces, does
not necessarily represent a limiting factor in the creative
design process, but can instead serve as a driver that
focuses the exploration of the design space [41]. However,
the interdependence between different domains of form-
related constraints is difficult to perceive, considering that the
designer must understand and relate formal, external, and
practical constraints [42]. Recognizing the relationship
among mutually competing constraints, as well as finding
solutions within their framework, constitutes a complex
methodological problem, the resolution of which requires the

Figure 7. Form-finding of arches: (a) The analogy between an arch and a hanging chain by Hooke (drawing by Poleni [40]);
(b) lllustrations by Varignon of funicular polygons and their corresponding force diagrams [4]
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application of computationally implemented form-finding
methods. Namely, without a computer-implemented method,
the architectural designer must possess excellent technical
knowledge and understanding of the structural constraints of
funicular forms in order to approach the resolution of the
design problem.

Modern computationally implemented methods for
defining funicular forms are generally classified into three
groups [38]:

(1) Stiffness matrix methods, used for structural
analysis and applied within the framework of the finite
element method (FEM). These are used in the design of
various types of structures, where calculations include
different geometric and material properties. The application
of stiffness matrices allows for the accurate calculation of
deformations and stresses, which are then used for further
structural optimization.

(2) Dynamic equilibrium methods, which solve the
problem of dynamic equilibrium by defining a stable state
equivalent to static equilibrium. These methods include
dynamic relaxation as well as spring—particle systems.

(3) Geometric stiffness methods, which are
independent of the material and include three-dimensional
graphic statics and the force density method, in which the
ratio between force and element length represents the
fundamental unit upon which the calculations are based. All
subsequent methods are, in fact, generalizations or
extensions of the force density method in combination with
three-dimensional graphic statics, most notably reflected
through the method of Thrust Network Analysis.

Given that contemporary 3D modeling software enables
more precise and faster generation of forms, as well as easy
and rapid modification of the model, today the digital
implementation of form-finding methods results in increased
control over the design process. This allows designers to
experiment with different geometric configurations and to
optimize the structure to minimize material costs and
improve structural efficiency. Simultaneously, digital
simulation tools allow for quick adaptation of the project to
new conditions or requirements, thereby accelerating the
entire design process. Digital implementation not only
increases efficiency but also enables greater innovation and
creativity by revealing new formal possibilities within the
design process.

The application of the finite element method for form-
finding is enabled through the use of genetic algorithms,
which rely on Darwinian theory of natural selection in an
iterative process to select optimal solutions from a random
set of potential solutions, combining them to achieve a better
solution in the next iteration [43], [44]. The role of the
designer in such a process is limited, considering that the
final solution results from a large number of steps of
numerical iteration.

Dynamic equilibrium methods, such as dynamic
relaxation and spring—particle systems, reformulate the
problem as a dynamic simulation of physical behavior
through different approaches. Dynamic relaxation does not
explicitly use particles or springs, but achieves equilibrium by
simulating energy dissipation over discrete time steps, while
spring—particle systems model interactions through springs
connecting discrete particles, solving equilibrium by
evaluating internal forces. While both are effective for form-
finding, they offer limited control and transparency for the
designer, as the internal computations are often unclear and
the method primarily yields the final equilibrium form without
insight into intermediate force distributions or structural logic.

Building Materials and Structures 68 (2025) 2500009M

Geometric stiffness methods offer a fundamentally
different approach by focusing on equilibrium as a geometric
rather than material-dependent problem. These methods,
including three-dimensional graphic statics and the force
density method, allow for form-finding that is independent of
predefined material properties, making them particularly
suitable in the early stages of design. By treating force as a
geometric quantity—often defined through the ratio of force
magnitude to element length—they enable direct control over
the structural logic and allow designers to intuitively
manipulate equilibrium configurations. Their visual and
reciprocal nature provides greater transparency in the design
process, fostering an informed exploration of structurally
expressive forms. As such, they support a more interactive
and informed role for the designer, bridging conceptual
exploration and structural feasibility.

4 Graphic statics as a method for funicular form-
finding

Graphic statics, as one of the geometric stiffness
methods, stands out from other methods in this category by
offering exceptional transparency in the relationship between
form and force diagram. The magnitude of a force,
represented simply by the length of the corresponding line in
the force diagram, is parallel to the line in the form diagram,
allowing the designer to observe, through their
interdependence, the effects of changes in the form diagram
resulting from modifications in force, and vice versa. A key
advantage of three-dimensional graphic statics is that it
operates fully in three dimensions and the designer is able to
impose geometric constraints by defining specific parts of the
force diagram, thereby controlling the distribution of internal
forces. With these inherent properties, three-dimensional
graphic statics proves to be a particularly useful method for
form-finding in the early stages of the design process.

The digital implementation of form-finding methods in
general, and the implementation of three-dimensional
graphic statics specifically, emerges within a broader
landscape of computational design technologies and stands
in contrast to earlier digital approaches that prioritized
surface complexity over structural clarity. The early wave of
digital architecture, particularly in the first decade of the
2000s, was marked by a fascination with smooth, continuous
forms made possible through parametric design tools and
NURBS-based modeling environments. This formal
language, driven by algorithms and scripting, enabled highly
expressive geometries but often did so at the expense of
material rationality and structural clarity. While these
approaches were technologically sophisticated, they
frequently resulted in high-cost architectural solutions that
were difficult to fabricate, energy-intensive to construct, and
accessible only to a limited number of well-resourced
practices. The emphasis on visual complexity and stylistic
innovation often obscured the physical realities of
construction, producing buildings that, although formally
ambitious, were disconnected from broader economic,
social, and environmental considerations.

In contrast, graphic statics, particularly as it has been
revitalized through digital tools, offers a fundamentally
different paradigm. Rooted in equilibrium, geometry, and
transparency, graphic statics allows for a direct and
intelligible relationship between form and structural
performance. It enables designers to work with forces as
tangible design parameters, supporting intuitive and
materially grounded exploration. Unlike the opacity of many
parametric systems, graphic statics encourages an
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accessible and visually legible design process that
foregrounds structural efficiency, clarity, and constructability.
In doing so, it provides not only an alternative aesthetic
sensibility but also a more inclusive and responsible
approach to digital design, that reasserts the value of
constraint, physical logic, and comprehension in the shaping
of architectural form.

4.1 Comparison of graphic statics with other form-finding
methods

Stiffness matrix methods, such as finite element
modeling combined with genetic algorithms, treat form-
finding as an optimization problem, where a structural
objective, such as minimizing material use or displacement,
is achieved through iterative simulation and evolutionary
techniques. While powerful and applicable to a wide range of
structural types and constraints, these methods often require
significant computational resources and abstract the
relationship between form and force, which is a central and
transparent feature of graphic statics. Additionally, in the
early stages of design, the material to be used for the
construction is most often unknown, which means that
computational methods for form-finding that depend on the
properties of the material used, such as FEM-based methods
and optimization techniques, are not viable approaches.

Unlike computational techniques such as dynamic
relaxation or spring-particle systems, graphic statics offers
an explicit and visually intuitive correspondence between
geometry and static forces, making it particularly suitable for
design-oriented exploration. In contrast, dynamic relaxation
and spring-particle systems are iterative numerical methods
that compute equilibrium configurations by simulating
physical systems with simplified mechanics: dynamic
relaxation treats structures as systems of masses and
springs subject to iterative force balancing. Although both are
computationally efficient and compatible with complex
geometries, they often lack the visual clarity and immediacy
of graphic statics, which enables a direct reading of internal
forces through scaled vector diagrams.

The force density method is a numerical form-finding
technique that simplifies the equilibrium equations of a
network by expressing them in terms of force densities:
defined as the ratio between axial force and member length.
Compared to graphic statics, which relies on reciprocal
geometric constructions to represent force equilibrium, the
force density method abstracts the form-finding process into
a matrix-based algebraic system, making it highly suitable for
implementation in digital environments, however, it lacks the
explicit visual correspondence between force and geometry
that characterizes graphic statics. Additionally, because the
force density method assumes fixed nodal connectivity and
predefined force directions, it offers limited flexibility in
exploring new topologies or compression-dominant forms,
which are central to the application of graphic statics in the
design of funicular structures.

Thrust network analysis combines geometric and
numerical approaches by extending the principles of graphic
statics into three dimensions using force and form diagrams
to generate funicular networks, typically for compression-
only structures such as masonry shells. However, unlike
traditional graphic statics, thrust network analysis is
implemented computationally and often relies on planar
projections and dual graphs, which can obscure the full
spatial behavior of the system.
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4.2 Advantages of computationally implemented graphic
statics

The recent interest and progress in the field of graphic
statics are largely due to its computational implementation,
which opens up a range of possibilities for its application as
a method for funicular form-finding. The implementation of
form-finding methods in a usable and repeatable manner
through software that allows for their independent use has
been discussed by Witt [45], who notes that such
implementations are most often realized through the concept
of the black box, where the internal guiding process remains
unknown to the user. In computer engineering, the black box
concept refers to a system of input and output data without
the user's ability to control the computational process,
assuming that the function is appropriate for the intended
purpose and does not require examination [46]. To a certain
extent, the black box concept can be made more transparent
by allowing control over the input and output data [47], which
largely depends on the transparency of the implemented
method.

The computational implementation of form-finding
methods, such as the force density method, dynamic
relaxation, or the spring—particle system, based on user
feedback regarding the relationship between given input
requirements and resulting outputs, creates a component
equivalent to the black box concept, limiting the ability to
intuitively expand and develop structural knowledge. By not
providing an adequate level of control and insight into the
underlying form-finding methodology, primarily due to the
nature of their implementation, these methods have limited
applicability as design tools. In particular, the absence of an
explicit link between the structural system's form and its
internal forces hinders the identification of effective
parameters needed during the form-finding process,
generating complex mathematical concepts without enabling
intuitive application by architects and engineers in the design
process. Although tools developed through the
computational implementation of these methods are flexible
and versatile depending on the design problem at hand, they
do not provide clear guidance to the designer, who must
instead rely on a trial-and-error approach. Despite offering
possibilities for generating different form definitions, the
underlying structural logic remains difficult to grasp, thereby
limiting the design process to controlling predefined shapes
and conducting their subsequent analysis.

Given that the method of three-dimensional graphic
statics is a geometric one, its implementation in
computational software enables a highly transparent design
process. This facilitates a deeper understanding of the
relationship between the structural form and the distribution
of internal forces, reducing or avoiding the shortcomings
associated with the black box concept. Unlike other form-
finding methods, the algorithms in three-dimensional graphic
statics establish a direct connection between the force
diagram and the form diagram, automating the complex
process of manual diagram construction without relying on
numerical calculations. In doing so, they expose fundamental
aspects of the underlying methodology through the use of
three-dimensional models in virtual space. As a result, a
designer who understands the form-generation procedure
does not rely on opaque numerical routines, thereby
reducing the risk of uncritical acceptance of numerical
models and outputs. The application of graphic statics is thus
closely linked to the understanding of its core principles,
which are inherently connected to understanding the design
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process and its constraints as a whole, an essential factor for
developing innovative design solutions.

5 Research outlook and identified gaps

The analysis of existing research indicates that graphic
statics, no longer limited to two-dimensional analysis, can be
extended into three-dimensional space through its
implementation in computer-aided design software. This
expansion has opened new possibilities for designing
complex spatial structures, enabling designers to visualize
and manipulate both form and force in three dimensions.
However, moving into spatial modeling increases the
method’s inherent complexity and the complexity of the
generated diagrams, while also reducing intuitiveness in the
design process. The geometric relationships between
polyhedral cells and spatial boundaries become increasingly
difficult to manage, especially when the diagrams grow in
scale or deviate from idealized configurations. Although
certain repetitive parts of the diagram construction process,
in both force and form diagrams, are intended to be
automated by combining graphical algorithms with
computational modeling and solution strategies, one of the
main limitations of three-dimensional graphic statics remains
the lack of concrete, generalizable methods for modeling
polyhedral force diagrams. In particular, there is a lack of
consensus on how to algorithmically define the geometries
of reciprocal diagrams under complex load cases.

Despite the establishment of a significant portion of the
theoretical foundation for polyhedral 3D graphic statics, there
is still a shortage of research focused on defining the specific
geometry of the force diagram for various loading conditions,
as well as clear strategies for its modeling, control, and
interpretation. Much of the current work remains focused on
highly symmetrical or idealized structures, often assuming
vertical loading and homogeneous boundary conditions. The
most recent advancements in the field of three-dimensional
graphic  statics, particularly when combined with
sophisticated optimization strategies, are primarily focused
on the design and analysis of compression-only structures,
specifically on defining their optimal funicular form. However,
these optimization-driven approaches often prioritize output
generation over spatial legibility, limiting the designer’s ability
to critically engage with the internal force flows. Given the
large number of possible variations of the force diagram—
each generating a different three-dimensional solution for a
given set of loads and boundary conditions—its usefulness
becomes limited if the designer lacks a clear strategy for its
interpretation and construction. In such cases, the design
process risks becoming an exercise in formal rationalization,
applying geometric concepts without genuine exploration
based on an understanding and intentional shaping of the
structural form and force distribution. Moreover, as diagrams
become more abstract and computationally generated, their
legibility to non-expert users diminishes, reducing the
pedagogical and intuitive potential that originally defined
graphic statics as a design tool. Even when integrated within
an interactive design environment, such approaches often
fail to fully exploit the potential of the intuitive, graphical
nature of the method through the use of form and force
diagrams.

The review of the available literature also leads to the
conclusion that previous research has not been focused on
determining the three-dimensional form of force diagrams
under specific loading scenarios that include the influence of
horizontal forces, or combinations of horizontal and vertical
forces, and their graphical interpretation. This omission is
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significant, as horizontal forces—particularly those arising
from wind or seismic activity—play a critical role in the design
of compression-dominant structures such as vaults, shells,
and spatial frameworks. Without methods to accurately
model and manipulate force diagrams under these
conditions, the full potential of three-dimensional graphic
statics as a generative design tool remains underutilized.
Therefore, in order to expand the application of polyhedral
force diagrams beyond their current use as tools for
visualization or verification of spatial equilibrium, it is
necessary to develop methods that allow for appropriate
modeling and manipulation of such diagrams under varying
load conditions. This includes not only defining geometrically
consistent force diagrams but also exploring how changes in
loading, boundary conditions, or form constraints influence
their reciprocal counterparts.

It can be concluded that there is a need to explore the
potential for modeling three-dimensional force diagrams by
linking them to established methods for funicular form-
finding, where the form is understood as the optimal
geometry for force transmission. Such integration would not
only fill existing gaps in the methodology but also unlock new
opportunities for intuitive, performance-driven design in
complex spatial structures—pushing the boundaries of
current computational form-finding techniques toward a
more informed and transparent design logic.
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