
A PARAMETRIC SYSTEM FOR NESTED PARAMETRIZATION OF CURVES – BALANCING
AESTHETIC APPEAL AND STATIC STABILITY 

Jelena Ivanović1*, Mirjana Devetaković2, Djordje Djordjević3, Panagiotis Kyratsis4, Djordje Mitrović5 
1 University of Belgrade, Faculty of Architecture, Belgrade (SERBIA), jelena.ivanovic@arh.bg.ac.rs  

2 University of Belgrade, Faculty of Architecture, Belgrade (SERBIA), mirjana.devetakovic@arh.bg.ac.rs 
3University of Belgrade, Faculty of Architecture, Belgrade (SERBIA), djordje@arh.bg.ac.rs 

4 University of Western Macedonia, Faculty of Engineering, Kila Kozani (GREECE), pkyratsis@uowm.gr 
5 University of Belgrade, Faculty of Architecture, Belgrade (SERBIA), djordje.mitrovic@arh.bg.ac.rs 

Abstract 

Parametrically defined curves hold great architectural potential but require balancing aesthetics, structure, and function. 
This paper presents a Grasshopper-based parametric system that generates spatial curves through nested 
parametrization, enabling diverse architectural/urban forms. Integrated with the Millipede plugin, it employs finite 
element analysis to assess weight, deflection, axial forces, torsion, and bending moments. By merging parametric 
modeling with static evaluation, the system fosters a multidisciplinary design approach, optimizing both geometric 
expression and static performance.  
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1  INTRODUCTION 
Parametrically defined curves offer significant potential for architectural and urban applications, yet their successful 
integration into design requires a careful balance of aesthetic, structural, and functional aspects([1],[2]). Over the past 
two decades, parametric modeling has transformed the way architects and designers conceive spatial configurations, 
enabling the creation of complex, adaptive, and performance-oriented geometries that respond to contextual, 
environmental, or structural criteria ([3], [4]). Recent studies demonstrate that the use of parametric systems not only 
enhances formal exploration but also supports rationalization processes that lead to more feasible and efficient 
construction solutions ([5], [6]). 

Despite these advancements, current practices often struggle to address the interplay between the geometric potential 
of these curves and their structural performance in practical applications. While form-finding techniques and digital 
simulations have improved significantly, the integration of structural logic into early-stage design decisions remains a 
challenge, particularly when dealing with free-form or irregular geometries ([7], [8]). 

Section 2 introduces a parametric system, developed in Grasshopper3D (GH) [9], which generates and manipulates 
spatial curves based on parametric equations, while Section 3 details its integration with structural analysis via the 
Millipede plugin. The research highlights the importance of balancing aesthetic and static performance in curve 
geometries, offering a simple yet efficient software-based method for rapid iteration and feedback on static behavior. 
This approach, discussed in Section 4, provides a valuable tool for architects and engineers to harmonize form, 
structure, and environment in innovative architectural/urban designs. 

2  PARAMETRIC SYSTEM WITH A NESTED PARAMETRIZATION APPROACH 
A schematic representation of the system, illustrating its structure, is shown in Fig.1. To demonstrate its functionality, 
we introduce the system using one of the well-known curves commonly employed in architecture and the built 
environment, such as the catenary, parabola, or helix, which are valued for their robust and resilient static properties. 
Given that the first two curves are planar, we focus on the helix as a three-dimensional example. For more details, we 
refer to [10-16], which provides a comprehensive exploration of various mathematical curves, their properties, and their 
applications. 
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Fig.1. Schematic Representation of the Complete Parametric System, with a Zoomed-In View of the Curve Generation Framework 

The helix is particularly advantageous in projects requiring a spatially expanding or ascending spiral, such as spiral 
staircases, bridge ramps, or tower structures. This curve is essential for designing functional and aesthetically 
compelling spirals that not only support static loads but also provide exceptional stability along the load-bearing 
directions. The parametric equations for a helix are as follows:  

cos , sin ,  , 

where  is the main parameter, typically interpreted as the rotation angle around the -axis. As  increases, the helix 
evolves, generating a spiral in space. These equations are implemented within the system using the Eval GH-
component, with  controlled via a slider that defines the segment of the curve to be generated and displayed. 
Additionally, a dedicated slider allows precise adjustment of curve thickness, providing greater flexibility in design. 

Note that here , the radius of the circle described along the base -plane, and , the constant controlling the vertical 
growth rate along the -axis, function as nested parameters. Their calibration, provided by two additional sliders, leads 
to variations in the resulting form. In other words, by adjusting these nested parameters, the system enables the 
generation of an entire family of helical curves (Fig.2.). Due to the helix’s inherently simple geometric nature, i.e., its 
clear spiral form, the curves within this spectrum exhibit only subtle differences, resulting in limited form diversity. 

Fig.2. Helicoidal Curves for Varying Nested Parameters: 1, 1; 3, 1; 3, 2; 1, 2; 7.5, 0.5, Respectively

However, for more complex examples, or for curves that are less familiar or extensively studied, variations in the nested 
parameters can produce a remarkably diverse set of visually distinct forms. This variability enables the creation of truly 
unique and visually compelling curves, offering a spectrum of design outcomes. Given the system's capacity to generate 
an almost infinite range of variations by modifying the mathematical functions that define parametric curve equations, 
we have explored numerous examples. For the sake of brevity, only a selected subset, including cases that involve sine 
and cosine functions, is presented in Table 1. 

3  INTEGRATING STATIC ANALYSIS 
The described parametric system is significantly enhanced through the integration of the Millipede plugin for static 
analysis, extending the system beyond a purely aesthetic and geometric exploration (the blue part of the GH definition 
in Fig.1.). This enhancement enables users to simulate material behavior, adjust support conditions, and assess key 
static properties of the curve-based forms, including weight, deflection, axial forces, torsion, and bending moments,  
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Table 1. Selected Parametric Equations and Corresponding Curves for Varying Nested Parameters 
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using finite element analysis (FEA). The technical aspects of this part of the system will be illustrated through 
demonstrations based on the curves shown in the second row of Table 1, which may have been rotated. 

It is essential to prepare the selected curve for static analysis. Due to the inherent characteristics of the curve (e.g., its 
periodicity) and the chosen domain for the primary parameter  during its generation, certain geometric irregularities 
may occur, such as duplicate points, overlaps, or intersections of curve segments. These irregularities must be 
resolved to ensure the accuracy of the analysis. The system provides functionality to completely eliminate these 
issues, subsequently converting the refined curve into a GH-PolyLine—a polygonal representation composed of a 
sufficiently large number of segments to maintain the curve's intended appearance. 

Point support generation can be accomplished through two distinct approaches. The first approach allows the user to 
manually select the support locations without the need for precise placement on the curve. The system then identifies 
and assigns the closest curve points as supports. The second approach, which is automatic, utilizes the system’s 
capability to independently generate support points by choosing those segment midpoints among midpoints of all the 
segments that make up the polygonal representation, that are closest to the base plane, i.e., the -plane (see Fig.3.). 
In that case, the system offers the user control over the number of support points via an adjustable slider, where the 
selected number is directly related to the -coordinates of the support points. Specifically, the user’s selection 
determines a small proportion of the geometry that will potentially lie below the terrain elevation level, thus allowing 
precise adjustments based on specific analytical requirements. 

Fig.3. Illustration of Different Support Point Selections Using the Second Approach. 

The user is also provided with the ability to vary the material type (e.g., unit, steel, concrete, glass, aluminum, etc.), its 
thickness, and the inner radius, ensuring that all necessary data for the main Millipede components—the FEA System 
and FEA Solver—are available. This functionality enhances the system’s flexibility, allowing detailed customization of 

Fig.4. A Part of the System with Obtained Numerical Results Related to the Curve in the Last Row of Fig.5. 
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the material properties, which is essential for accurate static analysis and design optimization. As a result, the 
system generates numerical values for critical parameters, including weight, maximum deflection, ranges of 
deformation, axial forces, and bending moments (see Fig.4.). 

Additionally, using specialized Millipede components for visual representation, the system produces visual displays of 
axial forces, deformations and bending moments. In Fig.5. the first column presents the curves without any 
analysis, with the chosen support points indicated, while the second, third, and fourth columns simulate axial forces, 
deformation, and bending moments, respectively. The color scheme, ranging from red to blue, corresponds to the 
intensity of these parameters. Specifically, red indicates the highest intensity (greatest forces, deformations, or 
moments), yellow and green represent intermediate intensity, and blue indicates the lowest intensity (minimal 
forces, deformations, or moments). In some cases, visualizations may appear entirely bluish, suggesting very small 
or negligible values in axial forces, deformations, or bending moments, signifying that the structure is mostly in an 
axial state or that the forces at play are minimal. 

In some of our examples, it can be observed that the second column is predominantly redish, while the third and fourth 
columns are predominantly bluish. This observation suggests that, despite high axial forces in certain regions of 
the structure the deformation and bending moments remain minimal. In addition to the potential influence of the 
material's inherent rigidity, it also suggests a well-balanced structure in which large axial forces do not lead to 
significant deformations, likely due to a specific design that allows efficient force transfer without causing noticeable 
displacements. 

Fig.5. Visual Representations of Axial Forces, Deformations and Bending Moments, Respectively—Compression in Red, Tension in Blue 

4  CONCLUSIONS: BALANCING FORM AND STRUCTURAL POTENTIAL   

The parametric system developed in this research serves as a powerful tool for architectural exploration, particularly in 
generating a diverse range of curve-based forms. While the curve generation process is straightforward, its potential is 
immense, allowing rapid iteration and experimentation. Any modification to the parametric equations or nested 
parameters instantly updates the visual representation, enabling users to efficiently and interactively explore different 
geometric configurations. 

Beyond geometric versatility, the system integrates fundamental static analysis, facilitating a multidisciplinary design
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approach where geometric elegance and structural performance are carefully balanced. This real-time feedback on key 
static properties—such as deflection, axial forces, and bending moments—enables continuous refinement, ensuring 
that aesthetic considerations align with structural feasibility. 

This dual capability is particularly valuable in contemporary architectural/urban practice, where innovative forms must 
reconcile with technical and environmental constraints. The ability to simultaneously track geometric changes and static 
responses empowers designers to make informed decisions in real time. 

This nested parametric system represents a significant advancement in architectural/urban design, seamlessly linking 
curve generation with structural analysis. It provides a versatile framework for balancing form, function, and structural 
integrity, supporting the creation of optimized, aesthetically compelling, and structurally sound architectural solutions. 

For an extended version of this examination, it is intended to validate the results obtained in the process of computing, 
on printed, real-life models, by measuring a range of selected features in chosen scales. Furthermore, this research 
could be extended towards applications in the essential domain of designing self-deploying structures, as well as self-
assembling and disassembling curved trestles for supporting curved structures (see [17]). 
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