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Abstract- Spider web, one of nature's most remarkable structure renowned for its remarkable strength, elasticity, and 

lightness, making it one of the most intriguing structure in nature. In this work, we investigate the modal analysis and static 

structural analysis of a bio-inspired spider web, focusing on understanding the effects of point load and natural frequency on 

the web's behavior. To achieve this, we design spider web structures using four different materials silk, nylon, steel, and 

aluminum. These materials are chosen for their diverse mechanical properties, allowing us to explore how variations in 

material affect the web's performance. By utilizing Fusion 360 for design and Ansys Workbench for analysis, we aim to gain 

insights into the structural behavior of spider webs made from these materials. Additionally, we employ machine learning as a 

prediction tool to predict the total deformation of each material in the design of spider webs for practical use. This work not 

only advances our understanding of bio-inspired design but also has the potential to impact various engineering fields by 

offering innovative solutions derived from nature's own designs. 

 

Index Terms-Structural Engineering, Biomimicry, Silk Properties, Ecosystem Dynamics 

 
 

I. INTRODUCTION 

 
For more than half a century, the rise of synthetic polymer 

materials has not only brought many conveniences to people’s 

lives, but also caused serious “white pollution” problems due 

to their inability to recycle and the lack of biodegradability. 

Now that sustainable development has become a common 

theme in today’s world, it is increasingly urgent to develop 

materials that meet sustainable development. So, the research 

and development of biomaterials has become a research 

hotspot. Among the natural biological materials, spider silk 

has attracted more and more scholars with its excellent 

comprehensive properties. Natural spider silk is a natural 

protein biomaterial secreted by spiders through their silk 

glands. It belongs to a type of bio elastic fibre. It is one of the 

best materials produced in nature. As early as thousands of 

years ago, people had a certain understanding of the 

application value of spider silk. The ancient Greeks used 

spider silk to stop bleeding and heal wounds. Indigenous 

people used spider silk as a fishing line. By the time of World 

War II, spider silk was used as a crosshair in the optical device 

of the sighting system of telescopes, guns, etc. It can be seen 

that there have been many research works on spider silk and it 

has obtained preliminary applications in many fields. Spider 

silk has also been one of the hot research topics in recent 

years and has shown great application and commercial value 

in various fields. 

 

Natural spider silk is favoured by researchers mainly for its 

outstanding mechanical strength, temperature adaptability, and 

its composition, while spider silk fibre has high specific 

strength, excellent elasticity, and super toughness, which is 

incomparable to those of other natural fibres and synthetic 

fibres. The unit weight of spider line (Dragline silk) is three 

times stronger than that of aramid, five times stronger than 

that of steel, and two times more flexible than nylon. It is no 

exaggeration to say that spider silk is one of the best structural 

materials produced in nature. The excellent comprehensive 

performance of spider silk makes it to be considered an ideal 

material for parachutes and body Armor. In addition, the good 

biodegradability and biocompatibility of spider silk also make 

it to have good medical applications, such as artificial tendons 

and ligaments, tissue repair materials, surgical sutures, etc. 

Because spiders are carnivorous animals and do not like to 

live in groups, it is difficult to raise them in large quantities. 

An effective method is to use the bionic technology to apply 

the spider silk structure and principle to other man-made 

materials. 

 

 
Fig 1: Spider web 
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In recent years, with the development of high-tech such as 

genetic modification, polymers, and nanotechnology, 

researchers have conducted an in-depth exploration of the 

composition, structure, and characteristics of spider silk. For 

example, the DNA sequence of spider silk proteins has long 

been determined; spider genes are transferred to silkworms or 

other animals and plants and microorganisms to produce a 

large amount of spider silk protein by transgenic technology. 

With the development of science and technology and people’s 

demand for new materials, the research and development of 

spider silk materials have received more and more attention, 

and new materials related to spider silk appear sequentially. 

This article summarizes the research status and application of 

typical bionic structural materials of spider silk in different 

fields from the perspective of research value and application 

methods, and further looks forward to its development 

prospects. 

 

II. LITERATURE REVIEW 
 

Lingyue Zheng et al. [1] The goal of this study is to 

investigate dynamic properties and the total energy change of 

a bio-inspired spider web. To better understand the 

relationship between such capabilities, the effects of preload, 

radial and spiral string stiffness and damping ratio on the 

natural frequency and total energy of the web are numerically 

examined.  

 

Different types of webs materials and configurations such as 

damaged webs are investigated. It is demonstrated that the 

pretension, stiffness, and damping ratio of the web’s strings 

can significantly affect the natural frequency and total energy 

of the full and damaged webs. In addition, it is shown that by 

increasing the pretension in the radial strings one can 

compensate for the damaged strings of the artificial spider 

web. 

 

Zheng Y (2019) Bioinspired design of materials surfaces. 

Elsevier et al. [2] Bioinspired Design of Materials Surfaces 

reviews novel methods and technologies used to design 

surfaces and materials for smart material and device 

applications. The author discusses how materials wettability 

can be impacted by the fabrication of micro- and 

nanostructures, anisotropic structures, gradient structures, and 

heterogeneous patterned structures on the surfaces of 

materials.  

 

The design of these structures was inspired by nature, 

including lotus, cactus, beetle back and butterfly wings, spider 

silk, and shells. The author reviews the various wettability 

functions that can result from these designs, such as self-

cleaning, directional adhesion, droplet driving, anti-adhesion, 

non-wetting, liquid repellent properties, liquid separation, 

liquid splitting, and more. This book presents a key reference 

on how to fabricate bioinspired structures on materials for 

desired functions of materials wettability. It also discusses 

challenges, opportunities, and many potential applications, 

such as oil-water separation devices, water harvesting devices 

and photonic device applications. 

 

Frohlich C, Buskirk RE et al. [3] Transmission and attenuation 

of vibration in orb spider webs. Numerous observations 

indicate that orb spiders react to web-borne vibrations during 

prey capture, courtship and the rearing of young, but there 

have been very few analyses of the physics of spider webs 

undergoing vibration.  

 

Using measured or estimated physical properties for spiders 

and webs from previous literature, we have developed 

equations that model the response of web-spider systems to 

signals at various frequencies. Our results indicate that 

resonance phenomena do not affect signal transmission in 

most orb webs in the frequency range of sound produced by 

the wingbeats of most flying insects (about 50–1000 Hz). 

Above 1000 Hz, individual strands in a web could resonate, 

but attenuation should prevent significant transmission, at 

least for transverse vibrations. For signals with frequencies 

below about 30 Hz, resonant vibrations of the spider or other 

massive objects within the web could affect transmission 

significantly. 

  

Vollrath F, Selden P et al. [4] Spiders' silks and webs have 

made it possible for this diverse taxon to occupy a unique 

niche as the main predator for another, even more diverse 

taxon, the insects. Indeed, it might well be that the spiders, 

which are older, were a major force driving the insects into 

their diversity in a coevolutionary arms race. The spiders' 

weapons were their silks and here we explore the evidence for 

the evolution of silk production and web building as traits in 

spider phylogeny. 

 

Aoyanagi, Y. and Okumura, K et al. [5] We propose a simple 

model to describe spider orb webs. The model hasa formal 

analytical solution when no thread elements are broken. When 

the radial threads are sufficiently strong compared to the spiral 

threads, the model is free of stress concentrations even when a 

few spiral threads are broken. This is in contrast with what 

occurs in common elastic materials. According to our model, 

spiders can increase the number of spiral threads to make a 

dense web (to catch small insects) or adjust the number of 

radial threads (to adapt to environmental conditions or reduce 

the cost of making the web) without reducing the damage 

tolerance of the web. 

 

III. METHODOLOGY 
 

To develop the methodology for the investigation of static 

modal analysis and structural analysis of a bio-inspired spider 

web using different materials, we will focus on the following 

key steps: 
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Fig.1: Methodology 

 

To analyze a bio-inspired spider web using various materials, 

begin by designing a detailed spider web model in Fusion 360, 

specifying key parameters. Choose and define material 

properties for silk, nylon, steel, and aluminum. Export the 

model to Ansys for modal analysis to determine the natural 

frequencies and mode shapes, identifying resonant frequencies 

and also for static structural analysis, applying appropriate 

boundary conditions and point loads to evaluate stress 

distribution and deformation for each material. Conduct. 

Incorporate machine learning by collecting analysis results, 

selecting a supervised learning model, and training it to 

predict structural deformation based on input variables. 

Conclude by summarizing findings, drawing conclusions on 

the most effective materials, and suggesting practical 

applications for the bio-inspired spider web design. 

 

IV. CHARACTARISTICS AND STRUCTURE 

OF SPIDER WEB 
 

1. Mechanical Properties of Spider Web 

Natural spider silk originates from the web formed by the 

spider or is manually drawn from the silk gland of the spider, 

but the yield is very low and cannot meet the actual 

application requirements. Spiders are carnivorous animals and 

are highly combative. When put together, spiders often attack 

each other. The survival rate of rearing is extremely low, so it 

is difficult to raise spiders in large numbers like domestic 

silkworms. There are many silk gland organs in spiders, and 

the properties of silk produced by different glands are 

different, so it is difficult to collect spider silk with a 

completely uniform performance; and due to the differences 

among spider individuals, the living environment, survival 

mode, self-control ability, and silk forming conditions will 

affect the quality of spider silk, so there is no uniform 

performance standard for natural spider silk. In addition, the 

processing of natural spider silk is extremely difficult, and the 

formed spider silk is difficult to be processed into other 

specific shapes. Therefore, the application range of natural 

spider silk is greatly limited, and new methods and 

approaches need to be sought to obtain a large number of new 

materials with similar structure and function to natural spider 

silk. Based on the principles of bionics and the understanding 

of the structure and function of natural spider, the design of 

new bionic materials with the advantages of natural spider silk 

has great scientific significance and application value. 

 Material: Silk 

 Thread Dia: ~0.003 Mm 

 Ultimate Tensile Strength: 780 Mpa 

 Density: 1.35*1000 Kg/M3 

 Strength:5 times stronger than Steel of same weight 

 Strength to weight ratio of steel: ~63 N.M/KG 

 Strength to weight ratio of spider web: ~315 N.M/KG 

 12 Radial lines of spacing 30 degrees each and 16 Spiral 

lines with 15mm gap. 

 

As one of the oldest species in the world, spiders have been 

living on earth for 400 million years. Except in Antarctica, 

they are distributed all over the world. Up to 3,000 spider 

species are currently recorded. Spider silk is secreted by the 

glands of spiders. Spiders use spider silk to carry out 

predation, reproduction, nesting, and other life activities, 

which are important tools for spiders to survive. At present, 

there are more research studies on Nephila clavipes, Araneus 

diadematus, Araneus ventricosus, Latrodectus hesperus, etc. 

These spiders have a similar tossing mechanism and their 

towing wire is the main research object. 

  

2. The Characteristics of Spider Web 

The net structure of natural spider silk in its natural state is 

shown in. The main chemical components of spider silk are 

glycine, alanine, and a small amount of serine. It is thin and 

soft in appearance and has excellent elasticity and strength. 

 

 
Fig. 2: Structure of spider web 

 

Natural spider silk is similar to natural silk, but its 

performance is slightly better than that of natural silk in all 

aspects. The mechanical properties of spider silk are shown in. 

The elongation of spider silk is slightly higher than those of 

silk and nylon, and the elongation at break can even reach two 

to four times its length, which is much higher than those of 

steel and Kevlar, so spider silk is very elastic. The tensile 

strength of spider silk is about five times that of steel, similar 
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to that of Kevlar, and far better than those of silk, rubber, and 

nylon. Spider silk has the highest breaking energy, so its 

toughness is much better than those of other materials. Based 

on the above characteristics, the spider web can withstand 

great impact forces without being damaged, and its static load 

and impact resistance are better than those of other artificial 

and natural materials. 

 

Comparison of the mechanical properties of spider silk and 

other materials. 

 

Table 1: Mechanical properties of spider silk and other 

materials. 

Material 

 
Elongation at 

break (%) 

Tensile 

Strength 

(N/m2) 

Breaking 

energy (J/kg) 

Spider silk 35–50 5 × 10
9
 1 × 10

5
 

Nylon 18–26 5 × 10
8
 8 × 10

4
 

Silkworm silk 15–35 6 × 10
8
 7 × 10

4
 

Steel 8.0 1 × 10
9
 5 × 10

3
 

 

In addition, the ability of silk to absorb vibration after forming 

a spider web is also amazing. When flies, moths, and other 

flying insects hit the spider web, the spider silk is stretched 

and tends to shrink back to its original state. When the silk 

shrinks, part of the mechanical energy will be converted into 

thermal energy, which will prevent the spider web from 

rebounding. With the cohesiveness of the spider web, it will 

be difficult for flying insects to escape once they enter the 

web. 

 

Spider silk has good temperature characteristics. The spider 

silk still has good stability at 200°C, and its structure will be 

destroyed when the temperature goes beyond 300°C. Spider 

silk also performs well in low- temperature environments and 

still retains the elasticity at low temperatures of −40°C, and 

will not harden until reaching lower temperatures. Therefore, 

the advantages of spider silk materials are particularly 

significant in certain high- and low-temperature applications. 

Spider silk is biocompatible. The main component of spider 

silk is spider silk protein, which is protein in nature and non-

toxic. At present, no immune rejection reaction to spider silk 

protein has been found in the human body, so it has good 

biocompatibility. And spider silk can be degraded under 

specific conditions, and the degradation products can be 

absorbed by human tissues, so it is an ideal wound suture and 

prosthesis making material. 

 

Spider silk is very sensitive to water. When immersed in 

water, spider silk fibres will shrink and affect the mechanical 

properties of spider silk. This shrinkage phenomenon of spider 

silk is called super contraction. Influenced by humidity, the 

size of spider silk fibres will change, and its tensile properties 

will also change. 

 

These excellent properties of spider silk are not available in 

many natural or artificial materials. Through an in-depth 

research work on its structure and characteristics, researchers 

have concluded the relationship between its structure and 

function. Optimize or compound spider silk to obtain more 

powerful and more complete spider silk materials, or apply its 

structural theory to other man-made materials to improve 

certain characteristics of the material. These are two important 

directions for the development of spider silk bionic materials 

today. 

 

3. Microstructure of Spider Silk 

Spiders generally have seven glands for the production of 

spider silk proteins, which can secrete spider silk with 

different functions according to different needs. Among the 

various types of spider silk secreted by spiders, the dragline 

silk is the best and most representative natural protein fibre 

and one of the most used research objects by researchers. 

  

Types and composition of spider silk secreted by different 

glands. 

 

Table 2: Composition of spider silk secreted by different 

glands. 

Glands Type of spider silk Composition 

Aggregate Aqueous cement ASG1, ASG2 

Pyriform Core fibre of capture spiral PySp1, PySp2 

Tubuliform Egg-case silk TuSp1, ECP-1, 

ECP-2 

Flagelliform Spiral silk Flag 

Aciniform Capture silk AcSp1 

Minor 

ampullate 

Dragline silk, framework silk MiSp1, MiSp2 

Major 

ampullate 

Dragline silk, framework 

silk, radial silk 

MaSp1, MaSp2 

 

Take the dragline silk produced by the major ampullate gland 

as an example, whose constituent proteins are MaSp1 and 

MaSp2. Both of these proteins have a repeating sequence 

consisting of approximately 3,500 amino acid residues, and on 

both sides of the protein repeating sequence region are non-

repetitive regions consisting of approximately 100 amino acid 

residues. The molecular weight of natural MaSp1 and MaSp2 

proteins is roughly 250–320 k Da. 
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V. MODELLING OF SPIDER WEB 
 

1. Introduction to Fusion 360 

Fusion 360, developed by Autodesk, is a robust, cloud-based 

software that combines Computer-Aided Design (CAD), 

Computer-Aided Manufacturing (CAM), and Computer-

Aided Engineering (CAE) capabilities into a single platform. 

This integration enables seamless design, simulation, and 

fabrication of products. With Fusion 360's parametric 

modelling, users can create 3D models by defining parameters 

and relationships, allowing for easy modifications and 

updates. Its cloud-based nature enables collaboration from 

anywhere, facilitating real- time teamwork and easy sharing of 

designs. Fusion 360 also offers design optimization tools, 

including structural, thermal, and modal analysis, ensuring 

product performance meets requirements. For manufacturing, 

Fusion 360 provides a range of tools, from 2.5-axis to 5-axis 

milling, turning, and laser cutting, with the ability to generate 

toolpaths directly from 3D models. Additionally, Fusion 360 

supports electronics design, rendering, animation, and additive 

manufacturing, making it a comprehensive solution for 

product development. Its customization and automation 

capabilities, along with ample learning resources, further 

enhance its usability for hobbyists and professionals alike, 

empowering them to bring their ideas to fruition efficiently. 

 

Fusion 360 stands out for its comprehensive toolset, making it 

a preferred choice for designers, engineers, and 

manufacturers. Its integrated CAD, CAM, and CAE 

capabilities allow for a streamlined workflow, reducing the 

need to switch between different software packages. This 

integration also facilitates quick iteration and design changes, 

as updates in the CAD model automatically propagate to the 

CAM and CAE aspects of the project. One of Fusion 360's 

key strengths is its parametric modelling, which enables users 

to define and modify design parameters. This feature not only 

enhances design flexibility but also improves design intent 

capture, ensuring that changes in one part of the model are 

reflected throughout the design. In terms of collaboration, 

Fusion 360's cloud-based platform enables teams to work 

together seamlessly, regardless of their physical location. This 

feature is particularly beneficial for distributed teams or when 

working with external partners or clients. Fusion 360's 

simulation capabilities are also noteworthy. Users can perform 

structural, thermal, and modal analyses to evaluate their 

designs, helping to identify and address potential issues early 

in the design process. Additionally, Fusion 360 offers tools for 

electronics design, including schematic capture and PCB 

layout, further expanding its capabilities. For manufacturing, 

Fusion 360 provides a range of CAM tools for generating 

toolpaths for machining operations, including milling, turning, 

and laser cutting. Users can simulate the machining process to 

verify toolpaths and ensure they are free of errors before 

sending them to the machine. 

In summary, Fusion 360 is a comprehensive design and 

manufacturing solution that offers a wide range of tools and 

capabilities, making it a versatile and powerful software for 

bringing ideas from concept to production. Its integration, 

collaboration features, and simulation capabilities make it a 

valuable tool for professionals in various industries. 

  

VI. ANALYSIS OF SPIDER WEB 

STRUCTURE 
 

1. Introduction ANSYS Workbench 

ANSYS Workbench 2024 R1 is the latest release of ANSYS' 

integrated simulation platform, offering a comprehensive suite 

of tools for engineering simulation and analysis. This release 

builds upon ANSYS' reputation for delivering cutting-edge 

simulation technology, empowering engineers and designers 

to simulate complex engineering problems with 

unprecedented accuracy and efficiency. Key features of 

ANSYS Workbench 2024 R1 include enhancements to 

simulation workflows, improved performance, and new 

capabilities that enable users to tackle even more challenging 

simulation tasks. With ANSYS Workbench 2024 R1, users can 

expect a seamless simulation experience, from model setup to 

post-processing, all within a single, integrated environment. 

Whether you're simulating structural mechanics, fluid 

dynamics, electromagnetics, or Multiphysics phenomena, 

ANSYS Workbench 2024 R1 provides the tools you need to 

simulate, analyse, and optimize your designs with confidence.  

 

In ANSYS Workbench 2024 R1, users can take advantage of 

several new features and enhancements across the platform's 

various modules. For example, the Mechanical module offers 

improved contact modelling capabilities, making it easier to 

simulate complex assemblies with greater accuracy. The 

Fluent module, used for fluid flow simulations, introduces 

new turbulence models and solver enhancements, enabling 

more realistic and efficient simulations of fluid dynamics 

phenomena. Additionally, ANSYS Workbench 2024 R1 

includes updates to the Electronics module, with 

enhancements to SI wave for signal integrity analysis and 

updates to Icepack for thermal analysis.  

 

These updates improve the accuracy and efficiency of 

simulations for electronic systems, helping engineers design 

more reliable and efficient electronic products. Furthermore, 

ANSYS Workbench 2024 R1 continues to enhance its 

integration with other ANSYS products, such as ANSYS Twin 

Builder for digital twins and ANSYS Discovery for upfront 

simulation. This integration enables users to leverage the full 

capabilities of the ANSYS ecosystem, from concept to 

validation, all within a unified environment. Overall, ANSYS 

Workbench 2024 R1 empowers engineers and designers to 

innovate with confidence, thanks to its advanced simulation 
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capabilities, seamless workflow, and integration with other 

ANSYS products. 

 

 
Fig. 3: Ansys workbench interface 

 

VII. RESULTS 
 

1. Analysis Solutions 

Note 

 TD: Total Deformation 

 ES: Equivalent Stress 

 NF: Natural Frequency 

 MA: Modal analysis 

 SS: Static structural analysis 

 

Silk Spider Web With 3mm Dia 

Modal Analysis 

 

 
Fig. 4: MA Silk 3mm dia,80mm mesh 

 

 
Fig. 5: MA Silk 3mm dia,90mm mesh 

 
Fig. 6: MA Silk 3mm dia,100mm mesh 

 

Static Structural Analysis 

 
Fig. 7: SS silk 3mm dia,80mm mesh,1000N load for TD 

 

 
Fig. 8: SS silk 3mm dia,90mm mesh,1000N load for TD 

 

 
Fig. 9: SS silk 3mm dia,100mm mesh,1000N load for TD 
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Fig. 10: SS silk 3mm dia,80mm mesh,2000N load for TD 

 

 
Fig. 11: SS silk 3mm dia,90mm mesh,2000N load for TD 

 

 
Fig. 12: SS silk 3mm dia,100mm mesh,2000N load for TD 

 

 
Fig. 13: SS silk 3mm dia,80mm mesh,3000N load for TD 

 
Fig. 14: SS silk 3mm dia,90mm mesh,3000N load for TD 

 

 
Fig. 15: SS silk 3mm dia,100mm mesh,3000N load for TD 

 

 
Fig. 16: SS silk 3mm dia,80mm mesh,1000N load for ES 

 

 
Fig. 17: SS silk 3mm dia,90mm mesh,1000N load for ES 
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Fig. 18: SS silk 3mm dia,100mm mesh,1000N load for ES 

 

 
Fig. 19: SS silk 3mm dia,80mm mesh,2000N load for ES 

 

 
Fig. 20: SS silk 3mm dia,90mm mesh,2000N load for ES 

 

 
Fig. 21: SS silk 3mm dia,100mm mesh,2000N load for ES 

 
Fig. 22: SS silk 3mm dia,80mm mesh,3000N load for ES 

 

 
Fig. 23: SS silk 3mm dia,90mm mesh,3000N load for ES 

 

 
 

 
Fig. 24: De scaling the obtained values as per 1:1000 ratio 

 

 
Fig. 25: comparision of journal graph and obtained frequency 

graph of modal analysis 
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Validation of Results in Camparision to Journal Values 

 
Fig. 26: Validation of results 

 

Scaled Down Values Obtained from Analysis of Web 

Structure Using Different Parameters 

Values of Silk based spider web 

 

 
Fig. 27: Results of Silk material based web 

 

Values of Aluminium Based Spider Web 

 
Fig. 28: Results of Aluminium material-based web 

 

Values of Nylon Based Spider Web 

 
Fig. 29: Results of Nylon material-based web 

Values of Steel Based Spider Web 

 
Fig. 30: Results of Steel material-based web 

 

VIII. CONCLUSION 
 

The proposed study aims to explore the mechanical properties 

and structural behaviour of a bio-inspired spider web design 

using four distinct materials: silk, nylon, steel, and aluminium. 

Through the use of Fusion 360 for design and Ansys R2 for 

analysis, the research will provide a comprehensive evaluation 

of static structural analysis and modal analysis, focusing on 

the impact of point loads and natural frequencies across the 

various materials. In conducting this analysis, we expect to 

uncover key insights into the mechanical characteristics of 

each material when applied to the spider web structure. 

Specifically, we will assess their capacity to withstand 

different loads and their natural frequency response, which 

will help us determine which materials offer optimal 

performance for specific applications. 

 

This study has broader implications for the use of bio-inspired 

designs in real-world engineering contexts. The findings will 

not only demonstrate the unique capabilities of the spider web 

structure but also inform potential applications in engineering 

and architecture, such as lightweight structures, flexible 

frameworks, and innovative construction techniques. By 

comparing silk, nylon, steel, and aluminium, we aim to 

establish a comprehensive understanding of each material's 

effectiveness in creating robust and adaptable spider web- 

inspired designs, paving the way for future developments in 

bio-inspired engineering and design. 

 

It was concluded that Decision Tree algorithm is the best 

machine learning algorithm which is predicting the total 

deformation with minimum error. 
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