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Abstract   
3D printing, or additive manufacturing, revolutionizes the transformation of digital geometric representations into 
tangible objects through extrusion. This innovative technology has various applications, such as cost reduction in 
construction, time savings, reduced reliance on manual labour improved construction safety, and enhanced 
environmental sustainability. However, a key challenge in adopting 3D concrete printing lies in reinforcing printed 
components to meet structural standards under varying loads. This study proposes an inventive solution by replacing 
conventional 3D printed beams with truss topology beams, reinforced using high-tensile barbed wires. This approach 
not only reduces material consumption but also strengthens hollow truss topology beams, utilizing galvanized steel 
barbed wires with superior tensile strength. The ANSYS software facilitates modelling and analysis, determining the 
optimal number of barbed wires for enhanced strength. The paper concludes with a comparative analysis of 
conventional 3D printed concrete and barbed wire-reinforced truss topology beams based on ultimate load-carrying 
capacity. 
Keywords : 3D printing, additive manufacturing, truss topology beams, high tensile barbed wires, 
environmental sustainability, material consumption, structural performance 
 
INTRODUCTION   
Digital fabrication processes have the potential to expand the boundaries of architectural design and 
construction.3D printing is a transformative technology that has the potential to reshape traditional 
constructional practices.it has unique capability to create complex shapes optimize material use and 
reduce waste compared to conventional methods.3D printing technology allows for the precise deposition 
of concrete material, optimizing resource utilization and minimizing waste. By using eco-friendly binders 
like Ground Granulated Blast Furnace Slab (GGBS) or incorporating recycles aggregates,3Dprinting can 
significantly lower the carbon footprint of construction. By introducing 3D printing in the context of 
sustainability, it will help to achieve more environmentally responsible and socially conscious 
construction practices. 
3D printing technology emerges as a promising alternative for automating construction processes. It 
allows for the rapid printing of full-scale structures, reducing construction time and waste generation 
[12].3D concrete printing involves the use of digitalized model data to guide printing equipment in the 
continuous deposition of materials. This layer manufacturing processes enables the creation of intricate 
multi-scale structures [10]. This technology can significantly reduce labour requirements and construction 
costs. While 3D structures provide efficient construction methods, they may not always meet required 
strength standards. To address this challenge this paper introduces a novel method for reinforcing 3D 
printed concrete structures using barbed wires. Barbed wires made of galvanized steel possess greater 
tensile strength than conventional steel bars [6] Barbed wires, characterized by their exceptional tensile 
strength, serve as an innovative alternative to conventional steel reinforcement. Various numbers of 
barbed wires are strategically integrated into the tension zone of the beams to bolster their strength. In 
an effort to enhance the economy of 3D printed structures, truss topology designs are employed in place 
of solid structures [13].  
A hollow topology in 3D printed beams can offer several advantages such as reduced weight, material 
savings resource efficiency etc. There are mainly 4 hollow topology beams they are cellular, lattice, truss 
and triangular. Modelling and analysis are done by ANSYS software. Barbed wires are used as reinforcing 
material in 3D printed concrete as an alternative to conventional steel reinforcement. Barbed wires are 
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galvanized steel wires that have greater tensile strength. Barbed wires are provided at different numbers 
in tension zone to obtain better strength. Optimum number of barbed wires to obtain better strength is 
determined in this paper Comparison between the conventional 3D Printed concrete and hollow 
topology beams that reinforced by barbed wires based on its ultimate load carrying capacity is also 
included in this paper 
 Modelling and analysis of unreinforced 3d printed concrete. 
Ansys is employed to model and analyse the structural characteristics of hollow topology beams 
Material Property. 
In order to model the 3D printed beam using ANSYS we have to assign material properties which   
includes density, young’s modulus (Ex, Ey&Ez) in X, Y, Z directions [2]. Orthotropic properties are 
assigned to the beam hence the properties in both faces are different. Shear modulus (G XY, G YZ,, G XZ) 
has to be provided in XY, YZ, XZ directions and poisons ratio(ν XY, ν YZ, ν XZ),has to be provided in XY, 
YZ, XZ directions. Using Mentrey William base uniaxial (σc, σt) and biaxial compressive strength is 
assigned. (σbc)))  
Table 1: Material Properties 

 
 
 
Modelling 
Beam of size 2000x150x300 mm is made. Mesh of 
size 55 mm. Boundary conditions assigned are simply 
supported at both ends and remote displacement is 
provided at top 

 
Fig 1: Mesh and boundary conditions applied on unreinforced beam. 
Analysis  
In analysis we get total deformation and equivalent plastic strain values. ultimate load corresponding to 
total deformation can be obtained. 

 
Fig 2: total deformation and equivalent plastic strain 
Determining optimum number of barbed wires in 3D printed solid beam 
 Properties Assigned 

Properties   Value Unit 

Density 2090 Kg/m³ 

E x  2.29E+09 Pa 

Ey 5.76E+09 Pa 

Ez 2.29E+09 Pa 

ν XY   0.12  

ν YZ  0.12  
ν XZ  0.12  

G XY  1.04E+09 Pa 

G YZ  2.618E+09 Pa 

G XZ  1.04E+09 Pa 

Menetrey 
William base 

  

σc 30.8 MPa 

 σt 1.62 MPa 

σbc 37.5 MPa 
ϕ 0.5236 Radians  
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Properties are assigned to barbed wire which includes the density, young’s modulus poisons ratio, bulk 
modulus, shear modulus and yield strength. These properties are enlisted in Table 4 with reference to [6] 
Table 4. Properties assigned to barbed wires. 

Properties Values Unit 
Density 7850 .Kg/m³ 
Young’s modulus 2E+11 Pa 
Poisson’s ratio 0.3  
Bulk modulus 1.667E+11 Pa 
Shear Modulus 7.692E+10 Pa 
Yield strength 1150 MPa 

 
Models of 3d printed beams with barbed wires 
Barbed wires are provided at different rows and columns and need to optimum wires and numbers to be 
used to reinforce the 3D printed beam from 2 numbers to 24 numbers barbed wires are provided. 
Optimum location means whether it need to be provided in tension face or compression is to be 
determined  
Table 5: cases 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Case 1  

                               

 
Fig 3: Model of 1 row 4 column 4 no’s                            Fig 4: Total deformation and Equivalent plastic 
strain 
 
Case 2 

Cases Models 
Case 1 1 row  4 columns  4 no’s 
Case 2 2 rows  4 columns  8 no’s 
Case 3 3 rows  4 column  12 no’s 
Case 4 4 rows  4 columns  16 no’s 
Case 5 5 rows 4 columns  20 no’s 
Case 6 6 rows  4 columns 24  no’s 
Case 7 1 row  2 columns  middle 2  no’s 
Case 8 2 rows  2 columns  ends  no’s 
Case 9 4 row  4 column  16 no’s(1 row at top face) 
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    Fig 5: Model of 2 row 4 column 8 no’s                  Fig 6: Total deformation and Equivalent plastic 
strain 
Case 3  

                              
Fig 7: Model of 3 row 4 column 12 no’s 

  
Fig 8: Total deformation and Equivalent plastic strain 
Case 4 

 
 Fig 9: Model of 4 row 4 column 16 no’s 

                                                       
Fig 10: Total deformation and Equivalent plastic strain                Fig 11: Model of 5 row 4 column 20 
no’s 
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Case 5 

                                   
 

                                                                
Fig 12: Total deformation and Equivalent plastic strain          
 
   

 
 Fig 13: Model of 1 row 2 column end 2 no’s 
Case 6 

 
Fig 14: Model of 6 row 4 column 24 no’s 

  
Fig 15: Total deformation and Equivalent plastic strain 
Case 7 
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Fig 16: Model of 1 row 2 column middle 2 no’s     
 

  
Fig 17: Total deformation and Equivalent plastic strain 
Case 8 

  
Fig 18: Total deformation and Equivalent plastic strain 

  
Fig 19: Model of 4 row 4 column 1 row  at compression face 

 
Fig 20: Total deformation and Equivalent plastic strain 
 
 
Case 9 
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Modelling and analysis of unreinforced truss topology beams  
There are mainly 4 topology they are cellular, lattice, truss, triangular. This work concentrates on truss 
topology. Because truss beam shows the smallest tensile strain at the peak load, crediting the best flexural 
deformation-resistant capacity [13].truss beams are made keeping the cross sectional area of solid beam 
constant and volume of concrete used for making truss topology is kept constant .Area of solid beam and 
truss beam is 45,000mm³.Dimension of beam is 2000x210x340mm.thickness is 30mm for truss topology. 

         
Fig 21: Model of truss topology beam            Fig 22: Total deformation and Equivalent plastic 
unreinforced  
                                                                                                         truss topology beam 
Modelling and analysis of truss topology beams reinforced with barbed wires 
Barbed wires are provided in truss topology beams. number of barbed wires is limited to 8-12 numbers 
for obtaining better strength. from the analysis of solid 3 d printed beam we can know the optimum 
number to be used is within 8-12 in the tension zone.3 models are created and analysis is done 
Table 6: cases and models 

Cases Models 
Case 1 Barbed wires are provided with 8 numbers  
case 2 Barbed wires are provided with 10 numbers 
case 3 Barbed wires are provided with 12 numbers. 

 
Case 1 

  
Fig 23: Reinforced truss topology beams reinforced with 8 numbers of barbed wires with 2 at ends 
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Fig 24: Total deformation and Equivalent plastic strain of reinforced truss topology beam 
Case 2 

  
Fig 25: Total deformation and Equivalent plastic strain of reinforced truss topology beam  

 
Fig 26: Reinforced truss topology beams reinforced with 8 no’s of barbed wires with 2 at middle and 
cross section 
Case 3 

   
Fig 27: Reinforced truss topology beams reinforced with 12 numbers of barbed wires 
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Fig 28: Total deformation and Equivalent plastic strain of reinforced 
 

From the analysis carried out using ANSYS work bench the ultimate load and the corresponding 
deformation values are plotted. From the tabular values 8-12 numbers can be used in tension zone to 
reinforce the 3D printed beam. Corresponding load deflection curves is plotted From the results from 
solid beam truss topology beam is modelled using 8-12 numbers of barbed wires .4 models and the 
corresponding load, deflection values is plotted cases includes unreinforced truss beam, truss beam 
reinforced with 8 numbers ,10 numbers,12 numbers of barbed wires. when truss beam is reinforced with 
12 numbers of barbed wires it can withstand load of 245.69kN. Hence 12 numbers can be used at tension 
zone to get better strength. Deflection of truss beam reinforced with 12 numbers is 10.10 times more 
than truss unreinforced beam hence it shows better ductility. 

 
Fig 29: Load Vs deflection. 
Table 7. Results of solid 3D printed beam with and without reinforcement                                                     
 
 
 
 

Models  Deflection  Load Increase in load 

Truss un reinforced  2.3296 26.61 1 

Truss reinforced with 8 numbers of 
barbed wires 18.84 195.05 168.44 

Truss reinforced with 10 numbers of 
barbed wires 21.53 225.07 198.46 

Truss reinforced with 12 numbers of 
barbed wires  23.538 245.69 219.08 
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Table 8. Results of solid truss beam with and without reinforcement 

 
Summary  
In conclusion the optimum    placement of reinforcements in 3D printed beams significantly enhances 
their load bearing capabilities. When reinforcements are arranged in 3 rows and 4 columns, the beam 
exhibits remarkable strength, withstanding loads up to 192.33 kN. This represents a substantial 
improvement, being 10.71 times more resilient than conventional 3D printed beams. 
Additionally, incorporating barbed wires in a configuration of 2 rows and 4 columns results in impressive 
load resistance, reaching a maximum displacement of 30.249 mm. The optimal performance is achieved  
with 8 to 12 barbed wires, demonstrating enhanced strength and ductility. Notably, a truss beam 
reinforced with 12 barbed wires outperforms a similarly reinforced solid 3D printed beam, showcasing a 
load-bearing capacity of 219.08kN. 
The comparison between truss topology unreinforced beams reveals that the load-carrying capacity of the 
truss beam surpasses that of the unreinforced solid 3D printed beam by 10.196kN. In summary, the 
incorporation of barbed wires, especially in a quantity of 12, proves to be an effective strategy for achieving 
superior strength and ductility in 3D-printed truss beams. 
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