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Abstract 
Fused Deposition Modeling (FDM) is recognized as an efficient method for creating durable, complex parts quickly and affordably. This 
study examines how different infill patterns and densities affect the mechanical properties of ABS, with specimens produced via FDM for 
tensile testing. Fourier-transform infrared spectroscopy with attenuated total reflection (FTIR-ATR) identified the functional groups in 
ABS, while microscopic analysis assessed layer bonding. Results showed that tensile strength increased with higher infill densities and 
revealed that bonding characteristics of various infill patterns significantly impacted mechanical performance at densities from 25% to 
100%. Interestingly, the same infill pattern displayed varied mechanical and bonding properties depending on density, highlighting the 
importance of selecting optimal infill configurations for specific applications. 
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Exploración del efecto del patrón y la densidad de relleno en las 
propiedades a tracción del ABS impreso en 3D 

 
Resumen 
El modelado por deposición fundida (FDM, por sus siglas en inglés) es reconocido como un método eficiente para fabricar piezas duraderas y 
complejas de forma rápida y económica. Este estudio analiza cómo los diferentes patrones y densidades de relleno afectan las propiedades mecánicas 
del ABS, con especímenes fabricados mediante FDM para ensayos de tracción. Se utilizó espectroscopia infrarroja por transformada de Fourier con 
reflexión total atenuada (FTIR-ATR) para identificar los grupos funcionales presentes en el ABS, mientras que el análisis microscópico permitió 
evaluar la adhesión entre capas. Los resultados mostraron que la resistencia a la tracción aumenta con mayores densidades de relleno, y evidenciaron 
que las características de unión de los distintos patrones de relleno influyen significativamente en el comportamiento mecánico, en un rango de 
densidad entre el 25% y el 100%. Curiosamente, un mismo patrón de relleno presentó propiedades mecánicas y de adhesión variables según la 
densidad, lo que resalta la importancia de seleccionar configuraciones de relleno óptimas para cada aplicación específica. 
 
Palabras clave: impresión 3D; ABS; patrón de relleno; resistencia a la tracción. 

 
 
 

1 Introduction 
 
Additive Manufacturing (AM) is no longer a novelty, 

having become widely used across diverse fields, which 
include industrial settings, and extends to sophisticated 
biomedical applications. Among the various AM techniques, 
Fused Filament Fabrication (FFF) stands out as the most 
common extrusion process, with its widespread use 
extending even to domestic use. It consists of a process which 
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deposits material layer by layer [1]. 
Understanding how various parameters influence the 

efficiency of printing a part or component continues to raise many 
questions, particularly regarding strength. It is crucial to recognize 
that 3D printing involves a multitude of variables, such as infill 
pattern, infill density, temperature, printing time, and layer height, 
all of which play a significant role in the outcome [2–4]. 

Many works have dealt with the influence of infill patterns, 
which are the internal structures of 3D printed objects. They play a 
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crucial role in the mechanical properties of printed components. 
Different infill patterns, such as honeycomb, grid, triangle, and 
concentric, exhibit varying mechanical performances depending 
on the applied loads. Research has shown that infill pattern choice 
significantly affects not only the tensile strength but also the 
weight, flexibility, and energy absorption of printed parts [5,6]. For 
instance, the honeycomb pattern often provides a balance between 
strength and material usage, while grid patterns offer more 
isotropic mechanical behavior due to their uniform structure [5,7]. 

In this context, this works aims at exploring the effects of 
different infill patterns on tensile properties of 3D printed ABS. 

 
2 Materials and Methods 

 
In this work, a premium 3DLab filament was used, which has 

a cross-section of 1.75 mm in black color. For the printing, a 
Creality Ender 3 printer was used. It is currently the best-selling 
printer worldwide, and it possesses printing dimensions of 220 
mm x 220 mm x 250 mm, with a heated bed, which can reach up 
to 110º C. The extruder assembly can reach up to 255º C, which 
means it is possible to print most available thermoplastic 
materials. For the design of the 3D models of the test specimens, 
Solidworks was used, and for the printer programming, open-
source software Cura 5.5.0 was used. Table 1 displays printing 
parameters for the tested specimens. 

 
Table 1. 
Printing parameters. 

Parameters Value 
Layer height [mm] 0.2 

Extrusion nozzle diameter [mm] 0.5 
Printing speed [mm/s] 40 

Printing temperature [ºC] 240 
Bed temperature [ºC] 95 
Extrusion flow [%] 100 
Infill orientation [º] 0/90 
Top/bottom layers 5 

Source: the authors. 
 
To understand the relationship between infill density and 

pattern, coded samples were created as seen in Table 2. 
 

Table 2. 
Sample codification and properties. 

Code Infill density [%] Infill 
pattern Weight [g] Printing time 

[min] 
P1 25 Grid 10 42 
P2 25 Cubic 10 43 
P3 25 Lines 10 43 
P4 50 Grid 12 50 
P5 50 Cubic 12 50 
P6 50 Lines 12 51 
P7 75 Grid 14 58 
P8 75 Cubic 14 56 
P9 75 Lines 14 57 
P10 100 Grid 16 63 
P11 100 Cubic 16 62 
P12 100 Lines 16 63 

Source: the authors. 

 
Figure 1. Infrared spectra for pristine ABS, 25% and 100% infill samples. 
Source: the authors. 

 
 
After the fabrication of the test specimens, tensile tests 

were performed on a testing machine DL-30000 EMIC with 
a maximum load capacity of 300 kN, using a clamp system 
with a load cell with a 5 kN capacity, which was used during 
the test. A test speed of 5 mm/min was used, in accordance 
with ASTM D 638-02a standard. To ensure repeatability, the 
tensile tests were performed on three specimens fabricated 
using identical printing parameters. 

Fourier-transform infrared spectroscopy with attenuated 
total reflection (FTIR-ATR) was performed to identify the 
functional groups present in ABS both before and after 
printing. The analysis was conducted using a PerkinElmer 
Spectrum 400 spectrometer. The spectra were acquired in the 
range of 4000 to 400 cm⁻¹, with a nominal resolution of 4 
cm⁻¹ and 32 scans. Three conditions were studied: pristine 
ABS filament, ABS with 25% of density and ABS with 100% 
density. 

 
3 Results and Discussion 

 
3.1 Fourier Transfom Infrared Spectroscopy 

 
Fourier Transform Infrared Spectroscopy (FTIR) was 

performed to test the chemical stability of ABS after printing 
the specimens. With this analysis, it was possible to verify 
the functional groups existing in the copolymer chain. 

It was noted, according to Fig. 1, that there was no change 
in functional groups, oxidation, or breaking of chemical 
bonds, indicating that the polymer has good chemical 
stability under the extreme conditions of 25% and 100% 
filling. It is possible to observe the typical absorption bands 
for ABS, as seen in previous works [8]. 

 
3.2 Tensile tests 

 
Tensile tests yielded valuable insights into the mechanical 

behavior of 3D-printed ABS with various infill patterns. For 
comparative analysis, Fig. 2 presents the tensile stress-strain 
curves of two contrasting samples, P3 and P12, which 
exhibited the lowest and highest ultimate tensile strengths, 
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Figure 2. Comparative stress-strain curves for conditions P3 and P12. 
Source: the authors. 

 
 

respectively. Notably, the cross-sectional area used to 
calculate tensile strength was based on the total nominal 
cross-section, without accounting for the voids between the 
printed layers. This approach, while consistent with standard 
testing protocols, can lead to an underestimation of the 
material’s effective resistance, as observed in similar studies 
in the literature [9,10]. 

Previous research has shown that different infill patterns, 
such as honeycomb or grid, significantly influence the overall 
tensile strength of 3D-printed materials [11]. The results 
obtained here align with these findings, confirming that denser, 
more uniform infill patterns tend to provide superior mechanical 
properties. However, the interplay between infill pattern and 
density remains complex, and this study offers additional 
insights by examining this relationship in ABS specifically. The 
highest-performing infill patterns in this study, such as P12, 
demonstrated enhanced tensile strength in line with the results 
found, who also reported that optimized infill patterns could 
improve the mechanical performance of printed components. 

For further evaluation, Fig. 3 compares ultimate tensile 
strength of different infill patterns with different densities. As 
expected, higher infill densities generally resulted in 
increased tensile strength [12,13]. Interestingly, the grid 
pattern exhibited the smallest margin of improvement in 
tensile strength between the lowest and highest densities, 
indicating a more consistent performance across densities. In 
contrast, the line pattern showed the greatest increase in 
tensile strength, highlighting its sensitivity to changes in infill 
density. Lines pattern, in comparison to cubic and grid, 
displayed increased tensile strength in previous works as well 
[14], which can be attributed to the increased material 
deposition due to the direct load paths created. 

Another interesting point is that the specific strength (in 
MPa g-1) or strength to mass ratio, which accounts for the 
weight the specimens have, displays different behaviors. 
Interestingly, grid infill pattern at 25% density displayed 
highest efficiency. However, it significantly drops at greater 
densities. For line pattern, specific strength increases 
according to density, while for cubic it reaches a maximum 
specific strength at 50% density. 

 
Figure 3. Tensile strength dependance on infill patterns and percentage. 
Source: the authors. 

 
 

 
Figure 4. Specific strength dependance on infill density. 
Source: the authors. 

 
 

3.3 Microscopic analysis 
 
Microscopy analysis was also performed, to investigate cross 

section properties of tested specimens. While cross-section in 3D 
printed components is complex and may not be precisely 
estimated, microscopic analysis may provide an insight on 
resistance area. Fig. 5 displays differences between grid, cubic, 
lines with 25% density and their counterparts with 100% density. 

It is important to note that even at 100% infill density, voids 
and gaps remain, which reduce the effective load-bearing area. 
For instance, in the grid pattern, interlayer gaps persist, while the 
cubic pattern becomes significantly more densely packed at 
100% density compared to 25% density. This can be perceived 
by seeing printing paths on Cura software (Fig. 6). For further 
analysis, the images were processed to obtain quantitative data of 
filling for each scenario in a Python based script. The script 
excluded pixels that did not correspond to the characteristic color 
of the filled regions. Both visual and numerical basis results are 
displayed in Fig. 6 as well. 
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Figure 5. Micrographs displaying the fracture cross-section of three types of 
infill at an infill density of 100%. 
Source: the authors. 

 
 

 
Figure 6. Top row: Representative cross-sectional views of the printed 
specimens for each infill pattern. Bottom row: Image-processed binarized 
sections used to calculate the effective filled area. The percentage indicates 
the fraction of the cross-section occupied by material, allowing direct 
comparison of infill efficiency across different geometries. 
Source: the authors. 

 
 
The line pattern shows the most substantial increase in 

effective resistant areas, a result that aligns with the observed 
tensile test performance. According to Popescu [4], who 
conducted a review on process parameter influence on 
mechanical properties, filament bonding determines strength, 
so the bonding of the layers is favored in more closely packed 
infill patterns, such as the one in P12. This is also supported 
by other works [11,15], where it is argued that the inter-layer 
bonding between consecutive layers. Additionally, while an 
increase in density leads to a higher mass, it does not directly 
correlate with a proportional increase in strength. This 
highlights the importance of selecting the appropriate infill 
pattern to optimize component performance, balancing both 
mechanical properties and material efficiency. Such analyses 
have gained attention in recent years, particularly when 
ultralight components come into play [16]. 

4 Conclusions 
 
This study investigated the combined influence of infill 

pattern and infill density on the mechanical strength of 3D-
printed components, offering insights into design 
considerations for improved performance. Key findings 
include: 
• The experimental design effectively demonstrated the 

interaction between infill pattern and infill density, 
providing valuable insights into their combined effects 
on material strength. 

• All infill patterns showed increased tensile strength with 
higher densities. To enhance comparison, specific 
strength (MPa g⁻¹)—tensile strength normalized by 
mass—was also analyzed. It revealed distinct trends: the 
grid pattern showed a decrease, the lines pattern an 
increase, and the cubic pattern exhibited no consistent 
behavior, with values falling within the margin of error. 

• The resistant area formed by each infill pattern 
significantly impacts the mechanical response. Even at 
100% density, some patterns (e.g., grid and cubic) 
resulted in voids or gaps that reduced overall strength. 

• For efficient and application-specific design, both mass 
and strength must be considered. If possible, a targeted 
study should be conducted to identify the most suitable 
infill pattern for the intended use case. 
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