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Abstract:  
The increasing use of products manufactured by applying additive 
technologies encourages using materials with better mechanical properties. 
Depending on the type of material, its initial state, structure and mechanical 
properties, materials can be categorized differently. Combining polymer 
materials with different mechanical properties into composite structures 
makes it possible to obtain materials with better mechanical properties, 
which are then used on printers based on fused deposition modeling (FDM) 
3D printing technology. This paper investigates the mechanical properties of 
samples made by combining Polylactic Acid (PLA) and Acrylonitrile 
Butadiene Styrene (ABS) polymer materials. The samples were produced 
with different proportions of the two materials regarding the number of 
layers and the infill density. The test was performed according to ISO 527 - 
2: 2012 on a Shimadzu AGS-X 10 kN tensile test machine. For comparison, 
control samples of PLA and ABS materials were printed with 100% infill and 
showed the highest average force. Samples with a combination of materials 
did not produce the expected better results than samples made from one 
material. The reason for this is the occurrence of delamination of individual 
layers. 
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1. INTRODUCTION 
 

Additive manufacturing, particularly fused 
deposition modeling technology, has 
revolutionized the landscape of rapid prototyping 
and small-scale production.  

The FDM process enables the production of 
complex geometric structures with a high degree 
of customization [1, 2], making it a desirable choice 
for various applications ranging from aerospace 
components [3] to medical implants. Polylactic 
Acid, a biodegradable and environmentally friendly 
thermoplastic polymer, is a commonly used 
material for FDM. However, the mechanical 
properties of FDM-printed PLA structures can be 
significantly influenced by various process 

parameters such as infill density, pattern, and print 
orientation. These parameters play a crucial role in 
determining the overall strength, durability and 
performance of the printed parts. Furthermore, 
the addition of ABS as infill to PLA has the potential 
to influence the overall mechanical performance of 
the printed structures. PLA-ABS sandwich 
structures produced using the Fused Deposition 
Modeling (FDM) technology of 3D printing have 
attracted a lot of attention in recent years due to 
their potential to combine the desirable properties 
of both materials [4]. These innovative structures 
typically consist of alternating layers of PLA and 
ABS, creating a sandwich structure with unique 
properties that could surpass the properties of the 
two materials individually. The tensile strength of 
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these sandwich structures is influenced by several 
critical factors, including the layer thickness, the 
infill density and the specific arrangement of the 
PLA and ABS layers within the structure. 
Incorporating ABS layers into these sandwich 
structures can significantly improve the 
composite’s overall toughness and impact strength 
[5]. ABS is known for its high impact strength, 
durability and resistance to heat and chemicals, 
making it an excellent choice for improving the 
mechanical properties of the structure [6]. In 
addition, PLA contributes to better printability and 
dimensional stability due to its lower shrinkage 
rate and better layer adhesion during printing [2, 
7]. This combination enables the production of 
parts with complex geometries and tight 
tolerances while maintaining structural integrity. 
However, interfacial adhesion between the PLA 
and ABS layers is a critical factor in the tensile 
strength of the composite. Weak interfacial 
adhesion can lead to delamination and premature 
failure under tensile loading and affect the overall 
performance of the sandwich structure. To 
overcome this challenge, the correct optimization 
of printing parameters is crucial, from aspect of 
surface quality [8]. Key factors to consider include 
each material’s extrusion temperature, bed 
temperature, and cooling rate [9]. The extrusion 
temperature must be carefully controlled to 
ensure adequate flow and fusion of the polymer 
layers while preventing thermal degradation and 
delamination [10]. Similarly, the temperature of 
the print bed plays a crucial role in the adhesion 
between the first layer and the print bed and in 
maintaining constant thermal conditions 
throughout the printing process [11]. Techniques 
such as adjusting the layer height, optimizing the 
overlap between adjacent layers and performing 
post-treatments such as annealing or surface 
treatments can improve the adhesion between 
layers and the overall structural integrity. In 
addition, the design of the sandwich structure 
itself can also be optimized to maximize tensile 
strength [12, 13]. This can be seen in [14], where 
the authors use a dual extruder system to print 
PLA and ABS structures with the following 
parameters: layer thickness 0.1 mm, 0.2 mm and 
0.3 mm, infill level 30%, 60% and 90% and infill 
patterns hexagon, triangle and 3D infill. They 
reported that using PLA and ABS together in the 
same 3D printed structure resulted in significantly 
higher tensile strength than using either material 
alone. Baca Lopez et al. [15] reported that the best 
sandwich-structured arrangement was the 

combination of outer skins of PLA and ABS cores, 
which had higher tensile strength, Young’s 
modulus, and elongation at break compared to 
homogeneous materials. The test specimens 
consisted of 4 layers of each material, with 1.2 mm 
thick inner and outer cores. All specimens were 
printed with a rectilinear pattern. Brischetto et al. 
[16] have described the fabrication and mechanical 
behavior of 3D-printed sandwich structures using 
PLA and ABS polymers with classical and 
honeycomb cores with the following 
configurations. It was emphasized that the use of 
PLA for the outer skins leads to lower 
performances in Young’s modulus due to the use 
of two different extruders. This resulted in poor 
adhesion between the skin and the core. 
Furthermore, the extruder changing process gives 
an early cooling of the previously printed layer, 
reducing the ability to completely adhere to the 
second layer. In addition, changing the extruder 
leads to premature cooling of the previously 
printed layer, which reduces its ability to fully 
adhere to the second layer. Some attempts were 
made to investigate the implementation of carbon 
fibers to show how to prevent delamination and 
deboning failures, which are presented in [17-19], 
and using the third material such as HIPS (High 
Impact Polystyrene) [20]. 

In this paper, the mechanical properties of the 
samples produced from the combination of the 
polymer materials PLA and ABS are analyzed to 
find out which mechanical properties can be 
achieved by simply using the standard 3D printing 
settings recommended by the manufacturer of the 
3D printer. The same nozzle temperature was used 
for both materials. The grid pattern recommended 
by [21] and different infill densities and layer 
thicknesses were also used.  

 
2. MATERIALS AND METHODS 

 
The samples were divided into 8 batches of 10 

samples each (Table 1). The density of the ABS and 
PLA materials and their infill percentage were 
varied. The first and second batches were control 
samples with an infill level of 100% and an equal 
proportion of ABS and PLA materials. In the third, 
fifth and seventh batches, the percentage of ABS 
infill was 25%; in the fourth, sixth and eighth 
batches, the percentage of ABS infill was 75%. In 
addition to the percentage of infill, the proportion 
of ABS material was also determined by the 
number of layers and their thickness. For example, 
one layer was printed in the third and fourth 
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batches, two layers in the fifth and sixth batches 
and three layers in the seventh and eighth batches. 
As the number of layers of ABS material increased, 

the proportion of PLA material also changed, at 
which the percentage of PLA material was kept at 
100%. 

Table 1. PLA and ABS proportions 

No. of 
Batch 

Material Material Proportion, 
% 

Infill, % No. of ABS 
Layers 

 Mass, g 

PLA ABS PLA ABS - PLA ABS 

1 PLA 100 0 100 0 
- 

1.1 0 

2 ABS 0 100 0 100 0 1 

3 PLA, ABS 97.77 2.23 100 25 
1 

1.1 0.025 

4 PLA, ABS 93.62 6.38 100 75 1.1 0.075 

5 PLA, ABS 95.24 4.76 100 25 
2 

1 0.05 

6 PLA, ABS 86.96 13.04 100 75 1 0.15 

7 PLA, ABS 91.42 8.58 100 25 
3 

0.8 0.075 

8 PLA, ABS 78.05 21.95 100 75 0.8 0.225 

 
The infill pattern was set to Grid (Fig. 1.), 

which was selected via the Ulitmaker Cura 
Slicer software interface [22]. All samples were 
printed using the Wanhao Duplicator D12, 
D12/230 3D printer. 

 

Fig. 1. Grid pattern 

The samples were prepared in accordance with 
the ISO 527 - 2: 2012 standard. The geometry of 
the specimen is shown in Fig. 2 and the dimensions 
are in Table 2. 

 
Fig. 2. Geometry of the specimen [6] 

 

Table 2. Specimen dimensions according to ISO 527 - 2: 2012 

Sample 
type 

b1, 
mm 

b2, 
mm 

h, 
mm 

l1, 
mm 

l2, 
mm 

l3, 
mm 

L, 
mm 

L0 
mm 

r, 
mm 

1BA 50.5 100.5 ≥2 300.5 582 ≥75 
2

2 0
l

+
 250.5 ≥30 

 

2.1 CAD Modeling and 3D Printing 
 
The Autodesk Inventor Professional 2023 

software with the Educational license was used for 
this study. The CAD models of batches 1 and 2 
were modeled as entire PLA and complete ABS 
specimens (Fig. 3). The height of the specimens 
was set to 2 mm, which is the minimum allowable 
height of the specimen, while the width was set to 
5 mm. The CAD models for the specimens of 
batches 3 to 8 were modeled from multiple bodies, 
i.e. as sandwich structures. 

In the Ultimaker Cura slicing software, the 
individual bodies were joined together to form one 

body. While they were still separate bodies, a 
suitable material was defined for each body. For 
batch 8, for example, the sandwich structure 
consists of 4 layers of PLA material (Fig. 4) and 3 
layers of ABS material (Fig. 5) with different infill 
percentages with the thickness evenly distributed 
over the height of the sample (Fig. 6). 

 
Fig. 3. Specimen body 
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Fig. 4. PLA Layers 

 

 

Fig. 5. ABS Layers 
 

 

Fig. 6. Thickness distribution 

 
The horizontal position of the samples on the 

build plate was selected for 3D printing (Fig. 7). 
The grid pattern and the 25% infill are shown in  
Fig. 8 and 75% in Fig. 9. The PLA material is labeled 
brown and the ABS material green. The examples 
of the sandwich structures are shown in Fig. 10. 
The 3D printing parameters are listed below in 
Table 3, and the process of 3D printing is shown in 
Fig. 11. 

 

Fig. 7. Horizontal position for 3D printing 

 

Fig. 8. 25% ABS grid pattern 

 
Fig. 9. 75% ABS grid pattern 

 
Fig. 10. PLA-ABS sandwich structures 

 
Table 3. General parameters of the 3D printing process 

Parameter Units Value 

Temperature °C 230 

Bed temperature  °C 45 

Layer height  mm 0.2 

Diameter  mm 1.75 

Printing Speed  mm/s 50 

Layer Orientation  ° ±45 

Number of perimeters  1 

Nozzle diameter  mm 0.4 

 
Fig. 11. 3D Printing 
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3. RESULTS AND DISCUSSION 
 
The mechanical properties were determined 

using a Shimadzu AGS-X 10 kN device [23], (Fig. 12). 
The specimens were continuously loaded until 
failure occurred. The test speed was 2 mm/min. 
The following variables were analyzed: maximum 
force at failure point and tensile strength. Failure 
occurred in all samples within the measurement 
range. The example is shown in Fig. 13. The results 
of the mechanical properties are listed in Table 4 
to Table 11. The Force-Stroke diagrams for batch 3 
to batch 8 are shown in Fig. 14 to Fig. 19. 
Delamination of the layers occurred in four 
specimens during the test, but this had no 
influence on the final result. 

 

 
Fig. 12. Shimadzu AGS-X 10 kN machine 

 

 
Fig. 13. The specimen failure 

 

 

 

 

Table 4. Results of the batch 1 

Specimen 
number 

Batch 
Max. Force, 

N 
Tensile 

Strength, MPa 

1. 1 466.46 46.64 

2. 1 458.32 45.83 

3. 1 451.43 45.14 

4. 1 448.06 44.80 

5. 1 458.13 45.81 

6. 1 430.79 43.07 

7. 1 428.95 42.89 

8. 1 427.70 42.77 

9. 1 442.17 44.21 

10. 1 443.31 44.33 

 Average 
value 

445.53 44.55 

Table 5. Results of the batch 2 

Specimen 
number 

Batch 
Max. Force, 

N 
Tensile 

Strength, MPa 

1. 2 351.40 35.14 

2. 2 385.36 38.36 

3. 2 349.18 34.91 

4. 2 341.67 34.16 

5. 2 350.31 35.03 

6. 2 377.25 37.72 

7. 2 344.34 34.43 

8. 2 354.78 35.47 

9. 2 371.88 37.18 

10. 2 357.88 35.78 

 Average 
value 

354.76 35.47 

Table 6. Results of the batch 3 

Specimen 
number 

Batch 
Max. Force, 

N 
Tensile 

Strength, MPa 

1. 3 281.22 28.12 

2. 3 290.28 29.02 

3. 3 287.29 28.72 

4. 3 302.93 30.29 

5. 3 286.44 28.64 

6. 3 287.11 28.71 

7. 3 297.01 29.70 

8. 3 287.29 28.72 

9. 3 294.39 29.43 

10. 3 287.12 28.71 

 Average 
value 

288.67 28.86 
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Table 7. Results of the batch 4 

Specimen 
number 

Batch 
Max. Force, 

N 
Tensile 

Strength, MPa 

1. 4 304.62 30.46 

2. 4 289.68 28.97 

3. 4 292.91 29.29 

4. 4 296.06 29.61 

5. 4 300.44 30.04 

6. 4 282.21 28.22 

7. 4 282.37 28.24 

8. 4 292.58 29.26 

9. 4 282.79 28.28 

10. 4 296.06 29.61 

 Average 
value 

291.97 29.20 

Table 8. Results of the batch 5 

Specimen 
number 

Batch 
Max. Force, 

N 
Tensile 

Strength, MPa 

1. 5 178.98 17.90 

2. 5 185.55 18.55 

3. 5 193.18 19.32 

4. 5 197.80 19.78 

5. 5 198.03 19.80 

6. 5 181.33 18.13 

7. 5 193.30 19.33 

8. 5 193.52 19.35 

9. 5 193.99 19.40 

10. 5 187.70 18.77 

 Average 
value 

190.34 19.03 

Table 9. Results of the batch 6 

Specimen 
number 

Batch 
Max. Force, 

N 
Tensile 

Strength, MPa 

1. 6 208.89 20.89 

2. 6 222.00 22.20 

3. 6 231.92 23.19 

4. 6 204.53 20.45 

5. 6 241.19 24.12 

6. 6 214.99 21.50 

7. 6 216.67 21.67 

8. 6 235.38 23.54 

9. 6 223.64 22.36 

10. 6 227.96 22.80 

 Average 
value 

222.72 22.27 

 

 

 

 

 

 

 

Table 10. Results of the batch 7 

Specimen 
number 

Batch 
Max. Force, 

N 
Tensile 

Strength, MPa 

1. 7 205.87 20.59 

2. 7 195.72 19.57 

3. 7 217.00 21.70 

4. 7 217.12 21.71 

5. 7 217.38 21.74 

6. 7 211.78 21.18 

7. 7 213.06 21.31 

8. 7 208.53 20.85 

9. 7 208.86 20.89 

10. 7 197.63 19.76 

 Average 
value 

209.30 20.93 

Table 11. Results of the batch 8 

Specimen 
number 

Batch 
Max. Force, 

N 
Tensile 

Strength, MPa 

1. 8 221.42 22.14 

2. 8 246.61 24.66 

3. 8 269.50 26.95 

4. 8 272.43 27.24 

5. 8 275.54 27.55 

6. 8 256.29 25.63 

7. 8 256.11 25.61 

8. 8 241.21 24.12 

9. 8 249.75 24.97 

10. 8 258.90 25.89 

 Average 
value 

254.78 25.48 

 
Two-way ANOVA statistical analysis without 

repeated measures was used; we have different 
conditions in each combination of factor levels. 
First, it was necessary to test assumptions such as 
a test of variance equality using Levene’s test 
(Table 12) and normal distribution of measured 
tensile strength for each sample size using 
Kolmogorov-Smirnov’s test (Fig. 20). Results of 
ANOVA statistics are presented in Table 13. 

The statistical analysis showed a significant 
difference between the groups of the independent 
variable No. of ABS layers in relation to the 
dependent variable Tensile Strength, p < 0.001, 
that there is a significant difference between the 
groups of the independent variable ABS Infill in 
relation to the dependent variable Tensile 
Strength, p < 0.001 and that there is an interaction 
between the two variables No. of ABS layers and 
ABS Infill in relation to the dependent variable 
Tensile Strength, p < 0.001. 
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Fig. 14. Force-Stroke for batch 3 
 

 

Fig. 15. Force-Stroke for batch 4 

 

 

Fig. 16. Force-Stroke for batch 5 

 

 

Fig. 17. Force-Stroke for batch 6 

 

Fig. 18. Force-Stroke for batch 7 

 

 

Fig. 19. Force-Stroke for batch 8 
 

Table 12. Levene’s test of variance equality 

Test F df1 df2 p 

Levene’s Test (Mean) 2.25 5 54 0.062 
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Kolmogorov-Smirnov p-value = 0.367 

a 
 

 
Kolmogorov-Smirnov p-value = 0.84 

b 

 
Kolmogorov-Smirnov p-value = 0.40 

c 
 

 
Kolmogorov-Smirnov p-value =1.00 

d 

 
Kolmogorov-Smirnov p-value = 0.929 

e 

 
Kolmogorov-Smirnov p-value = 0.984 

f 

Fig. 20. Normal distributions of the Tensile Strength per sample 

Table 13. ANOVA statistics 

 Type III Sum of Squares df Mean Squares F p η2
p 

No. of ABS layers 751.32 2 375.66 373 <0.001 0.93 

ABS Infill, % 106.05 1 106.05 105.3 <0.001 0.66 

No. of ABS layers x 
ABS Infill, % 

49.92 2 24.96 24.78 <0.001 0.48 

Error 54.38 54 1.01    
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4. CONCLUSION 
 
A total of 80 samples were tested. Since the 

mechanical properties of PLA and ABS materials 
are already well-known, the obtained properties 
are shown just with tables but without the 
presentation of diagrams for the correlation with 
proposed sandwich structures. However, the 
mechanical properties of 60 samples are presented 
and statistically analyzed with tables and diagrams. 
The results showed that the combination of PLA 
and ABS did not lead to better mechanical 
properties of the material than either material on 
its own. During the test, some samples showed 
delamination between the layers, which became 
more pronounced as the number of layers of ABS 
material increased. The samples with 25% ABS infill 
had poorer mechanical properties than those with 
75% ABS infill. It can be concluded that general 
settings for 3D printing are not recommended for 
such sandwich structures, which is also confirmed 
by the studies published so far. There is still a need 
to find optimal parameters considering what these 
structures are trying to achieve.  

There is a significant difference between the 
variables tested, so valid parameter optimization is 
required for this type of study. 

In summary, PLA-ABS sandwich structures 
represent an innovative approach to utilizing the 
strengths of both materials in FDM 3D printing 
applications. By carefully optimizing the printing 
parameters, improving interfacial adhesion and 
using advanced design strategies, it is possible to 
maximize the tensile strength of these composites 
and exploit the synergistic effects of both materials. 
Our future research will be based on the 
integration of ABS material into the PLA layer so 
that two materials are present simultaneously in 
one layer. 

 
NOTE 
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