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Abstract: This paper investigates the mechanical performance of thin-walled tubular structures with chambered (lattice) internal geometries 
manufactured from ABS using fused deposition modelling (FDM). The objective of the study was to evaluate the influence of infill geometry 
on load-bearing capacity and deformation behaviour under bending and compressive loading conditions and to compare lattice configurations 
with solid structures. Experimental investigations included three-point bending and axial compression tests performed using INSTRON  
testing machines. Four structural configurations were analysed: ladder-type, triangular, tubular, and solid. In addition, finite element method 
(FEM) simulations were conducted to investigate the displacement response of the structures under compressive loading. The experimental 
results showed that the solid structure achieved the highest load-bearing capacity but at the expense of increased mass. Among the lattice 
configurations, the ladder-type structure demonstrated the most favourable overall performance, reaching load levels close to those of the 
solid structure while reducing mass by more than 50%. The triangular structure provided intermediate performance, whereas the tubular 
configuration exhibited the lowest load-bearing capacity in both bending and compression tests. FEM simulations reproduced the  
displacement-response trends of the investigated geometries and provided qualitative insight into the influence of chamber geometry on 
structural behaviour. The results confirm that appropriately designed lattice structures can achieve a favourable load-bearing-capacity-to-
weight ratio, making them attractive for lightweight engineering applications. 
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1. INTRODUCTION 

The structural resistance to external loads is one of the key is-
sues in materials engineering and structural mechanics. It becomes 
particularly important in the case of components subjected to inten-
sive service conditions, where they must withstand both static and 
dynamic loads [5, 9, 12]. Pipe conduits, widely used across various 
industrial sectors, are exposed to external forces such as bending 
and compression, as well as internal loads, including fluid and gas 
pressure [10, 16]. 

Traditionally used solid-walled pipes, although characterized by 
high strength, exhibit certain structural limitations, such as high 
mass and stiffness, which affect their resistance to variable loads 
and thermal stresses. For this reason, increasing attention is being 
given to chamber-structured conduits and lattice structures, which 
offer an optimal strength-to-weight ratio, as well as improved en-
ergy absorption capacity and resistance to material fatigue  
[1, 3, 6, 8]. 

Lattice structures are spatial systems composed of regularly ar-
ranged struts and nodes, forming an optimized material network. 
Their mechanical properties depend on geometry, load distribution, 
and the type of material used. Studies conducted by Zhang et al. 

demonstrated that lattice structures with octagonal and tetrahedral 
topologies exhibit higher compressive and bending strength com-
pared to rectangular configurations. Experimental tests performed 
using the digital image correlation (DIC) method confirmed that the 
application of lattice structures enables a reduction in conduit 
weight by more than 40% while maintaining comparable mechani-
cal properties to solid materials [17]. 

Yang et al. also conducted numerical and experimental studies 
on lattice pipes manufactured using selective laser melting (SLM), 
demonstrating that an appropriate configuration of the structure’s 
geometry enhances resistance to impact and dynamic loads. Simi-
lar conclusions were reported by Li et al., who indicated that the 
application of topology optimization techniques enables the adap-
tation of lattice structures to specific application requirements, re-
sulting in a significant improvement in mechanical properties while 
simultaneously reducing material consumption [7]. Topology opti-
mization integrated with additive manufacturing enables the sys-
tematic design of lightweight structures with improved mechanical 
efficiency [33, 34]. 

Conventional manufacturing methods, such as CNC machin-
ing, casting, and forming, are limited in their ability to produce com-
plex internal structures, including chambers and spatial lattices. Ad-
ditive manufacturing technologies overcome these limitations by 
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enabling the production of components with precisely controlled ge-
ometries that can be optimized for specific applications [2, 4, 8, 27, 
30]. 

In the case of lattice and chambered structures, the application 
of 3D printing allows for a reduction in structural weight while main-
taining adequate strength, tailoring of mechanical properties 
through modifications in lattice or chamber geometry, enhancement 
of cooling efficiency via optimized internal channels, and improved 
resistance to vibrations and dynamic loading [13, 18]. Recent ad-
vances in mechanical metamaterials demonstrate that architected 
lattice structures can achieve exceptional stiffness-to-weight ratios 
and tunable deformation mechanisms [31, 32]. 

The aerospace and space industries are among the primary 
sectors in which 3D printing of lattice and chambered structures 
plays a crucial role [15]. By reducing component weight, it is possi-
ble to decrease fuel consumption and improve flight efficiency 
[25,27]. Additive manufacturing technologies are applied in the pro-
duction of fuselage components and support structures, jet en-
gines, as well as satellites and space probes [19, 23]. 

In the automotive industry, weight reduction is essential for im-
proving performance, reducing fuel consumption, and extending 
the range of electric vehicles [14, 26]. Traditional structural compo-
nents made of solid materials are characterized by high mass, 
which negatively affects energy efficiency. The use of lattice and 
chambered structures in chassis systems, suspension systems, 
and load-bearing components enables weight reduction while 
maintaining high mechanical strength [10, 11]. 

Thanks to additive manufacturing techniques, manufacturers 
can produce components with optimized geometries that not only 
reduce vehicle load but also improve aerodynamics and safety. Lat-
tice structures are also used in engine cooling systems, braking 
systems, and exhaust systems, where an increased heat exchange 
surface enhances thermal efficiency [4, 25]. Studies conducted by 
Aboulkhair et al. demonstrated that optimizing lattice structures in 
fuselage elements and support structures increases their re-
sistance to thermal stresses [21]. 

The incorporation of lattice structures into automotive chassis 
systems, suspension systems, and load-bearing components ena-
bles weight reduction while maintaining high strength [2, 9]. Addi-
tionally, these structures are utilized in engine cooling systems and 
exhaust systems, where an increased heat exchange surface en-
hances thermal efficiency [14]. 

Additive manufacturing technologies have also revolutionized 
regenerative medicine and orthopedics by enabling the production 
of personalized implants and prostheses tailored to individual pa-
tient needs [18, 26]. Lattice and chambered structures are em-
ployed in bone implants because they facilitate tissue ingrowth and 
accelerate integration with the body. As reported by Tan et al., 3D-
printed lattice implants made from bioactive materials improve the 
process of osseointegration and reduce the risk of rejection [28]. 

Moreover, 3D printing enables the fabrication of implants with 
complex porous architectures. Lattice structures allow for precise 
control of implant stiffness and elasticity, which is crucial in the case 
of joint endoprostheses and spinal implants [6, 13].  

In the energy sector, heat exchange efficiency is crucial for the 
performance of cooling and heating systems. Lattice structures 
used in heat exchangers increase the heat transfer surface area 
while simultaneously reducing flow resistance and the overall 
weight of the structure [4]. Experiments conducted by Al-Ketan et 
al. demonstrated that the use of optimized lattice structures in gas 
turbines improves their efficiency by 15% compared to conventional 

cooling methods [22]. 
3D printing enables precise design of internal channels, allow-

ing for the optimization of fluid and gas flow in cooling systems for 
turbines, reactors, and industrial installations [19]. Lattice structures 
are also applied in high-pressure pipelines, where they enhance 
resistance to internal pressure and dynamic loads [5]. 

The quality and mechanical strength of components manufac-
tured using additive technologies depend on a range of 3D printing 
process parameters that influence both the micro- and macrostruc-
ture of the component [2, 6, 25]. Proper configuration of these pa-
rameters is crucial for optimizing tensile, compressive, bending, 
and fatigue strength [9, 11].  

A particularly important aspect is the anisotropy of mechanical 
properties, meaning that the strength of a component depends on 
the orientation of layers relative to the direction of applied forces 
[10, 29, 35, 36]. Infill density affects the strength-to-weight ratio as 
well as the stiffness of the structure [16, 18]. 

While full infill provides maximum strength, it also increases 
weight and printing time; in contrast, lattice structures enable sig-
nificant weight reduction while maintaining adequate load-bearing 
capacity [4, 26]. Improper printing temperature settings may lead to 
insufficient interlayer bonding or the formation of internal thermal 
stresses, which weaken the structural strength of the component 
[12, 13]. 

The aim of this study is to analyze the resistance of chamber-
structured pipe conduits to external loads, including bending and 
compression induced by external forces. These structures were 
compared with solid materials in terms of their strength-to-weight 
ratio, allowing for the identification of an optimal cross-section that 
minimizes mass while maintaining high load resistance. 

The results of this analysis may contribute to the optimization 
of the design of lightweight and durable pipe conduits for applica-
tions in modern industry. 

2. MATERIALS AND METHODS 

Strength tests under three-point bending and compression 
were conducted at the Laboratory of Materials and Structural Test-
ing at Bydgoszcz University of Science and Technology. The three-
point bending test was performed using an INSTRON 5966 univer-
sal testing machine, while the compression test was carried out on 
an INSTRON 8501 machine. The parameters recorded during both 
tests were force and displacement values.The infill structures were 
based on fundamental geometric shapes, namely triangles, circles, 
and squares. These geometries were selected because they facili-
tate model development, computational analysis, and finite element 
method (FEM) simulations. 

 
Tab. 1. Overall dimensions and mass of the bending test specimens 

Speci-
men 

structure 

Geometrical dimensions 

length l 
[mm] 

width d 
[mm] 

height h 
[mm] 

mass  

[g] 

ladder 190 30 10 26.08 

triangular 190 30 10 27.17 

tubular 190 30 10 33.28 

solid 190 30 10 60.42 

 



DOI: 10.65731/ama/2026-0071                                                                                                  acta mechanica et automatica, vol. 20 no. 3 (2026) 

731 

Tab. 2. Geometrical parameters of the ladder and triangular infill  
             structures 

Speci-
men 

structure 

Geometrical dimensions 

outer wall 
thickness 

[mm] 

inner wall 
thickness 

[mm] 

spacing 
between 
elements 

[mm] 

number of 
internal 

walls 

ladder 1.6 0.8 4.00 40 

triangular 1.6 0.8 3.93 40 

Tab. 3. Geometrical parameters of the tubular infill structure 

Speci-
men 

struc-
ture 

Geometrical dimensions 

outer wall 
thickness, 

mm 

inner wall 
thickness, 

mm 

inner  
diameter 

of the 
tubes, mm 

number  
of tubes 

tubular 1,6 0,8 5,2 28 

Preliminary tests—three-point bending—were conducted on 
specimens manufactured using additive technology from ABS (ac-
rylonitrile butadiene styrene). Four variants of specimens were 
used in the study, each characterized by a different infill structure: 
ladder-type (Fig.1a), triangular (Fig. 1b), tubular (Fig. 1c), and solid 
(Fig. 1d), which also resulted in different masses of the elements 
(Table 1). The geometric dimensions of the test specimens are pre-
sented in Figure 1 and Tables 1-3. 
 

a) b) 
  

  
c) d) 

  
Fig. 1. Flat test specimens: a) ladder; b) triangular; c) tubular; d) solid 

a) b) 

 

 

 

c) d) 

  
 

Fig. 2. Pipe specimens with: a) ladder; b) triangular; c) tubular; d) solid in-
fill configurations 

The main compression tests of tubular structural elements were 
also conducted on four types of ABS specimens with different infill 
structures: ladder-types (Fig. 2a), triangular (Fig. 2b), tubular (Fig. 
2c), and solid (Fig. 2d). The length of the elements was equal to 69 
mm. The compression rate was set to 0.5 mm/s for, and the tests 
were stopped when the specimen fractured. 

3. PRELIMINARY TESTS 

The static three-point bending test enabled the determination 
of force–displacement curves, as shown in Figure 3. Table 4 pre-
sents the maximum values of force and displacement for the four 
types of specimens at the initial stage, at 50% displacement, and 
at failure. 

 
Fig. 3.   Force–displacement curves for the ladder, tubular, triangle and 

solid structures in the three-point bending test 

Tab. 4.  Mean force and displacement values for four specimen types at 
initial, 50% deflection, and failure stages 

Measurement 
type 

Ladder 
struc-
ture 

Tubular 
structure 

Triangle 
structure 

Solid 
structure 

Initial parameters 

Loading [N] 1.07 1.09 1.28 0.05 

Displacement 
[mm] 

0.00 0.00 0.00 0.00 

Measurement of 50% deflection concerning the specimen fracture 

Loading [N] 244.85 128.41 149.50 813.18 

Displacement 
[mm] 

14.21 3.54 2.91 14.85 
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Deflection maximum values 

Loading [N] 272.90 207.16 251.03 799.79 

Displacement 
[mm] 

28.41 7.17 5.84 30.00 

 
The analysis of the obtained results indicates that the specimen 

with a solid infill structure exhibits the highest mechanical resistant, 
with a maximum force exceeding 800 N and a displacement of 30 
mm. The solid structure provides the best mechanical properties; 
however, this comes at the cost of increased specimen mass. 

Specimens with lattice structures are characterized by signifi-
cantly lower mechanical response, but they may offer a better 
strength-to-weight ratio. The ladder-type structure achieves the 
second-highest loading capacity among the lattice variants (272.90 
N) and the greatest allowable displacement among the lightweight 
structures (28.41 mm). The ladder geometry provides good load-
bearing capacity while reducing mass by 34.34 g compared to the 
solid specimen. 

The triangular structure exhibits a maximum load of 251.03 N, 
approximately 20 N lower than the ladder-type structure, with a 
maximum displacement of 5.84 mm. The lower displacement at fail-
ure indicates reduced deformation capacity prior to failure. The tub-
ular structure shows the lowest loading capacity (207.16 N) and a 
relatively small displacement at failure (7.17 mm), indicating a lim-
ited ability to withstand bending loads compared with the other in-
vestigated structures. 

In summary, the solid structure provides the highest load-bear-
ing capacity, whereas lattice structures offer a compromise be-
tween strength and weight reduction. The selection of an appropri-
ate infill structure should depend on specific application require-
ments, such as the need to minimize weight while maintaining ad-
equate mechanical strength. 

4. MECHANICAL TESTING OF PIPE CONDUITS 

The presented graphs (Fig. 4) illustrate the results of compres-
sion tests of tubular elements printed from ABS using different infill 
structures (lattice structures). The study included specimens with 
ladder-type, triangular, and tubular infill, while solid specimens (full 
structure) were used as a reference. The aim of the analysis was 
to evaluate the load-bearing capacity and deformation behaviour of 
elements subjected to axial loading 

Based on the analysis of the graphs, it was found that elements 
with ladder-type structures (specimens 2 and 3) exhibit very high 
load-bearing capacity, reaching load values close to 18–20 kN at 
relatively small displacements (approximately 2–3 mm). Specimen 
1 failed prematurely at a significantly lower load (approximately 4 
kN), which may indicate a structural defect or irregularities in the 
printing process. 

The curves indicate a limited deformation response compared 
to the other structures. The ladder-type structure demonstrates 
nearly the same load-bearing capacity as the solid structure, sug-
gesting that, despite its significantly lower mass, it may effectively 
replace solid material in applications requiring high load-bearing 
performance. Both the solid and ladder-type structures exhibit the 
smallest displacements at failure, indicating a reduced deformation 
capacity under bending loads. 

 
 

a) 
 

 
 

b) 

 
c) 

 

d) 

 

Fig. 4. Comparison of test results for: a) ladder-type, b) triangular, c) tub-
ular, and d) all specimens 

Specimens with triangular infill achieved average maximum 
load values of approximately 5–6 kN, indicating higher load-bearing 
capacity than the tubular structure. The gradual increase in force 
without sudden drops suggests better resistance to failure com-
pared to the tubular configuration. These specimens exhibit 
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relatively large displacements (5–8 mm), indicating greater flexibil-
ity compared to the ladder-type infill. The triangular structure 
reaches only about 25–30% of the load-bearing capacity of the 
solid structure, suggesting significantly lower efficiency in carrying 
compressive loads. It also shows greater deformation than the solid 
structure, reflecting higher flexibility. 

All specimens with tubular infill achieved significantly lower 
maximum loads (3–5 kN) compared to the other structures. Speci-
mens 1 and 2 exhibited large displacement values prior to sudden 
failure (over 10 mm). A rapid drop in force after reaching the peak 
value indicates a rapid structural failure after reaching the maxi-
mum load and high susceptibility to brittle fracture. The tubular 
structure demonstrates the lowest load-bearing capacity (3–5 kN), 
corresponding to only 15–25% of the solid structure’s capacity, con-
firming its poor resistance to compression. 

Among the investigated lattice configurations, the ladder-type 
structure exhibited the highest load-bearing capacity. During com-
pression tests, specimens with this geometry reached loads of ap-
proximately 18–20 kN at displacements of about 2–3 mm, ap-
proaching the performance of the solid structure while maintaining 
a substantially lower mass. The ladder specimen weighed 26.08 g, 
compared to 60.42 g for the solid specimen, corresponding to a 
mass reduction of approximately 56.8%. The gradual force–dis-
placement response observed for the ladder-type specimens indi-
cates a progressive failure process and efficient load transfer 
through the structure. 

The triangular structure achieved intermediate performance, 
reaching maximum loads of approximately 5–6 kN and displace-
ments in the range of 5–8 mm. With a mass of 27.17 g, representing 
a reduction of approximately 55.0% relative to the solid specimen, 
this geometry achieved only about 25–30% of the load-bearing ca-
pacity of the solid structure. These results suggest that the triangu-
lar geometry may provide a compromise between weight reduction 
and load-bearing performance. 

The tubular structure demonstrated the lowest load-bearing ca-
pacity, with maximum loads ranging from 3 to 5 kN and displace-
ments exceeding 10 mm before failure. Although its mass was re-
duced to 33.28 g (approximately 44.9% lower than that of the solid 
specimen), the load-bearing capacity corresponded to only 15–
25% of that achieved by the solid structure. Furthermore, a rapid 
drop in force after reaching the peak load indicates sudden struc-
tural failure and limited ability to sustain additional loading after the 
onset of instability. Consequently, triangular and tubular infill pat-
terns may be less suitable for applications requiring high axial load-
carrying capacity. 

Considering both mass and load-bearing performance, the lad-
der-type structure provided the most favorable balance between 
structural efficiency and weight reduction. While its mass was re-
duced by more than half compared to the solid specimen, its maxi-
mum load remained close to that of the reference structure, indicat-
ing a significantly improved load-bearing-capacity-to-weight ratio. 

The finite element method (FEM) was applied to investigate the 
effect of infill geometry on the displacement response of thin-walled 
tubular elements subjected to compressive loading. Unlike the ex-
perimental compression tests, which were evaluated based on the 
maximum load-bearing capacity, the FEM analysis focused on the 
relationship between the applied load and the resulting displace-
ment. Therefore, the numerical assessment was based on the 
force-to-displacement ratio 𝑅 = 𝑃/𝑓, which characterizes the 
structural response under elastic loading conditions rather than the 
maximum load sustained before failure. 

Simulations were carried out in the SolidWorks Simulation 

environment using linear static analysis (Fig. 5). Three-dimensional 
models of elements with identical external dimensions were devel-
oped, incorporating ladder-type, triangular, tubular, and solid infill 
structures. The grips of the testing machine were also modelled to 
reproduce the experimental boundary conditions. The influence of 
chamber geometry on displacement was analysed for compressive 
loads of 1000 N, 2000 N, and 4000 N. 

The results showed a linear relationship between load and dis-
placement for all investigated geometries, confirming elastic behav-
iour within the analysed loading range. The smallest displacements 
were observed for the solid structure. Among the lattice structures, 
the tubular infill exhibited the lowest displacement values, followed 
by the triangular and ladder-type configurations. These results indi-
cate that chamber geometry significantly influences the displace-
ment response of the structure under compressive loading. 

To compare the numerical and experimental results, the force-
to-displacement ratio 𝑅 = 𝑃/𝑓was introduced, where 𝑃 is the ap-
plied force and 𝑓 is the measured displacement. A higher value of 

𝑅indicates a smaller displacement under a given load. It should be 
emphasized that parameter 𝑅does not represent the maximum 
load-bearing capacity of the structure and therefore should not be 
directly compared with the maximum loads obtained in the com-
pression experiments. Instead, it was used as a qualitative indicator 
of the structural response under loading and as a basis for compar-
ing FEM predictions with experimental observations. 

Both the experimental and numerical analyses produced the 
same ranking with respect to parameter 𝑅, with the tubular struc-
ture exhibiting the highest force-to-displacement ratio, followed by 
the triangular and ladder-type configurations. However, the ranking 
based on maximum load-bearing capacity obtained from compres-
sion tests was different, with the ladder-type structure achieving the 
highest loads. This discrepancy arises because the two ap-
proaches evaluate different performance criteria: the experimental 
results are based on maximum load before failure, whereas param-
eter 𝑅characterizes the displacement response under load. Con-
sequently, the FEM results should be interpreted as a qualitative 
assessment of structural behaviour rather than a direct prediction 
of failure load. 

 

 
Fig. 5. Representative FEM simulations: a) ladder-type infill, F = 1900 N; 

b) triangular infill, F = 7700 N; c) solid infill, F = 7500 N; d) tubular 
infill, F = 8600 N 
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The results of the first analysis are presented in Table 6. A total 
of 12 simulations were performed. Simulations were conducted for 
each chamber geometry, with compressive loads of 1000 N, 2000 
N, and 4000 N applied. 

Tab. 5. Simulation parameters 

Simulation parameters 

Analysis type Static analysis 

Mesh type Solid mesh 

System of units SI (MKS) 

Length/Displacement mm 

Pressure/Stress N/m² 

Material of the grips Carbon steel (St3S) 

Material of thin-walled tubes ABS 

Tab. 6. FEM results for thin-walled tubes 

Measurement 
type 

Ladder 
structure 

Tubular 
structure 

Triangle 
structure 

Full 
struc-
ture 

Loading [N] 1000 

Displacement 
[mm] 

0.18 0.05 0.08 0.02 

Loading [N] 2000 

Displacement 
[mm] 

0.36 0.11 0.16 0.05 

Loading [N] 4000 

Displacement 
[mm] 

0.72 0.23 0.33 0.11 

 
Based on the results presented in Table 6, the characteristic 

relationship 𝑓(𝐹) = 𝛿 (Fig. 6) was developed for thin-walled tubes 
with triangular, tubular, ladder-type, and solid chamber infill. The 
obtained curves are linear functions, each with a different slope. 

The plot indicates that the type of chamber infill significantly af-
fects the displacement response under compressive loading. The 
solid structure exhibited the smallest displacements under the ap-
plied loads. Among the lattice structures, the tubular configuration 
showed the lowest displacement values, followed by the triangular 
and ladder-type structures. These results reflect differences in de-
formation response and should not be interpreted as a ranking of 
load-bearing capacity. 

 
Fig. 6.   Characteristic 𝑓(𝐹)=𝛿 for specimens with tubular, ladder-type,  

triangular, and solid infill 

To compare the experimental results with the FEM results, a 
parameter describing the force-to-deflection ratio of the model was 
determined. The parameter was calculated according to the follow-
ing equation:   

𝑅 =
𝑃

𝑓
 (1) 

where: 
𝑅 – force-to-displacement ratio, 

𝑃– force, 
𝑓– displacement. 

The parameter represents a coefficient describing the relation-
ship between the applied force and the measured deflection. The 
results of the comparative analysis are qualitative in nature. The 
parameter was defined to enable a qualitative comparison between 
experimental results and FEM simulations. 

In the static FEM approach, the phenomenon of specimen frac-
ture cannot be observed. Therefore, a reliable basis for comparison 
is the determination of the force-to-deflection ratio of the model. In 
the subsequent part of the analysis, parameters obtained from ex-
perimental tests and FEM simulations will be compared. 

Table 7 presents the strength results of selected geometric 
structures of thin-walled tubes obtained from experimental tests 
and FEM simulations. The table includes the parameter 𝑅, which 
describes the force-to-displacement ratio of the specimen sub-
jected to compression under external loading. 

Tab. 7.   Experimental and FEM results of the force-to-displacement ratio 
(R) for the investigated infill geometries 

Speci-
mens 

R F experi-
mental 

P experi-
mental 

F 
FEM 

P 
FEM 

 kN/mm mm kN mm kN 

tubular 
K6 

10.2 5.024 2.03 0.60 17.11 

tubular 
K5 

8.6 3.154 2.73 0.50 17.20 

tubular 
K4 

12.6 4.117 3.06 0.74 17.03 

triangu-
lar T3 

6.2 4.090 1.52 0.50 12.40 

triangu-
lar T2 

7.7 4.716 1.63 0.64 12.03 

triangu-
lar T1 

7.4 4.733 1.56 0.61 12.13 

ladder 
P3 

1.9 19.267 0.10 0.34 5.59 

ladder 
P2 

2.0 16.625 0.12 0.36 5.56 

ladder 
P1 

1.9 17.115 0.11 0.34 5.59 

 
Both the experimental tests and FEM simulations produced the 

same ranking of the investigated chamber geometries. In both ap-
proaches, the tubular structure exhibited the highest force-to-dis-
placement ratio (R), followed by the triangular and ladder-type 
structures. The average experimental values of R were 10.47, 7.10, 
and 1.93 kN/mm for the tubular, triangular, and ladder-type struc-
tures, respectively, while the corresponding FEM values were 
17.11, 12.19, and 5.58 kN/mm. Although the FEM model overesti-
mated the absolute values of the parameter R, it correctly 



DOI: 10.65731/ama/2026-0071                                                                                                  acta mechanica et automatica, vol. 20 no. 3 (2026) 

735 

reproduced the relative performance of the investigated geome-
tries. These results indicate qualitative agreement between the ex-
perimental and numerical approaches and confirm that FEM can be 
used as a useful tool for preliminary assessment and comparison 
of alternative chamber geometries. 

5. RESULTS DISCUSSION 

The conducted experimental studies and numerical analyses 
enabled the assessment of the influence of chambered infill geom-
etry on the mechanical properties of thin-walled tubular elements 
manufactured using additive technology from ABS material. The re-
sults clearly indicate that the internal structure plays a key role in 
determining the load-bearing capacity and deformation response of 
the structure, as well as its failure behavior. 

Figure 7 presents the 𝑓(𝐹) = 𝛿 characteristic for specimens 
with tubular, ladder-type, triangular, and solid infill. In the three-
point bending tests, specimens with a solid structure exhibited the 
highest load-bearing capacity, which is consistent with classical 
strength of materials theory—a homogeneous cross-section pro-
vides the greatest moment of inertia and a uniform stress distribu-
tion. However, achieving maximum load-bearing capacity is asso-
ciated with a significant increase in component mass, which in 
many engineering applications constitutes a limiting factor. 
 

 

Fig. 7.   Characteristic 𝑓(𝐹) = 𝛿for specimens with tubular, ladder-type, 
triangular, and solid infill 

Among the lattice structures, the ladder-type configuration ex-
hibited the best bending performance, reaching a maximum load of 
272.90 N at a displacement of 28.41 mm. Compared with the other 
lattice configurations, this structure maintained a relatively high 
load-bearing capacity while undergoing the largest displacement 
before failure. The triangular structure reached a maximum load of 
251.03 N at a displacement of 5.84 mm, indicating a lower defor-
mation capacity prior to failure. The tubular structure exhibited the 
lowest load-bearing capacity, reaching a maximum load of 207.16 
N and a displacement of 7.17 mm at failure. The reduced perfor-
mance of the tubular configuration may be associated with local in-
stability of thin-walled elements and stress concentrations at the 
interfaces between adjacent chambers. 

Different trends were observed in the axial compression tests. 
The ladder-type structure achieved maximum loads of approxi-
mately 18–20 kN while maintaining a substantially lower mass than 
the solid specimen (26.08 g and 60.42 g, respectively). This result 
suggests efficient transfer of compressive loads through the verti-
cally oriented structural members. The triangular structure exhib-
ited intermediate performance, reaching maximum loads of approx-
imately 5–6 kN and displacements in the range of 5–8 mm before 

failure. In contrast, the tubular structure demonstrated the lowest 
load-bearing capacity, with maximum loads ranging from 3 to 5 kN. 
In addition, the force–displacement curves showed a rapid de-
crease in load after reaching the peak value, indicating sudden fail-
ure of the structure. The reduced load-bearing performance of the 
tubular configuration may be associated with local instability of the 
chamber walls and stress concentrations within the lattice geome-
try. 

The FEM simulations reproduced the displacement-response 
trends of the investigated geometries. However, the ranking based 
on the force-to-displacement ratio (R) differed from the ranking 
based on the maximum load-bearing capacity obtained experimen-
tally, since these criteria describe different aspects of structural per-
formance. At the same time, quantitative discrepancies between 
simulation and experimental results were observed, resulting from 
the limitations of the applied linear model. The simulations did not 
account for nonlinear phenomena such as local buckling, material 
degradation, contact friction, or anisotropy arising from the 3D print-
ing process. 

An important factor contributing to these discrepancies may 
also be the layered structure of ABS material produced using FDM 
technology, which introduces directional variability in mechanical 
properties. Real specimens also exhibit structural inhomogeneities, 
pores, and imperfections resulting from the printing process, which 
may initiate failure at lower loads than those predicted numerically. 

The obtained results confirm that appropriate selection of infill 
geometry significantly improves the strength-to-weight ratio. Lattice 
structures, particularly those with a ladder-type configuration, can 
serve as an attractive alternative to solid components in applica-
tions requiring high load-bearing capacity combined with reduced 
weight, such as in transportation, aerospace, or energy sectors. In 
motorsports, such components are especially desirable due to the 
strong influence of the strength-to-weight ratio on performance out-
comes. 

6. CONCLUSIONS 

Based on the conducted experimental investigations and FEM 
simulations, the following conclusions can be drawn: 

− The geometry of the chambered infill significantly influences 
the load-bearing capacity and deformation response of thin-
walled tubular elements manufactured from ABS using FDM 
technology. Different infill configurations resulted in substan-
tial differences in mechanical performance under both bending 
and compressive loading conditions.  

− The solid structure exhibited the highest load-bearing capacity 
in bending tests, reaching a maximum load of 799.79 N. How-
ever, this configuration was also characterized by the highest 
mass (60.42 g), which may limit its application in lightweight 
structural systems.  

− Among the investigated lattice configurations, the ladder-type 
structure demonstrated the most favorable overall perfor-
mance. In bending tests it reached a maximum load of 272.90 
N, while in compression tests it achieved loads of approxi-
mately 18–20 kN, approaching the performance of the solid 
structure despite a mass reduction of approximately 56.8%.  

− The triangular structure provided intermediate performance, 
combining moderate load-bearing capacity with significant 
weight reduction. This geometry may therefore represent a 
practical compromise between structural efficiency and mass 
reduction in applications where maximum load capacity is not 
the primary design requirement.  
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− The tubular structure exhibited the lowest load-bearing capac-
ity in both bending and compression tests. Maximum compres-
sive loads ranged from approximately 3 to 5 kN, and the force–
displacement curves indicated sudden failure after reaching 
peak load, suggesting limited suitability for applications requir-
ing high axial load-carrying capacity.  

− The FEM simulations successfully reproduced the displace-
ment response of the investigated geometries under compres-
sive loading. However, the ranking obtained from the force-to-
displacement ratio 𝑅 = 𝑃/𝑓differed from the ranking based 
on experimentally determined maximum loads because these 
criteria describe different aspects of structural performance.  

− The numerical model should be considered a qualitative tool 
for assessing structural response rather than a direct predictor 
of failure loads. Quantitative discrepancies between simula-
tions and experiments are attributed to the use of linear static 
analysis and the omission of nonlinear phenomena such as 
local buckling, material failure, contact effects, and manufac-
turing-induced anisotropy.  

− The obtained results confirm that appropriately designed lat-
tice structures can provide a favorable load-bearing-capacity-
to-weight ratio. In particular, the ladder-type configuration ap-
pears to be a promising solution for lightweight engineering 
applications requiring high mechanical efficiency combined 
with substantial weight reduction. 
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