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Department of Mechanics and Strength of Materials - History

 The Strength of Materials Laboratory was opened in 1923 in the presence of 

King FERDINAND and Prime Minister I. C. BRATIANU. 

 First tests with students were held in 1923, and the first student “Laboratory 

notebook” was published in 1924. 

 In 1931 the laboratory was visited by King CAROL the Second and Prime 

Minister N. IORGA. 

1st Winter School on

Trends on Additive Manufacturing for Engineering Applications

24-28 Jan. 2021www.siramm.unipr.it Project No. 857124



 RESEARCH CENTER IN STRENGTH OF MATERIALS AND 
SAFETY OF MECHANICAL STRUCTURES, CABLES AND 
CONDUCTORS
 RESEARCH CENTRE FOR VIBROIMPACTS AND 
MECHANICAL VIBRATIONS
 MEDICAL ENGINEERING 
RESEARCH CENTRE

1st Winter School on

Trends on Additive Manufacturing for Engineering Applications

24-28 Jan. 2021www.siramm.unipr.it Project No. 857124

Department of Mechanics and Strength of Materials



RESEARCH CENTER IN STRENGTH OF MATERIALS AND 
SAFETY OF MECHANICAL STRUCTURES, CABLES AND 
CONDUCTORS. 
Research fields:
 Strength of Materials,

 Fatigue and Fracture Mechanics,

 Materials testing (metals, plastics, ceramics, cellular) 

under different loading conditions (static, dynamic, creep),

 Integrity and Durability of structures,

 Experimental Stress Analysis (TSA, DIC and photoelasticity),

 Numerical Stress and Strain Analysis.
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RESEARCH CENTER IN STRENGTH OF MATERIALS AND 
SAFETY OF MECHANICAL STRUCTURES, CABLES AND 
CONDUCTORS. Research infrastructure:
 static testing machines,
 fatigue testing machines,
 FLIR 40 Thermograph,
 Digital Image Correlation System Dantec,
 Instrumented Impact Charpy
 NDT ultrasonic,
 Load cells, data acquisition systems,
 Additive manufacturing equipment
 more than 50 computers,
 SolidWorks Abaqus  Digimat  Ansys  Cosmos M  Beasy
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 RESEARCH CENTRE FOR VIBROIMPACTS AND 
MECHANICAL VIBRATIONS. Research fields:

Mechanics,

Vibrations (linear and non-linear),

Acoustics,

Nonlinear Dynamics of mechanical systems.
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MEDICAL ENGINEERING RESEARCH CENTRE. Research fields:
 Biomechanical modelling of human locomotors apparatus,

 Motion and posture analysis of the human body,

 Reverse engineering, design and numerical analysis of stress distribution 

in bone structures, implants, bone/implant assemblies,

 Manufacturing of prosthetic devices and components,

 Development of new testing methods for implants and prosthetic devices.
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MEDICAL ENGINEERING RESEARCH CENTRE. Research 
infrastructure:
 Modelling and design Laboratory
 Medical Imaging Laboratory
 Motion Analysis Laboratory 
 Medical investigations Laboratory – explores many practices that arise in the field of 
usual medical investigations.
 Manufacturing Laboratory – CNC Machining and EDM Fabricatio
 Manufacturing Laboratory – Rapid Prototyping Fabrication 
 LOPIFO Manufacturing Laboratory for implant devices, orthoses and prosthetic 
devices
 CIDUCOS Testing Laboratory (multiaxial Intron 25 kN testing machine)
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 Generally, there are no specific tests for AM materials/structures
 Usual standards are used
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Destructive testing to quantify properties of AM (Plastic components), [Forster, 2015]

Test type Test type Properties to be obtained 
and conditions

Standards

Tensile

Determination of tensile 
properties of plastics

Young modulus, Yield stress, 
Tensile strength

ASTM D638, ISO 527-2

Determination of tensile 
properties of fiber reinforced 
composites

Young modulus, Yield stress, 
Tensile strength

ASTM D3039, ISO 527-4

Compression Compression test Compressive properties ASTM D695, ISO 604

Shear Plate twist method In-plane shear modulus ISO 15310

Bending Flexural tests Flexural properties ASTM D790, ISO 178
Four point bend test Flexural properties ASTM D6272

Fracture mechanics
Determination of fracture 
toughness

KIC, GIC (Linear Elastic Fracture 
Mechanics)

ISO 13586, ASTM 5045

Determination of J-R curve J-Integral versus crack growth ASTM D6068

Fatigue tests

Determination of flexural 
fatigue 

Fatigue strength, 
S-N curve

ASTM D7774, ISO 13003

Uniaxial fatigue Fatigue strength, 
S-N curve

ASTM D7791

Impact tests

Charpy impact properties (non 
instrumented and 
instrumented)

Fracture energy ISO 179; ASTM D6110

Izod Impact properies Fracture energy ASTM D256
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There are no particular standards for AM materials!
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]

 Dog bone specimens
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]

 Typical stress – strain curves
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]

 Specimens preparation

Printer Temp.
Build 
plate
[0 C]

Temp.
Print

[0 C]

Max.
Speed

[mm/s]

Average
Speed

[mm/s]

Layer
thickness

[mm]

Infill Infill
density

[%]

Prusa MK3 60 220 80 45 0.15 Rectilinear +/-45 grade 100
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]
 Results on tensile testing
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]
 Results on tensile testing
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 Similar tensile strength values for 00 and 900 orintations, lower value for 450

 The higher Young modulus for 450
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]

 Some results for PLA – influence of orientation and direction, comparison 
with injected molded
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1. http://www.matweb.com/search/datasheet.aspx?matguid=022f6212e6e0415c9f740b3db3d1ae7e&ckck=1
2. http://www.corbion.com/media/379249/corbion-purac-ts-pla-portfolio1505.pdf

http://www.matweb.com/search/datasheet.aspx?matguid=022f6212e6e0415c9f740b3db3d1ae7e&ckck=1
http://www.corbion.com/media/379249/corbion-purac-ts-pla-portfolio1505.pdf
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]

 Influence of specimen thickness
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]

 Influence of filament color

Young modulusTensile strength

31
39

.2

31
43

.7

30
04

.4

29
21

.0

33
79

.8

28
55

.0

29
98

.0

30
37

.0

30
46

.0

31
20

.0

32
17

.0

29
07

.0

0

1000

2000

3000

4000

5000

Purple White Black Gray Red Orange

Yo
un

g'
s 

M
od

ul
us

 [M
Pa

]

Sample colour

Experimental data
Literature

Horizontal-0°
50

.8
8

39
.0

1 48
.2

4

43
.0

8

50
.1

1

45
.0

4

42
.0

0

42
.0

0

46
.0

0

46
.0

0

41
.0

0

38
.0

0

0

10

20

30

40

50

60

70

Purple White Black Gray Red Orange

Te
ns

ile
 S

tr
en

gt
h 

[M
Pa

]

Sample colour

Experimental data

Literature

Horizontal-0°

A. Pandzic, D. Hodzic, A. Milovanovic, INFLUENCE OF MATERIAL COLOUR 
ON MECHANICAL PROPERTIES OF PLA MATERIAL IN FDM TECHNOLOGY , 
Proceedings of the 30th DAAAM International Symposium, 2019
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]
 Ashby selection diagram
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Determination of tensile properties of plastics, [ASTM D638, ISO 527-2]

 Ashby selection diagram
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There are no particular standards for AM materials!



1st Winter School on

Trends on Additive Manufacturing for Engineering Applications

24-28 Jan. 2021www.siramm.unipr.it Project No. 857124

Determination of fracture toughness of plastics, [ASTM D5045]

 Single Edge Notched Specimen

 Loaded in Three point bending

B = 6 mm
W = 12 mm
a = 6 mm
S = 48 mm
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Determination of fracture toughness of plastics, [ASTM D5045]

 Load – displacement curve Calculation of fracture toughness

 Validity criteria (plain strain condition) 

𝐾𝐾𝑄𝑄 =
𝑃𝑃𝑄𝑄

𝐵𝐵 � 𝑊𝑊1/2 � 𝑓𝑓𝐼𝐼
𝑎𝑎
𝑤𝑤

𝑓𝑓𝐼𝐼
𝑎𝑎
𝑊𝑊

= 6 𝑎𝑎
𝑊𝑊

1/2 1.999− 𝑎𝑎
𝑊𝑊 1−𝑎𝑎

𝑊𝑊 2.15−3.93 𝑎𝑎
𝑊𝑊 +2.7 𝑎𝑎

𝑊𝑊

2

1+2𝑎𝑎𝑊𝑊 1−𝑎𝑎
𝑊𝑊

3/2

𝐵𝐵, 𝑎𝑎, 𝑊𝑊 − 𝑎𝑎 > 2.5
𝐾𝐾𝑄𝑄
𝜎𝜎𝑦𝑦

2
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Printed specimens
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 Results on fracture toughness

Determination of fracture toughness of plastics, [ASTM D5045]
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Printed components (ABS medical) 
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