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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Abstract This research work presents a comparative study of the tensile properties of polylactic acid (PLA) specimens per 

ASTM D638-14 fabricated by compression molding and 3D printing. PLA pellets from one batch are used in compression molding 

and filament extrusion for 3D printing. The compression molding process parameters are optimized to obtain an upper limit for me-

chanical properties of PLA specimens. Design of Experiments (DoE) is used to evaluate the effect of processing temperature, pres-

sure, and dwell time on the tensile properties of the specimens. The optimum compression molding trial resulted in slightly higher 

modulus for tensile specimens compared to 3D printing (3.33 GPa versus 3.22 GPa), while the average tensile strength was al-

most identical (59.9 MPa). Water absorption test is performed to evaluate moisture absorption of tensile specimens and compare 

their tensile properties in water saturated condition to the properties of dry specimens. 3D printed specimens showed a significant 

degradation of their tensile strength and modulus in water saturated condition by 28.4% and 7.2%, respectively. On the other hand, 

the tensile strength of the optimum compression molded specimens was decreased by only 12.0%, while there was an increase of 

14.1% in tensile modulus.  
 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 
 

1. Introduction  

The fabrication of highly customized polymer parts with mini-

mal cost is a huge challenge being encountered in the manufac-

turing sector regardless of the application. Therefore, while 

choosing the best production methods for polymer components, 

factors such as design, precision, material, cost, and volume of 

production should be weighed. For instance, compression mold-

ing (CM) is a viable choice to fabricate medium to large size sim-

ple flat products, while fabrication of structures with complex ge-

ometric features intended for specific applications requires a 

special production technology. Hence, if the product does not 

require unique features and complex design, CM may be a prac-

tical choice. Three-dimensional (3D) printing on the other hand, 

is a promising technology that offers many benefits, including 

the ability to fabricate functional components with customized 

features [1-3]. This manufacturing technology can produce pol-

ymer products with complex geometries by sequential layering 

of materials using computer aided designed 3D models without 

the need of a physical mold [4]. There is an emerging consensus 

of adapting 3D printing as an alternative to conventional meth-

ods in the manufacturing sector because it has brought automa-

tion and has surpassed traditional manufacturing techniques in 

terms of cost, efficiency, and design flexibility. Among various 

3D printing methods, fused filament fabrication (FFF) is a widely 

employed technique for printing thermoplastic components on 

account of its simplicity, low cost, and minimal wastage of ma-

terials [5]. It produces a 3D geometry through the successive 

deposition of molten thermoplastic filament such as, acrylonitrile 

butadiene styrene (ABS) [6] and polylactic acid (PLA) [7, 8] in a 

layer-by-layer fashion [7]. FFF has edge over other printing tech-

niques in manufacturing small series of finished parts at rela-

tively reduced cost, which has encouraged researchers and en-

gineers to employ this technology for manufacturing prototypes 

or products utilizing thermoplastic polymers. 

Among thermoplastic polymers, PLA is a widely used biode-

gradable polymer due to its low cost, good mechanical strength, 

and high dimensional accuracy. Biopolymer PLA is considered 

as a potential alternative to petroleum-based plastics and a cru-

cial component in biomedical, structural engineering applica-

tions, and can perform efficiently in cryogenic environments [9]. 

Further, PLA has the advantage of easy processability both in 

conventional techniques (extrusion, compression molding, and 

injection molding) and emerging technology like 3D printing. The 

properties of the PLA parts can be tailored by changing the mo-

lecular weight of polymer and different crystal structures and ex-

tent of crystallinity can be created by varying the thermal profile 
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of the material [10, 11]. Because of these attributes, scientific 

explorations on PLA in 3D printing technology have emerged 

significantly in both volume and scale [10-12]. The prior pub-

lished literature revealed the dependence of the mechanical per-

formance of PLA 3D printed parts on processing parameters, 

such as build orientation, layer thickness, raster angle, and print-

ing speed [13, 14].  

The optimum selection of the 3D printing process parameters 

can result in final parts with adequate mechanical performance 

to widen their application from solely prototyping. Few research-

ers used the same grade of raw material in traditional manufac-

turing techniques and for extruding filaments as feedstock for 

3D printing [15-20]. This enabled a true comparison between 3D 

printed and injection molded [15-19] or compression molded 

parts [20]. Weng et al. [15] used neat ABS and ABS reinforced 

with organic montmorillonite (OMMT) and found 45% and 37% 

reduction in tensile strength and modulus, respectively, for ABS 

3D printed specimens compared to injection molded ones. Miller 

et al. [16] witnessed 3D printed specimens from polycarbonate 

urethane (PCU) with significantly larger failure strains in tension 

compared to injection molded ones, despites very similar tensile 

strength values. Kaynak and Varsavas [17] utilized PLA and its 

mix with TPU and found similar tensile strength between 3D 

printed and injection molded specimens, while the tensile mod-

ulus of 3D printed specimens were up to 13% higher. Ecker et 

al. [18] and Lay et al. [19] investigated the impact of water ab-

sorption on mechanical properties of 3D printed and injection 

molded specimens. They found higher water uptake for 3D 

printed specimens and a large reduction in their tensile proper-

ties compared to injection molded specimens. While previous 

studies focused on injection molding, Carneiro et al. [20] inves-

tigated compression molding as the baseline and observed 

around 20% reduction in the mechanical properties of the poly-

propylene (PP) 3D printed samples compared to the compres-

sion mold ones. They did not use optimum 3D printing process 

parameters and did not investigate water absorption behaviour 

of the specimens. 

This paper provides a comparative study of the tensile prop-

erties of compression molded and 3D printed PLA specimens 

per ASTM D638-14. PLA pellets from one batch are used in the 

compression molding and filament extrusion for 3D printing. 

First, compression molding parameters, namely processing 

temperature, pressure, and dwell time, are optimized using De-

sign of Experiments (DoE) to find the upper limit of tensile prop-

erties for PLA specimens. Then, Water absorption test per 

ASTM D5229-14e1 is performed to evaluate moisture absorp-

tion for optimum compression molded and 3D printed speci-

mens. Finally, tensile properties of CM and 3D printed speci-

mens in dry and water saturated conditions are compared. Dig-

ital micrographs of the fracture surfaces are discussed, and the 

paper wraps up with conclusions and directions for future re-

search studies.  

 

2. Materials and methods  

2.1 Materials  

PLA pellets (Ingeo 4043D, NatureWorks LLC, Bl

air, Nebraska) from one batch were used in this

 study [21]. Differential Scanning Calorimetry (D

SC) was performed to find its glass transition an

d melt temperatures following ASTM D3418-15 

[22]. Samples of 6-10 mg were extracted from t

he PLA pellets and were used in the DSC Q10

0 machine from TA Instruments. To remove ther

mal history of the material, first, a heat run was 

performed in dynamic mode from room temperat

ure to 200 °C at a rate of 10 °C/min. Then, sa

mples were cooled down to ambient temperature

 at 5 °C/min and were kept there isothermally f

or 3 min. The second heat run in dynamic mod

e was performed at a rate of 5 °C/min from roo

m temperature to 200 °C to capture glass transi

tion and melt temperatures. The heat flow cures 

versus the temperature scan are shown in Fig. 

1 indicating a glass transition temperature of 58.

7 ˚C and 150.3 ˚C melting temperature for the 

PLA pellets. These values agree with the tempe

rature ranges provided by the material supplier 

of 55-60 °C and 145-160 °C for glass transition 

and melt temperatures, respectively [21]. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. The DSC thermograms of the PLA pellets.  

 

2.2 Specimen manufacturing  

2.2.1 Compression molding  

PLA specimens were manufactured using a hydraulic 

press (Carver Auto Series) with two heated platens of 

15 × 15 in. dimensions and that could provide a maxi-

mum clamping force of 30 tons. PLA pellets were put 

on in-house low carbon 12 × 12 in. steel mold having a 

total of 11 specimen cavities per ASTM D638-14 type I. 

Each specimen cavity in the mold was filled with 20g of 

PLA pellets and gradually heated from room tempera-

ture to desired processing parameters, i.e. temperature, 

pressure, dwell time, and cooling time. Fig. 2 shows the 

general depiction of fabrication setup, CAD model of 

the mold, physical mold filled with PLA pellets, com-

pression molding machine, and the fabricated PLA 
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specimens. It should be noted that only to ensure easy 

removal of tensile specimens and guard them from be-

ing damaged, small metal tabs were added on either 

side of the cavity. 

To optimize the compression molding processing pa-

rameters, Taguchi’s Design of Experiments (DoE) trials 

were utilized. The minimum number of experiments to 

be conducted based on Taguchi’s DoE was calculated 

using: 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Fabrication setup: (a) CAD model of the mold (in.); (b) 

physical mold filled with metal tabs and filled with PLA pellets; 

(c) compression molding machine; and (d) PLA specimens fabri-

cated by CM. 

 


=

−+=
NV

i

iTaguch LN
1

)1(1
 

 (1) 

 

Where NV is the number of variables and Li is the 

number of levels identified for each variable. For this 

study, temperature, pressure, and dwell time are con-

sidered as variables in the compression molding pro-

cess (NV=3) and three levels are considered for each 

variable (Li = 3). Using Eq. (1), at least seven experi-

ments need to be performed, but due to the balancing 

property of Taguchi’s orthogonal array, number of ex-

periments must be a multiple of three. Thus, a total of 

nine experimental trials are determined as shown in Ta-

ble 1. The cooling temperature of 30 °C for all speci-

mens have been achieved with the automated cooling 

cycle assisted by the compression molding machine 

and over the same period (10 min). 

As mentioned before, six (6) specimen cavities were 

used for manufacturing tensile specimens for each trial 

bringing the total compression-molded specimens to 

54. 

 

2.2.2 Filament extrusion and specimen 3D print-
ing  

The same batch of PLA pellets used in the compres-

sion molding process was utilized in a single screw ex-

truder to manufacture filaments for 3D printing. A dehy-

dration process on the pellets was performed at 60 °C 

for 4 hours to reduce the moisture content of the pellets  
Table 1. Test plan for compression molding process per Taguchi’s technique. 
 

Experiment.  

(or Trial No.) 

Temp. 

(oC) 

Pressure 

(MPa) 

Dwell Time 

(min) 

1 150 2 10 

2 150 2.5 20 

3 150 3 30 

4 160 2 20 

5 160 2.5 30 

6 160 3 10 

7 170 2 30 

8 170 2.5 10 

9 170 3 20 

 

to below 250 ppm. The pellets were then fed into a sin-

gle screw filament extruder (FilaFab, D3D Innovations 

Limited, Bristol, UK) connected to a spool winder. 

Throughout the process, the filament diameter was 

consistently monitored using a laser micrometer with ±2 

µm accuracy. The extrusion parameters including the 

die temperature, screw speed, die diameter, and the 

winder speed were properly adjusted to achieve a 1.75 

± 0.05 mm filament diameter consistently, comparable 
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to commercial filaments used in 3D printing. The extru-

sion temperature, screw speed, die diameter and 

winder speed were optimized in a previous study [23] 

and set to 210 °C, 25 rpm, 2 mm and 1 rpm, respec-

tively.  

A Prusa i3 MK2S 3D printer firmware version 3.1.0 

was used to process the extruded PLA filaments and 

manufacture six tensile specimens in the flat orientation 

(XYZ) per ISO/ASTM 52921:2013(E) [24]. The 3D 

model of the specimen was created in SolidWorks and 

was transferred to Simplify3D version 4.1.2 to prepare 

G-codes for FFF 3D printing. Design and manufactur-

ing process parameters for 3D printing were optimized 

in a previous study [25] and were used here to manu-

facture the specimens (Table 2). 

The raster angle was selected as 0° since tensile 

strength and modulus along the extrudates represent 

the highest values that can be achieved through the 3D 

printing process and can be used for comparison pur-

poses with other manufacturing techniques, like comp- 

 
Table 2. Manufacturing and design parameters for FFF 3D printing. 

 

Design/Manufacturing  

Parameter 
Value 

Design/Manu-

facturing  

Parameter 

Value 

Build orientation XYZ Raster angle 0º 

Filament diameter 1.75 mm Nozzle diame-

ter 

0.4 mm 

Layer height 0.14 mm Nozzle temper-

ature 

215 °C 

Bed temperature 60 Cooling No fan 

cooling 

Printing speed 2400 

mm/min 

Infill % 100% 

ression molding. Tensile specimens per ASTM D638 

type I have a thickness of 3.36 mm and consist of 24 

layers each 0.14 mm thick and all in 0 deg orientation, 

[0]24 stacking sequence. Fig. 3 shows 3D printed tensile 

specimens out of pure PLA. 

 

2.3 Experimental testing  

Tensile tests of compression molded and 3D printed 

PLA specimens were conducted following ASTM D638-

14 standard [26]. An electromechanical testing ma-

chine from United testing systems Canada with a 10 kN 

(2248 lbf) load cell and an axial clip-on extensometer 

with a 25% strain limit were used. Width and thickness 

of all the specimens were measured using a caliper to 

the nearest 0.025 mm (0.001 in). Three measurements 

for width and thickness were made for each sample, 

and their average values were used in the calculations. 

The specimens were placed in the mechanical wedge 

action tensile grips of the testing machine and their long 

axis was aligned with the loading line of action. The 

grips were tightened evenly and firmly to prevent spec-

imen slippage during testing without exerting excessive 

clamping force that might result in crushing the speci-

men ends. Temperature and humidity inside the testing 

room were monitored and controlled, and followed 

standard laboratory atmosphere of 23 ± 3 °C and 50 ± 

10% relative humidity. A constant crosshead speed of 

5 mm/min (0.2 in/min) was applied, and the load-exten-

sive curve of the specimens until the moment of rupture. 

A total of 54 compression molded specimens per Table 

1 were tested and compared to the six 3D printed spec-

imens. 

Water absorption tests were conducted following 

ASTM D5229-14e1. Per optimum compression molding 

trial found from tensile testing, a total of five compres-

sion molded specimens and five 3D printed specimens 

were manufactured and tested for water absorption. 

The specimens were dried in an oven at 50 ºC for 24 

hours, and then placed in a container filled with distilled 

water and maintained at room temperature. After 2 

hours of immersion, all the specimens weighed to the 

nearest 0.001 g, which were again placed in water and 

weighed after 24, 48, 72, 96, 120, 288, and 456 hours 

of immersion. Following immersion in water, the speci-

mens were assessed in tension in standard laboratory 

atmosphere to ascertain the effects of water absorption 

on tensile properties. The fracture pattern of PLA spec-

imens was obtained using digital microscope USB2-

MICRO-250X with magnification of up to 250x. 

 

3. Results and discussion  

Tensile tests were carried out to examine the effect 

of processing parameters on tensile properties of com-

pression molded and 3D printed PLA specimens. In ad-

dition, tensile testing after 456 hours of water immer-

sion was performed to evaluate the impact of water ab-

sorption on tensile properties of the specimens. 

 

3.1 Dry condition 

It is crucial to determine which combination of pro-

cessing temperature, pressure, and dwell time pro-

duces the best compression molded PLA specimen, so 

that a comparison could be made with 3D printed spec-

imens. Fig. 4 presents a graphical comparison of ten-

sile properties obtained from different trials of compres-

sion molded specimens.   

Trial #8 exhibited the highest tensile strength value 

closely followed by trials #5, 2 and 6, while trial #7 

showed the lowest strength. On the contrary, trial #5 

demonstrated the highest tensile modulus, while trial #6 

had the lowest tensile modulus.  

The values of tensile strength, modulus, and failure 

strain are included in Table 3 along with their respective  
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Fig. 3. Six 3D printed specimens out of extruded filaments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Tensile strength and modulus from different compression molding tri-

als. 

Coefficient of Variation (CV). To find the optimum com-

pression molding trial, weighted average property 

(WAP) was calculated by considering the tensile 

strength and tensile modulus of each trial as follows: 
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Where 𝜎𝑈 is the mean tensile strength and 𝐸 is the 

mean modulus of a respective trial, max(𝜎𝑈)  is the 

maximum value of the mean tensile strength and 

max(𝐸) is the maximum value of the mean modulus 

among all the compression molded trials. 

Considering WAP values, Trial #5 was found to have 

the optimum process parameters among all the com-

pression-molded trials. For various temperature condi-

tions, the optimum processing pressure was found to 

be 2.5 MPa. The optimum processing temperature was 

160 ̊ C, which is about 10 ̊ C more than the melting tem-

perature of PLA (150.3 ˚C) obtained from the DSC test. 

With a processing temperature of 150 ˚C, it was ob-

served that the PLA pellets did not melt completely, 

which formed voids in the specimens and made them 

brittle. On the other hand, at higher processing temper-

ature (170 ˚C), the PLA pellets tend to vaporize. Since  

 
Table 3. Tensile test results from the nine compression molding trials. 
 

Trial # 
Mean Strength 

(MPa) 

CV  

(%) 

Mean Modulus 

(GPa) 

CV 

(%) 

Mean Failure Strain 

(%) 

CV 

(%) 
WAP 

1 58.4 1.4 3.22 3.9 1.99 2.9 0.968 

2 59.5 2.9 3.27 5.3 2.15 5.0 0.986 

3 57.8 2.0 3.23 5.6 1.99 6.3 0.965 

4 58.7 1.7 3.28 5.5 2.09 4.1 0.981 

5 59.9 5.2 3.33 3.5 2.11 3.5 0.998 

6 59.0 2.1 3.16 4.6 2.10 3.9 0.965 

7 57.6 2.9 3.19 7.8 2.04 2.6 0.958 

8 60.1 0.8 3.17 4.8 2.22 2.3 0.976 

9 59.0 2.5 3.29 3.4 2.02 5.4 0.983 

 

under the given pressure the possibility of vapour escap-

ing the system was unlikely, the number of voids was 

found relatively high. The processing parameters corre-

sponding to trail #5 (temperature of 160 °C, pressure of 

2.5 MPa, and dwell time of 30 min) were optimum and 

completely melted the PLA pellets with minimum void for-

mation. 

Tensile testing was repeated for six (6) 3D printed 

specimens and the following tensile properties were ob-

tained: tensile strength (59.9 MPa, CV: 5.5%), modulus 

(3.22 GPa, CV: 3.8%), and failure strain (2.25%, CV: 

7.9%). Fig. 5 represents the stress-strain curves of 

compression molded (trial #5) and 3D printed PLA 

specimens showing the maximum recorded tensile 

strength and failure strain. The average tensile modu-

lus of optimum compression-molded specimens (3.33 

GPa) was slightly higher compared to that of 3D printed 

specimens (3.22 GPa), while the average tensile 

strength was almost identical (59.9 MPa) and 3D 

printed specimens showed a higher failure strain 

(2.25% versus 2.11%). Unlike the work of Carneiro et 

al. [20], where they observed around 20 % reduction in 

the mechanical properties of 3D printed PP specimens 

compared to compression molded ones, the optimum 
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FFF process parameters used in this study resulted in 

similar tensile properties between the two manufactur-

ing techniques. A Student’s t-test is performed to com-

pare tensile modulus and failure strain of compression-

molded (train #5) and 3D printed specimens. It was 

found that there is not a statistically significant differ-

ence between tensile modulus (P = 0.143) and failure 

strain (P = 0.135) of the specimens. These results con-

firm that the optimum process parameters for 3D print-

ing can manufacture specimens with tensile properties 

close to the ones from specimens manufactured using 

compression molding, a conventional manufacturing 

technique. The average tensile strength and modulus 

of the FFF 3D printed PLA parts are in line with those 

reported in the material technical data sheet for injec-

tion molded specimens by NatureWorks [21]. 
Fig. 6 shows the fracture surface of the compression 

molded (trial #5) and 3D printed specimens after tensile 

testing. The specimens fabricated by CM exhibited brit-

tle failure (Fig. 6a) which occurred in the same plane 

(i.e., linear breakage). On the other hand, the 3D 

printed PLA specimens did not rupture in a single plane, 

instead it showed irregular breakage with zigzag form  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Stress-strain curve for CM and 3D printed specimens. 

 

or jagged line as shown in Fig. 6b. The cross section of 

the fractures surface exhibited loose structure with voids 

between the layers and distinct appearance of layers sep-

aration was visible. Most of the 3D printed specimens 

failed at a point close to the grips, which has been the 

common failure pattern for FFF 3D printed specimens 

[27], The reason for specimens being ruptured close to 

the grips area is attributed to the presence of stress con-

centration at fillet areas due to extrudates. The presence 

of gaps at the center of the specimens can also accumu-

late stress leading to premature failure [28-29]. In gen-

eral, a uniformly distributed diffusion is required to mini-

mize the infill gaps between the PLA extrudates and im-

prove the bond strength. Thus, based on the pattern of 

the failure, it is stipulated that the weakest area might 

have generated at a point close to the grip during printing 

of the PLA specimens. 

Fig. 7 shows the digital micrographs of the fracture 

surface of CM and 3D printed PLA specimens. The 

cross section of CM specimen (Fig. 7a) exhibited a ho-

mogenous and smooth brittle fracture texture with no 

apparent voids. This indicates that the optimum tem-

perature and pressure created better bonding between 

the materials resulting into a dense structure. Con-

versely, 3D printed specimens comprised multiple lay-

ers and multiple voids between the layers can be ob-

served (Fig. 7b). As FFF 3D printing is based on the 

layer by layer deposition of materials, air may have 

been trapped in the layers creating voids and conse-

quently loosening the packing of layers. This led to a 

slightly lower tensile modulus of the 3D printed PLA 

specimens compared to CM specimens.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Fracture pattern for tensile specimens (a) compression molded; and 

(b) 3D printed specimens. 
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Fig. 7. Digital micrographs of the fracture surface of tensile specimens: (a) 

compression molded; and (b) 3D printed specimen. 

3.2 Water saturated condition 

Water absorption tests were carried out to evaluate 

the moisture absorption of the compression molded 

and 3D printed PLA specimens (five each). In addition, 

the tensile properties of the specimens in water satu-

rated condition were compared to the properties of dry 

specimens. Fig. 8 shows the water absorption profiles 

for CM and 3D printed specimens for 456 hours. Spec-

imens fabricated by both the manufacturing processes 

showed a linear initial rise in water absorption, eventu-

ally reaching a saturation. 3D printed specimens ab-

sorbed water at a higher rate than that of the CM sam-

ples and reached saturation with a larger amount of wa-

ter absorption (weight percentage increase). For CM 

specimens, the weight percentage increase was found 

to be consistent and in a range between 0.78- and 0.88 

%, while this was between 1.32- and 5.54 % for 3D 

printed specimens. The substantial water absorption in 

3D printed specimens compared to CM specimens is 

attributed in part to the high porosities induced by the 

3D printing process (Fig. 7b). It is worth noting that both 

water absorption profiles followed Fick’s law, consisting 

of a sharp increase in water uptake for up to 100 hours, 

followed by a steady increase around 300 hrs., and 

then stabilization. 

To obtain tensile properties of specimens in water 

saturated condition, experimental testing was per-

formed for CM and 3D printed specimens. Fig. 9 shows 

tensile strength and modulus of all specimens in dry 

and water saturated conditions. It can be seen that dry 

specimens have higher tensile strength for both com-

pression-molded and 3D printed specimens compared 

to water saturated specimens. Compared to compres-

sion molded specimens, it was observed that 3D 

printed ones exhibited more degradation in tensile 

strength after water absorption. 3D printed samples un-

derwent a reduction in strength by about 28.4 % com-

pared to 12.0 % for CM specimens. The immersion of 

CM specimens in water led to an improvement in the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8. Water absorption profiles of CM and 3D printed specimens. 

tensile modulus as shown in Fig. 9. An increase in the 

tensile modulus of 14.1% on average was recorded for 

water saturated CM specimens, while the 3D specimens 

showed 7.2% decrease in the tensile modulus. The fail-

ure strain of CM specimens after immersion in water de-

creased significantly. The mean failure strain for CM 

specimens was decreased by 26.0 %, while there was a 

slight improvement of 4.7% for the case of 3D printed 

specimens. 

The digital micrographs of the fracture surface of 

specimens in water saturated conditions are shown in 

Fig. 10. No significant change in the microstructure of 

CM specimens after water absorption was observed. 

However, for 3D printed specimens, voids between the 

layers were enlarged as indicated by the arrows in Fig. 

10b. The presence of a larger number of voids in-

creased the moisture absorption and led to their expan-

sion. This  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9. Comparison of tensile properties of compression molding (CM) and 
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(3D) specimens in dry and water saturated conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Digital micrographs of the fracture surface of tensile specimens: 

(a) compression molded; and (b) 3D printed specimen. 

might have led to delamination of layers causing the early 

failure of the specimens and contributed to the higher 

degradation in tensile properties of 3D printed specimens 

compared to compression molded ones. 

 

4. Conclusions 

This study presents a comparative performance 

analysis of the polylactic acid (PLA) tensile specimens 

fabricated by compression molding and 3D printing. 

The effects of the processing parameters on the tensile 

properties of compression molded specimens was an-

alyzed using Design of Experiments and optimum man-

ufacturing parameters have been determined. The me-

chanical performance of 3D printed specimens was 

compared to the performance of the specimens manu-

factured using optimum compression molding parame-

ters. The average tensile strength of the specimens 

fabricated by both compression molding and 3D print-

ing was identical (59.9 MPa), while compression 

molded specimen showed slightly higher modulus (3.33 

GPa versus 3.22 GPa) and 3D printed specimens pre-

sented higher failure strain (2.25% versus 2.11%). 

These results indicate that the right 3D printing process 

parameters can result in specimens with tensile prop-

erties close to those of specimens manufactured using 

conventional manufacturing techniques. Water absorp-

tion test was performed to determine the moisture ab-

sorption of compression molded and 3D printed PLA 

specimens. In addition, their tensile properties in water 

saturated condition were compared with dry specimens. 

3D printed specimens showed significantly larger 

amount of water absorption than CM specimens 

(3.92% versus 0.83% on average), leading to a sub-

stantial degradation of their tensile strength and modu-

lus by 28.4% and 7.2%, respectively. The tensile 

strength of the compression molded specimens was 

decreased by 12.0%, while there was 14.1% increase 

in their tensile modulus. The presence of voids in 3D 

printed specimens increased the moisture absorption, 

which subsequently led to diminished mechanical per-

formance.   

For future work, other mechanical properties, e.g. 

in-plane and interlaminar shear, can be used to com-

pare performance of compression molded and 3D 

printed specimens in both dry and water saturated 

conditions. In addition, polymer reinforced with short 

fibers can be investigated and these two manufactur-

ing techniques can be compared in terms of the me-

chanical performance of the final products. 
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Nomenclature------------------------------------------------------------------ 

WAP   : Weighted average property    

σU     : Mean tensile strength 

E    : Mean modulus 
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