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Abstract. 3D printing capabilities are also used in the fashion and textile industries. 3D printed
textiles are a new opportunity to create an individual design. Traditional textile structures can
be interpreted using 3D printing technologies and materials. One of the most important factors
associated with the use of 3D printing technology is to reduce the impact of processing on the
physical properties of textile fabrics. Availability of 3D printers at Rezekne Academy of
Technologies (RTA) provides experimental work with fabrics of different thickness and fibres
as well as different filaments. This study is based on the analysis of synthetic fibre cloth
processing and the effect of 3D printing parameters on textile materials. By applying successive
layers of materials, the interaction between 3D printing and textiles is studied. In terms of
adhesion and stability, the best adhesion parameters for a particular type of fabric are
determined by analysing the type of the fabric. The variance analysis method is used to process
the research results.

Keywords: 3D printing technology, experiments, textile fabric, the variance analysis method.
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Introduction

Strat€giskie ES un Latvijas planoSanas dokumenti: Eiropas Augstakas
izglitibas sisttmu modernizacijas programma, Latvijas ilgtsp€jigas attistibas
strat€gija ,,Latvija 20307, paredz veicamas noteiktas aktivitates un lielakus
ieguldijumus jaunas tehnologijas, inovacijas; uzlabojumus izglitibas sistéma un
zinatnes atbalstu. Minétie dokumenti, ka prioritati, ieklauj pétfjumu attistibu un
praktisku pielietojumu. Dizaina nozares attistibai aktuala starpdisciplinara
pétniecibas stratégija, kas sekme arT inovativu, ilgtsp&jigu dizaina izglitibu.
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Starpdisciplinara, starpnozaru pieeja (Interdisciplinary, inter-sectoral
approach) — lai nodro$inatu saskari ar péc iesp&jas dazadam darbibas jomam un
nozarém, paver jaunas izglitibas un novatorisma iesp&jas un lauj reagét uz
pasreiz€jam socialekonomiskajam un kulttiras tendenc€m un prasibam (Brown &
Martin, 2015; Kolko, 2015).

S. Burke un R. Sinklaira (Burke & Sinclair, 2015) atzist tehnologiju lielo
ietekmi uz modi un tekstilriipniecibu, procesu integraciju un globalizaciju,
ilgtsp&ju, digitalas tekstildrukas attistibu, ka pamatu jauniem materialiem un
procesiem. 3D drukasana ir saméra jauna razosanas tehnologija, kas saistita ar
ilgtsp&ju (Gebler et al., 2014), jo ta samazina atkritumu daudzumu. 3D printéSanas
iespejas ir dabai draudzigaka raZoSana, tap€c Sis jomas apguSana ir aktuala.
lesaistiSanas peétnieciskos projektos, sekmé& zinatniski pétniecisko darbibu
Rézeknes Tehnologiju akadémija (RTA). Metalapstrades un mehatronikas
pétnieciska centra laboratorijas pieejami 3D printeri. Inzenieriem sadarbiba ar
dizaina programmu studentiem, doc&tajiem un uznémgjiem, pieejama materialu
3D drukas iesp€ju izp€te, nodroSinot starpnozaru petijumus.

Raksta mérkis: pamatojoties uz pétijjumu par 3D print€Sanas tehnologijas
iespejam funkcionalai izmantoSanai tekstilizstradajumu dizaina, analiz€t drukas
parametru ietekmi, novértgjot adhézijas Tpasibas atsSkirigam tekstildranam.

Petijuma metodes: teor&tiskas — literatliras, avotu un statistikas datu analize,
empiriskas — eksperiments un datu apstrade ar dispersijas analizes metodi.

3D drukas aktualitates pasaules modes dizaina
3D printing highlights in world fashion design

Lai gan 3D druka patent€ta jau 1986.gada, savu attistibu un strauju progresu
modes dizaina ta uzsakusi pedéja desmitgade. Sakotngji 3D druka tika izmantota
prototipiem, ta¢u Sobrid ta arvien vairak tiek pielagota dazadu masveida produktu
razoSanai, pielietota daudzas nozarés (Shahrubudin et al., 2019). 3D druka rada
iesp&ju uzlabot produktu dizainu, piedavajot klientiem personaliz&tus un unikalus
produktus (Vanderploeg et al., 2017), samazinot razoSanas laiku (Attaran, 2017).
Akcentgjot miisdienu vides problémas un meklgjot risindjumus arT modes dizaina,
tiek atzits, ka 3D druka dod iesp&ju veidot unikalus, ilgtsp€jigus, bezatkritumu
(zero waste) modes dizaina risinajumus (Pasricha & Greeninger, 2018). Tiek
samazinats energijas un Citu resursu patérins, un ar to saistita CO, emisija visa
produkta aprites cikla (Gebler et al., 2014). 3D druka nodroSina atrumu un
efektivitati, kas nepiecieSama, lai giitu panakumus mainigaja modes nozaré,
turklat 3D tehnologija ir progresiva un attistibas iespg&jas ir loti plasas.

Ar vienadu nozimi literatiiras avotos tiek lietoti termini 3D druka un 3D
printésana (3D printing), papildinata razoSana (additive manufacturing). 3D
druka (three-dimensional printing) ir process, kura no digitala faila tiek izgatavoti
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reali trisdimensiju objekti (What is 3D..., 2019). 3D druka tiek izmantota slanu
klasanas metode, kura drukajamais objekts tiek izveidots, klajot vairakus
divdimensionalus slanus, kuri ir 8T print§jama objekta horizontali §kérsgriezumi,
izmantojot objekta datorizéto projektéSanu CAD (Computer-aided design)
(Shahrubudin et al., 2019).

Dizaineri piedava risinajumus, 3D druku savienojot ar audumu, drukasana
notiek uz auduma un pieskir ornamentalu, dekorativu funkciju (skat.1. att.).

1.attels. Druka uz tekstila
Figure 1 Printing on fabric
(Richa, 2018; 3D print on fabric, fab lab barcelona, fabtextiles, 2015)

Pasaulé notiek aktivs pétnieku, dizaineru un inzenieru darbs pie
tekstilprinteru izstrades, lai drukatu pasu tekstilu. 3D drukata apgerba pielagoSana
lietoSanai, lai patérétajs varétu iegadaties digitalo failu un majas apstaklos
izdrukat veélamo izstradajumu ir izaicinajums. Izra€las dizainere D. Pelega
(D. Peleg) 2018. gada Forbes veidotaja saraksta tika atzita par vienu no Eiropas
izcilakajam sievietém, jo 2017. gada vasara sava interneta vietné
https://danitpeleg.com uzsaka pielagoSanas un personalizacijas platformu, laujot
Klientiem personalizét un pasiitit pasaulé pirmo 3D drukato apgérbu (skat. 2.att.),
kas pieejams pirkSanai tieSsaiste.

i

2.attels. Danit Peleg kolekcija
Figure 2 Collection of Danit Peleg (Peleg, 2018)

A. Perija (Perry, 2018) veikusi pétijumu par patérétaju 3D drukatu modes

izstradajumu izvéles kritérijiem, noskaidrojot, ka respondenti labpratak izvelas
3D drukatus aksesuarus, nevis apgérbu, minot, ka tas nav &rts un ar to nav viegli
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parvietoties. Pagaidam 3D iespiedmaterialu neelastiba, drukas laikietilpigums
kavé 3D drukatu apgérbu lietot ikdiena (Richardot, 2018). J. Flints akcenté, ka
tehnologijas ir uzlabotas, un ir pieejams ari elastigs drukas materials, kas ir
pazistams ka TPU 92A-1, un to var mazgat un gludinat tieSi tapat ka parasto dranu.
Filaflex ir vél viens elastigs materials, ko izmanto, lai izgatavotu 3D apdrukatu
apgerbu. J. Flints atzist, ka 3D drukatais apgérbs joprojam nav tik gluds un
elastigs ka kokvilna vai likra (Flynt, 2019).

3D drukas ieguvumi modes dizaina:

e iespgja uzlabot produktu dizainu, piedavajot klientiem personaliz&tus
un unikalus produktus (Vanderploeg et al., 2017). Var radit apgérbu,
kas atbilst individualam kermena izm&ram un siluetam (Mageean,
2018);

e digitali raditi materiali piedava plasas iesp&jas attieciba Uz sarezgitu
fizikalu 1pasibu iestradasanu 1paSi noteiktas tekstilmaterialu zonas.
Piemé&ram, var izveidot konkrétu tekstilmaterialu, kas ir tidensizturigs,
necaurspidigs, elastigs vai stingrs, un péc tam kombiné&t Sos elementus
kopa viena apgerba (Mageean, 2018);

e prototipa projekté€Sana ir viens no laikietilpigakajiem dizaina
procesiem, 3D tehnologijas biitiski paatrina So procesu (Welson-
Rossman, 2018). Ari razoSanas laiks butiski samazinas (Attaran, 2017);

e izmantojot 3D drukasanu, modes preces var izgatavot péc pieprasijuma
vai nelielos partiju apméros. Dizaineru apgerbs var klut vieglak
pieejams (Flynt, 2019);

e 3D drukasana tiek izmantots tikai nepiecieSamais materials, tas nerada
nekadus atkritumus (Richardot, 2018);

e tiek samazinats energijas un Citu resursu patérins, un ar to saistita CO;
emisija visa produkta aprites cikla (Gebler et al., 2014);

e tiek veicinata pareja uz vairak digitalam un lokalizétam piegades kedeém
(Gebler et al., 2014). Samazinas piegades k&des izmaksas (Shahrubudin
etal., 2019).

J. Flints (Flynt, 2019) akcenté 3D drukas iesp&jamos trikumus -—
nesakartotas autortiesibas var novest pie dizaina failu piratisma, autentiskuma
noteikSanas gritibas, kvalitates kontroles trukums, ka arT iesp&jama darba vietu
zaudesana — cilveka darbs tiek aizstats ar iekartam.

3D drukas tehnologijas attistiba tekstilizstradajumu dizaina
Development of 3D printing technologies in textile design

3D printésana Ir strauji attistijusies. 3D skeneri lauj precizi izveidot jaunu
objektu. Tiek izstradatas lietojumprogrammas, kas lauj skeng&t vienumu ar
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viedtalruni un izdrukat kopiju (Brooks, 2016). Drukas tehnologija ir pielagota
dazadiem materialiem un izejvielam—metalam, polimériem, keramikai,
kompozitmaterialiem, viedajiem materialiem, partikai, lunarajiem putekliem,
tekstilam. M. Bruks par visiespaidigako materialu atzist cilvéka $tnas: jo ir
iesp&jams izdrukat asinsvadus, adas un sirds audus, un tiek veikti pirmie kliniskie
pétijumi ar 3D drukatiem organiem (Brooks, 2016). 3D drukas tehnologija vairs
neaprobezojas tikai ar prototipu izgatavosanu, bet arvien vairak tiek pielagota
dazadu masveida produktu razoSanai, un tiek pielietota daudzas nozargs, t.sk.
tekstila un modes dizaina (Shahrubudin et al., 2019).

Pastav dazadas 3D modelu iegiiSanas tehnologijas, ka SLS (materials ir
pudera veida, kurS ar lazera palidzibu tiek kaus€ts un ieglts objekts), FDM
(pielieto vairumrazoSana, §1 sist€éma nodroSina perfektu objektu izgatavoSanu) vai
CAD sistema (Minjoo & Sungmin, 2019).

ASTM (American Society for Testing and Materials) Standarts 3D
drukasanas tehnologijas iedala:

e iespgjas drukat dazadus materialus (binding jetting), tostarp metalus,

smiltis, polim&rus un keramiku,

e virzitas energijas nogulsnéSana (directed energy deposition),
pieméram, LENS (laser engineered net shaping), pielieto instrumentu,
transporta, kosmosa, naftas un gazes nozarg;

e materialu ekstriizija (material extrusion). FDM (fused deposition
modelling) tiek plasi izmantota, drukajot plastmasu, arT daudzkrasu,
partiku un pat dzivas Siinas;

e izmanto plasu materialu klastu (material jetting), pieméram, polim&rus,
keramiku, kompozitmaterialus, biologiskos materialus;

e pulverveida tehnologijas (powder bed fusion), iecklaujot EBM (electron
beam melting), SHS (selective heat sintering) un SLS (selective laser
sintering) drukas tehnikas. SLS drukas tehnologiju raksturo darbibas
atrums, augsta precizitate un dazadu virsmu apdares iespgjas, to var
Izmantot metala, plastmasas un keramikas priekSmetu izgatavoSanai;

e lokSnu lamingSana (sheet lamination), pieméram, LOM (laminated
object manufacturing) and UAM (ultrasound additive manufacturing)
tehnologijas. LOM tehnologija var radit salidzinosi 18tas pilnkrasu
izdrukas un razot sarezgitas geometriskas detalas ar zemakam
razoSanas izmaksam. UAM ir inovativa procesa tehnologija, kas
izmanto skanu, lai apvienotu metala slanus;

e tehnologijas ir SLA (stereolithography) and DLP (digital light
processing), kas piemérotas augstas kvalitates izstradajumu ar augstas
virsmas  kvalitati  izgatavoSanai  (vat  photopolymerization)
(Shahrubudin et al., 2019).
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Parsvara razotaji izmanto kadu no 3D printé€Sanas tehnologijam, lai
izgatavotu produktu detalas, kuras ir griiti izgatavojamas ar tradicionalajam
metodém (Roachet et al., 2019). Katrai drukas tehnologijai ir attiecigs 3D
printeris, liclaka dala 3D apggrbu tiek drukati, izmantojot SLS - selektiva lazera
kausésanas- tehnologisko procesu. ST 3D drukas metode piedava iespgju veidot
sarezgitu dizainu un sasniegt augstu detalizétibas limeni, kas ir nepiecieSams
modg un apgerbam (Flynt, 2019).

Ekstriizijas druka (extrusion printing, freeform fabrication) FDM (skat. 3.,
4., 5. att.) paslaik ir visizplatitakais un atpazistamakais 3D drukas process.

3.attels. FDM printeris 4.attels. FDM printera darbibas 5.attels. FDM 3D drukas process

Figure 3 FDM printer princips Figure 5 FDM 3D printing
(FDM printer, n.d.)  Figure 4 FDM Printer Operation process (Report on 3D-printing,
Principle (Grieser, 2019) 2016)

Filamentu, kas uztits uz spoles, laiz cauri un silda ekstriideri, temperatiira ir
atkariga no filamenta veida. P&c tam izkausétais materials tiek klats uz
platformas - slanis p&c slana, kas p&c izspieSanas savienojas ar ieprieks€jo slani
un sacieteé (Pasricha & Greeninger, 2018). Pieejami dazadu krasu un veidu
filamenti — ABS, PLA, PET, PVA, HIPS, TPE, smilsakmens, metala, koka,
neilona, kanepju, filamenti ar atstarojosu un luminiscgjosu efektu, kompost&jami
Un biodegradéjami filamenti u.c.

3D printgjumi ir aktuali visa pasaulé. Modes dizaineri threeASFOUR un
Travis Fitch kopa ar Stratasys Nujorka parada jaunu realitati modes dizaina joma.
Divas 3D printétas kleitas - “Pangolin” un “Harmonograph” ir dala no
ThreeASFOUR izveidotas ,,.Biomimicry” kolekcijas. Tas izgatavotas ar unikalu
daudzfunkcionalu, daudzkrasaino Connex3 3D printa tehnologiju. Nano
uzlabotais elastomé&ra 3D printéSanas materials, dod kleitam izturibu un elastibu
(Swack, 2016) (skat. 6.att.). 3D druka lauj izveidot jaunu tekstilmaterialu, kas
nepastav.““Pangolin’ 3D print&ta kleita, ar k&€des tipa savienojumu, katra vieniba
darbojas pati par sevi un rada Cetru dimensiju stiepSanas virzienus: augSup un
lejup; pa kreisi un pa labi; uz priekSu un atpakal.
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6.attels. “Pangolin” un “Harmonograph” 3D printétas kleitas
Figure 6 Pangolin and Harmonograph 3D printed dresses (Carasella, 2016)

3D printéSanas tehnologiju pielicto tekstila struktiiras izveidei vai
savienosanai ar dranu. Tomer tekstilripnieciba §1 tehnologija vél tiek maz
izmantota, jo print€Sanai tiek izmantota plastmasa, kas saskare ar kermeni var but
nepatikama. Razo$ana 3D printé€Sanas tehnologiju izmanto apavu zolu
izgatavosana (Chatterjee & Ghosh, 2019). Holandes modes dizainere Irisa van
Herpena (Iris van Herpen), pielieto dazadus materialus: zidu, organzu, adu un 3D
silikona struktiiras. Aksesuari un rotas ir 3D printé&ti, 1idz ar to ikviens aksesuars
ir unikals. Dizainere ir ar v€lmi parkapt robezu starp makslu, zinatniskiem
eksperimentiem un apgerbu (Teuku, 2014).

Eksperimentalais pétijums un rezultati
Experimental research and results

RTA zinatniska Granta projekts, 3D printé$anas tehnologiju izmantoSana
tekstilizstradajumu dizaina, 2018./2019. studiju gada, paredzgja veikt
eksperimentalu darbibu ar merki 3D drukas tehnologiju integrésanai tekstildranas
un 3D drukas detalu funkcionalai izmantoSanai tekstilizstradajumu dizaina,
galvenokart novertejot sakeres kvalitati atSkirigam tekstildranam.

3D printésanai tiek izmantoti Ender-3 3D printeri ar FDM printésanas
tehnologiju, kausgjot termoplastikata auklu. Printeri raksturojoSie parametri ir:
print€Sanas platformas izmérs — 220*220*250 mm; iesp&jamie print€jamie
materiali — PLA, TPU, ABS, TPE, PETG; maksimalais atrums 180 mm/s; slana
biezums - 0.1-0.4 mm; precizitate £0.1mm; sprauslas diametrs 0.4 mm;
maksimala sprauslas temperatiira 255° C; platformas temperatiira 110° C. Saja
petijuma tika izmantoti piecu dazadu trikotazas jauktskiedru tekstildranu paraugi,
lai veiktu 3D drukas slana uzklasanu. Izmantoti kombinéta (1, 2) un vienpusgja
(3, 4) pinuma paraugi un 3 slanu kompozitmaterials (5). Drukai tiek izmantots
TPU (Thermoplastic polyurethane) “SAIN SMART” razojuma filaments.
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7.attels. Eksperimentala darbiba laboratorija. Printejuma adhézijas tests
Figure 7 Experimental process in laboratory. Print adhesion test

Dranas paraugiem tiek pétita to adhézija ar 3D printétu TPU materialu.
1. tabula doti eksperimenta rezultati. Ka redzams tabula, katram dranas paraugam
tiek veikti Cetri printéta materiala atrauSanas méginajumi, ar noliku izslegt
gadfjuma klidu un iegiit vidéjo atrauSanas speku X. Sim nolikam uz katra
parauga tiek printétas joslas ar izmé&ru: 20*100mm. Adh&zijas tests tiek veikts
izmantojot “Zwick Roell Z150” iekartu, kas paredzéta materialu stiepes/ spiedes
1pasibu noteikSanai.

1.tabula Tekstildranas daZadu paraugu atrauSanas speks (adhezija)
Table 1 Tensile strength of different textile fabric samples (adhesion)

Materials Maksimalais piemérotais speks, kg Vidéjse;igljstri;éanas
Nr.pk. l.paraugs | 2.paraugs 3.paraugs 4.paraugs X’
1 4.4 3,6 4,2 3,8 4,0
2 9 10 9,5 8,5 9,3
3 8 7,8 6,3 6 7,0
4 7,5 8,2 6,8 6,4 7,2
5 7,5 58 7 6,5 6,7

Lai noskaidrotu, vai pé€tamo paraugu stipriba atSkiras statistiski nozimigi
(butiski), nosakot piecu dazadu paraugu stipribu ¢etros mérijumos, tika veikts
vienfaktora dispersiju analizes (Anova: Single Factor) tests (Moore, 2004) ar MS
Excel. Apkopojot eksperimenta datus (F = 25,6078 > F,,, =3,0556, F - ANOVA

testa eksperimentala vertiba, Fgi - kritiska veértiba), 3., 4. un 5. parauga izturiba
butiski neatSkiras. Turpreti visos par€jos gadijumos apskatamie paraugi izturibas
zina atskiras statistiski nozimigi (nozimibas Iimenis o = 0,05) — 1. un 2. paraugs,
1. un 3. paraugs, 1. un 4. paraugs, 1. un 5. paraugs, 2. un 3. paraugs, 2. un
4. paraugs, 2. un 5. paraugs.
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Secinajumi
Conclusions

e 3D drukasanai Sobrid ir vairakas tehnologijas, kas tiek pielietotas loti plasi,
risinot atSkirigu nozaru izaicinadjumus un problémsituacijas;

e 3D druka ir ilgtsp&jiga un vidi saudzgjosa tehnologija, jo sekm& resursu
ekonomiju;

e  Pasaules modes dizaina pastav daudzveidiga, radoSa iesp&ja projektet un
razot apgeérbus un aksesuarus, ka arl drukat rotajumus tradicionalajiem
tekstilizstradajumiem, paredzot sarezgita dizaina (geometrija, struktiira)
izveides iespgjas;

e 3D printeru izmantoSana un to tehnologiskajas iesp&jas rhpnieciskas
razoSanas jomas nodroSina eksperimentalu darbibu un rezultatus jauniem
uzlabotiem produktiem, funkcionalam detalam, furnitirai, apvienojot
apgerbu dizainu ar 3D tehnologiju iesp&jam;

e  Petnieciskie rezultati un eksperimentalais materials pamato piemeérotakas
drukas temperatiiras izveli, printéta objekta p€capstrades pan€mienus.
Rezultata tiek ieguts, ka labakas adhézijas ipasibas ar 3D printétu TPU
materialu piemit 2. paraugam, kas sasniedz atrauSanas spéku 9.3 kg.
Zemakas adhézijas 1pasibas uzrada 1. paraugs, ka atrauSanai nepiecieSams
4 kg speks. Paraugi Nr. 3, 4, 5 uzrada lidzigu rezultatu, print€ta materiala
atrauSanai nepiecieSams ~7 kg speks.

e  Starpdisciplinara sadarbiba sniedz dalibnickiem plasakas tehnologiskas
iesp€jas, petijumu rezultatu parnesi prakse.

Summary

S. Burke and R. Sinclair (Burke & Sinclair, 2015) recognize the great influence of
technology on fashion and the textile industry, process integration and globalization,
sustainability, the development of digital textile printing as the basis for new materials and
processes. 3D printing is a relatively new manufacturing technology related to sustainability
(Gebler et al., 2014) because it reduces waste. 3D printing production is more environmentally
friendly, so mastering this area is topical. Involvement in research projects, facilitates scientific
research in Rezekne Academy of Technologies (RTA). 3D printers are available in the
laboratories of the Metalworking and Mechatronics Research Centre. Engineers, in
collaboration with design students, docents, and entrepreneurs, have access to 3D printing
material possibilities research, providing cross-disciplinary research.

Aim of the paper: to analyse the influence of printing parameters by assessing the
adhesion properties of different textile fabrics based on the study of 3D printing technology
opportunities for functional use in textile design. Research methods: theoretical - literary,
source and statistical data analysis, empirical - experiment and data processing with dispersion
analysis method.
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A. Perry (Perry, 2018) conducted a study on consumer choice criteria for 3D printed
fashion products, finding that respondents prefer 3D printed accessories rather than clothing,
stating that it is not comfortable and easy to navigate in. For the time being, the rigidity of 3D
printing materials and the time consuming printing hinder the use of 3D printed clothing in
everyday life (Richardot, 2018). J. Flint emphasizes that technology is advanced, and there is
also a flexible print material known as the TPU 92A-1 that can be washed and ironed just like
a regular fabric. Filaflex is another flexible material used to make 3D printed clothing. Flint
admits that 3D printed clothing is still not as smooth and elastic as cotton or lycra (Flynt, 2019).

Each printing technology has an appropriate 3D printer. Extrusion printing (extrusion
printing, freeform fabrication) FDM is currently the most common and recognizable 3D
printing process. Filament turned on a coil is passed through and heated in the extruder, the
temperature depends on the filament type. The molten material is then deposited on a platform,
layer by layer, which, upon extrusion, joins with the previous layer and hardens (Pasricha &
Greeninger, 2018).

RTA Scientific Grant Project, 3D printing technology usage in textile design, in the
academic year 2018/2019, intended to carry out an experiment aimed at integrating 3D printing
technologies in textile fabrics and the functional use of 3D printed details in textile design,
mainly by evaluating the adhesion quality of different textile fabrics. RTA for 3D printing uses
Ender-3 3D printers with FDM printing technology, fusing thermoplastic cord.

Fabric samples are studied for their adhesion to 3D printed TPU material. Table 1 gives
the results of the experiment. The adhesion test is performed using a Zwick Roell Z150 machine
used for determining tensile / compressive properties of materials.

A single factor analysis of variance (Anova: Single Factor) test (Moore, 2004) with MS
Excel was performed to determine whether the strength of the test samples differed statistically
significantly by determining the strength of five different samples in four measurements.
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