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Abstract

The paper deals with the evaluation of the mechanical properties of the crepe paper
and chickpaper. The thickness of crepe paper was 300 um with the surface mass
150 g*m™ and chickpaper paper thickness was 100 um with the surface mass 40
g*m™. Crepe paper and chickpaper are usually used for chicken breeding.
Longitudinal and transversal tensile properties were studied. The tensile behavior
was monitored on the motorized test stand ANDILOG STENTOR 1000 (Andilog
Technologies, Vitrolles, France).There were measured the tensile properties as
modulus of elasticity, maximal elongation, maximal tensile force, tensile strengths,
tensile index and strain at break of the longitudinal and transversal samples by
testing paper strips. Mean values of the maximal elongation &, of longitudinal
chickpaper samples were three times smaller than maximal elongation of transversal
samples. Mean values of maximal tensile force F;, tensile strength obT , tensile
index ¢t and maximal strain at break ¢r of longitudinal chickpaper samples were
two times smaller than maximal quantities of transversal samples. Mean values of
the tensile modulus of elasticity of longitudinal and transversal chickpaper samples
were almost equal. Chickpaper mechanical properties in tension were different in the
longitudinal and transversal direction of the original paper surface. Mean values of
the maximal elongation 8, and maximal strain at break ¢t of longitudinal crepe paper
samples were sixty times smaller than maximal elongation and maximal strain at
break of transversal samples. Mean values of maximal tensile force F;, tensile
strength o°; and tensile index 61 of longitudinal crepe paper samples were fourth
times smaller than maximal quantities of transversal samples. Mean values of the
tensile modulus of elasticity of longitudinal samples of crepe paper were thirty eight
times smaller than values of transversal samples.
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Abstrakt

Praca sa zaobera hodnotenim mechanickych vlastnosti, krepového a chickpaper
papierov. Hrubka krepového papiera bola 300 um s plosnou hmotnostou 150 g*rm™a
chickpaper papiera 100 pm s plo$nou hmotnostou 40 g*m™. Boli $tudované tahové
vlastnosti papierov pri zataZeni v pozdiznom a prieénom smere. Tahové spravanie
papierov bolo testované na zariadeni ANDILOG STENTOR 1000 (Andilog
Technologies, Vitrolles, France).Boli merané tahové vlastnosti ako su: modul
pruznosti, maximalne prediienie, maximalne tahova sila, trzné zatazenie, index
pretrhnutia a taznost pri pretrhnuti pre pozdiZne a prieéne vzorky testovanim
papierovych prizkov. Stredné hodnoty maximalneho predizenia &, pozdiznych
chickpaper vzoriek boli trikrat mensie nez maximalne prediZenia prie¢nych vzoriek.
Stredné hodnoty maximalnej tahovej sily F;, trzného zataZenia o°r , indexu
pretrhnutia " a maximalna deformécie pri pretrhnuti er pozdiznych chickpaper
vzoriek boli dvakrat mensie nez maximalne hodnoty prie€nych vzoriek. Stredné
hodnoty modulu pruznosti v tahu pre pozdizne i prieéne vzorky boli rovnaké.
Mechanickeé vlastnosti chickpaper papiera v tahu boli odliSné pri porovnani v
pozdiznom a prieénom smere namahania vzoriek. Stredné hodnoty maximalneho
prediZenia 8, a maximalnej deformacie pri pretrhnuti et pre pozdizne vzorky
krepového papiera boli Sestdesiatkrat mensie neZz maximalne prediZenia a
maximalne deformacie pre prie€ne vzorky. Stredné hodnoty maximalnej tahovej sily
F., trzného zatazenia c"r a indexu pretrhnutia o pozdiZznych vzoriek krepového
papiera boli Styrikrat mensie nez maximalne hodnoty prieCnych vzoriek. Stredné
hodnoty modulov pruznosti v tahu pre pozdizne vzorky krepového papiera boli
tridsatosemkrat mensSie nez hodnoty pre prie¢ne vzorky. Mechanické vlastnosti
krepového papiera v tahu boli velmi odliné v pozdiznom a prieénom smere pri
zatazeni vzhladom na povrch papiera.

Krucové slova: chickpaper, krepovy papier, tahové vlastnosti
Detailny abstrakt

Praca sa zaobera hodnotenim mechanickych vlastnosti, krepového a chickpaper
papierov. Hribka krepového papiera bola 300 um s plodnou hmotnostou 150 g*m?a
chickpaper papiera 100 um s plo$nou hmotnostou 40 g*m™. Boli §tudované tahové
vlastnosti papierov pri zataZeni v pozdiznom a prieénom smere. Tahové spravanie
papierov bolo testované na zariadeni ANDILOG STENTOR 1000 (Andilog
Technologies, Vitrolles, France).Boli merané tahové vilastnosti ako su: modul
pruznosti, maximalne prediZzenie, maximalne tahova sila, trzné zatazenie, index
pretrhnutia a taznost pri pretrhnuti pre pozdiZne a prieéne vzorky testovanim
papierovych pruzkov. Chickpaper je Specialne vyrobeny papier ur€eny na odchov
kurciat. Prvé dni v Zivote kurciat su rozhodujuce. Len pokial mladé kuriatko dokaze
rychlo prijat’ dostatok vody a potravy, bude rastovy vzorec v nasledujucich tyzdnoch

JOURNAL

Central European Agriculture 494
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1733

Kubik and Bodova: Mechanical Properties Of Crepe Paper And Chickpaper

uspesny. Vysoko kvalitny Chickpaper je v tomto procese nenahraditelny. ZniZuje
prvotyzdnovu umrtnost, zabezpecuje vysSiu priemernu hmotnost. Pracuje sa s nim
jednoducho. Papier je vyrolovany v halach pod napajackami a pod kimitkami. Jeho
ulohou je vlastne navigovat jednodriové kurcata k potrave. Pohybom kurciat po
papieri vznika zvuk, ktory prilaka ostatné a podporuje aj hrabavy reflex Tymto
spbsobom taktiez najdu potravu i vodu. Faktom je, ze papier rychlo absorbuje kvapky
vody a robi prostredie pre kuriatka hygienickejSim. Je 100% rozlozZitelny a je s nim
lahka manipulacia, nakolko je baleny v kotucoch v Sirke 68 cm. Je zabezpecCené
hygienické balenie vo fdlii, ktoré zaroven ochranuje produkt aj proti vihkosti pri jeho
skladovani. Ma zdrsneny povrch, ktorym sa predchadza poskodeniu pazurov. Je
vyrabany a dodavany na trh v troch kvalitach podfa doby rozloZitelnosti papiera. V
praci sme sa zaoberali skumanim vlastnosti Intra Chickpaper - s navinom 220 m v
rolke, s rozlozZitelnostou 2 - 3 dni, balenym po 2 ks. Krepovanie papiera je
mechanicka uprava, pri ktorej sa papier sklada do jemnych zahybov. Dava tym
papieru poddajnost’ a makkost, meni jeho mechanické vlastnosti, ako napr. pevnost
v tahu, taznost a iné. Papier technicky krep je vyrabany skrepovanim sulfatového
papiera na krepovacom stroji. AKo surovina sa poziva baliaci papier, produkty
Unikraft Plus, Unikraft Beta a Unikraft Gamma pre nebieleny technicky krep. Krepovy
papier je vyrabany v prirodnom odtieni, povolené su aj farebné odtiene. Papier musi
byt po celej ploche rovhomerne skrepovany.

Introduction

Mechanical properties of the chickpaper and the crepe papers are important for the
possibilities to evaluate of suitable conditions for chicken breeding. The objective of
this study was to examine the tensile behaviour and the tensile properties of
chickpaper and crepe paper as modulus of elasticity, maximal elongations, maximal
tensile forces, tensile strengths, tensile indexes and strain at breaks of the
longitudinal and transversal samples by testing paper strips.

Gurav et al. (2003) interested with the tensile tests based on ISO 1924-2. The
specimen used for testing had dimension (15x70) mm. The rate of elongation was set
to 5 mm*min’. The maximum value of stress as a function of crack position was
measured.

Khantayanuwong (2002) described a decrease in the tensile strength of recycled
handsheets which was caused by the decrease of interfiber bonding strength as
explainable by using the Page equation. Because the recycling treatment did not
affect the specific strength of interfiber bonding, the decreased strength of interfiber
bonding solely stemmed from the decreased interfiber-bonded area.

Nazhad et al. (2000) studied two softwoods mechanical pulps from species of
differing fibre length and coarseness which were fractionated by fibre length and
formed into handsheets at standard handsheet consistency and at a headbox
consistency. The objective of his study was to determine the effects of multi-stage
straining during wet pressing and drying on the tensile properties of dried paper.

Kouko et al. (2014) studied an influence of straining during wet pressing and drying
on strength properties of paper. The results showed that increased straining
generally led, almost linearly, to decreased strain at break of the dried paper. Tensile
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stiffness was increased considerably (i.e. 15-20%) by straining at the press section
and during drying.

Haslach (2000) interesting in question is whether the time-dependent properties are
a consequence of the fiber micro-structure, the interfiber bond, the fiber distribution in
a sheet, or a combination of these. Hypotheses for the physical mechanisms
responsible for stress-strain relations observed under constant, monotonic, and cyclic
loading and, especially, for the role of moisture bonding in the time-dependent
behavior are compared. Classical tensile tests on wet papers and rheology
measurements on immersed thick papers have been performed.

Schréder and Bensarsa (2002) interested in calculation of the Young's modulus Ep
and the out-of-plane shear modulus Gp of the wet papers and from the latter. They
deduced the out-of plane shear modulus of the wet fibres. A model for paper
deformation during in-plane tension was derived, that took into account the out-of-
plane shearing of fibres.

Material and Methods

Chickpaper is special — purpose made paper. The paper was made in Intracare BV
(2015), (Figure 1.). Itis aimed on the chick breeding. The first days in the life of the
chicks are critical. Only when the small chick is able to accept quickly the
nourishment the growth factor will be successful in the next weeks. The high quality
chickpaper is irretrievable in the process. It decreases the first week mortality and
provides higher average weight. The working with the paper is simple. Paper is
rolling in the halls under of feeding pumps and under the feeders. The assignment of
the paper is a navigation of one day old chickens to the feed. The sound is created
by the moving of the chickens on the paper. It lures other chickens and also supports
gallinaceous reflex. They will also find the feed and the water. Paper quickly absorbs
the drops of water and creates the environment more hygienic for the chickens.
Paper is totally decomposable. Manipulation is very easy with it. Paper is packed in
the rolls of the width 68 cm. Packaging is hygienic and is provided by polyethylene
films, which protects the product against the moisture at the storage. Paper has
roughened an outer surface, what prevents of damaging of claws. Intra Chickpaper
was used in the roll of length of 220 m. Decomposability of paper was 2 — 3 days.
Creping of the paper is mechanical modification. Paper is folding to the fine folds.
Paper is getting a compliance and softness and the creping changes its mechanical
properties, e. g. tensile strengths and tensibility. Used paper was technical crepe,
which was made by creping of sulphate paper on creping machine. Products Unicraft
Plus, Unicraft Beta and Unicraft Gamma was used as the raw material for production
of the crepe paper. Paper has to be uniformly creped throughout all surface. The
samples of the crepe and chickpaper papers were studied for the evaluation of the
mechanical properties. Longitudinal and transversal tensile properties were studied.
The thickness of crepe paper was 300 um with the surface mass 150 g*m™ and the
thickness of chickpaper paper 100 um with the surface mass 40 g*m™.
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Figure 1. Chickpaper (Intracare BV, 2015)
Obrazok 1. Chickpaper papier (Intracare BV, 2015)

Tensile Test

Samples were cut in the longitudinal and transversal direction of the original paper
surface on the dimensions (180 x 15) mm. Initial length of samples was 180 mm and
initial cross section area of chickpaper samples was 1.55 mm? and of crepe samples
was 4.64 mm?. Ten samples of the paper strips were used for each sort. In this test,
a load was applied along the longitudinal axis of a test samples. The applied load
and the resulting elongation of the member were measured. The process was
repeated with increased load until the desired load levels were reached or the
specimen breaks. The tensile behaviour was monitored on the motorized test stand
Andilog Stentor 1000 (Andilog Technologies, Vitrolles, France). Maximal reached
force for chickpaper samples was about 3.5 N for longitudinal samples and about 6.8
N for transversal samples and for crepe paper samples was about 4.8 N for
longitudinal loading and about 18.3 N for transversal samples. The force F (N) and
elongation 6 (mm) were measured when the speed of flat grip fixtures was 20
mm*min™ and data were stored in the xls format in the computer by means of
analogue to digital converter and software RSIC v 4.06 (Andilog Technologies,
Vitrolles, France). The force and elongation were calculated as the tensile stress o
(MPa) and the strain ¢ (mm*mm™). The tensile stresses ¢ (MPa) were determined
from the equation:

F
o=—
S (1)

where:

F —force (N)

S —initial cross section area of the strips (mm?)

The strains ¢ (mm*mm™) were determined as a change in the sample’s gage length
from the equation:

' )
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& —elongation (mm)
| —initial length (mm)
Tensile modulus of elasticity E (MPa) was defined from the equation:

S x|

max

bt

E =

©)

where:

Smax — Maximal slope of the curve of force versus elongation (N*mm™)
| —initial length of the specimen (mm)

b — initial width of the specimen (mm)

t — thickness of the paper (mm)

Tensile strength oy (kN*m™) is maximal tensile force referring on the unit of the
width, which paper suffers before the breaking. The maximal tensile force of each
specimen was determined. The average maximal tensile force was calculated and
then the tensile strength was evaluated from the equation:

(4)

where;:

b
Or

R average maximal tensile force (N)
b  —initial width of the specimen (mm)

— tensile strength (kN*m™)

Tensile index or (kNm*kg™) was defined from the equation:

b
1000 7 )

w

where:

97 _ tensile index (kNm*kg™?)
w — surface mass (g*m™)

Maximal strain at break et (%) was defined as the percent of the initial length of the
specimen from the equation:

& = é‘—bx 100
' (6)

where:

Op — maximal elongation (mm)
| —initial length (mm)
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The maximal elongation was measured at the moment of breaking of the sample
(STN EN ISO 1924-2, 2009). The force and elongation were transformed by means
of software Microsoft Office Excel 2003 on the tensile stress ¢ (MPa) and the strain ¢
(mm*mm™).

Results and Discussion

Typical tensile diagram of paper strip of chickpaper of longitudinal sample 1 from ten
realized samples is presented in the Figure. 2. Maximal tensile force F; was 3.72 N
and a maximal elongation &, was 5.37 mm. Maximal strain at break er = 2.98% was

calculated from the equation (6). The tensile strength o = 0.25 kN+m™ was
evaluated from the equation (4). Tensile index o7 = 6.20 kNm*kg™ was calculated
from the equation (5). Typical determination of maximal slope Smax = 1.1687 N*mm™
of longitudinal loading of longitudinal paper strip of chickpaper of sample 1 from ten
realized samples is presented in the Figure 3. Slope was determined on the base of
linear regression from the linear part of the tensile diagram.

Tensile diagram
Chickpaper
4.5 F=3.72N, 3,=5.37 mm
Longitudinal sample 1

F(N

y = 0.0092x° - 0.2043x? + 1.5505x - 0.0883
R? = 0.9988

& (mm)

Figure 2. Tensile diagram of chickpaper longitudinal sample no. 1 and values of
maximal tensile force F; = 3.72 N and maximal elongation at break ,= 5.37 mm

Obréazok 2. Tahovy diagram pozdiZnej vzorky chickpaper papiera &. 1 a hodnoty
maximalnej tahovej sily F; = 3,72 N a maximalneho prediZenia pri pretrhnuti &, =
5,37mm

Tensile modulus of elasticity E =135.50 MPa was calculated from the equation (3) on
the base of Syhax value. Results of longitudinal loading of the examined longitudinal
chickpaper samples are presented in the Table 1. Typical tensile diagram of paper
strip of chickpaper of transversal sample 3 from ten realized samples is presented in
the Figure 4. Maximal tensile force F; was 7.40 N and a maximal elongation &, was
14.28 mm. Maximal strain at break er = 7.93% was calculated from the equation (6).

The tensile strength of = 0.49 kN*m™ was evaluated from the equation (4).
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F(N)

Tensile diagram

Determination of maximal slope

Chickpaper
Longitudinal sample 1

y=1.1687x+0.0411
R?=0.9935

T
0.5

: N
8 (mm)

5

Figure 3. Determination of maximal slope Smax = 1.1687 N*mm™of chickpaper
longitudinal sample no. 1

Obrazok 3. Stanovenie maximalnej smernice Smax = 1,1687 N*mm™ pozdiZnej vzorky

Table 1. Results of the longitudinal loading of longitudinal samples of chickpaper
Tabulka 1. Vysledky pozdizneho zataZzenia pozdiznych vzoriek chickpaper papiera

€. 1 chickpaper papiera

Chickpaper Longitudinal
dp F GbT o't eT Smax EL
sample  (mm) (N) (kN*m™) (KNm*kg?l) (%) (N*mm™)  (MPa)
1. 5.37 3.72 0.25 6.20 2.98 1.17 135.50
2. 6.93 4.26 0.28 7.11 3.85 1.29 149.87
3. 3.38 3.32 0.22 5.53 1.88 1.29 149.30
4, 4.04 3.63 0.24 6.05 2.24 1.27 147.50
5. 416 3.63 0.24 6.05 2.31 1.31 152.19
6. 3.98 3.45 0.23 5.75 2.21 1.30 151.26
7. 3.54 2.49 0.17 4.16 1.97 1.66 191.98
8. 3.50 3.40 0.23 5.67 1.94 1.52 176.65
9. 4.66 3.86 0.26 6.43 2.59 1.29 149.72
10. 449 3.63 0.24 6.05 2.49 1.26 146.34
Mean 440 3.54 0.24 5.90 2.45 1.34 155.03
s 0.34 0.14 0.01 0.24 0.19 0.05 5.22
s (%) 7.71  4.05 4.05 4.05 7.71 3.37 3.37

d, — maximal elongation, F, — maximal tensile force, cst — tensile strength, "1 — tensile index, er —

maximal strain at break, Syax

— maximal slope of the curve of force versus elongation, E1 — tensile
modulus of elasticity, s — standard deviation
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Tensile diagram
Chickpaper

F(=7.40N, 8,=14.28 mm

Transversal sample 3

y = -0.0006x" + 0.021x° - 0.2792x% + 1.8864x - 0.1101
R? = 0.9992

F(N)
o B N W » O O N ©

0 2 4 6 8 10 12 14 16
8 (mm)

Figure 4. Tensile diagram of chickpaper transversal sample no. 3 and values of
maximal tensile force F; = 7.40 N and maximal elongation at break 5,= 14.28 mm

Obrazok 4. Tahovy diagram pozdiznej vzorky chickpaper papiera &. 3 a hodnoty
maximalnej tahovej sily F; = 7,40 N a maximalneho prediZenia pri pretrhnuti &, =
14,28 mm

Tensile diagram
Determination of maximal slope
Chickpaper
Transversal sample 3

y = 1.3792x + 0.0446
R? = 0.9942

8 (mm)

Figure 5. Determination of maximal slope Smax = 1.3792 N*mm™of chickpaper
longitudinal sample no. 3

Obréazok 5. Stanovenie maximalnej smernice Spax = 1,3792 N*mm™ pozdiZnej vzorky
€. 3 chickpaper papiera

Tensile index o7 = 12.32 kNm+*kg™ was calculated from the equation (5). Typical
determination of maximal slope Smax = 1.3792 N*mm™ of longitudinal loading of
transversal paper strip of chickpaper of sample 3 from ten realized samples is
presented in the Figure 5. Slope was determined on the base of linear regression
from the linear part of the tensile diagram.Tensile modulus of elasticity E =159.91
MPa was calculated from the equation (3) on the base of Spax value. Results of
longitudinal loading of the examined transversal chickpaper samples are presented in
the Table 2. Typical tensile diagram of paper strip of crepe paper of longitudinal
sample 1 from ten realized samples is presented in the Figure 6. Maximal tensile
force Fy was 5.44 N and a maximal elongation &, was 1.22 mm. Maximal strain at
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break et = 0.68% was calculated from the equation (6). The tensile strength of =

0.36 kN=m™ was evaluated from the equation (4). Tensile index Or=2.42 kKNm*kg™
was calculated from the equation (5).

Table 2. Results of the longitudinal loading of transversal samples of chickpaper
Tabulka 2. Vysledky pozdizneho zatazenia prie¢nych vzoriek chickpaper papiera

Chickpaper Transversal
dp F GbT o't eT Smax Er
sample  (mm) (N) (KN*m?) (kKNm*kgh) (%) (N*mm?) (MPa)
1. 12.13 7.80 0.52 13.00 6.52 1.28 148.29
2. 12.61 7.03 0.47 11.72 7.01 1.37 159.06
3. 14.28 7.39 0.49 12.32 7.93 1.38 159.91
4, 13.00 6.53 0.44 10.89 7.22 1.33 154.35
5. 13.94 6.71 0.45 11.19 7.75 1.34 155.59
6. 10.26 6.21 0.41 10.36 5.70 1.51 174.63
7. 13.48 6.08 0.41 10.13 7.49 1.19 138.52
8. 13.22 6.99 0.47 11.64 7.34 1.48 171.62
9. 12.70 6.44 0.43 10.74 7.06 1.39 161.36
10. 11.56 6.31 0.42 10.51 6.42 1.36 157.65
Mean 12.72 6.75 0.45 11.25 7.04 1.36 158.10
S 0.37 0.17 0.01 0.29 0.21 0.03 3.28
s (%) 294 2.58 2.58 2.58 3.02 2.08 2.08

d, — maximal elongation, F; — maximal tensile force, ch — tensile strength, ¢"; — tensile index, er —
maximal strain at break, S,,.x — maximal slope of the curve of force versus elongation, E+ — tensile
modulus of elasticity, s — standard deviation

Typical determination of maximal slope Smax = 4.2981 N*mm™ of longitudinal loading
of longitudinal paper strip of crepe paper of sample 1 from ten realized samples is
presented in the Figure 7. Slope was determined on the base of linear regression
from the linear part of the tensile diagram. Tensile modulus of elasticity E =166.00
MPa was calculated from the equation (3) on the base of Spax value. Results of
longitudinal loading of the examined longitudinal crepe paper samples are presented
in the Table 3. Typical tensile diagram of paper strip of crepe paper of transversal
sample 5 from ten realized samples is presented in the Figure 8. Maximal tensile
force Fy was 19.37 N and a maximal elongation 3, was 68.27 mm. Maximal strain at

break st = 37.93% was calculated from the equation (6). The tensile strength o =

1.29 kN*m™ was evaluated from the equation (4). Tensile index or = 8.61 kNm*kg™
was calculated from the equation (5).

Typical determination of maximal slope Spmax = 0.1117 N*mm™ of longitudinal loading
of transversal paper strip of crepe paper of sample 5 from ten realized samples is
presented in the Figure 9. Slope was determined on the base of linear regression
from the linear part of the tensile diagram. Tensile modulus of elasticity E =4.34 MPa
was calculated from the equation (3) on the base of Syax value. Results of
longitudinal loading of the examined transversal crepe paper samples are presented
in the Table 4.
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FN)

12 4

10 A

Tensile digram
Crepe paper
Longitudinal sample 1
Fi=5.44N, 3, =122 mm

y = 0.0274x° - 0.5521x” + 4.9593x + 0.1038
R? = 0.9998

1 15 2 25 3
8 (mm)

3.5

Figure 6. Tensile diagram of crepe paper longitudinal sample no. 1 and values of
maximal tensile force F; = 5.44 N and maximal elongation at break 5,= 1.22 mm

Obrazok 6. Tahovy diagram pozdiznej vzorky krepového papiera &. 1 a hodnoty
maximalnej tahovej sily F; = 5,44 N a maximalneho prediZenia pri pretrhnuti &, =

1,22mm

Tensile diagram
Determination of maximal slope
Crepe paper
Longitudinal sample 1

y = 4.2081x + 0.2474
R? = 0.9961

0.2

0.4 0.6 0.8 1 1.2
8 (mm)

1.4

Figure 7. Determination of maximal slope Smax = 4.2981 N*mm™of crepe paper

longitudinal sample no. 1

Obréazok 7. Stanovenie maximalnej smernice Spax = 4,2981 N*mm™ pozdiZnej vzorky

€. 1 krepového papiera

Mean values of the tensile modulus of elasticity of longitudinal and transversal
chickpaper samples were almost equal. Chickpaper mechanical properties in tension
are different in the longitudinal and transversal direction of the original paper surface.
Mean values of the maximal elongation &, and maximal strain at break e of
longitudinal crepe paper samples were sixty times smaller than maximal elongation
and maximal strain at break of transversal samples.
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Table 3. Results of the longitudinal loading of longitudinal samples of crepe paper
Tabulka 3. Vysledky pozdizneho zatazenia pozdiznych vzoriek krepového papiera

Crepe paper Longitudinal
dp F GbT o't eT Smax EL
sample  (mm) (N) (kN*m™)  (KNm*kg?h) (%)  (N*mm™) (MPa)
1. 1.22 5.44 0.36 2.42 0.68 4.30 166.00
2. 1.32 5.44 0.36 2.42 0.73 4.02 156.00
3. 1.07 4.81 0.32 2.14 0.59 4.43 172.00
4, 0.66 2.99 0.20 1.33 0.37 4.55 176.79
5. 0.82 3.81 0.25 1.69 0.46 4.62 179.54
6. 1.23 5.85 0.39 2.60 0.68 474 184.02
7. 1.18 4.81 0.32 2.14 0.66 4.28 166.11
8. 1.21 5.94 0.40 2.64 0.67 4.87 179.28
9. 0.99 4.35 0.29 1.93 0.55 4.62 179.56
10. 1.02 4.99 0.33 2.22 0.57 4.97 192.96
Mean 1.07 4.84 0.32 2.15 0.60 454 175.33
S 0.07 0.29 0.02 0.13 0.04 0.09 3.30
s (%) 6.08 6.04 6.02 6.02 6.08 2.02 1.88

d, — maximal elongation, F; — maximal tensile force, ch — tensile strength, ¢"; — tensile index, er —
maximal strain at break, S,.x — maximal slope of the curve of force versus elongation, E+ — tensile
modulus of elasticity, s — standard deviation

Tensile diagram
Crepe paper
Transversal sample 5
F¢=19.37 N, 8, =68.27 mm

25

20

15 y = 0.0001x° - 0.008x> + 0.2434x - 0.7857
R? = 0.9988

F(N)

10

T T T T T T T d
0 10 20 30 40 50 60 70 80

& (mm)

Figure 8. Tensile diagram of crepe paper transversal sample no. 5 and values of
maximal tensile force F; = 19.37 N and maximal elongation at break 5,= 68.27 mm

Obrazok 8. Tahovy diagram prieénej vzorky krepového papiera &. 5 a hodnoty
maximalnej tahove;j sily F; = 19,37 N a maximalneho prediZenia pri pretrhnuti &, =
68,27mm

Mean values of the tensile modulus of elasticity of longitudinal samples of crepe
paper were thirty eight times smaller than values of transversal samples. Crepe
paper mechanical properties in tension were very different in the longitudinal and
transversal direction of the original paper surface. Szewczyk et al. (2006) presented
the moduli of elasticity of liner (thickness 0.347 mm) in the range from 2331 MPa to
5346 MPa, fluting (thickness 0.241 mm) ranging from 2070 MPa to 3315 MPa and
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coated (thickness 0.103 mm) papers ranging from 4009 MPa to 6621 MPa. Moduli
were ten times bigger than moduli of measured samples. The explication could be
the different tensile velocities.

Determination of maximal slope
Crepe paper
Transversal sample 5

y = 0.1117x - 0.3273
R? = 0.9913

0 5 10 15 20 25 30 35

& (mm)

Figure 9. Determination of maximal slope Smax = 0.1117 N*mm™of crepe paper
transversal sample no. 5

Obrazok 9. Stanovenie maximalnej smernice Smax = 0,1117 N*mm™ prie¢nej vzorky
C. 5 krepového papiera

Table 4. Results of the longitudinal loading of transversal samples of crepe paper
Tabulka 4. Vysledky pozdizneho zataZenia prie¢nych vzoriek krepového papiera

Crepe paper Transversal

dp GbT GWT eT Smax Er

sample  (mm) F(N) (kN+m™) (kNm*kg?) (%) (N*mm?) (MPa)
1. 60.77 17.58 1.17 7.81 33.76 0.11 4.35
2. 66.73 18.69 1.25 8.31 37.07 0.12 4.61
3. 63.54 19.82 1.32 8.81 35.30 0.13 5.16
4, 61.73 16.10 1.07 7.16 34.29 0.12 4.55
5. 68.27 19.37 1.29 8.61 37.93 0.11 4.34
6. 67.86 18.42 1.23 8.19 37.70 0.11 4.23
7. 64.26 17.78 1.19 7.90 35.70 0.12 4.49
8. 61.88 17.42 1.16 7.74 34.38 0.12 4.76
9. 65.40 19.73 1.32 8.77 36.33 0.12 451
10. 63.78 18.01 1.20 8.01 35.43 0.12 4.53
Mean 64.42 18.29 1.22 8.13 35.79 0.12 4.55
S 0.82 0.37 0.02 0.16 0.46 0.00 0.08

s (%) 1.28 2.01 2.01 2.01 1.28 1.80 1.80

3, — maximal elongation, F, — maximal tensile force, cst — tensile strength, "1 — tensile index, er —
maximal strain at break, S,.x — maximal slope of the curve of force versus elongation, E; — tensile
modulus of elasticity, s — standard deviation

Szewczyk et al. (2006) used velocity 10 mm*min* but crepe paper and chickpaper
measurements were realized at the velocity 20 mm*min™. The standard deviations of
the quantities were ranging from 1.28% to 7.71% Measurements were relatively
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exact. The smaller precision of determination of maximal elongation and maximal
strain at break was induced by the problems with the measurement and record of the
initial values of the force and the elongation by the test stand STENTOR ANDILOG
1000. Shapes of tensile diagrams of longitudinal and transversal samples of
chickpaper were very similar, but were quantitatively different. Shapes of tensile
diagrams of chickpaper were also similar to the tensile diagrams of longitudinal
samples of crepe paper, but also were quantitatively different. Shapes of tensile
diagrams of transversal samples of crepe paper were different from all others.

Conclusions

Tensile properties of the chickpaper and crepe paper are important for advisement of
mechanical condition of the materials in the chicken breeding. Tensile properties of
the papers were studied only in the linear region of deformations.

The force — elongation dependencies of the tensile test allowed a determination of
the maximal elongation &,, maximal strain at break er and maximal tensile force F..
Tensile strength ¢’ and tensile index ¢ were also evaluated. These parameters
were significantly different among longitudinal and transversal samples of both
papers, chickpaper and crepe paper.

Tensile modulus of elasticity E of chickpaper for longitudinal and transversal samples
were almost equal. Tensile modulus of elasticity E of crepe paper for longitudinal and
transversal samples were significantly different.

Tensile modulus of elasticity E of chickpaper for longitudinal and transversal samples
and tensile modulus of elasticity E of crepe paper for longitudinal samples were also

very similar but tensile modulus of elasticity E of crepe paper for transversal samples
were significantly different.

Maximal elongation 5, of crepe paper for transversal samples were significantly
different of all others samples.
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