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CHAPTER 2
THREORY

2.1 Anisotropy

As the fibres in a machine-made paper are more strongly or-
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iented in the machine direction than in the crass direction, the pa-
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per has different properties in different directionsu This'is aniso-

tropy. A diagram shawing,;far exgmple, the brealking length measured

in dlfferent directions, iaggivenggéidig. L. The tear strength, on

the other hand, is hlghesgiﬁagp,peapijgvacross the machine direction.

wstrength vector

FIG. 4 The oréaking length of paper in aifferent directio
directiong.

It is, however, an empirical fact that; as laong ﬁs the uiti-
mate étrains do not differ too much, the product of values méasﬁred
in the machine and cross directions respectively is reasonableragngé
stant. Theories for the influence of anisotropy on paper ﬁféberties,
based on simplifigd models where all fibres are assumed ?o‘liefin

the same plane ("random sheets"), have been developed by Van dén Ale-

ker in the USA, Corte and Xallmes in.England and Page in Canada.
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a paper can at the most reach 1/3 of the tensile strength of the in-
dividual fibres, assuming that these are randomly orientated. In
practice, the highest recorded tensile strengths are abount 1/4 of
that of the component fibres. .

Paper consists of fibres bound together in a network. On the
average each fibre is tightly bound to 20-40 other fibres per milli-
meter of its length, Thesel fibre:E?nds .each have a shear strength of
abount 1 pond. The strength of théiiwjual fibres is abount 2-10 pond.
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At the moment of ruptur///a-cansiﬁerabie number of the fibres are

torn apart, while Ouhqgs;}ré Qu%led out:from the network. The strong-

er the paper, the more” Ilb;es awe{torn apart.
<. f\) A

The fibre bonds Lunbist nglnly of hydrogen bonds between the

cellulose molecules. The/stren h Bf a sheet of paper decreases with
,_r’
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increasing moiSVure QOntcnt due o the ﬁact that moisture reduces

the strength of the hy?FQQEEHEEEEE;/,hF—étrcngth of individual fi-

bres, however, increases with-increasing.moisture content. At higher
moisture contents the, fibres.are more plastic, so that stress conecen-
trations at non-uniformities in the fibre wall structure can be more
easily evenéd?ott.

A fibre in a sheet which is subjec¢ted to a stress transmits
force via the inter-fibre bonds to other fibres in its vicinity. A
paper strip subjected to a tensile test coytains a zone where rup-
ture will occur, through which a large number of ‘fibres pass as
shown in fig. 5. One of these fibres and the bond which connect it

to other fibres are shown in fig. 6. It is assumed that the paper
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density is not excessive, so that the fibre is not bonded along the

whole of its surface. ?

gL | P fibre

/—— rupture zone
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FIG, 5 A rupture zone Qf;?,paper strip subjected to a ten-
(1./7.
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sile test passes é&@ﬁ?ﬁh a large number of fibres.
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fibres with bonds

to other fibres.

rupture line.

FIG, 6 One ofmthe‘fibres~which asrupture zone passes

P——

through?ahg\fhi_gé%éﬂwh%é?’connect it o other
fibres.

In the initial phése of a tensile test, the paper is elongated
fairly evenly over its whole surface, which means that the fibre
studied is also elongated fairly evenly. The stresses in the fibfe
reach a low but even level, fig. 7, curveé 1. Forces are transmitted
to the fibre via fibre bonds in such a way that the fibre receives
a stress contribution from each bond, counted from the ends to the
middle. The contribution may be positive or negative.

When the paper is extended further, all of the fibre bonds

contribute to a Higher tensile stress in the fibre. The tengile
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stress is thus greatest in the middle and least at the ends of the
fibre. Seé fig. 7, curve 2. If the elongation of the paper were dis-
tributed so that the tensile streés was large at the ends of the fi-
bre, the load on the outermost bonds would be so high that they
would break. The fibre will therefore normally have zero stress at
the ends, increasing linearly to a maximumlstress at the middle of

the fibre. Due to this successive fracture of certain inter-fibre
1743
bonds, a reduced number Qi;agtiVe/ﬁibres, which are loaded to break-
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ing point, remains at thefﬁémeﬁt~df“rupture. These are torn apart at

the moment of rupture, whilé//the other fibres are pulled out from
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the network. 7S AA L
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FIG. 7 Stress in the fibre under a tensile test.

2.3 Statistical Distribution of Paper PBroperties

A1l paper properties, such as strength, basis weight and
thickness, to name a few, follow statistical distribution functions
of the general form shown in fig. 8.

Curve A shows the (exaggerated) variation in, for example,
breaking length for a paper of uneven structure, while curve B shows

the variation in breaking length for a well-formed paper made from
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the same furnish. The latter contains fewer weak zones which can
cause rupture at low stresses. Even papers are stronger than uneven
papers.

breaking length
'S

FIG. 8 The vgraatloﬂsiﬁn’breakmng Length- for
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aﬂﬁ ﬁtfg& unevéh*structure and a well
//f.‘-"
fcn@;@ paper.
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