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Studies on Strength of Netting (2)
The Knot Strength of Knotted Netting with Meshes Opened*
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nts have yet been made in order to investigate
the knot strength of knotted netting simulating

INTRODUCTION

the fishing operation.

In constructing a fishing gear with ropes and This paper deals with the knot strength of

other accesories, a netting is fitted to the frame  knotted netting with meshes opened. In consid~

lines with a hanging ratio. If the fishing gear  eration of the action of external forces on the

is used actually, the netting is subjected to te-  netting in various ways, a short description is

nsile loads with meshes opened by the hanging given to the knot strength of knotted netting of

ratio, i.e., the four bars around a knot are str-
ained at an angle one another. In general, the
four bars are regarded to be in a plane, but the
external forces acting on the netting keep the
bars from arranging in a plane with considerable
frequency.

There exist several literatures on the knot st-
rength of knotted netting with meshes closed

lengthwise or breadthwise, )-8 but no experime-

which any one of four bars around a knot stands

at an angle above the netting plane,

MATERIALS AND METHODS

The apparatus used in the experiment are sh-
own in Fig.1(a and 4). The plate, balanced ag-
ainst a weight W lest it should fall down, was
vertically moved to have the knot kept in its
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centre, The four bars held on a constant angle
until the knot breaks.

The angle ¢ between the adjacent bars, A—B
or C—D, was varied from 0° to 180°, and at
twelve values of ¢ knot strengths were tested
(Fig.1—a). The angle ¢’ between one bar and
the plane made by the other three bars, ranging
from 0° to 30° under ¢ of 45°, was changed by
controlling the héight of the pulley which was
fitted into a hole of the plate(Fig. 1—b). At four
values of ¢/ knot strengths were tested. The
observed strength T, was converted to the true
strength T by means of T=T,¢~¢, where u
is the coefficient of fricien between the bar

and the pulley and ¢ is the frictional angle

between them.
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Fig. 1. The apparatus used in the experiment.
a: for the angle ¢ between the adjacent
bars, &: for the angle ¢ between one
bar and the plane made by the other
three bars. A4,B,C,D: Symbols of bars.

-uljl.

T=T,¢
Netting twines used were polyethylene 42tex
(4X3, 5X3, 6X3), nylon 23tex(5%3, 6X3, 8X%
3), polyester 30tex(7X3, 8x3, 10%3), and co-
tton 30tex(5X3), each 70cm long, which were

tied to form reef knots and trawler knots. The
initial interval between two clamps to grip test

pieces was 50cm long.

RESULTS AND DISCUSSION

Fig. 2 shows the variation of knot strength wi~
th ¢. With increasing ¢, the the reef knot str-

ength 7, decreases almost linearly, and the
trawler knot strength T. increases almost linea-
rly. Therefore, the relation of T, and 7, with
¢ may be given by
T,=To—~kuyp, (€))
and
Te=Teptkop, @

where T,, and T, are values of T, and 7, at
¢=0° respectively, and %, and %, constants deci-
ded by the fibre materials of netting twines
(Table 1). The value of &, is about 0.60X10-3
in polyethylene, 0.90%10~8 in Nylon, and 0.55
X10~8 in polyester. The value of & is about
0.70X1078 in polyethylene, 0.85X1073 in nylon,
and 0.70%X1078 in polyester. The largest value
of %, and %, seems to be demonstrated by nylon,
The two knot strengths become equal at ¢=100°,
At ¢ between 0° and 100° the reef knot is stro-
nger than the trawler knot; at ¢ between 109°
and 180° the reverse takes place. It is therefore
emphasized that the reef knot is to be used so
as to be given to tensile loads mainly in direct-
ion near to its lengthwise stretch and the traw-
ler knot mainly in direction near to its breadth-

wise stretch.

Table 1. Values of %, and %,

Materials £,(X1078) k(X1078)
Polyethylene 4%3 0.52 0.60
42 tex 5X3 0.47 0. 60
(Mono) 6X3 0.76 0. 86
Nylon 5%3 1.11 0.65
23 tex 6X3 0.85 0.72
Multid) 8%3 0.76 0.63
Polyester 73 0.55 0.42
30 tex 8X3 0.51 0.43
(Spun) 10%x3 0.58 0. 41

The variation of knot strength with ¢ is sh-
own in Fig.3. The reef knot strength 7,” and
the trawler knot strength 7,/ decrease almost
exronentially with increasing ¢/, i.e.,

To=T, e~ %", (3)
and
T, =T, e, (4)
where T,y and 7.’ are values of 7,” and T,
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Fig. 2. Variation of knot strength with ¢.
O: Reef knot, @: Trawler knot.
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at o' =0/(p=45°) respectively, and ¢ is the coe-
But the decrease seems
to be within 10% of T,y or Te'. Whichever of

four bars may stand at ¢/, the value of ¢ in the

fficient of attenuation.

reef knot is constant. That in the trawler knot
becomes larger when bar B stands at ¢/, It is
considered that the knot strengths in case in
which the bars are opened at ¢ and also at ¢’
may be given by ’
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T/ =(T,o—ko)e¥, (%)
and
Ts’=(Tao+ke¢)e_cW, (6)
if Equation(3) and (4) are valid at ¢ from 0°to
180° or if T,=T,.

break of knot was occurred at its tip, i.e., the

In these experiments the

boundary between it and the bar, as in the pre-
vious paper.
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Fig.3. Variation of knot strength with ¢’.
T,’, Ts: Knot strength at ¢’. Ty’ Tey’: Knot strength at ¢=45° and ¢’=0°.

Oemmem : Nylon 23texxX5X3,

o : Cotton 30texx5X3.

A’, B, D’': indicate that the sides opposite to those of bars which was given
to ¢ in Fig.1 stand at ¢'.
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The knot strength T of knotted netting with
meshes closed lengthwise or breadthwise was

expressed, in the previous paper,9) as

= ™

The variation of T with ¢ or ¢’ is considered
to be due to that in slight range of s, p and 6.
The variation of 5,5 and ¢ can be roughly seen
{rom Fig.1 without measuring.

With increasing ¢, the reef knot seems to
show no change’in the value of p and to increase
gradually in the value of s but slightly. The
value of § by which the extent of the loss of
tension in the compressing netting twine is de-
cided, is regarded to decrease gradually with in-
creasing ¢, although it looks as if it increases
gradually in Fig.1. Thisis why by pulling the
knot at gradually increased ¢, i. e.,by pulling
the knot towards its breadthwise direction, the
compressing twine gradually becomes free from
the tightening by another one in the vicinity
of the tip opposite to the one which it compresses,
and so the loss of tensicn in it comes to decrease
gradually. Consequently, the value of 4 comes
to decrease gradually with increasing 4. These
variation in the values of s,p and 4 probably
led to the almost linear decrease of the reef knot
strength.
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Fig. 4. The number nf knots broken from bar
A or B, or both in percent. (&),
O@: Polyethylene 42tex (4X3, 5X3,
6X3), AA: Nylon 23tex(5X3, 6X3,
8x3), [JM: Polyester 30tex(7x3, 8X3,
10X3). OA[d: Reef knot,
@AMN: Trawler knot.

On the occasion of the trawler knot, the bre-
akage shifts from the tip of bar 4 to that of
bar C at ¢=100° (Fig.4).
that at ¢ between 0° and 100° the trawler knot

Therefore, it seems

strength varies with s,p and 8 on the tip of bar
4, and at ¢ between 100° and 180° with s, p and
@ on the tip of bar C. That is, the tip of bar 4
seems to have too much smaller value of 4 than
the tips of the other three bars not to break first,
With increasing ¢, the value of 6 on the tip of
bar A seems to increase gradually and that on
the tip of bar C seems to decresse gradually.

Thus, the tension in the netting twine compr
essing the tip of bar 4 seems to decrease grad-
ually and that in the netting twine compressing
the tip of bar C to increase gradually, These
variation in tension will have the tip of bar 4
strengthened gradually and that of bar C weak-
ened gradually. At ¢=100° the tip of bar 4 and
that of bar ¢ will become in strength each other,
As p increases above 100°, both the tip of bar
A and that of bar C seem to become stronger
by the increase in the value of ¢ on them. Con-
sequently, the trawler knot seems to increase
gradually in the value of § with ¢ in addition to
the slight decrease in the value of s and so to
increase almost linearly in strength.

The increase of ¢/ seems to cause merely an
increase in the value of s and a decrease in the
value of 4, and so the knot strengths seem to
decrease.

In view of the above results, the knot strength
of knotted netting may be expressed by Equati-
on (7), disregarding its shape and the direction
of tensile loads acting on it.

Fig. 5 shows the ratio of the knot strength in
simultaneous break of four bars to that in non-
simultaneous break. At each value of ¢ both the
reef knot and the trawler knot seem to be stro-
nger in the simultaneous breakx than in the
non-simultaneous break. The reef knot see-
ms to have more values of ¢ and frequency in
the simultaneous break than the trawler knot.
The simultaneous break is considered to occur
when the frictional forces on the four tips of the
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Fig. 5. Ratio of the kunot strength in simuitaneous
break of four bars (T) to that in non-si-
multaneous break (77). O, ®, A, A ‘),
W: Shown in Fig. 4.

knot become equal one another. It can be theref-
ore seen that the knot given at any value of ¢
has the maximum strength in the equality of the

frictional forces on the tips.

SUMMARY

1) The variation of the reef knot strength T,
and the trawler knot strength T, with the angle
¢ between the adjacent bars are given by

T,=To—kep
and
Te=Teotbep

where T,, and T,, are values of 7, and T, at
¢=0° respectively,and k,and %, constants decided
by the fibre materials of netting twines (¢ is 0°
when the knot is pulled lengthwise).

2) The variation of the reef knot strength 7,/
and the trawler knot strength 7, with the angle
¢’ between any one bar and the plane made by
the other three bars may be expressed by

T,/ =T, c=co!
and
T =T., e~
where T,,’ and T,,’ are values of 7,/ and T,/

at ¢’=0° (p=45°) respectively, and ¢ is the co-

efficient of attenuation.

3) Knot strength of knotted netting may be
expressed by the expression derived in the prev-
ious paper, disregarding its shape and the dire-

ction of tensile loads acting on it.
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