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Studies on the Tensile Strength of the Knot

I. Calculation of the constrictive area

Katsutaro YamMamoTo*

Abstract

The purpose of this study is to solve the mechanism of the tensile strength of
the knot. Tt has been well known that the tensile strength of the twine or rope
decreases at the knot, however there are a few reports in regard to this study.

As one reason for this decrease of tensile strength, the forced constriction
at the knot will be considered, namely, as the constriction occurs when the knot
is tied up, the sectional area decreses and the stress concentration arises in the
place, in consequence the tensile strength decreases. This constriction depends
on the dynamic character of the material, the tension and a kind of knot. First in
this paper we explain the formula about the problems of two bodies in contact
and apply this formula to the contact between a column and a sphere considered
both a simple and a foundation to model the knot, and we calculate the constric-
tive area of the circula rod in tied up.

We have compared the calculated value with the experimental value of the
constrictive area for one example, the result did not show good agreement but a
similar curve in tendency was obtained.
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Fig. 1. TIllustration of the contact between two cask rollers.
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Fig. 2. Values of I, and I, to f (k).
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Fig. 3. Explanatory figures for the calculation of constrictive area, (A) shows a circula
rod in tied up, (B) shows the contact between a column and a sphere and (C) shows
the constrictive area.
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Fig. 4. Relation between the longitudinal strain

Longitudinal strain

and stress of the vinyl cord under the
experimental room temperature (25°c), hu-

midity (829).

Latral  strain

Fig. 5. Relation between the lateral strain

and the longitudinal strain of the vinyl
cord under the experimental room
temperature (25°c), humidity (829,).
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Fig. 6. Tllustration of a vinyl cord tied with a copper wire.
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Table 1. Ezxperimental values and calculated values of the consirictive area under the
experimental room temperature (25°), humidity (8295).

Sy s Sy
N Experimental F 2R, OR.F)2 2R, +0.69 Calculated
0. value (kg) (mm) (2R.F) ( 0.69 ) value
(mm?) (mm?)
1-1 3.08 1.60 4.13 6.71 4.68
2 4.28 3.20 3.92 10.2 7.13
3 4.47 3.25 3.75 9. 82 6. 86
4 4.06 375 3.34 9.72 6. 77
2-1 1.99 1.10 4.48 5. 66 3.95
2 3.10 2.00 4.13 7.82 5.45
3 4.65 2-95 3.89 9.55 6.66
3-1 1.33 0.40 4.50 2. 90 2.02
2 1.71 0-80 4.06 4.17 2.91
3 2.47 1-40 3.73 5. 58 3.89
4 2. 62 1. 50 3-47 5.46 3.80
5 2.35 2.30 3.21 6.76 4.71
4-1 1.39 0.65 4.55 4.-04 2.82
2 262 1.25 424 5. 85 4.08
3 3-49 2-05 3-89 7-53 5.25
4 4-13 3-15 3.69 9-48 6. 61
5 4.43 4.00 3.51 10.7 7.16
5-1 2.19 2.00 3.39 6.46 4.50
2 2.19 2.00 3.21 6.27 4.37
6-1 1.75 1.30 4.04 5.75 4.01
2 3.17 2.00 3.17 7.13 4.97
3 3-14 2.65 3.51 8.07 5. 63
4 4.32 3.15 3.40 8.77 6.11
71 1.66 1.10 4.32 5.46 3.80
2 3.10 1.55 4.02 6.41 4.47
3 3. 74 1.90 3.86 7.08 4.93
4 3. 54 2.30 3.59 7.53 5.25
5 3.1 2.75 3.54 8.32 5.80
6 3.84 2.75 3.31 7.46 5.20
T 4.05 3.10 3.11 8.00 5. 57
8 3.63 4,10 2. 96 834 5. 81
8-1 2.70 2.40 3.56 7.64 5.32
2 3.25 3.00 3.43 8.57 5.97
9-1 2.23 1.65 3.95 6. 56 4.57
2 3.11 2.70 3.64 8.45 5. 89
3 3.61 3.15 3.48 8.97 6.25
4 3.8 3.60 3.42 9.70 6.76
5 4.40 4.30 3.29 10.5 7.30
6 4.40 4.90 3.13 10.9 7.59

l
8
I



Wi EEiwmEOy 1. 7L EONH

f(F) =F4¢ (13)

LT 4 i3 sindop=4d¢ BT ZHWETH 20 6 4¢ % 1/2n° radian & B0 12, (12) KiT my, Gy,
I, I, DfERRAL, 212, f(F)=F/2n% L BWTHETS & (12 RidkD X 51wz 3,

2R,+0.69 )}1/‘

Sy = 0.697 {(ZRlF)’( (14)

0.69
LD (14) AV CDERD 7V EZRD ZHBEXNTH 5, Table. 1. REBRFEEE (14) RefE-T
Rz ELBOHEERRT,

% ”

Fig. 7. RT3 EBEOEY, EREIH L ZCVERRPEIKRIIKRE -, COREE
EZATAHDE, TTEALNLDON, MEOEGDHIBIIZ7EVELRD 2D, 2WEOEHIE
REAMHTAILENTRAANEILVBERELTHIT o5, —RICEMERFHEOEMERED
Ky, ZTOFEERERELTHMNIVEVEBIREL > T3 Y, TORRTIR, HEMEHES
DIEORELE->TWBLENEALNS, TI-EEMEIE, Yo~ R RROERERERICAN
TRV EHFERO—DRBITFoND, Ibiit, BMA%2EAS (13) Rtk T, 4o 2KEL
EOTENIDIHEBB KA oL e BELONS, UEDX 5 REMEA 312Dk, &
HILIBAOMB 2 FE -1 8L OERBBETHh, T24H, EXEOFESIC OEMMERE

area (Sy)

Constrictive

T T T T T

T T T T
¢ 1 2 3 4 5 6 7 8 9 10 Il 12 I3 14(x100)

T 1

(2, F*(2RLL 2Ry )
2Rz

Fig. 7. Comparison between the experimental curve and the calculated curve of the
constrictive area.
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