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Studies on the Tensile Strength of the Knot

IV. Tensile strength with chuck and its fracture
surface of the nylon monofilament*

Katsutaro YAMAMOTO**

Abstract

In one of the studies on the tensile strength of the knot, in this paper, we
have investigated the mechanism of the tensile strength of the nylon monofilament
with chuck through the morphological observations of its fracture surface by the
optical microscope.

The morphology of the fracture surface of the nylon monofilament is divided
into a ductile region that presents a very smooth surface, a brittle region that
a cleavable surface and the boundary region that lies between the ductile and
brittle regions.

The breaking of the nylon monofilament with chuck goes through the following
processes. Namely, the erack occurs at the artificial defect on the surface of the
nylon monofilament compressed by the flat chuck. This crack propagates slowly
at first from the artificial defect to the inside (ductile fracture), gradually the speed
of the crack propagation increases (boundary region) and at last the crack induces
the macrofracture (brittle fracture). And the tensile strength with chuck depends
on the size of the artificial defect that the flat chuck creates on the surface of the
nylon monofilament. »
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'Fig. 1. Photograph and schematic illustration of used flat chuck.
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Fig. 2. Schematic illustration of the compression of the nylon monofilament with the flat
chuck. Where P: compressive force, d: chuck’s gap, b: width of the contact between
the chuck and the nylon monofilament.
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Fig. 3. Relation between the compressive force per unit length (p) and the ratio of the
flat chuck’s gap(d) to the initial diameter (D,) of the nylon monofilament No. 150.
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Fig. 4. Relation between the compressive force per unit length(p) and the tensile strength
(F) of the nylon monofilament No. 150 with chuck.
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Fig. 5. Relation between the compressive force per unit length(p) and the width(b) of the
contact between the chuck and the nylon monofilament No. 150.

Fig. 6. Photomicrographs of the fracture surface of the nylon monofilament No. 150
with chuck, right is the fracture surface on the chuck side and left is another side.

Fig. 7. Schematic figure of the morphology of the fracture surface of the nylon monofilament
No. 150. Where A is ductile region, B brittle region and C boundary region.
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Fig. 9. Photomicrographs of the two fracture surface of the drawn of one nylon mono-
filament No. 150 with razor cut.
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Fig. 10. Relation between the area of ductile region and the tensile strength of the nylon
monofilament No. 150 with razor cut.
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Fig. 11. Relation between the notch depth and the tensile strength of the nylon mono-
filament No. 150 with razor cut.
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Fig. 12. Comparison between the fracture surface of the nylon monofilament No. 150
with chuck(left) and with razor cut(right). Where A: ductile fracture region, B:
brittle fracture region, C: boundary region, D: cut of razor.
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