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The Relationship between Stitch Strength and Stitch Angle in
Japanese Traditional Hand Sewing
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The seam strength of fabrics sewed by hand sewing methods was investigated in order to clarify the
mechanical and morphological properties of Japanese traditional hand sewing. Two hand sewing
methods were compared. One is “plain stitch,” the other is “right angle stitch,” which is defined as the
stitch-formed seams on fabrics by a needle-like machine sewing. Silk and cotton fabrics and sewing
threads were used.

1) The breaking strength of a 3 mm seam was higher than that of a 4 mm seam according to the
stitch density, and the breaking strength of a seam with a right angle stitch was higher than that with a
plain stitch because of the higher thread angle of the plain stitch.

2) The shrinkage of the plain stitch seam was higher than that of the right angle stitch seam in
cotton and silk fabrics, which meant that the plain stitch is better than the right angle stitch for fabrics
with weaker breaking strength.

3) The break holes of the fabrics sewed by the plain stitch were smaller than those sewed by the
right angle stitch. These results explain why the plain stitch has been used for a long time to construct

Japanese traditional costume, “Kimono.”
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Table 1. Characteristics of fabrics and sewing
threads
Fabrics
Okamomen  Hitokoshichirimen

Raw material Cotton 100%

Silk 100%

Structure Plain weave Plain weave

Thickness (mm) 0.24 0.26

Density (ends/cm) 32 55
(picks/cm) 27 27

Sewing thread Cotton 30/3 s Silk No. 9/2 s

sewing thread
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Scheme of fabrics sewed by (a) plain stitch and (b) right angle stitch; (c) scheme of
tensile test of sewing threads with a certain angle against tensile direction; and (d)
scheme of tensile test of fabrics sewed by plain and right angle stitches and shrinkage of
seam length of sewing fabrics.
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Fig. 2. Relationship between relative strength of
sewing thread and the angle of tensile
direction

——, experimental values; -—-—, theoretical values.
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Table 2. Tensile strength and elongation of fabrics and sewing threads

Cotton

Silk

Strength (kgf)

Elongation (%)

Strength (kgf)

Elongation (%)

Sewing thread 1.71 11.0 1.31 25.2
Fabric (weft) 16.7 17.9 20.5 24.0
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Fig. 3. Load-elongation curves of sewing threads in

the cases of (a) cotton and (b) silk threads
using the plain stitch with a 3 mm seam (P3),
a 4 mm seam (P4), and using the right angle
stitch with a 3 mm seam (R3), and a 4 mm

seam (R4)
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Table 3. Breaking strength and elongation of seams of cotton and silk fabrics

Stich Cotton Silk
Factor
length Right angle Plain Right angle Plain
3 mm Breaking strength (kgf) 17.3£1.12 16.2%0.45 17.6%0.90 16.0+0.52
Elongation (%) 15.9£0. 18 16.410.56 11.21+0.47 11.3%+0.88
4 mm Breaking strength (kgf) 13.440.73 13.1£0.74 14.4%0.90 13.24+0.88
Elongation (%) 16.610. 86 15.8+0.37 11.1£0.61 11.0£0.11
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Fig. 4. Relationship between the shrinkage of seams of the sewing fabrics and

tensile load
(a) cotton, (b) silk.
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Cotton-4mm-Plain
Fig. 5. Photographs of seams after tensile test of sewing threads of cotton (a) and silk (b)
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