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Abstract 
Knitting is widespread in outerwear because of its characteristics like comfort, stretchability, and breathability. Moreover, knitted fabrics 

are integrated with woven fabrics in clothing, especially winter apparel. Two rib-knitted fabrics were produced on a flat knitting machine with 
a 5 n/inch gauge from polyacrylic yarn with a tuck stitch. 54 samples were sewn in two groups with the following variables: Knitted fabrics 
were sewn in three directions (courses, wales, and 45°) with broadcloth fabrics in three directions (warp, weft, and bias). Two types of seams 
with three types of sewing stitches were used: the SSa seam with the 514 stitch, the SSa seam with the 516 stitch, and the LSq seam with the 
516 stitch + the top stitch 301. 

The sewing properties of the study samples were examined. The finding showed that the sewing direction of broadcloth fabrics had a 
significant effect on the seam pucker and had no significant effect on the seam stiffness for the two sample groups, while the sewing direction 
of broadcloth fabrics had a significant effect on seam appearance for group 2 samples and had no significant effect on it for group 1 samples. 
Moreover, the sewing direction of knitted fabrics had a significant effect on the seam pucker and had no significant effect on the stiffness and 
appearance of seams for group 1 samples, while it had no significant effect on all sewing properties for group 2 samples. Both the stitch and 
seam type had a significant effect on the seam stiffness and had no significant effect on the puckering and appearance of seams for the two 
sample groups. 
 
Keywords: Weft knitted, Low- gauge knitted fabric, Broadcloth fabric, Seam performance. 

1. Introduction 

Knitting is the second most popular fabric construction method, offering superior ease, speed, and cost-effectiveness 
compared to woven fabrics. The knitting sector is known for its ability to rapidly adapt to changing styles and fashion trends. 
Over the past ten years, knitted fabrics have experienced a significant rise in popularity. Nowadays, knitted fabrics are utilized 
in products such as outerwear, intimate apparel, sportswear, and hosiery (1), (2), (3), (4), (5). Knitted fabrics are known for 
their stretchability and high resilience due to their looped construction. Furthermore, their inherent resistance to wrinkling 
contributes significantly to their widespread appeal. Overall, knitted fabrics are popular for their exceptional comfort due to 
their flexibility, softness, breathability, and ability to transmit moisture away from the body, making them suitable for various 
apparel types (6), (7). (2), (8), (9), (10), (11). 

Knitting machines are available in various gauges to support the diverse array of yarns currently on the market. The 
machine gauge refers to the number of needles per inch, significantly impacting the structure of the fabric. It is essential to 
recognize that not every yarn count can be utilized with the same machine gauge. Typically, as the machine gauge increases, 
the yarn must be finer. Low-gauge knitted fabrics are produced using flat weft knitting machines, leading to heavier fabrics 
compared to those produced by circular knitting machines. Therefore, they are usually used in the production of outerwear 
fabrics and sweaters (2), (12). 

The weft-knitted fabrics foundational structures include plain, rib, interlock, and purl. These structures, along with their 
derivatives, constitute the core elements of all weft knitted fabrics and garments. The rib-knitted fabric has been produced by 
meshing the stitches in neighbouring wales in opposite directions. This is achieved by knitting with two needle systems, 
which are placed opposite to each other. As such, these fabrics are also known as double jersey or double-face fabrics. On 
both sides of a relaxed rib-knitted fabric, only face stitches are presented. Knitted fabric structures vary according to 
production factors, such as needle arrangement, stitch type, and thread type. There are four key stitches that determine all 
knitted fabric structure. These stitch types include the knit, miss, tuck and transfer stitches. The tuck stitch is a notable 
decorative stitch that enhances the fabric's surface texture. This stitch significantly affects the properties of the fabric, leading 
to an increase in weight, thickness, and width, while also enhancing its porosity compared to other fabric types. The formation 
of the tuck stitch occurs when the needle tucks the yarn into the structure rather than creating a loop. This technique results in 
a reduction of fabric length and lengthwise elasticity, as the increased tension on the tuck and held loops draws yarn from 
neighboring knitted loops, thereby diminishing their size and enhancing stability and shape retention. The width of the fabric 
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expands due to the downward pull of the tuck loops on the held loops, which causes them to spread outward and provides 
additional yarn for widthwise elasticity (13), (14), (12), (15). 

 
Figure 1:  Tuck stitch (13)

Recently, knitted fabrics have been integrated with different types of fabrics to enhance the aesthetic and functional
aspects of clothing. Broadcloth is one of the most important fabrics that are combined with knitted fabrics to produce various 
types of winter clothing, most notably coats and jackets. Broadcloth is a dense fabric woven from carded woolen threads 
mixed with a percentage of synthetic fibers or made from any type of fiber for both warp and weft; then, it is felted and 
shaved. However, clothes produced from broadcloth face many difficulties and problems during the operating stages due to 
some broadcloth fabric's natural properties, such as thickness and extra hardness during sewing, which requires choosing the 
suitable seams, especially when sewing it with other fabrics. Since the performance of the clothing manufactured from the 
integration of various fabrics is an important element during the design, production and manufacturing processes which 
requires dealing with them in a technical manner that is consistent with their natural and mechanical properties (16),(17),(18).

The ready-made garment industry, at every stage of its production, is essential to the economies of numerous countries 
globally, as it meets people's needs and achieves their well-being. The sewing process is essential in the productivity and 
overall quality of garments. The apparel performance is primarily reliant on the quality of its seams(19), (20), (21), (22),(23).

Seams are formed by stitching two or more plies of materials together. The stitch constitutes the base component of a 
seam, and the choice of stitch types is influenced by the functional or aesthetic requirements of the seam.Seam quality is 
evaluated based on several criteria, such as seam strength, seam puckering, and seam efficiency. (24), (25), (26), (27), (28).

Numerous studies have examined sewing standards and their influence on the quality and aesthetics of garments, 
including the study of Al-Sawy (2017) (16), which aimed to study the effect of some sewing variables (seam type, presser foot 
pressure, needle size, sewing thread size, and stitch density per centimeter) on the sewing properties of broadcloth fabric 
(seam strength, seam elongation, seam efficiency, and seam slippage). The study concluded that there is an effect of these 
variables on the sewing properties of broadcloth fabric, and the most influential of them were presser foot pressure, needle 
size, thread number.

Another study by Nasr Eldeen (2018) (29) examines the impact of both the type of seam and stitch used in sewing knitted 
fabrics with artificial leather on the quality and sewing efficiency. Three different weights of interlock fabrics were sewn with 
artificial leather fabric covered with 100% polyester single jersey fabric from the back, 100% cotton sewing threads were used 
for the seam face and 100% polyester threads for the seam back, and four different types of seams were used. The results 
showed that the (FSa) seam gave the best values for the seam properties for interlock fabrics of different weights when sewn 
with artificial leather.

The study of Al-Qatry (2019)(30) aimed to study the effect of seam type, stitch type, and stitch density on the sewing 
performance of interlock fabrics produced from viscose fibers mixed with polyester and spandex. Three different types of 
seams were used in addition to two types of stitches at three levels of stitch density per cm. The most important study findings 
were that seam strength, seam elongation, and seam stiffness were affected by seam type, stitch type, and stitch density per 
cm. Additionally, the SSa seam with the 514 stitch and 4 stitches per cm had the highest value for the overall quality of seam 
properties.

The study of Rabie & Hashem. (2020) (31) aimed to determine the appropriate sewing parameters for lace and jersey 
fabrics in terms of needle size, stitch length, and tension level. Twenty-seven samples were sewn using a zigzag stitch and 
100% spun polyester yarn No. 40/2. Ne Three needle sizes, three stitch lengths, and three tension levels were used. The results 
of the sewing properties tests showed that the sample with the variables (needle No. 12, stitch length 2 mm, tension level 1) 
achieved the best quality of sewing properties.

Besides, the study of Diab et al. (2021) (32) aimed to investigate the effect of knitting structure and mixing ratios of cotton 
and Tencel fibers on the sewing properties. It was also planned to look into how the type of seam, stitch, and stitch density per 
cm affected the sewability of rib and interlock fabrics made from cotton and Tencel fibers mixed in different ratios. The 
finding showed that the interlock fabric made of 100% Tencel fibers with the SSa seam, the overlock 514 stitch, and the stitch 
density of 5/cm was the best in terms of sewing properties.
It is clear from previous studies that most of them were concerned with studying the knitting variables of knitted fabrics or 
high-gauge knitted fabrics stitched with some other fabrics, so this study aimed to determine the knitting variables of low-
gauge knitted fabrics with woven fabrics, especially thick ones such as broadcloth. The research hypotheses were as follows:

There are statistically significant differences for the influence of the woven fabric sewing direction on the sewing 
properties.

There are statistically significant differences for the influence of the Knitted fabric sewing direction on the sewing 
properties.
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There are statistically significant differences for the influence of the seam & stitch type on the sewing properties. 
 

 2. Experimental 

Rib knitted fabrics were produced from polyacrylic (1800 denier) on flat knitting machine with 5 n/inch gauge with a tuck 
stitch construction as shown below: 

The first structure is rib 1/1 with a tuck stitch arranged in 1/1 in the front needles, and the stitch is held in 2 rows to make 
a tuck stitch, and the back needles do knit stitches for all rows. 

 
. 

 
 

Figure 2: 1st structure face  Figure 3:  1st structure back 

 

 
Figure 4: Frist structure Rib 1/1 with tuck stitch 

 
The second structure is rib 1/2, 1/2, 1/4 with a tuck stitch arranged in 1/1 in the front needles, and the stitch is held in 4 rows 
to make a tuck stitch, and the back needles do knit stitches for all rows. 
 

 
Figure 5:  2nd structure face  Figure 6:  2nd structure back 

 

 
Figure 7: Second structure Rib 1/2, 1/2, 1/4 with tuck stitch 

 
 
The fabric specifications were determined by preliminary testing prior to the sewing process, as indicated in Table 1. The 

two knitted fabric structures were sewn with the broadcloth fabric; the fabric properties are shown in Table 1. 
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Weight 
per 

square 
meter 
Gm 

Material Structure 
Table 1: The properties of the fabrics study 

Fabrics Structural
difference

 
Knitted 
fabrics 

First 
structure 

 485 Gm Polyacrylic 1800 
denier 

Rib 1/1  
Tuck stitch 

Second 
structure 

 572 Gm Polyacrylic1800 
denier 

Rib 1/2, 1/2, 
1/4 

Tuck stitch 
Broadcloth 

fabric 
Fixed 444 Gm Polyester 100% Commercial 

fabric 
 

54 study samples were sewn in two groups: the first group (27 samples for the first structure, 27 samples for the second 
structure) with the following variables: 
- Fabric sewing direction 
Knitted fabrics were cut in three directions (courses, wales, and 45°). 
Broadcloth fabrics were cut in three directions (warp, weft, and bias). 

- Seam and Stitch type 
 Two types of seams with three types of sewing stitches were used: the seam type SSa with the 514 stitch, the seam type SSa 
with the 516 stitch, and the seam type LSq with the 516 + 301 top stitch. Seam shapes are shown in Table 2, and the used 
machine models are shown in Table 3. 

 

 
1 

 
SSa 

Superimposed 
seam 

 

Table 2: Seams shapes 

 Seam Type Seam shape

 
2 

 
LSq 

Lapped seam  
 

 
Table 3: The specifications of sewing machines

 Stitch type Machine Model

1 514 Sewpower-SP-900D-4

2 516 Sewpower-SP-900D-
6-H

3 301 Typical Gc6925A-
MD4

 
Table 4: the study variables

Sample 
number 

Woven 
fabric 
sewing 
direction 

Knitted 
fabric 
sewing 
direction 

Seam & Stitch type 
 

Sample 
number 

Woven 
fabric 
sewing 
direction 

Knitted 
fabric 
sewing 
direction 

Seam & Stitch type 
 

s1 

Warp 
 

Courses 

SSa 514  s28 

Warp 
 

Courses 

SSa 514 

s2 SSa 516 s29 SSa 516 

s3 
LSq 516 + 301 top 
stitch 

s30 
LSq 516 + 301 top 
stitch 

s4 

Wales  

SSa 514  s31 

Wales 

SSa 514 

s5 SSa 516 s32 SSa 516 

s6 
LSq 516 + 301 top 
stitch 

s33 
LSq 516 + 301 top 
stitch 

s7 
45○ 

SSa 514  s34 45○ SSa 514 

s8 SSa 516 s35 SSa 516 
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Laboratory tests 

The samples were conditioned for 24 hours under standard atmospheric conditions (20±2° C, 65±2% RH) in accordance 
with ASTM standards prior to testing. . (33) 

The following tests were performed: 
- Tests of the fabrics before sewing 

Measurement of weight per square meter: This test was conducted according to the American Standard ASTM 
D3776/D3776M-09a Standard Test Methods for Mass Per Unit Area (Weight) of fabric. (34) 

This test was conducted in the textile laboratory of the Clothing and Textile Department at the Faculty of Home Economic, 
Al-Azhar University. 

 

-Tests of the study samples after sewing 

Seam stiffness test 
 This test was conducted using a Shirley fabric stiffness tester according to the American Standard ASTM 1388-96. (35) 
This test was conducted in the textile laboratory of the Clothing and Textile Department at the Faculty of Home 

Economic, Al-Azhar University. 
Seam Pucker test 

 This test was conducted using the five standard images according to the specification AATCC Test Method (TM) 88B. 
(36) 
Seam appearance test 

 The study samples were judged by a group of specialists in the field of clothing and textile industry (14 judges). The 
samples were presented to each of them separately, and each sample was given a score out of 10. 

 
Statistical analysis 

- Descriptive statistics and bar graphs: To display and compare the average results of sewing properties. 
- One-way analysis of variance (ANOVA): To verify the significance of differences between the averages of sewing 

properties results (seam stiffness, seam puckering, and seam appearance) for every variable. 
- Quality coefficients: To determine the overall properties of samples, rank the samples according to the percentages of 

these properties combined, and identify the highest and lowest quality samples in terms of overall sewing properties. 
 

2. Results and Discussion 

3.1. The effect of study factors on sewing properties for the broadcloth fabric sewn with the first knitting structure 

(group 1) 

The findings of the sewing properties tests for group 1 (the broadcloth fabric sewn with the first knitting structure) are 
shown in Table 5. 

 
 
 
 

s9 
LSq 516 + 301 top 
stitch 

s36 
LSq 516 + 301 top 
stitch 

s10 

Weft 
 

Courses 

SSa 514  s37 

Weft 
 

Courses 

SSa 514 

s11 SSa 516 s38 SSa 516 

s12 
LSq 516 + 301 top 
stitch 

s39 
LSq 516 + 301 top 
stitch 

s13 

Wales  

SSa 514  s40 

Wales 

SSa 514 

s14 SSa 516 s41 SSa 516 

s15 
LSq 516 + 301 top 
stitch 

s42 
LSq 516 + 301 top 
stitch 

s16 

45○ 

SSa 514  s43 

45○ 

SSa 514 

s17 SSa 516 s44 SSa 516 

s18 
LSq 516 + 301 top 
stitch 

s45 
LSq 516 + 301 top 
stitch 

s19 

Bias 

Courses 

SSa 514  s46 

Bias 

Courses 

SSa 514 

s20 SSa 516 s47 SSa 516 

s21 
LSq 516 + 301 top 
stitch 

s48 
LSq 516 + 301 top 
stitch 

s22 

Wales  

SSa 514  s49 

Wales 

SSa 514 

s23 SSa 516 s50 SSa 516 

s24 
LSq 516 + 301 top 
stitch 

s51 
LSq 516 + 301 top 
stitch 

s25 

45○ 

SSa 514  s52 

45○ 

SSa 514 

s26 SSa 516 s53 SSa 516 

s27 
LSq 516 + 301 top 
stitch 

s54 
LSq 516 + 301 top 
stitch 
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Table 5: Results of seam properties tests for the study samples (group 1) 

Sample number
Woven fabric 

sewing 
direction 

Knitted fabric 
sewing direction Seam & Stitch type 

 

Seam Stiffness 
mg\cm 

Seam Pucker Seam appearance 

s1 

Warp 
 

Courses 

SSa 514  411.86 4.00 6.85 

s2 SSa 516 428.89 4.00 8.28 

s3 LSq 516 + 301 top stitch 627.08 4.00 8.53 

s4 

Wales  

SSa 514  430.44 5.00 8.42 

s5 SSa 516 439.73 4.67 7.78 

s6 LSq 516 + 301 top stitch 613.14 4.67 7.53 

s7 

45○ 

SSa 514  411.86 4.00 6.14 

s8 SSa 516 435.08 4.00 6.64 

s9 LSq 516 + 301 top stitch 617.79 5.00 7.85 
s10 

Weft 
 

Courses 
SSa 514  373.15 4.00 8.21 

s11 SSa 516 414.95 4.00 9.78 
s12 LSq 516 + 301 top stitch 611.59 3.67 9.28 
s13 

Wales  
SSa 514  354.57 4.00 8.00 

s14 SSa 516 418.05 4.33 7.32 
s15 LSq 516 + 301 top stitch 571.34 4.00 9.46 
s16 

45○ 
SSa 514  374.70 4.00 6.92 

s17 SSa 516 390.18 4.00 6.00 
s18 LSq 516 + 301 top stitch 569.79 4.00  9.07 
s19 

Bias 

Courses 

SSa 514  359.21 4.00 7.42 

s20 SSa 516 391.73 4.00 7.32 

s21 LSq 516 + 301 top stitch 507.85 5.00 7.60 

s22 

Wales  

SSa 514  377.79 5.00 6.60 

s23 SSa 516 377.79 5.00 9.21 

s24 LSq 516 + 301 top stitch 517.14 4.67 6.85 

s25 

45○ 

SSa 514  404.12 5.00 7.32 

s26 SSa 516 377.79 4.33 7.32 

s27 LSq 516 + 301 top stitch 545.01 5.00 8.07 

3.1.1. The effect of Study factors on seam stiffness for group 1 

Table 5 and Figures 8,9, and 10 clearly indicate thatseam stiffness was affected by both seam type and stitch type, but not 
by sewing direction for either broadcloth fabric or knitted fabric. It also indicates that the LSq seam demonstrated the greatest 
seam stiffness across all sewing directions of broadcloth and knitted fabrics. This is due to the increase in fabric layers in the 
seam area influencing seam stiffness; moreover, there is a correlation between the number of stitch rows and the enhancement 
in the seam stiffness value.(24), (25), (37), (38) 

 

 
Figure 8: Effect of study variables on the seam stiffness in the warp direction for group 1 
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Figure 9: Effect of study variables on the seam stiffness in the weft direction for group 1 

 
Figure 10: Effect of study variables on the seam stiffness in the bias direction for group 1 

3.1.2. The effect of Study factors on seam pucker for group 1 

It is observed from Table 5 and Figures 11, 12, and 13 that when the knitted fabric is in the direction of courses, the seam 
pucker resistance values are close for all sewn samples across all sewing directions of the broadcloth fabric. Furthermore, it is 
evident that the LSq seam attained the most elevated pucker resistance value when the broadcloth fabric is in the bias 
direction. This can be attributed to the inherent high elasticity of the tuck stitch in the course direction, coupled with the 
broadcloth fabric's significant elasticity in the bias direction.(39) When these fabrics are stitched together using the LSq seam, 
which is characterized by its stiffness, this results in increasing the cohesion of the fabric and reducing deformation in the 
sewing area. Consequently, this leads to better shape for the consistency of the stitch, thereby augmenting the pucker 
resistance. (25) 

It is also notable from Table 5 and Figures 11, 12, and 13 that when sewing the knitted fabric in the wales direction, the 
seam pucker resistance values are at high levels for all samples across all sewing directions of the broadcloth fabric, and the 
SSa seam exhibited the highest value of pucker resistance in all sewing directions of the broadcloth fabric. This can be 
attributed to the characteristics of the tuck stitch in the knitted fabric, which restricts the length in the wales direction; such 
properties are consistent with the features of the SSa seam, thereby resulting in the superior pucker resistance observed in the 
samples constructed with it. 

Table 5 and Figures 11, 12, and 13 also indicate that when the knitted fabric is at an angle of 45°, the seam pucker 
resistance values are close at all samples in all sewing directions of the broadcloth fabric. It is also observed that the samples 
with the bias direction are superior in pucker resistance compared to other sewing directions. This may be due to the 
compatibility of the elasticity in the bias direction with the overall elasticity of the knitted fabric. As the disparity in the 
elasticity between two layers of the fabric, seam puckering may manifest in the layer exhibiting an increase in elasticity. 
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 Figure 11: Effect of study variables on the seam pucker in the warp direction for group 1

 Figure 12: Effect of study variables on the seam pucker in the weft direction for group 1

 
Figure 13: Effect of study variables on the seam pucker in the bias direction for group 1

3.1.3. The effect of Study factors on seam appearance for group 1 

Table 5 and Figures 14, 15, and 16 demonstrate that when knitted fabric is sewing along the course direction, the LSq 
seam exhibits the highest value of seam appearance when the broadcloth fabric is in the direction of warp or bias, while the 
SSa seam is superior when the broadcloth fabric is in the direction of weft. Moreover, when knitted fabric is along thewales 
direction, the SSa seam achieves the highest value of seam appearance when the broadcloth fabric is in the direction of warp 
and bias, while in the direction of weft the LSq seam is superior to it. Additionally, when the knitted fabric is at an angle of 
45°, the LSq seam achieves the highest value of seam appearance in all directions of the broadcloth fabric. 
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This is because the increase of stitch rows and fabric layers in the seam gives a better appearance, especially with elastic 
fabrics, as the appearance values were generally better with the use of the LSq seam (24). 
 

 
Figure 14: Effect of study variables on the seam appearance in the warp direction for group 1 

 
 Figure 15: Effect of study variables on the seam appearance in the weft direction for group 1

 
Figure 16: Effect of study variables on the seam appearance in the bias direction for group 1  

3.1.4. The ONE WAY ANOVA of the study variables effect on the sewing properties for group 1 samples 

Table 6 shows the results of the statistical analysis (ONE WAY ANOVA) to clarify the effect of the study variables on the 
sewing properties for group 1 samples. ANOVA analysis for the first group results showed that the sewing direction of knitted 
and broadcloth fabrics had a significant effect on the seam pucker and had no significant effect on the stiffness and appearance 
of seams, while both the stitch and seam type had a significant effect on the seam stiffness and had no significant effect on the 
puckering and appearance of seams for the first group samples. 
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Table 6: The ONE-WAYANOVA results of group 1 

Parameters 

P-value 

Seam 

Stiffness 

Seam 

Pucker 

Seam 

appearance 

Woven fabric sewing 

direction 
0.364 0.004**  0.257 

Knitted fabric 

sewing direction 
0.997 0.048* 0.158 

Seam & Stitch type 0.000** 0.701 0.147 

                                                       ** Significant at thep-value 0.01 . 
                                                      * Significant at the p-value 0.05. 
 

oefficient for group 1 samplesCalue and Quality V3.1.5. Relative  
Table 7 shows the relative values and quality coefficients of the sewing properties of the first group samples. It is evident 

from this table that sample 23 (broadcloth fabric in the warp direction, knitted fabric in the wales direction, 516 stitch, SSa 
seam) exhibits the highest value of quality coefficient of 95.32%, and sample 3 (broadcloth fabric in the warp direction, 
knitted fabric in the courses direction, 516+301 stitch, LSq seam) is the lowest value with a quality coefficient of 73.95%. The 
following graphs illustrate this. 

 
Table 7: Relative value and quality coefficient for the sewing properties results of group 1 

 The highest value of the quality coefficient. 
 The lowest value of the quality coefficient. 

 
 
Figure 17 indicates that when sewing the broadcloth fabric in the warp direction with the knitted fabric in the course direction, 
it is necessary to use the 516 stitch and the SSa seam. Whereas when sewing it with the knitted fabric in the wale direction, it 

Sample 
number 

Woven 
fabric 
sewing 
direction 

Knitted 
fabric 
sewing 
direction 

Seam & Stitch 
type 

Seam 
Stiffness 
(%) 

Seam 
Pucker (%) 

Seam 
appearance 
(%) 

Quality 
coefficient 
(%) 

Ranking of 
quality  
coefficient  

s1 

Warp 
 

Courses 

SSa 514 86.09 80.00 68.50 78.20 19 
s2 SSa 516 82.67 80.00 82.80 81.82 13 

s3 
LSq 516 + 301 
top stitch 

56.54 80.00 85.30 73.95 27 

s4 

Wales 

SSa 514 82.37 100.00 84.20 88.86 2 
s5 SSa 516 80.63 93.40 77.80 83.94 10 

s6 
LSq 516 + 301 
top stitch 

57.83 93.40 75.30 75.51 25 

s7 

45○ 

SSa 514 86.09 80.00 61.40 75.83 24 
s8 SSa 516 81.50 80.00 66.40 75.97 23 

s9 
LSq 516 + 301 
top stitch 

57.39 100.00 78.50 78.63 18 

s10 

Weft 

Courses 

SSa 514 95.02 80.00 82.10 85.71 7 
s11 SSa 516 85.45 80.00 97.80 87.75 3 

s12 
LSq 516 + 301 
top stitch 

57.98 73.40 92.80 74.73 26 

s13 

Wales 

SSa 514 100.00 80.00 80.00 86.67 5 
s14 SSa 516 84.82 86.60 73.20 81.54 14 

s15 
LSq 516 + 301 
top stitch 

62.06 80.00 94.60 78.89 17 

s16 

45○ 

SSa 514 94.63 80.00 69.20 81.28 15 
s17 SSa 516 90.87 80.00 60.00 76.96 21 

s18 
LSq 516 + 301 
top stitch 

62.23 80.00 90.70 77.64 20 

s19 

Bias 

Courses 

SSa 514 98.71 80.00 74.20 84.30 9 
s20 SSa 516 90.51 80.00 73.20 81.24 16 

s21 
LSq 516 + 301 
top stitch 

69.82 100.00 76.00 81.94 11 

s22 

Wales 

SSa 514 93.85 100.00 66.00 86.62 6 
s23 SSa 516 93.85 100.00 92.10 95.32 1 

s24 
LSq 516 + 301 
top stitch 

68.56 93.40 68.50 76.82 22 

s25 

45○ 

SSa 514 87.74 100.00 73.20 86.98 4 
s26 SSa 516 93.85 86.60 73.20 84.55 8 

s27 
LSq 516 + 301 
top stitch 

65.06 100.00 80.70 81.92 12 
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is imperative to employ the 514 stitch and the SSa seam. Furthermore, when sewing it with the knitted fabric at a 45° angle, it 
is essential to utilize the 516 + the 301 stitches and the LSq seam, as they exhibit the highest quality coefficient for all sewing 
properties. 

 
Figure 17: Quality coefficients for the frist group samples (in the warp direction) 

 
 
Figure 18 demonstrates that during the process of sewing broadcloth fabric in the weft direction with the knitted fabric in the 
course direction, it is necessary to use the 516 stitch and the SSa seam. Whereas when sewing it with the knitted fabric in both 
the wale and 45° angle directions, it is imperative to employ the 514 stitch and the SSa seam. 

 

.  
Figure 18: Quality coefficients for the frist group samples (in the weft direction) 

 

 
Figure 19 shows that during sewing the broadcloth fabric in the bias direction with the knitted fabric in both the course 

and 45° angle directions, it is essential to utilize the 514 stitch and the SSa seam. Whereas when sewing it with the knitted 
fabric in the wale direction, it is imperative to employ the 516 stitch and the SSa seam. 
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Figure 19: Quality coefficients for the frist group samples (in the bias direction) 

 
3.2. The effect of study factors on sewing properties for the broadcloth fabric sewn with the second knitting structure 

(group 2) 

The findings of the sewing properties tests for group 2 (the broadcloth fabric sewn with the second knitting structure) are 
shown in Table 8. 

Table 8: Results of seam properties tests for the study samples (group 2) 

Sample 
number 

Woven fabric 
sewing direction

Knitted fabric 
sewing direction Seam & Stitch type 

 

Seam Stiffness 
mg\cm 

Seam Pucker 
Seam 

appearance 

s28 

Warp 
 

Courses 
SSa 514 470.75 4.00 6.00 

s29 SSa 516 482.60 4.00 6.71 
s30 LSq 516 + 301 top stitch 663.79 4.33 7.14 
s31 

Wales 
SSa 514 496.15 4.67 6.42 

s32 SSa 516 518.16 4.00 6.71 
s33 LSq 516 + 301 top stitch 683.26 4.00 8.60 
s34 

45○ 
SSa 514 443.65 4.00 6.85 

s35 SSa 516 482.60 4.00 6.21 
s36 LSq 516 + 301 top stitch 672.25 4.00 7.21 
s37 

Weft 
 

Courses 
SSa 514 396.24 4.00 7.42 

s38 SSa 516 447.04 4.00 7.67 
s39 LSq 516 + 301 top stitch 631.61 4.00 7.85 
s40 

Wales 
SSa 514 472.44 4.00 7.67 

s41 SSa 516 480.91 4.33 7.60 
s42 LSq 516 + 301 top stitch 611.29 4.00 7.46 
s43 

45○ 
SSa 514 419.95 4.00 6.14 

s44 SSa 516 453.81 3.00 7.28 
s45 LSq 516 + 301 top stitch 631.61 4.00 6.53 
s46 

Bias 

Courses 
SSa 514 389.47 4.33 8.00 

s47 SSa 516 389.47 4.33 8.32 
s48 LSq 516 + 301 top stitch 568.96 4.67 8.67 
s49 

Wales 
SSa 514 428.41 5.00 9.07 

s50 SSa 516 475.83 4.00 8.28 
s51 LSq 516 + 301 top stitch 568.96 5.00 8.67 
s52 

45○ 
SSa 514 423.33 4.67 6.71 

s53 SSa 516 472.44 4.00 8.60 
s54 LSq 516 + 301 top stitch 579.12 5.00 7.42 

 
3.2.1. The effect of Study factors on seam stiffness for group 2 

Table 8 and Figures 20, 21, and 22 clearly indicate that the LSq seam exhibited the highest seam stiffness in all sewing 
directions of broadcloth and knitted fabrics. This can be attributed to the increase in fabric layers and stitch density in the 
seam area, which influences the seam stiffness(29),(30),(37),(38). 
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Figure 20:  Effect of study variables on the seam stiffness in the warp direction for group 2 

  
Figure 21:  Effect of study variables on the seam stiffness in the weft direction for group 2 

  
Figure 22:   Effect of study variables on the seam stiffness in the bias direction for group 2 

3.2.2. The effect of Study factors on seam pucker for group 2 

Table 8 and Figures 23, 24, and 25 reveal that when the knitted fabric is in the course direction, the seam pucker 
resistance values are high for all sewn samples across all sewing directions of the broadcloth fabric. Notably, the LSq seam 
demonstrates the highest pucker resistance when the broadcloth fabric is in the bias direction. As indicated in Table 8 and 
Figures 23, 24, and 25, when sewing the knitted fabric in the wales direction, the seam pucker resistance values are at high 
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levels for all samples across all sewing directions of the broadcloth fabric, and the SSa seam exhibited the highest value of 
pucker resistance in all sewing directions of the broadcloth fabric. 

Notably, when sewing the knitted fabric at an angle of 45°, the seam pucker resistance values are close at all samples in 
all sewing directions of the broadcloth fabric. It is also observed that when the direction of the broadcloth fabric is on the bias, 
the pucker resistance is superior compared to other sewing directions. 
 

 
Figure 23:   Effect of study variables on the seam pucker in the warp direction for group 2 

 
Figure 24:  Effect of study variables on the seam pucker in the weft direction for group 2  

  
Figure 25:   Effect of study variables on the seam pucker in the bias direction for group 2 
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3.2.3. The effect of Study factors on seam appearance for group 2 

Table 8 and Figures 26, 27, and 28 indicate that when the knitted fabric is sewing along the course, the LSq seam exhibits 
the highest value of seam appearance when the broadcloth fabric is in all sewing directions. Moreover, when knitted fabric is 
along the wales direction or at an angle of 45°, the SSa seam achieves the highest value of seam appearance when the sewing 
of the broadcloth fabric is in the direction of weft and bias, while in the direction of warp the LSq seam is superior to it. It was 
found that stitch rows and fabric layers enhance the seam appearance, particularly with elastic fabrics, as the appearance 
values were generally better with the LSqseam (25). 

 
Figure 26:   Effect of study variables on the seam appearance in the warp direction for group 2 

  
Figure 27:   Effect of study variables on the seam appearance in the weft direction for group 2 

  
Figure 28:   Effect of study variables on the seam appearance in the bias direction for group 2 
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3.2.4. The ONE WAY ANOVA of the study variables effect on the sewing properties for group 2 samples 

Table 9 shows the results of the statistical analysis (ONE WAY ANOVA) to clarify the effect of the study variables on the 
sewing properties for group 2 samples. 

ANOVA analysis for the second group results showed that the sewing direction of broadcloth fabric had a significant 
effect on both the seam pucker and appearance and had no significant effect on the seam stiffness, while both the stitch and 
seam type had a significant effect on the seam stiffness and had no significant effect on the puckering and appearance of 
seams. Moreover, the sewing direction of knitted fabric had no significant effect on all sewing properties. 

Table 9: The ONE-WAYANOVA results of group2 

Parameters 

P-value 

Seam 

Stiffness 
Seam Pucker 

Seam 

appearance 

Woven fabric 

sewing direction 
0.285 0.002** 0.002** 

Knitted fabric 

sewing direction 
0.761 0.451 0.117 

Seam & Stitch 

type 
0.000** 0.125 0.372 

** significant at the 0.01 level. 
coefficient for group 2 samples3.2.5. Relative value and Quality   

Table 10 shows the relative values and quality coefficients of the sewing properties of the second group samples. It is 
clear from this table that sample 49 (broadcloth fabric in the warp direction, knitted fabric in the wales direction, 514 stitch, 
SSa seam) exhibits the highest value of quality coefficient of 93.87, and sample 45 (broadcloth fabric in the weft direction, 
knitted fabric at a 45° angle, the LSq seam, and the 516 stitch + the 301 top stitch), is the lowest value with a quality 
coefficient of 68.99%. The following graphs illustrate this. 

Table 10: Relative value and quality coefficient for the sewing properties results of group 2 

Sample 

number 

Woven fabric 

sewing 

direction 

Knitted fabric 

sewing 

direction 

Seam & Stitch type 
Seam 

Stiffness (%)

Seam Pucker 

(%) 

Seam appearance 

(%) 

Quality 

coefficient (%) 

Ranking of 

quality 

coefficient 

s28 

Warp 
 

Courses 

SSa 514 82.73 80.00 60.00 74.24 21 
s29 SSa 516 80.70 80.00 67.10 75.93 18 

s30 
LSq 516 + 301 

top stitch 
85.71 86.60 71.40 81.24 11 

s31 

Wales 

SSa 514 78.50 93.40 64.20 78.70 16 
s32 SSa 516 75.16 80.00 67.10 74.09 22 

s33 
LSq 516 + 301 

top stitch 
57.00 80.00 86.00 74.33 19 

s34 

45○ 

SSa 514 87.79 80.00 68.50 78.76 15 
s35 SSa 516 80.70 80.00 62.10 74.27 20 

s36 
LSq 516 + 301 

top stitch 
57.94 80.00 72.10 70.01 26 

s37 

Weft 
 

Courses 

SSa 514 98.29 80.00 74.20 84.16 6 
s38 SSa 516 87.12 80.00 76.70 81.27 10 

s39 
LSq 516 + 301 

top stitch 
61.66 80.00 78.50 73.39 23 

s40 

Wales 

SSa 514 82.44 80.00 76.70 79.71 14 
s41 SSa 516 80.99 86.60 76.00 81.20 12 

s42 
LSq 516 + 301 

top stitch 
63.71 80.00 74.60 72.77 25 

s43 

45○ 

SSa 514 92.74 80.00 61.40 78.05 17 
s44 SSa 516 85.82 60.00 72.80 72.87 24 

s45 
LSq 516 + 301 

top stitch 
61.66 80.00 65.30 68.99 27 

s46 

Bias 

Courses 

SSa 514 100.00 86.60 80.00 88.87 3 
s47 SSa 516 100.00 86.60 83.20 89.93 2 

s48 
LSq 516 + 301 

top stitch 
68.45 93.40 86.70 82.85 7 

s49 

Wales 

SSa 514 90.91 100.00 90.70 93.87 1 
s50 SSa 516 81.85 80.00 82.80 81.55 9 

s51 
LSq 516 + 301 

top stitch 
68.45 100.00 86.70 85.05 4 

s52 

45○ 

SSa 514 92.00 93.40 67.10 84.17 5 
s53 SSa 516 82.44 80.00 86.00 82.81 8 

s54 
LSq 516 + 301 

top stitch 
67.25 100.00 74.20 80.48 13 

 The highest value of the quality coefficient.     
 The lowest value of the quality coefficient. 
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Figure 29 demonstrates that when sewing the broadcloth fabric in the warp direction with the knitted fabric in the course 
direction, it is essential to utilize the 516 + the 301 stitches and the LSq seam. Whereas when sewing it with the knitted fabric 
in both the wale and 45° angle directions, it is imperative to employ the 514 stitch and the SSa seam. 
 
 

  
Figure 29:  Quality coefficients for the second group samples (in the warp direction) 

 
 

 
Figure 30 indicates that during the process of sewing broadcloth fabric in the weft direction with the knitted fabric in both 

the course and 45° angle directions, it is necessary to use the 514 stitch and the SSa seam. Whereas when sewing it with the 
knitted fabric in the wale direction, it is imperative to employ the 516 stitch and the SSa seam. 
 

  
Figure 30:   Quality coefficients for the second group samples (in the weft direction) 

 
 

Figure 31 shows that during sewing the broadcloth fabric in the bias direction with the knitted fabric in the course 
direction, it is necessary to use the 516 stitch and the SSa seam. Whereas when sewing it with the knitted fabric in both the 
wale and 45° angle directions, it is imperative to employ the 514 stitch and the SSa seam. 
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Figure 31:  Quality coefficients for the frist group samples (in the bias direction) 

3. Conclusions 

After referring to previous studies and reviewing the study results, it is clear that most studies were concerned with 
studying the sewing variables of knitted fabrics or high-gauge knitted fabrics sewn with some other fabrics, so this study 
aimed to determine the sewing variables of low-gauge knitted fabrics with woven fabrics, especially thick ones such as 
broadcloth fabric. 

The ANOVA analysis for the sewing properties of the first knitted fabric structure sewn with broadcloth fabric (group 1) 
showed that the sewing direction of knitted and broadcloth fabrics had a significant effect on the seam pucker and had no 
significant effect on the stiffness and appearance of seams, while both the stitch and seam type had a significant effect on the 
seam stiffness and had no significant effect on the puckering and appearance of seams for the first group samples. 

The ANOVA analysis for the sewing properties of the second knitted fabric structure sewn with broadcloth fabric (group 
2) showed that the sewing direction of broadcloth fabric had a significant effect on both the seam pucker and appearance and 
had no significant effect on the seam stiffness, while both the stitch and seam type had a significant effect on the seam 
stiffness and had no significant effect on the puckering and appearance of seams. Moreover, the sewing direction of knitted 
fabric had no significant effect on all sewing properties. 

A series of recommendations and suggestions were provided during the sewing of low-gauge knitted materials with 
broadcloth to enhance sewing performance and quality, benefiting the ready-made garments industry. These recommendations 
were as follows: 

- Sewing the broadcloth fabric with the first knitted fabric: 
When sewing the broadcloth fabric in the warp direction with the knitted fabric in the course direction, it is necessary to 

use the 516 stitch and the SSa seam. Whereas when sewing it with the knitted fabric in the wale direction, it is imperative to 
employ the 514 stitch and the SSa seam. Furthermore, when sewing it with the knitted fabric at a 45° angle, it is essential to 
utilize the 516 + the 301 stitches. 

Furthermore, when sewing broadcloth fabric in the weft direction with the knitted fabric in the course direction, it is 
necessary to use the 516 stitch and the SSa seam. Whereas when sewing it with the knitted fabric in both the wale and 45° 
angle directions, it is imperative to employ the 514 stitch and the SSa seam. 

 It was also indicated that when sewing the broadcloth fabric in the bias direction with the knitted fabric in both the course 
and 45° angle directions, it is essential to utilize the 514 stitch and the SSa seam. Whereas when sewing it with the knitted 
fabric in the wale direction, it is imperative to employ the 516 stitch and the SSa seam. 

 - Sewing the broadcloth fabric with the second knitted fabric: 
When sewing the broadcloth fabric in the warp direction with the knitted fabric in the course direction, it is essential to 

utilize the 516 + the 301 stitches and the LSq seam. Whereas when sewing it with the knitted fabric in both the wale and 45° 
angle directions, it is imperative to employ the 514 stitch and the SSa seam. 

 Moreover, when sewing broadcloth fabric in the weft direction with the knitted fabric in both the course and 45° angle 
directions, it is necessary to use the 514 stitch and the SSa seam. Whereas when sewing it with the knitted fabric in the wale 
direction, it is imperative to employ the 516 stitch and the SSa seam. 

 It was also noted that when sewing the broadcloth fabric in the bias direction with the knitted fabric in the course 
direction, it is necessary to use the 516 stitch and the SSa seam. Whereas when sewing it with the knitted fabric in both the 
wale and 45° angle directions, it is imperative to employ the 514 stitch and the SSa seam. 
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