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In this article fabric weave, expressed by weave factor P1, influence on fabric’s breaking force and elongation at break is 
analyzed. Weaves are distributed into two groups, i. e. weaves, the floats of which are distributed in even intervals 
throughout the entire surface of fabric, and horizontally striped weaves. It was determined that the character of break in 
various weave group fabrics, as well as their stress-strain curves, are different. In addition, the dependencies of breaking 
force and elongation at break in the fabrics with these weave groups on the factor P1 are different. After analyzing 
dependence of breaking force of individual groups on the weave factor P1, we determined that results of breaking force 
of horizontally striped fabrics are higher than those of weaves with evenly distributed floats. Determination coefficient 
of equations is low. After evaluating all the weaves we can affirm that dependence between fabrics breaking force and 
weave factor P1 was not established. The change of the curve of elongation at break is more intensive in weaves with 
evenly distributed floats in comparison with across stripped weaves. Determination coefficients of all dependences of 
elongation at break on weave factor P1 are high. 
Keywords: woven fabric, weave factor, breaking force, elongation at break. 

 
INTRODUCTION∗ 

Fabric structure can be evaluated by seven parameters: 
warp and weft raw material, warp and weft linear densities, 
warp and weft settings and the weave of fabric. From these 
parameters the most difficult to evaluate is the weave, 
because it is a graphic view of the fabric structure. It can 
be evaluated quite precisely by weave matrix factors, 
which are proposed by different authors: Ashenhurst [1], 
Galceran [2], Brierley [3], Milašius [4]. Some of them 
proposed only single thread interlacing, while others 
evaluate weave as a whole. These factors are more widely 
described in reference [5]. In previous investigations [6] it 
was established, that the best way to evaluate weave is to 
use weave factor P1 proposed by Milašius. This factor is 
determined in the direction of warp, because a fabric is 
getting formed in this direction in the weaving loom. 
While investigating fabric’s weavability [7], it was 
established, that if the weave factor increases, the maximal 
weft setting also increases. 

As noted, all above-mentioned fabric structure 
parameters influence many mechanical and end-use 
properties. Various authors studied influence of fabric 
structure on various end use properties. Milašius and others 
[8] analyzed influence of fabric structure on fabric’s air 
permeability and abrasion resistance. It was established 
during the experiment, that, as fabric’s structure stiffens, 
fabric’s air permeability decreases, and abrasion resistance 
increases. 

Nikolic and others [9] expressed fabric strength in 
terms of threads strength, fabric setting and threads 
strength coefficient. It was established, that, as threads 
strength increases, fabric strength also increases. Fabric 
strength in the direction of warp is higher than that in the 
direction of weft, and plain weave fabric is the strongest. 
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Frydrych and others [10] analyzed influence of 
finishing, raw material and weft setting on fabric’s 
elongation at break. They established the dependence 
between the change of friction and the area of warp and 
weft thread contact. However, different experiments were 
conducted to study various fabric properties, but fabric’s 
strength properties, especially their connection with fabric 
structure, were little researched. This connection between 
fabric weave and strength properties (breaking force and 
elongation at break) will be investigated in this article. 

METHODS 
To conduct the above mentioned experiments, the 

fabrics, woven with gripper STB-2-180 loom of PES  
29.4 tex, twist 100 m–1 multifilament threads, warp setting 
284 dm–1, weft setting 229 dm–1, were used. The fabrics 
were woven in 12 different weaves as shown in Fig. 1. The 
weaves were chosen in such a way, that they could be 
woven with the same loom setting. The weave factor P1 of 
all chosen weaves was changed in the widest possible 
range (from 1 to 1.9). From the chosen weaves, six weaves 
(1, 2, 4, 5, 6, 7) had floats evenly distributed through the 
full fabric surface, and six weaves (3, 8, 9, 10, 11, 12) were 
horizontally striped. Some of the weaves were striped in 
both, horizontal and vertical directions. We do not pay 
attention to the vertical stripiness of these weaves, because 
the fabric properties are interested us just in warp 
direction. Weaves were distributed according to the 
character of their break. 

Fabric tensile tests were done accordingly to the inter-
national standard ISO 13934-1 [11] with a tensile testing 
machine Zwick/Z005. Stretching speed was 100 mm/min, 
distance between clamps was 200 mm. Test specimens 
were cut only in the direction of warp, because it was de-
termined earlier [6], that fabric properties in this direction 
are most important. 

Test variation coefficient values of breaking force and 
elongation at break did not exceed 5 %. 
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Fig. 1. The weaves used in experiment: 1 – plain weave (P1 = 1);  

2 – weft rib (P1 = 1); 3 – warp rib (P1 = 1.31); 4 – twill 2/2 
(P1 = 1.26); 5 – weft direction Bedford cord (P1 = 1.27);  
6 – fancy twill (P1 = 1.11); 7 – sateen (P1 = 1.79);  
8 – basket weave (P1 = 1.88); 9 – broken twill (P1 = 1.18); 
10 – crape weave (P1 = 1.41); 11 – warp direction Bedford 
cord (P1 = 1.18); 12 – mock leno (P1 = 1.12) 

RESULTS 
To establish influence of fabric weave on the fabric 

strength, tensile tests were conducted with fabrics of both 
types. It was noted, that character of break in fabrics, 
which floats distributed evenly throughout the entire 
fabric’s surface, and horizontally striped fabrics is 
different. Character of the breaking is shown in Fig. 2.  

       
 a                                                      b 

Fig. 2. The views of break: a – weaves, the floats of which are 
evenly distributed within the whole area of the woven 
fabric; b – across striped weaves  

Fabrics with evenly distributed floats broke in the 
weakest location, i. e. localized, and horizontally striped 
fabrics broke in the full area of test fabric. It is thought that 
this happens, because weakest parts of the threads in 
horizontally striped fabrics are in the location of the 
horizontal stripe edge, and they are distributed in the entire 
fabric’s surface. This is the reason why fabric’s threads are 
breaking in different places. 

Stress-strain curves in fabrics from these groups, 
shown in Fig. 3, are also different. It can be seen, that the 
weaves with evenly distributed floats do not have the 
expressed yield point in stress-strain curve. It can be 
explained, that threads in horizontally striped fabrics start 
breaking sooner, but threads break takes more time until 
the fabric broke up completely.  

During the test, dependencies of breaking force and 
elongation at break on weave factor P1 in different fabric 

groups were established, and overall dependencies of all 
fabrics were established as well. 

 
Fig. 3. Stress-strain curves of: 1 – across striped weave (3 weave, 

in Fig. 1) and 2 – weave with floats evenly distributed 
within the entire area of the fabric (1 weave in Fig. 1) 

Dependence of breaking force of different fabrics on 
the weave factor P1 is shown in Fig. 4. It can be asserted 
that in the case of horizontally striped weaves, as weave 
factor P1 increases, fabric’s breaking force has a tendency 
to decrease. In the case of weaves with evenly distributed 
floats breaking force decreases in initial part of curve, and 
after it achieves its minimum values in the center of curve 
the breaking force of these fabrics started to increase. The 
threads in thin fabrics with evenly distributed floats are 
almost straight and the breaking force depends mainly on 
the strength of threads. The crimp of threads in weaves 
with average P1 can be the reason of minimum value of 
breaking force in the central part of curve.  
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Fig. 4. Dependencies of fabric breaking force on the weave factor 

P1: 1 – weaves with evenly distributed floats; 2 – hori-
zontally striped weaves 

We can see that breaking force values of horizontally 
striped weaves are higher than those of evenly distributed 
floats. It can be implied that, even though horizontally 
striped weaves start breaking sooner, but until all fabric’s 
threads break completely, higher breaking force value is 
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achieved. Because of this reason, resulting breaking force 
values of horizontally striped fabrics are higher than those 
of weaves with floats evenly distributed throughout entire 
fabric’s surface. Determination coefficients of dependen-
cies are low and we can affirm that the dependence of the 
fabric breaking force on weave factor P1 is not established. 

After summarizing all the weaves, the resulting de-
pendence is shown in Fig. 5. In this dependence, tendency 
of breaking force to decrease manifests itself, as the weave 
factor P1 increases. Just in the case of thin weaves with 
high factor P1 the breaking force increases slowly. The real 
reason of this curve tendency is not known. Determination 
coefficient of dependence is low. We can assert that, after 
summarization of all the weave points, the relation 
between the fabrics breaking force and fabric weave factor 
P1 was not established. Underlying reasons, leading to 
these results, are difficult to explain at this point. 
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Fig. 5. Overall dependence of fabric breaking force on the weave 

factor P1 

Dependencies of elongation at break on the weave 
factor P1 for separate weave groups and overall depend-
ence on all weave points were also obtained during the 
experiment.  

Elongation’s at break dependence on weave factor P1 
in fabrics weaved with evenly distributed floats and hori-
zontally striped weaves is shown in Fig. 6. We can assert 
that, as weave factor increases, fabric’s elongation at break 
decreases. We can see that shape of the curve changes, in 
comparison with the weaves that have floats evenly dis-
tributed throughout the entire fabric’s surface. It is much 
lower in fabrics with horizontally stripped weaves. It can 
be explained, that horizontally striped weaves elongate 
evenly, with warp threads breaking slowly, and so overall 
fabric elongation is less dependent on the weave. This 
could be the reason explaining differences in the character 
of determined dependencies. Dependencies have high 
determination coefficients. 

After evaluation of all the weaves with help of overall 
curve, resulting breaking force dependence on the weave 
factor P1 is shown in Fig. 7. Elongation’s at break 
tendency to change remains the same, i. e. as weave factor 

increases, elongation at break decreases. Determination 
coefficient of dependence is high. 
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Fig. 6. Dependencies of fabric elongation at break on the weave 

factor P1: 1 – weaves with evenly distributed floats;  
2 – horizontally striped weaves 
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Fig. 7. Overall dependence of fabric breaking force on the weave 

factor P1 

Similar dependencies were also obtained in the case of 
other weave factors, but due to the similarity of the results, 
these dependencies are not being presented in this article. 

CONCLUSIONS 
After weaving fabrics with STB-2-180 gripper loom 

from PES 29.4 tex twisted multifilament threads in 
different weaves and conducting tensile tests on these 
fabrics, we can come to these conclusions: 
1. Character of fabric break in weaves with evenly 

distributed floats and horizontally striped weaves and 
form of breaking curves is different.  

2. As weave factor P1 increases, elongation at break has 
a tendency to decrease.  

3. Breaking force of fabrics in weaves with evenly 
distributed floats is lower than those in horizontally 
striped weaves.  
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4. The dependence of fabrics breaking force on the 
weave factor P1 was not established.  

5. As weave factor P1 increases, fabric’s elongation at 
break has tendency to decrease.  

6. Rate of change of elongation at break dependencies of 
horizontally striped weaves on the weave factor P1 is 
lower than in the case of weaves with evenly 
distributed floats.  

REFERENCES 

1. Peirce, F. T. The Geometry of Cloth Structure   The Journal 
of the Textile Institute   28   1937:  pp. 45 – 196. 

2. Galceran, V. Technologia del Tejido. Terrasa, Spain, 1961 
(in Spanish). 

3. Brierley, S. Cloth Settings Reconsidered   The Textile 
Manufacturer   79   1952:  pp. 349 – 351. 

4. Milašius, V. An Integrated Structure Factor for Woven 
Fabrics, Part I: Estimation of the Weave   The Journal of the 
Textile Institute   91   Part 1   No. 2   2000:  pp. 268 – 276. 

5. Kumpikaitė, E., Sviderskytė, A. The Influence of Woven 
Fabric Structure on the Woven Fabric Strength   Materials 
Science (Medžiagotyra)   12 (2)   2006:  pp. 162 – 166. 

6. Kumpikaitė, E., Milašius, V. Analysis of Interrelation 
between Fabric Structure Factors and Beat-up Parameters   
Materials Science (Medžiagotyra) 9 (2) 2003: pp. 228 – 232. 

7. Kumpikaitė, E., Milašius, V. Influence of Fabric Structure 
on Its Weavability   Materials Science (Medžiagotyra)  9 (4) 
2003:  pp. 395 – 400. 

8. Milašius, R., Milašius, V., Kumpikaitė, E., Olšauskienė, 
A. Development of Employment of Fabric Firmness Factor 
ϕ    Conference “Archtex‘2003”    2003:  pp. 149 – 154. 

9. Nikolic, M., Michailovic, T., Simovic, Lj. Real Value of 
Weave Binding Coefficient as a Factor of Woven Fabrics 
Strength   Fibres and Textile in Eastern Europe   11   2000: 
pp. 74 – 78. 

10. Frydrych, I., Dziworska, G., Matusiak, M. Influence of 
Yarn Properties on the Strength Properties of Plain Fabric   
Fibres and Textile in Eastern Europe   4   2000: pp. 42 – 45. 

11. ISO 13934-1, Textiles – Tensile properties of fabrics – Part 
1: Determination of Maximum Force and Elongation at 
Maximum Force using the Strip Method, 1999, pp. 16. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


