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ABSTRACT

The distribution of strains at static bending within the plastic range is interesting, since
the model is similar to the real distribution. Both longitudinal and tangential strains caused
by static bending with single-load application in the centre of a 20x20x300 mm sample were
determined by analysing the video-records of the static bending. According to the research
results, this method is suitable, if some improvements are made. The obtained distribution
in tangential direction shows the presence of tensile strains during static bending. The
distribution of strains in longitudinal direction shows similarity to the so far used models,
which, however, has not been entirely confirmed statistically.
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INTRODUCTION

Strains in wood at static bending can be divided into two groups, elastic and plastic.
Accepting the linear relation between stress and strain has solved the problem with wood
strains in the elastic range. Stress distribution was thus defined according to the beam height
and the position of the neutral line. Wood strains in the plastic range are not distributed in
a linear manner and the position of the neutral line changes with load increase.

The to date research on determining a model of stress distribution within the plastic
range, as well as the movements of the neutral line are based on graphic and mathematical
models. The first solutions to the problem (Baumann 1922 compared to Kollmann, Cote
1968) were graphic. The disadvantages of the solutions encouraged other researchers (Ro$
1936, Thunell 1939 and 1940 compared to Kollmann, Cote 1968) to apply more realistic
approximations using a trapezoid form of distribution. The parabola in the compression
range and the straight line in the tensile range were taken as a model closest to reality.
According to available literature, (Karlsen 1961 compared to Zaki¢ 1976), Zaki¢ (1976) and
Baas (1982) also used a parabola in the compression range and a straight line in the tensile
range of the beam, as a strain distribution model.

The research aim is to determine longitudinal and tangential strains in the point of
proportionality, two moments just before breaking and at the very moment of breaking. For
this purpose, a new method of determining strains was used. Based on strain measuring
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by means of a tensiometer, this method enables simultaneous strain determination both in
longitudinal and tangential directions. This research will also evaluate the new method.

MATERIAL AND METHODS

Firwood (Abies Alba Mill.) samples, crosscut, in dimensions 20x 20x 300 mm were used for
the research. The load was applied in the middle, between the supports. During the research, the
moisture content was about 30%. In spite of the effects of the slipping strain, and the high level
of water content, the single-load system was chosen because of increased strains and their simpler
measurement. A net of horizontal and vertical lines, 2 mm apart, was applied to the tangential
cross-section of the sample using the silk-screen process. The whole process of specimen static
bending was recorded with an S-VHF resolution video camera (Fig. 1).
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Fig. 1: The sample with silk-screen-printed lines. S-VHEF camera for recording the bending process

Five photographs were chosen relating to the following moments: (1) before bending; (2)
when the load was approximately at the proportionality points (PI); (3) when the effecting force
was by 8% smaller than the breaking force (P, go); when the effecting force was by 4% smaller
than the breaking force (P,,,y_49), and when the sample broke, i.e. at maximum force (P, ,,).

The photos were transformed into a bigger resolution and enlarged three times. Using the
Scion Image Release Beta 3b computer programme, the co-ordinates of horizontal and vertical
line cross-sections were read off. The vertical line was situated precisely below the point of
force (the line between the central part of the tool curvature, perpendicular upon the sample
in tangential direction), and upon the horizontal lines that were the 2 mm-lengths from the
central line, both right and left. The changes upon ten lines in tangential direction, and eleven
lines in longitudinal direction were measured on the sample. In tangential direction, line 1 was
the nearest, while line 10 was the most distant from the place of force exertion. In longitudinal
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direction, line 1 is situated upon the upper rim of the sample, the closest position to the force
exertion, while line 11 on the lower sample rim is the most distant from where the force is
exerted. The distribution of the measuring spots is shown in Fig. 2.
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Fig. 2: Distribution of measurement points on the sample

The resolution of the video camera and the graphic card enabled accurate measurement of the
relative extension by 0.02 mm. The research was done at the time when S-VHS resolution was the
highest available, compared to today’s digital camera resolutions of 1000x1000 pixels. Relative
extensions of the measured lines were calculated by formula (1), where 1; is the length at certain
test moments, while 1 is the initial length.

_h=l Al 0
1 1

Equation (1) was set in order to distinguish compression strains (-) from tensile strains (+).
The mean value and the reliability interval of 95% were calculated by using the measurement
data of the relative extensions. The forces in the points of proportionality and maximum forces
were determined from the deflection and force diagrams. The deflections in the proportionality
points and breaking points were determined on the basis of the difference between the distance
of the reference point upon the bending tool and the supports (Fig. 2). Deflections both in the
proportionality point and at maximum force were checked on the strain/force diagram obtained
on test machine.

€

RESULTS AND DISCUSSION

Seventeen fir samples were used for the research on static bending. Relevant statistical indices
of their initial dimensions, measurement results and calculated properties are shown in Tab. 1.
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Tab. 1: Relevant statistical indicators of initial dimensions, measurement results and calculated
results for all samples

n h Pmax 1:)pl fmax fpl Po Opw Ob12 W

[mm] | [N] [N] | [mm] | [mm] | [g/em’ | [MPa] | [MPa] | [%]

MV 20.2 2.12 1040 571 12.29 | 3.06 0.4406 46.3 84.7 29.3
MIN 8 2.06 815 390 9 2 0.3661 36.1 62.4 25.9
MAX 42 2.18 1400 980 18 4.7 0.5246 60.9 118.3 34.4
STD | 10.34 | 0.037 | 188.21 | 121.70 | 2.157 | 0.729 | 0.04361 7.22 14.76 2.484

n—number of annual rings in the sample, h- sample height in tangential direction, P ,, —breaking
load, Py~ load at point of proportionality, f ,,, — deflection at breaking load, f | — deflection at
point of proportionality, p, - density in absolutely dry condition, Gy, — statistical bending strength,
Oy — statistical bending strength at 12% moisture content, W — moisture content, MV — mean
value, MIN — minimum value, MAX — maximum value, STD — standard deviation.

There were attempts to interpret the obtained results according to the model of the
second-degree parabola in compression rang and the straight line in tensile rang along the
beam height. The calculation of the parabola and line parameters showed that, unfortunately,
the correlation coefficient (R2) is too small, i.e. up to 0.25. The calculation of mean values and
the 95%-reliability intervals of the mean values per lines are considered more appropriate. The
result interpretation by mean values is in this case more reliable. The differences in the result
interpretation are shown in Fig. 3.
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Fig. 3: Distribution of measurement results, regression curve and the mean values of strains at
longitudinal break along the lines to the right of load exertion

Relevant statistical indicators of strains per lines and loads in longitudinal direction for
seventeen fir samples are shown in Tab. 2.
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Tab. 2: Relevant statistical indicators of strains per lines and loads in longitudinal direction for
seventeen fir samples

LINE LOAD
Ppl Pmax-8% Pmax-4% Pmax
POSITION | LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT
1 MV -0.01 -0.02 0.00 0.00 -0.01 -0.01 -0.08 -0.09
STD 0.07 0.07 0.06 0.06 0.07 0.07 0.12 0.17
2 MV 0.00 -0.01 -0.05 -0.07 -0.03 -0.08 -0.14 -0.16
STD 0.07 0.07 0.05 0.15 0.24 0.19 0.13 0.20
3 MV -0.01 -0.01 -0.03 -0.04 -0.05 -0.05 -0.09 -0.09
STD 0.04 0.05 0.06 0.11 0.07 0.13 0.14 0.11
4 MV -0.01 0.00 -0.03 0.01 -0.04 -0.01 -0.08 -0.03
STD 0.04 0.05 0.05 0.07 0.05 0.07 0.09 0.08
5 MV 0.00 0.00 0.00 0.00 0.00 -0.01 -0.04 -0.03
STD 0.05 0.05 0.05 0.05 0.05 0.05 0.10 0.08
6 MV -0.01 0.00 -0.01 0.00 -0.01 0.00 -0.04 -0.02
STD 0.04 0.05 0.06 0.06 0.05 0.06 0.06 0.06
7 MV 0.00 -0.01 0.00 0.01 0.00 0.01 0.00 -0.02
STD 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.05
8 MV -0.01 0.02 0.00 0.01 0.00 0.02 -0.01 0.02
STD 0.05 0.05 0.06 0.06 0.06 0.07 0.05 0.04
9 MV 0.01 0.01 0.02 0.00 0.02 0.01 0.02 0.01
STD 0.06 0.04 0.05 0.06 0.06 0.06 0.04 0.05
10 MV 0.00 0.00 0.02 0.01 0.00 0.03 0.02 0.01
STD 0.05 0.05 0.05 0.06 0.05 0.06 0.07 0.05
11 MV 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02
STD 0.06 0.05 0.04 0.06 0.06 0.05 0.05 0.06

P1—load at proportional limit; P, gy, - load was by 8% weaker than breaking load; P, 494~ load
was by 4% weaker than breaking load; P, - breaking load; MV — mean value and STD —standard
deviation.

max

Fig. 4 and 5 show mean values of strains in longitudinal direction, to the left and right
respectively, of the load exertion line.
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Fig. 4: Distribution of mean values of strains in longitudinal direction on the lines left of load exertion
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Fig. 5: Mean values of strains in longitudinal direction on the lines to the right of load exertion

The intersections of the lines connecting the mean values of the relative extensions and the
zero-lines present the position/or approximate position of the neutral line upon the longitudinal
direction. The mean values of the strains in Tab. 2 and their illustration in Fig. 4 and 5 show that,
with increased force between the proportionality point and the breaking point — in the positions
where compression strains turn into tensile strains — the neutral line moves from the middle height
of the sample toward its lower part.

Relevant statistical indicators of strains per lines and loads in tangential direction for seventeen
fir samples are shown in Tab. 3.
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Tab. 3: Relevant statistical indicators of strains per lines and loads in tangential direction for seventeen

Sfir samples

LINE LOAD

Ppl Pmax-8% | Pmax-4% | Pmax
1 MV -0.02 -0.17 -0.18 -0.17
STD 0.09 0.14 0.14 0.16
2 MV 0.00 -0.06 -0.10 -0.17
STD 0.06 0.09 0.10 0.18
3 MV -0.02 -0.04 -0.05 -0.08
STD 0.07 0.06 0.05 0.07
4 MV 0.01 -0.01 -0.01 -0.03
STD 0.04 0.05 0.04 0.07
5 MV 0.00 -0.03 -0.04 -0.05
STD 0.05 0.04 0.04 0.09
6 MV -0.01 -0.03 -0.03 -0.06
STD 0.06 0.04 0.05 0.06
7 MV 0.00 -0.02 -0.03 -0.06
STD 0.05 0.05 0.05 0.08
8 MV 0.03 0.01 -0.02 -0.03
STD 0.07 0.07 0.06 0.09
9 MV -0.01 -0.01 0.00 -0.03
STD 0.06 0.07 0.06 0.07
10 MV -0.02 -0.03 -0.01 -0.03
STD 0.05 0.05 0.07 0.07

- load was by 8% weaker than breaking load; P |, 400~

P, —1load at proportional limit; P, g9
- breaking load; MV — mean value and STD

load was by 4% weaker than breaking load; P
— standard deviation.

max

Mean strain values in tangential direction are shown in Fig. 6.
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Fig. 6: Mean values of strains in tangential direction
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The intersections of the lines connecting the mean values of the relative extensions and the
zero-lines present the position/or approximate position of the neutral line upon the tangential
direction. The mean values of the strains in tangential directions (Tab. 3) and their illustration
in Fig. 6 show that tensile strains appear with the force in tangential directions at the point of
proportionality. They also appear with the force that is by 8% smaller than the breaking force.
These tensile strains appear along the lines that are below the middle height of the sample. The
appearance of the described tensile strains does not conform to the present models. Fig. 4,5 and 6
clearly show that the increase of the force from the point of proportionality to the breaking force
moves the neutral line from the centre of the sample to its lower part.

CONCLUSIONS

The longitudinal distribution of strains is not equal on the left and right sides (2 mm) from
the central line of force exertion.

The tangential distribution of strains indicates that they are not only compression strains,
except for the breaking moment.

These measurements did not reveal the distribution of parabola-shaped strains in the
compression range and the lines in the tensile range, since the correlation coefficients are too
small.

The distribution of strains in longitudinal directions on figures 3 and 4 shows that the strains
on the lines that are the nearest to the place of force exertion are parabola-shaped. By moving
downward from the place of compression force, the strains turn tensile, while their distribution
resembles a line.

The intersection of lines connecting the mean values of strains to the zero line on the graphs
present the position of the neutral axis at four load moments. They show that the neutral axis shifts
downward from the height centre of the sample, increasing the load from the proportionality point
to the breaking point.

'The employed method of determining strains has proved appropriate for this kind of research.
Since the S-VHS camera was acquired in 1996, its resolution was then the highest possible. In the
following years, the improvements of the more available software enabled the given measurement
accuracy. With considerably higher resolutions of today’s software, the increased measurement
accuracy can compete with the precision of the tensiometer.

94



REFERENCES

1. Baas, P, 1982: New Perspectives in Wood Anatomy, Published on the occasion of
the 50th Anniversary of the International Association of Wood Anatomists, Martinus
Nijhoff/Dr. W. Junk publishers, the Hague/Boston/London, 151-222 pp.

2. Kollmann, F. F. P; Cote, W. A., 1968: Principles of Wood Science and Technology. Vol. 1.
Solid Wood. Springer Verlag, Berlin-Heidelberg- New York, 592 pp.

3. Zaki¢, B. D.,1976: Stress Distribution within the Plastic Range in Wood Beam Subjected
to Pure Bending. Holzforschung und Holzverwertung, 28(5): 114-120

Doc. Dr. SC. SLavko GovorciN
ForesTrRY FAcuLTY OF ZAGREB UNIVERSITY
DepARTMENT OF WOOD SCIENCE
SVETOSIMURSKA 25
10 002 ZAGREB
CROATIA
TeL: + 385 1 235 2512
E-mal: slavko.govorcin@zd.htnet.hr

Dr. SC. TomisLav Sinkovié
ForesTrY FacuLTY OF ZAGREB UNIVERSITY
DEePARTMENT OF WoOD SCIENCE
SVETOSIMURSKA 25
10 002 ZAGREB
CROATIA

Doc. Dr. SC. Rabpovan DEespor,
ForesTrY FAcuLTY OF ZAGREB UNIVERSITY
DepARTMENT OF WOOD SCIENCE
SVETOSIMURSKA 25
10 002 ZAGREB
CROATIA

95



96




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


