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THE ROLE OF SHEAR STRESS IN THE BENDING
STRENGTH TEST OF SHORT AND MEDIUM LENGTH
SPECIMENS OF CLEAR WOOD

The process of wood bending displays measurable departures from the standard
beam theory. The most well-known departures are caused by shear. In the
mathematical part of this work we found and analysed full plane stress of wood
which occur in Ill-point and IV-point loading. Hill-type strength criteria have
been used. The role of shear is determined by the relation between shear span-
depth ratio and bending-shear strength ratio. Three types of this relation have
been defined, one of which specifies the concept of medium length beam. In the
second part of this work we statistically described bending-shear strength ratio
for European, American and exotic wood species. On this basis, we determined
the shear span-depth ratio of the medium beam. The role of shear stress in the
bending strength test of medium beam cannot be omitted. The work contains
elements of strength theory from a historical perspective, especially concerning
strength criteria. Given one result of the contact mechanics.

Keywords: bending-shear strength ratio, shear span-depth ratio, bending with
shear, Zhuravskii formula, Hertz pressure, Hill strength criterion,
Norris criterion, short-medium-long beam, length conditions, log-
-normal distribution

Introduction

The principles of the beam theory were introduced circa 1750 by two Swiss
scholars, Leonard Euler and Daniel Bernoulli [Timoshenko 1953].

Let us consider a straight wooden beam positioned horizontally, along the x-
axis. Let us assume that the load forces of the beam and the reactive forces of the
supports, act vertically, i.e. parallel to the y-axis (fig. 1).

It is assumed that the normal strains and stresses in the cross-section of the
beam (near top support) are proportional to the distance from the neutral axis
(fig. 2a):
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Fig. 1. Diagram of bending: a) III-point, b) IV-point

oy)==0,2ylh, o,=3Pcl(bh’)=R (1a, 1b)
where: 0y=0, - normal stress parallel to grain, y — coordinate, o, —
maximum stress (equal R for maximum P), # — beam depth, P — resultant beam
loading (maximum) force, ¢ — distance from the load point to the nearest point of
bottom support (half shear span), b — beam width, R — bending strength. The
formula (1b) appiles to both methods, the Ill-point and the IV-point, in
accordance with old standards for small samples [BS 373:1957]" or [PN-68/D-
04103] equivalent to [PC 022-67]. The newer standards for small samples are
used for the II-point method [e. g. ISO 13061] and for structural-size timber V-
point method [e. g. ISO 8375].
The distribution of shear stresses in a beam cross-section can be determined
using Zhuravskii* formula [Zhuravskii 1856]. For a rectangular beam, it leads to
the following parabolic distribution of shear stress (fig. 2b):

t(y)=—1,[1-(2y/h)], =,=3PIl(4bh)=157, (2a, 2b)

7, — maximum and mean absolute values of

where: 7 = o,, — shear stress; 1,

shear stress.
According to Hertz theory [Hertz 1881], contact stress (fig. 2¢) is equal to:

o, (x)=—c N1—(xla)’, o,=4Pl(xbw)=(4/7) 0, (3a, 3b)

where: 0 ,=0, — compression stress perpendicular to grain, x — coordinate;
0., 0y — maximum and mean absolute values of stress, a — half width contact of
support, w — total width contact of top supports (equal 2a or 4a). The value of

'Where the IV-point method is a more accurate determinetion of MOE.
’D.J. Zhuravskii was a renown Russian engineer.
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a is an experimental variable, but we can try to estimate it. Contact mechanics
handbook [Johnson 1985] gives a for cylinder and sphere press on half-space:

a=\4Fr/(zbE,), a=V3Fri(4E)) (4a, 4b)

where: F — loading force (equal P or P/2), r — radius of cylindrical or spherical
support, E, —modulus of elasticity perpendicular to grain.
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Fig. 2. Stress distributions in the bending beam of homogeneous material:
a) normal parallel to grain, b) shear, ¢c) compression of the support

Full plane stress should satisfy the differential equations [e.g. Johnson
1985]:

(0-\\);(:_7;;9 (O'J_);,:_T;( (Saa Sb)

Complex distribution of plane stress requires application of proper strength
criteria. There are numerous criteria referring to the strength of a material, two
of which refer directly to shear. It turns out that shear stresses occur in a material
even during pure tension or pure compression’. The measure of material effort in
the Coulomb-Tresca criterion is double the maximum value of the shear stress
[Tresca 1864]. Huber criterion [Huber 1904] stipulates that the measure of
material’s effort in a complex state is such a value of normal stress which gives
the same distortion strain energy as the stress state. Therefore:

2 2 2
ared—\/O'H—n0'”0'L+0'L+mr <R, (6a/b)

where: o,,; — reduced stress; n = 2, m = 4 in the Coulomb-Tresca criterion (6a);
n =1, m =3 in the Huber criterion (6b); R,,,— effective strength.

The first to identify the distortion strain (shear) energy and to publish the
criterion in form (6b) was a renowned Polish engineer Maximilian Huber*.

The character of both criteria makes them applicable to elastic-plastic
isotropic materials, but wood is anisotropic. For example, formula (6) implies
that shear strength is only Vm (2 or 1.7) times smaller than the effective

3This fact could be described by the Morh’s circle. However, in experimental tension tests for
metals, there occur diagonal 45° fractures, called Chernov-Liiders lines.

‘It was formed independently by von Mises in 1913 and Hencky in 1924. The same idea was
proposed by Maxwell in 1856, published in 1936 [e.g. Kordzikowski 2012].
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strength (bending); however, for wood is it about 10 times smaller [Kollmann
and Coté 1984]. Therefore, a simple inequality, called maximum stress criterion’
[e.g. Camanho 2002], is often used in wood technology and composite materials:

ol <Ry, o /<R, |d=<S§ ™)

where: Ry, R, — strength along and across the fibres, S — shear strength
(along the fibres). However, more complicated criteria for anisotropic materials
should be applied in a complex stress. The first such criterion was introduced by
von Mises [von Mises 1928]. His criterion is discussed in the presentation [Zahr
Vinuela and Perez Castellanos 2015]. The Mises criterion was simplifield by
Hill [Hill 1948] in such a way that it would be reduced to Huber criterion in case
of an isotropic material®. For monotropic materials’ in plane stress parallel to the
monotropic axis, this criterion has the following form:

H=0/R{—0o [(RR,)+o" IR +7*/S* < | (8a/b)

where: H — measure of material effort, R,=Rj; in Hill criterion (8a),
R.=R, in Norris criterion (8b).

Hill described the case of rotational symmetry of anisotropy and plane stress
perpendicular to the axis of symmetry. The case of parallel plane was described
18 years later [Azzi and Tsai 1965]. Therefore, formula (8a) is sometimes called
Azzi-Tsai criterion [e.g. Guindos 2014] (or Tsai-Hill criterion [e.g. Kolios and
Proia 2012]), and its general form is the Tsai-Hill criterion [e.g. Camanho 2002].
Three years earlier, a similar criterion (8b) had been proposed by Norris [Norris
1962].

None of these criteria takes into consideration differences in compresion and
tension strength®. The problem was solved by Hoffman [Hoffman 1967] or Tsai
and Wu [Tsai and Wu 1971]. A more complicated solution had already been
presented in 1966 [Gol'denblat and Kopnov 1966]°.

Methods and data sources

The first theoretic objective of this work is a mathematical analysis of the effect
of shear on the bending strength of wood. At the start we need to find full plane
stress satisfying (5). The purpose was to obtain the function of wood effort in
a cross-section which would take shear into account. This function was tested for
cases of different quality. Single-parameter strength criteria (6) do not offer the
correct ratio R/S of bending and shear strength for wood (see this ratio definition

*Not to be confused with Rankine-Clebsch criterion of maximal normal stress.
SHill’s criterion contains 6 parameters, and Mises as many as 9.

"Wood is approximately transversely isotropic (monotropic).

®In a nonanalytical approach, separated signs R ||i,R * [e.g. Garab and Szalai 2010].

?According to Kyziot [2009], it is practically equivalent to Tsai-Wu’s criterion.
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(20) in the next section). Research tools in this work are Hill'® and Norris
strength criteria in the form of (8) for monotropic materials such as wood.
Because of the moving of the neutral axis during wood bending, it is pointless to
apply more complicated criteria such as Hoffman criterion or Tsai-Wu criterion.
The specific theoretical purpose of this work is to form general conditions for
a beam under bending where the effect of shear on strength can be ignored.

The second, practical part of the work, presents a study of the relation of
bending (III-point method) and shear strengths based on three comprehensive
data sources for domestic [Krzysik 1978], American [Green et al. 1999] and
exotic wood species [Jankowska et al. 2012]. The last source contains results of
a study carried out by one of the co-authors of this work. All three data sources
include the results of tests of small clear wood specimens related to moisture
content of 12% or Krzysik cases to 15%"'. American data sources are consistent
with [ASTM Standard D 143-94]. Shear was measured by compression
L-shaped specimens to failure on 2 x 2 inches tangential (or radial) surface. In
(tangential) bending tests, 2 x 2 x30 (or 1 X 1 X 16) inch specimens were used,
with a span length of 28 (or 14) inches and a radius of centre support of 3
(or 1.5) inches. The (tangential) bending strength of Polish and exotic species
was determined by standard [PN-77/D-04103], which complies with [I[SO 3133],
but is not equivalent to it. The specimens had a size of 20 x 20 x 300 mm with
aspan length of 240 mm and radius of the supports of 15 mm. The shear
strength in Krzysik data sources was measured in accordance with the old
standard [PN-59/D-04105], but for exotic species a newer standard [PN-79/D-
-04105] complies with [ISO 3347]". In the old standard, compression L-shaped
specimens were sheared on a 20 x 20 mm radial surface. In the second standard,
T-shaped specimens with radial or tangential shear surface size of 20 x 30 mm
were used. The source data were statistically analysed. For log-normal
distribution [Gaddum 1945] the following designations were used:

X=M"=e"", X =" (9a, 9b)

-5 m
where: X — log-normal variable, M — median value; 4, 6 — right and left
deviation, y — mean value of InX; ¢ — standard deviation of InX; X,, - statistic
extreme of X (alpha level 0.001). Pearson correlation coefficients p; were
calculated for each source between bending strength and shear strength or p,

between their logarithms. We compared them on alpha level 0.001 with the
critical values p;(n;) for the viariables uncorrelated with n; data points':

p(29)=0.58,  pI*(206)=0.23, p"(40)=0.50 (10)

"R. Hill was an English applied mathematician. He passed away in 2011.
"For ratio parameter it is practically irrelevant.

2About Polish standard of shear strength: Kozakiewicz [2000].

1 Alpha value 0.001 is much more restrictive here than 0.05.
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Computed measure compliance A; of ratio distributions with normal

distribution and 7L; with log-normal distribution. The 1-Kolmogorov test was
used with the Lilliefors corrections [Lilliefors 1967] and its newer tables [Molin
and Abdi 1998]. Cross compliance of ratio distributions tested by measure 4,; of
Kolmogorov-Smirnov. The tests were performed on alpha level 0.05 (or 0.01),
which implies the critical values of A statistic:

A"=088, A" =136, (A"=1.63 for a=0.01) (11)

The average ratio was determined and extreme cases were analysed. On the
basis of these values was derived numeral length conditions for beam, which the
role of shear stress in the bending strength test should not be omitted. These
conditions are expressed by the key shear span-depth ratio 2¢/h.

Mathematical research

Consider the plane stress during the bending test (fig. 1 and 2). The greatest
stresses occur in the area under the top support |x| < a, |y |[< A/2. Full plane stress
(fig. 3) is found by solving the equations (5) in compliance with (3), (2), (1)':

g(x,y):_gm‘z_hy[l_% [%arcsin(x/a)ﬂ/l—(x/a )2—%\/1 —(x/a)zz]} (12)

z(x,y):fm[l—(2y/h)2}%[arcsin (x/a)+%\/l—(x/a )2] (13)

o, (x,y)=—c 1—(x/a)(1/4)[2+3 (2y/h)—(2y/h)] (14)

Equations (12), (13) apply to IlI-point method, but figure 3 shows graphs of
stresses for both III-point and IV-point methods.
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Fig. 3. Stress distributions under the loading support: a) normal parallel to grain,
b) shear, ¢) compression of the support

Figure 3 shows the dependence of one variable, and the other is the same as in
figure 2. According to criteria (8a/b), stress ¢, doesn’t affect the strength if:

“These are the boundary conditions if we take into account arm’s factor (c-a)/c.
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The inequality (16a/b) was derived from (12), (1b), (14), (3b) and
generalization of (12) to I'V-point method. Let ~/w =1 ([DIN 52186] or [EN
408])" and Ry/R;=5.2 for compression (acc. [Krzysik 1978]). Then we get
2¢/h>23.0 from (16a) (R« = R)|) and 2¢/h > 4.4 from (16b) (R« = R). Here the
Hill criterion is too strong and isn’t compatible with the experiment, but we have
a weaker condition (16b) resulting from Norris criterion'®.

Assuming (16b) and (14) in the analysis of the role of shear, we can put
o, =0 for |x| = a. Now, Hill and Norris criteria (8a/b) take the following form:

] (15a/b, 16a/b)

2
H(v)= (0, RV-2y1nf 42,0 5P 1=2p0mf] <1 (17)
where: g,,,) — maximum value of o) for a fixed x; R = R|| — bending strength,

h/2 <y <h/2. If we derive the ancillary variable ¢ = 1 - (2y/h)?, the condition
(17) will be reduced to a quadratic inequality:

H(t)=(0, /R (0, RV t+(z, /ISP £ <1, 0=<t=<1 (18)

The variable ¢ for the middle layer of the beam has the value of 1, and 0 for
the outer layers. The argument of vertex (minimum) of this square function is:

ta=(SIR 0, /(27,,) (19)
The formula contains the key ratio of bending and shear strengths:
ratio=R/S (20)

If ¢,,> 1, then effort / has the lowest value in the middle layer of the beam

(t=1) and increases monotonically towards the outer layers (#=0). The
maximum normal stress is significantly greater than the greatest shear stress
(at least 1.41 ratio times):

O R= V2-7,/S —normal bending (21a)

If 0.5 <¢,, <1, then local maximum in the middle layer of the beam (¢ =1) is
not the global (fig. 4b). The shear stresses are not dominating, but should not be
overlooked:

7,/8<0,,/R<\2:7,/S —bending with shear (21b)

Local maximum in the middle layer of the beam (t=1) is also the global
maximum 7,<0.5. It is a situation of domination of the shear stresses:

G/ R<17,/S —shear bending (21¢)

m

' These standards recommend the use steel plates under supports.
'® The easiest derivation of this condition is from criterion (7).
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Results of mathematical research and discussion

Inequalities (21) lead to the following shear span length conditions of a beam'”:

— long beam 2¢lh = ratiolN2+2alh (22a)
— medium beam ratio/2+(16a—4w)/(37h)< 2¢lh < ratiolN2+2alh  (22b)
—shortbeam  ratio/2+(16a—4w)/(3wh)>=2clh (22¢)
a) 100 H[%] b) 100 H[%] <)
tm=2,90 m=072 o tm=0,32
1=12h yh 1= vh o I=h v/h

) I |
05 -04 -03-02 01 00 01 02 63 04 65 -05-04 03-02 -0 00 0 02 03 04 5 -05-04-03-02-0100 01 6203 04 03

Fig. 4. Graphs of wood effort H(y) in cross-section (ratio=10): a) long beam,
b) medium beam, c) short beam

Conditions (22a) or (22b) and (16b) should be met if we intend to test
bending, not shear, in the bending test. For example, in the conference materials
[Sorn et al. 2011], bending strength of spruce is 95% for 2¢/h = 12. From (22a)
we conclude that here maximal ratio = 17.

Conditions (22c) and (16b) should be met if we wish to measure the shear
strength using the short-beam test [BS EN ISO 14130]. This method can also be
used to try for wood [ Yoshihara and Furushima 2003]. Standard [ASTM D 198-
02] recommends here 2¢/A < 10 for IV-point bending method. Flexural fracture
curves described in [Schneeweil and Felber 2013] have shear fracture for
2¢/h <8. This suggests, under (22c), that the maximal value of ratio is
approximately 16.

On the basis of (14), we calculated half width of support-beam contact:

a=y2Frhl(x bE ) (23)
whose values are approximately 150%, 95% of the (4a), (4b) respectively.

Formula (23) shows that the radius of top supports in IV-point method would be
four times smaller than in III-point method.

Data sources research

Dimensionless ratio parameter expressed with formula (20) determines the
susceptibility of wood to shear during bending. Tables 1, 2 and 3 present the
extreme values of this parameter for various wood species from three different
sources.

' For both II-point and IV-point methods, like (16).
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Table 1 presents selected data from the most recognised Polish sources. The
correlation coefficient for all these 29 species is equal to p; =0.612 > 0.58 or

p’ =0.77>0.58. In figure 5.1 we see a histogram of these ratio values.

Table 1. Bending and shear strength of Polish market wood [Krzysik 1978]

The trade and Latin name of wood Bendin}glg Shearh Ratio
according to [EN 13556:2003] STNED | SCEn (ratio)
R [MPa] S [MPa] R/S
European lime (7ilia cordata Mill.) 90 4.5 20.0
Common alder (Alnus glutinosa (L.) Gaerthn.) 85 4.5 18.9
European walut (Juglans regia L.) 119 7.0 17.0
European beech (Fagus sylvatica L.) 105 8.0 13.1
European ash (Fraxinus excelsior L.) 102 12.8 8.0
Robinia (Robinia pseudoacacia L.) 120 16.0 7.5
European aspen (Populus tremula L.) 52 7.0 7.4
Yew (Taxus baccata L.) 88 14.0 6.3
Mulberry* (Morus alba L.) 73 12.5 5.8

*The wood database http://www.wood-database.com.

The Kolmogorov statistic gives parameter A, =0.87=0.88 or 4,”=0.54

< 0.88, which means log-normal distribution (and even normal) on alpha level
0.05. Let us take a look at species less susceptible to shear during bending. Here
are the most ring-porous species: mulberry with minimal ratio 5.8, robinia — 7.5
and ash — 8.0. Also, softwood yew has a very low value — 6.3.

Bending strength tests should be performed for the tree species most
susceptible to shear. Of the species indigenous to Poland, there are three which
stand out: European lime — 20.0, black alder — 18.9 and European walnut — 17.0.
These are diffuse-porous or semi-ring-porous species. Quite a high ratio value
shown by European lime can be explained by its relatively high bending
strength, for such light wood, and by its large medullary rays, which lower the
shear strength. European lime is a perfect material for sculpting, not only thanks
to its softness but also thanks to its low shear strength.

Examples of species from the USA market with extreme disproportion are
presented in table 2 below. The correlation coefficient for 206 species is
p,=0.813>0.23 or p,”=0.86>0.23, which is a strong correlation. The
histogram in fig. 5.2) presented the ratio of all the species for this source.
Kolmogorov statistic' gives values A, = 0.94 > 0.88 and 4,” = 0.46 < 0.88, which
mean log-normal distribution, but not normal. It is caused by three species:
marishballi, mersawa, kaneelhart, whose ratio is higher than a triple standard
deviation.

' Orginal unit is 0.1 kG/cm* = 0.981 MPa, but for 15% moisture content (not 12%).
" For full experimental distribution function.
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Table 2. Bending and shear strength of USA market wood [Green et al. 1999]

Bending Shear Ratio
strength  strength (ratio)

R[MPa]  S[MPa] R/S

The trade and Latin name of wood
according to [EN 13556:2003]

Marishballi* (Licania sparsipilis S. F. Blake) 191 12.1 15.8
Mersawa (Anisoptera spp.) 95 6.1 15.6

Kaneelhart* (Cinnamonum camphora Ness & Eberm) 206 13.6 15.2
Manbarklak* (Eschweilera longipes Miers.) 183 14.3 12.8
Western hemlock (7suga heterophylla (Raf.) Sarg.) 81 6.5 12.5
Ipé (Tabebuia spp.) 175 14.2 12.3

‘White cedar’ (Thuja occidentalis L.) 42 6.9 6.1

Silver maple** (Acer saccharinum L.) 61 10.2 6.0
American white oak (Quercus alba L.) 71 12.5 5.7
Peroba rosa (Aspidosperma peroba Fr. Allem.) 83 17.2 4.8

*[Green et al. 1999].
**The wood database (http://www.wood-database.com).

Other species most susceptible to shear during bending are manbarklak —
12.8 and western hemlock — 12.5. The less susceptible to shear during bending
are white oak — 5.7 and silver maple — 6.0.

The ratio parameter values for exotic species is presented in last table 3.

Table 3. Bending and shear strength for exotic wood [Jankowska et al. 2012]

The trade and Latin name of wood Bending Shear Ratio
according to EN 13556:2003 strength  strength  (zario)
R [MPa] S [MPa] R/S
Obeche (Triplochiton scleroxylon K.Schum.) 73 4.0 18.2
Azobe (Lophira alata Benks. ex Gaertn.f.) 246 15.0 16.4
African padouk (Pterocarpus soyauxii Toub.) 134 8.5 15.8
Tatajuba (Bagassa guianensis Aubl.) 109 7.0 15.6
Pterygota (Pterygota macrocarpa K.Schum.) 86 7.0 12.3
Gombeira (Melanoxylon brauna Schott.) 182 23.9 7.6
Pau amarelo (Euxylophora paraensis Huber.) 125 16.6 7.5
Bintangor (Calophyllum spp., e.g. C. inophyllum L.) 80 11.5 7.0
Kempas (Koompasia malaccensis Maing.ex Benth.) 110 16.0 6.9
Avodire (Turraenthus africanus (Welw.ex C.DC.) 86 12.5 6.9
Pellegr.)

For all 40 species p; = 0.728 > 0.50 or p;” =0.76 > 0.50 and 1; = 1.12 > 0.88
or 43" =0.73 < 0.88, which means good correlation and log-normal distribution.

On the histogram in figure 5.3, we see that four species stand out from the rest.
These are obeche, azobe, tatajuba and African padouk.
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The lowest susceptibility to shear is shown by avodire wood, with ratio 6.9,
consistent with the American source where ratio is 6.3. For kempas wood, we do
not see this compatibility. An exotic species more susceptible to shear during
bending is, for instance, pterygota — 12.3.

Let us now use the Kolmogorov-Smirnov test to study the compliance of the
ratio distributions with the three sources. Such compliance of the data occurs
only for the exotic and Polish wood species 4,3 =0.58 < 1.36. However, Polish
and American sources show a discrepancy 4,, = 1.80 > 1.36, similar to the data
for exotic and American species 4, 3 = 1.61 > 1.36. But the last two distributions
show compliance on alpha level 0.01 (4, ; =1.61 <1.63).

Results of data research

The ratio showed log-normal distribution at a significance level of 0.05 (or
more) in all three sources (fig. 5). These distributions show mutual conformity at
a significance level of 0.01, except for the American and the older Polish
sources.

6T mean value: 10.8 60 T mean value: 8.7
5 standard deviation: 3.5 standard deviation: 1.7
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Fig. 5. Histograms (1-3) of the bending and shear strength ratio acc. : 1) Krzysik
[1978], 2) Green et al. [1999], 3) Jankowska et al. [2012], 4) all sources — correlation
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All histrograms have the same dominant value of 9. The medians of ratio
values, together with the right and left deviations, for all sources are:
ratio,=103%5%,  ratio,=8.6"\),  ratio,=9.9"%} (24)
where the aritmetic mean is 9.6. Statistic extremes of ratio are 25.4, 14.9 and
20.9 respectively (the aritmetic mean is 20.4). American data 2) have the best
correlation and the smallest deviations. Exotic species 3) ratio distribution
parameters have intermediate values. On the basis of the conformity of this
source with sources 1) and 2), it can be assumed that the ratio=9.9"35 is the
value for wood species from all over the world. For comparison, other authors
assume that the “lower limit” of ratio is 10 [Soltis and Rammer 1997]%.

Conclusions

The analysis of the bending strength test of a beam that was not enough long
showed that the role of shear may be higher than the role of the bending moment
and support crushing. For crushing stresses, Norris criterion was better than Hill
criterion (according to Rowlands et al. [1985]). Three types of bendings were
described as: normal bending (for a long beam), bending with shear (for
a medium beam) and shear bending (for a short beam). The introduction of an
intermediate state for a medium beam is a novelty. In this state of bending, shear
stresses dominate locally, but not globally. In other words, the wood effort of the
global minimum changes to the local maximum.

During the bending strength test, the shear span-depth ratio 2c¢/h for
amedium beam should be greater than half of the bending-shearratio R/S —
(22b). For a long beam, shear span-depth ratio should be greater than bending-
-shear ratio divided by root of two — (22a).

On the basis of (22b), (24) the shear span of the medium beam can be
determined for*":

— Polish source: 5175 <2elh <737 (25.1)
— American source: 4.28"0% <2c/h< 6.1 (25.2)
— exotic wood: 50" <2¢/h<7.07 (25.3)

Statistic extremes of medium beam shear span depth ratio are 18.0, 10.5 and
14.7 respectively (the aritmetic mean is 14.4). By analogy, the maximal shear
span depth ratio for a short beam is 12.7, 7.4, 10.4 respectively (mean 10.2). For
comparison, the standards [BS 373:1957, PN-68/D-04103, ISO 3133, DIN
52186, ASTM D 198-02, EN 408] give the shear span depth ratio 2¢/h equal: 14
(or 6), 12 or 8V, 14 £2, 15, 10"V-24"V, 12V £2, respectively?. It determines the

* However, their diagrams in figures 2, 3, 4, 5 suggest an upper limit.
2l We disregard here the witdth contact (w and a).
22 Superscript ¥ refers to the IV-point bending method.
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correct shear span length of long beams but doesn’t exclude the extremes of
medium beams. The exception is the old standard [PN-68/D-04103] (or [BS
373:1957]), which suggests too short beam in the IV-point bending method.

One should be careful with the species more susceptible to shear, i.e.
Europan lime, common alder, European walnut or western hemlock. Thanks to
tables like 1-3, we can match the span to a given wood species. For the species
that are less susceptible to shear during bending, such as mulberry, yew, robinia
or American white oak, silver maple and avodire, even 30% shorter beams could
be used. Here, caution should be exercised that the specimen is not crushed
(condition (16b)).

In the case of IV-point bending, the values of shear span should practically
equal that of III-point bending. However, the IV-point method is less prone to
wood crushing by loading support. Moreover, only this method has exact stress
on given by (1b), without other stress. Interestingly, this fact doesn’t depend on
the size of the supports.

References

Azzi V.D., Tsai S.W. [1965]: Anisotropic strength of composites. Experimental Mechanics:
283-288

Camanho P.P. [2002]: Failure criteria for fibre-reinforced polymer composites.
Departamento de Engenharia: 1-13

Gaddum J.H. [1945]: Longnormal distributions. Nature 156: 463-466

Garab J., Szalai J. [2010]: Comparison of anisotropic strength criteria in the biaxial stress
state. Drewno 53 [183]: 51-66

Gol’denblat 1., Kopnov V.A. [1966]: Strength of glass reinforced plastic in the complex
stress state. Polymer Mechanics 1: 70-78

Green D.W., Winandy J.E., Kretschmann D.E. [1999, (2010)]: Wood handbook — wood as
engineering material. Chapter 4 (5): Mechanical properties of wood, USDA Gen. Tech.
Report 113 (190), FPL, Madison

Guindos P. [2014]: Comparison of different failure approaches in knotty wood. Drewno 57
[193]: 51-68. DOI: 10.12841/wo0d.1644-3985.065.03

Hertz H. [1881]: Uber die Beriihrung fester elastischer Kérper (On the contact of elastic
solids). Journal fiir die Reine und Angewandte Mathematik 92: 156-171

Hill R. [1948]: A theory of the yielding and plastic flow of anisotropic metals. Proc. Roy.
Soc. London 193: 281-297

Hoffman O. [1967]: The brittle strength of orthotropic materials. Journal of Composite
Materials 1: 200-206

Huber M.T. [1904]: Wlasciwa praca odksztalcenia jako miara wytezenia materiatu (Specific
work of strain as a measure of material effort). Czasopismo Techniczne XXII: 38-50, 61-
62, 80-81, Lwow. Archives of Mechanics 56, 3: 173-190 (2004)

Jankowska A., Kozakiewicz P., Szczesna M. [2012]: Drewno egzotyczne — rozpoznawanie
wlasciwosci zastosowanie. Wydawnictwo SGGW, Warszawa

Johnson K.L. [1985]: Contact mechanics. Cambridge University Press

Kolios A.J., Proia S. [2012]: Evaluation of the reliability performance of failure criteria for
composite structures. World Journal of Mechanics 2: 162-170



174 Grzegorz Koczan, Pawet KozAKIEWICZ

Kollmann F., Coté W.A. [1984]: Principles of wood science and technology. Vol. 1. Solid
wood. Reprint Springer-Verlag, Berlin, Heidelberg, New York, Tokyo

Kordzikowski P. [2012]: Wyt¢Zenie wybranych materialéw anizotropowych z asymetria
zakresu sprezystego. Zeszyty Naukowe Akademii Marynarki Wojennej w Gdyni LIII, 3
(190)

Kozakiewicz P. [2000]: Wytrzymato$s¢ na scinanie wzdluz wiokien drewna sosnowego
i $wierkowego w aspekcie normalizacji. Materialty 14 Konferencji WTD SGGW
,Drewno materiat wszechczaséw”. 13-15 listopad, Rogéw: 136-140

Krzysik F. [1978]: Nauka o drewnie. PWN, Warszawa

Kyziol L.[2009]: Wytrzymato$¢ drewna modyfikowanego w ztozonych stanach napr¢zen
(czes¢ IT). Zeszyty Naukowe Akademii Marynarki Wojennej w Gdyni XLX, 2 (177)

Lilliefors H.W. [1967]: On the Kolmogorov-Smirnov test for normality with mean and
variance unknown. Journal of the American Statistical Association 62, 318

von Mises R. [1928]: Mechanik der plastischen Formanderung von Kristallen. Zeitschrift fiir
Angewandte Mathematik und Mechanik 8: 161-185

Molin P., Abdi H. [1998]: New tables and numerical approximation for the Kolmogorov-
-Smirnov/Lilliefors/Van Soest test of normality. Technical Report, Bourgogne

Norris C.B. [1962]: Strength of orthotropic materials subjected to combined stresses. US
Forest Products Laboratory, Report No. 1816, Madison, WI

Rowlands R.E., Gunderson D.E., Suhling J.C., Johnson M.W. [1985]: Biaxial strength of
paperboard predicted by Hill-type theories. Journal of Strain Analysis 20, 2

Schneeweill G., Felber S. [2013]: Review on the bending strength of wood and influencing
factors. American Journal of Materials Science 3 [3]: 41-54

Soltis L.A., Rammer D.R. [1997]: Bending to shear ratio approach for beam design. Forest
Products Journal 47 [1]: 104-108

Sorn S., Bajramovic R., Hadziabdic V. [2011]: Examination of proper span/depth ratio
range in measuring the bending strength of wood based on the elementary bending
theory. TMT Conference, 12-18 September, Prague, Czech Republic

Timoshenko S.P. [1953]: History of strength of materials. McGraw-Hill, New York

Tresca H. [1864]: Mémoire sur I’écoulement des corps solides soumis a de fortes pressions.
CR Hebd Acad. Sci. 59: 754-758

Tsai S.W., Wu E.M. [1971]: A general theory of strength for anisotropic material. Journal of
Composite Materials 5: 58-80

Yoshihara H., Furushima T. [2003]: Shear strengths of wood measured by various short
beam shear test methods. Wood Science and Technology 37 [3]: 189-197

Zahr Vinuela J., Perez Castellanos J.L. [2015]: On the use of the anisotropic criterion of
von Mises (1928) as yield condition for particle reinforced composites. Composite
Structures 12, 134: 613-632

Zhuravskii D.J. [1856]: Sur la résistance d’un corps prismatique et d’une piéce composée en
bois ou en tole de fer a une force perpendiculaire a leur longueur. Mémoires Annales des
Ponts et Chaussées 3a. Serie 12, 2: 328-351

List of standards

ASTM D 143-94 [1994]: Standard test methods for small clear specimens of timber. 8: Static
bending. 14: Shear parallel to grain. (reapproved 2000, current 2014)



The role of shear stress in the bending strength test of short and medium length specimens... 175

ASTM D 198-02 [2002]: Standard test methods of static tests of lumber in structural sizes. 3:
Terminology. 4-11: Flexure (inludes strenght). (reapproved 2003, current 2015)

BS 373:1957 [1957]: Methods of testing small clear specimes of timber. (confirmed-current)

BS EN ISO 14130 [1998]: Fibre-reinforced plastic composites. Determination of apparent
interlaminar shear strength by short-beam method. (current)

DIN 52186 [1978]: Priifung von Holz. Biegeversuch. (Testing of wood. Bending test.)(curr.)

EN 13556 [2003]: Round and sawn timber — Nomenclature of timbers used in Europe. (curr.)

EN 408:2010 [2010]: Timber structures — Structural timber and glued laminated timber —
Determination of some physical and mechanical properties. 19: Bending strength parallel
to grain. (annexed +A1:2012 - current)

ISO 3133 [1975]: Wood — Determination of ultimate strength in static bending. (rep. 2014)

ISO 3347 [1976]: Wood — Determination of ultimate shear stress parallel to grain. (curr.)

ISO 8375 [2009]: Timber structures — Glued laminated timber — Test methods for
determination of physical and mechanical properties. 13: Determination of bending
strength of the beam. (reviewed-current)

ISO 13061 [2014]: Physical and mechanical properties of wood. Test methods for small clear
wood specimens. 3: Determination of ultimate strength in static bending. (current)

PC 022-67 [1967]: HdpeBecuna. Merton onpenerneHus mpeaena MpOYHOCTH MPH CTATHIECKOM
u3rybe. (Wood. Determination of the static bending strength.)

PN-68/D-04103 [1968]: Fizyczne 1 mechaniczne wlasnosci drewna. Oznaczanie
wytrzymatosci na zginanie statyczne. (Physical and mechanical wood properties.
Determination of the static bending strength.) (replaced 1977)

PN-77/D-04103 [1977]: Drewno. Oznaczanie wytrzymato$ci na zginanie statyczne. (Wood.
Determination of ultimate strength in static bending.) (withdrawn 2014)

PN-59/D-04105 [1959]: Drewno. Oznaczanie wytrzymatosci na Scinanie wzdluz widkien.
(Wood. Determination of ultimate shear stress parallel to grain.) (replaced 1971)

PN-79/D-04105 [1979]: Drewno. Oznaczanie wytrzymalo$ci na $cinanie wzdhuz widkien.
(Wood. Determination of ultimate shear stress parallel to grain.) (withdrawn 2015)

PN-EN 408:2004 [2004]: Konstrukcje drewniane. Drewno konstrukcyjne lite i klejone
warstwowo. Oznaczenie niektorych wtasciwosci fizycznych i mechanicznych. 13:
Oznaczenie wytrzymatosci na zginanie. (replaced by English 2010, see title of EN-408)

Submission date: 17.03.2015
Online publication date: 12.04.2017



	ASTM D 198-02 [2002]: Standard test methods of static tests of lumber in structural sizes. 3: Terminology. 4-11: Flexure (inludes strenght). (reapproved 2003, current 2015)
	BS 373:1957 [1957]: Methods of testing small clear specimes of timber. (confirmed-current)
	BS EN ISO 14130 [1998]: Fibre-reinforced plastic composites. Determination of apparent interlaminar shear strength by short-beam method. (current)
	DIN 52186 [1978]: Prüfung von Holz. Biegeversuch. (Testing of wood. Bending test.)(curr.)
	EN 408:2010 [2010]: Timber structures – Structural timber and glued laminated timber – Determination of some physical and mechanical properties. 19: Bending strength parallel to grain. (annexed +A1:2012 - current)

