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EXPERIMENTAL ANALYSIS OF OMEMBACTION OF BENDING,
SHEAR AND TORSION ON TIMBER BEAMS

Tihomir Stefi i Aleksandar Juri(j Pavao Marovili

Preliminary notes
Wood is an anisotropic material, i.e., it is composed o&filthat correspond better to normal stresses in the longitudtieetiah or in the direction of
fibres and poorly to stresses perpendicular to the fibres afiek tlongitudinal shear stresses. In practical situationshietier to avoid these stresses,
although that is often very difficult. Because of this, theyammslof different interactionsetween shear and normal stresgerpendicular to the fibres is
necessary. In this paper an experimeatalysis of interaction of stresses froonsion and bending caused by an eccentigasforce was performed.
The results are compared in a simple and practical way vétbalculated values and the values from a linear numerical niduepaper analysed shear
stresses parallel to the fibres and norstiasses perpendicular to the fibres #radresults are shown numerically and grae/displacement diagrams.

Keywords:bending, experimental analysis, interactishear, stress, timber beam, torsion, wood
Eksperimentalna analiza zajeékog djelovanja savijanja, posmika i torzije drvenihyaosa

Prethodno pri@mije
Drvo je anizotropan materijal, odnosno, efiste od skupa viakana koja bolje podnosemaina naprezanja u svom uzduznom puaii pravcu vliakana, a
slabije okomito na pravac vlakana te pofmiu uzduznom pravcu. U prakiim slufajevima potrebno je izbjegavati pej ovih nepovoljnih naprezanja,
iako je to u pravilu teSko izvedivo. Iz togzlaga, neizbjeZne su analize interakcija iZmevih posmmih te normalnih naprezanja. U radu je eksperimentalno
analizirana interakcija naprezanja od torzije i savijanja kroz djelovanje ekfmemntrpoprgmom silom, a rezultati su na jednostavan i praktinain
usporejvani s rajunskim vrijednostima te vriginostima dobivenim linearnim numéxim modelom. Naglasak je stavljen na pofrai naprezanja paralelno
vlaknima i normalna naprezanja okomito na vlaknazalt&i su prikazani tablicom i dijagramima sila/pomak.

Klju fme rije [ drveni nosg drvo, eksperimentalna analiza, interakcija, naprezanje, posmik, savijanje, torzija

1 in shear design, the shear stresses rarely exceed the
Introduction allowed values. Beside this problem, in shear design, the
influence of cracks [4] is taken into account also by
Although shear strength, after tensile strength reducing the shearrength with factok,. Shear stresses
perpendicular to the fibres, is the smallest strength of the also appear because ofettpresence of torsion, and
wood, the design of timber stiures for the influence of ~ according to [2] we use these expressions:
shear according to euroco®@5 [1] rarely dictates the

final size of the elements cross-section. The shear stresses M; . .
can be calculated according to [2] as: 4 W, Wor Db, W KW (4)
or
L B; 74 TYSZ. (1) Coefficient . is used for torsion of rectangular cross
bl, bl, sections by defining the section modulig.f) from the

ration of the heighth) and the width if). Coefficient
For the design of wooden beams to normal and shear defines the relation between the shear stress on lomger (

stresses, according to [3he simplified expressions can ~ a@nd shorterl side of the cross section.
be used:

KV, W Myd g )
X, X m,y,d m,d?
Wy
Va
W, Y% lSK df, 4. 3)

Most commonly shear fordeas its greatest value in
the proximity of the supports, where it is also common to
have a reduction of the cro_ss-sect]on in order to reduce a) Beams at the end where secondarp) Non symmetrical loading
the amount of used material, which then results in a beams come only from one side of a beam
complex state of stresses. The analysis of this state of
stresses, whose main components are shear and tensile
stresses perpendicular to the fibres, is done through the  Through the design of wooden structures we try to
design of shear stress wittetheduction of shear strength  5y0id torsion of elements with different shape and
by a factork, (caused by the reduction of the cross section constructive measures, andarry all loads through
in the lower zone) and the reduction of shear force in the nreferably bending. If we can succeed in doing that we
proximity of the supportsAlthough these places in |l have only tensile and/or compressive normal stresses
structures are dangerous and require additional attention {5 which wood corresponds better. In practice it is rarely

Figure 1 Examples of beams where the interaction occurs
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possible to have pure bending and/or torsion and not to load application, points and direction of deformation
have shear stresses in the fibre direction and normal measurements are shown in Fig. 2, and the boundary and
tensile stresses perpendicular to the fibres. Also it is rarely load applying conditions are shown in Figs. 3, 4 and 5.
possible to avoid different imperfections during

construction or similar deviations from planed shapes and F
sizes, which will result in torsion and other non
favourable stresses. The case of interaction of bending, ev
shear and torsion can occur mof beams and frames as pv ph
shown in Fig. 1. : i Y T
One of the preliminary versions of eurocodes and M
literature that is based on them [3], supplied an ¢ =
approximate design procedure for the interaction of shear A Y
and torsion, and in that design the emphasis was made on 2 3 pl!
the influence of torsion oveshear. The expression is: . b F ph
Figure 2 Schematic view of load apphg and measured deformation
2

Wa §Wd i (5) The beam was firstly subjectéd a series of smaller

fiora  Sva ¢ loads and unloads, and aftiwat the breaking load was

applied £ 82100 N,Vs, 81050 N). The same procedure
where it was proposed to use the shear strength of woodwas performed on two more identical beams with the
fy.q for the torsion strengthy, ¢ same geometry and boundary conditions. As can be seen
According to the earlieused design procedures, this experiment produced bending, shear and torsion
Method of allowed stresses [5], the following expression stresses and therefore its results present the interaction of
was used: mentioned stresses.

III lt |m d Illd’ (6)

where the longitudinal shear stress from torsion and
bending is summed up and compared to the allowed
stress.

Bearing in mind that wood is an anisotropic material
consisting of many "tubes"récheas) [6] ah [7], that
correspond better to loads in longitudinal direction or in
the direction of the filws, and poorly to loads
perpendicular to the fibres, we can assume that the logical
and probable collapse from bending and/or torsion will be
initiated with the detachment of tracheas. That means that
the element would break under exceeded longitudinal
shear and/or normal tensile stress perpendicular to the
fibres. Along with the relation between different stresses,
the moisture content in wood is important and is still
studied by many authors [8]. In this investigation only
one kind of solid timber was used and all specimens were
kept in the same conditions, i.e., they had the same

Figure 3 Testing machine

moisture content. The failure of the testebeams occurred through a
spiral longitudinal (fibre direction) crack, as shown in

2 Figs. 6, 7 and 8. It can be assumed that the breaking

Experimental analysis happened from the influence of the combined shear stress

o in the longitudinal direction and normal tensile stress
Geometry of the used beam, characteristics of the perpendicular to the fibres. Buo natural curvature of the
material, characteristic stresses with the assumed materialfibres and sawing of wood some fibres do not extend

strengths are shown in Tab. 1. _ throughout theentire beam. Because tfis they cannot
In the experiment the beam was loaded with an transfer stresses (load) furthend at this point the crack
eccentric force (with &onstant eccentricitgv = 8 cm) begins. In this manner the cross section begins to weaken

and the deformations were maesd at the border fibres and break, as shown in Fig. 8.
in the middle of the span. A schematic overview of the

Table 1 Characteristics of the tested beam

Assumed material Shear Tensile stress
Geometry h e f solid stress — bending | Shear stress - torsion Total shear stresp dicul he
/' mm ch aracteristics of soli by shear force / / N/min? | N/min? perpendicular to the

timber C14 / N/mrf fibres / N/mn?
N/mn?
b=23,0 Eo,mear 7000 » tor = Myod he’ fy
h=43,0 Eoomeai230 LS b f,= 1,7 N/mnf f,= 1,7 N/mn | foe0=0,3 N/mmA
L =554 Gea™440 Voo [D=0,242, = 0,222
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Figure 5 Deformation during the applying of load

Figure 6 The failure of the sample

Figure 4 Measring of deformation and applying of load

According to the assumptions and in order to have a
better insight into influence of torsion the measured
vertical and horizontal deformations were transferred into
the relative rotation angle around the longitudinal axis of
the beam. The results are shoim the shape of the shear
force/displacement diagramsjg. 9, and compared in
Tab. 2 as radians and stresses. In the diagrams in Fig. 9
the thinner lines represent series of smaller loads and
unloads and the thicker (blue, red and green) represent
loading until the breaking of the specimen. All three
specimens showed very similar results and for better
overview only mean value is used in the diagrams.

Figure 7 Failure by separation of the ends of fibres

Figure 8 Failure by separation and breaking of fibres

1,2

Shear force /kN

-8 -6 -4 -2 1] 2 4 6 8
Displacement / mm
—#-— pvl - vertical displacement —— ph3- horizontal displacement —&— phd4 - horizontal displacement
=#=pv1- vertical displac. - break == ph3- horizontal displac. - break == ph4 - harizantal displac. - break

Figure 9 Force/deformation diagram
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3 model with isotropic material was computed using
Numerical analysis - stress distribution software ROBOT [9]. Thed4-node tetrahedrons finite
elements were used and the boundary conditions were
In order to have a better insight into the stress defined with fixed deformations at edges of the model in
distribution on a three dimensional element, as all order to present fork-like pinned supports. Beams with the
structures actually are, anfie element analysis was applied loads and inner forces are shown in Fig. 10. In
performed for all three caselsending with shear force, order to simulate bending and shear (Fig. 10a) the load
torsion and the combined bending with shear force and (F) is applied in the middle of the cross section. The
torsion. The analysis was conducted for three values of torsion (Fig. 10b) is simulated by applying two forces on
forces from which the last one had a value approximately the edges of the cross section. Bending with shear and
as the breaking force~( § 2000 N, Vq, §1000 N) as torsion (Fig. 10c) was simukd by an eccentric force on
shown in Tab. 2. Because the used beam represents aonly one edge of the cross section. All these cases were
statically determined strugte a linear finite element also simulated in the FEM analysis (Figs. 11, 12 and 13).

a) b) c)
Figure 10 Examples of the applied load: a) Bending witeat b) Torsion, c) Bending with shear and torsion

a) Normal stressesx parallel to the fibres b) Normal stressegy perpendicular to the fibres

¢) Normal stressesz perpendicular to the fibres d) Shear stresses parallel to the fibres

Figure 11 The distribution of stress - bending with shear

The distribution of normahnd shear stresses on the The stresses from torsion also exhibit similar points
selected model for all load cases: bending with shear of concentration but a little closer to the support. The
force, torsion and combined bending with shear force and stress from the combination is a sum of the two previous
torsion is shown on the outer surface and on several cases.
sections in Figs. 11, 12 and 13.

It can be seen that theoncentration of stresses 4
occurs near the support (both perpendicular normal Comparison of results
stresses and shear stresses) and that was confirmed with

the results of the experiment, Figs. 6, 7 and 8, i.e., the In Tab. 2 the calculatedresses, the stresses from the
failure of the specimen. experiment and the finite element analysis results are
compared.

656 Technical Gazette 19, 3(2012), 653-658
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a)Normal stressesx parallel to the fibres

b) Normal stressegy perpendicular to the fibres

¢) Normal stressesz perpendicular to the fibres

d) Shear stresses parallel to the fibres

Figure 12 Distribution of stress - torsion

a) Normal stressesx parallel to the fibres

b) Normal stressegy perpendicular to the fibres

¢) Normal stressesz perpendicular to the fibres

d) Shear stresses parallel to the fibres

Figure 13Distribution of stress - bending with shear and torsion

Table 2Comparison of results
Shear stress from | Read shear stress Normgl stress
Shear stress from - - h . perpendicular to the
Geometry bending with shear Shear stress from | bending with shear| from bending with fibres from bendin
/ mm forceg/ N/mni torsion / N/mm force and torsion / shear force and with shear force ar?d
N/mm? torsion / N/mn torsion / N/mra
Cal_culatlon for Experiment Calculgtlon + FEA FEA
experimental values experiment
v 1%% YV w=meim ot | W= wi W= W+ W, fg0= 0,3 N/mmd
for Vgry 8500 N :
b=23,0
=430 for Ve §500 N M";i 000010 | forVey 500N | forVay 8500N | forVay 8500 N
L = 554 W= 0,76 < 1,7 for V. '§750 N W=1,305<1,7 W=1,285<17 oo sv= 0,18 <f,q0
for Vg,y 8750 N MES% 388 raa for Vg,y 8750 N for Vg, 8750 N for Vg 8750 N
We1,14<17 W= 0 767 <17 W= 1,907 81,7 W=1,81881,7 Woo,stv= 0,32 >fi o0
for Vs, 81000 N for V_ § 1000 N" for Vg 81000 N for Vg, 81000 N for Vg, 81000 N
We152<17 /I/zvo,3274 raoi W=2572>1,7 W=2,351>1,7 Woo,stv= 0,46 >f; oo
W/=1,052<1,7

For three selected values of shear forces, as shown inbending with shear force was calculated and added to the
Tab. 2, the shear stresses for all load cases wereshear stress from torsion calculated from the relative
calculated and compared. The highest shear stress fromangle of rotation from the experiment. As can be seen the

Tehniki vjesnik 19, 3(2012), G53-
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highest shear stress from bending with shear force doesAuthors’ addresses
not exceed the shear strength, i.e., it does not cause theT. g N
failure. Because of that it can be concluded that the ihorir Stefi dipl. ing. gray .
.a' ure. e J. J. Strossmayer University of Osijek
influence of shear stress frotarsion is what causes the  Faculty of Civil Engineering Osijek
failure. Drinska 16a

The tensile normal stress perpendicular to the grain 31000 Osijek, Croatia

. . . . e-mail: tstefic@gfos.hr

was calculated numerically and it can be noticed that it
also exceeds the strength fhe force similar to the force Doc. dr. sc. Aleksandar Jurii dipl. ing. gray:

necessary to exceed the shear strength (Tab. 2). J. J. Strossmayer University of Osijek
Faculty of Civil Engineering Osijek
Drinska 16a

S . 31000 Osijek, Croatia

Conclusion e-mail: ajuric@gfos.hr

On the basis of the experimtal analysis of shear and Eﬁxf}e?giticéfpg;l?to Marowi dipl. ing. gray
normal stresses caused by shear forces, bending andeacyity of Civil Engineering, Architecture and Geodesy
torsion it is shown that the cause of the cracks and failure Mmatice hrvatske 15
of beams are shear and normal tensile perpendicular 21000 Split, Croatia
stresses caused by torsion. The fact that wood is a natural®-mail- marovic@gradst.hr
anisotropic material with always present imperfections
caused by manufacturing, building and specific situations
of loading only emphasises this problem. Bearing this in
mind it can be said that stresses from torsion cannot be
avoided and that it is a necessity to check in more detail
than present design checkssdlin present design checks
there is no solution or way to investigate other shear
stresses and/or combination of these with other normal
(parallel and/or perpendicular) stresses which can be a
topic for some future investigations.
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