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Abstrat

Wood is an anisotropi material and, further, beause of its natural ori-

gin the mehanial properties might signi�antly di�er also between eah

sample whih is tested. Ordinary methods for evalution of solid mehani

properties often destroy the tested speimen. It is therefore not ommon

pratie to evaluate more than one property, e. g. Young�s modulus for

tension, at the same time and sample. Di�erent tests also have di�erent

reommendations of how the test speimens should be designed in order

to test the property of interest. When alulations shall be made by e.

g. the Finite Element Method values for a number of properties must be

inluded and when the resulting onstrution is after this examined it is

not easy to know if disrepanies depend on unreliable input data. This

paper therefore desribes tension, ompression and bending tests for one

spei� detail, a wood beam of ash wood. The applied fores are well

under those where rupture ours and hene the material is assumed to

be intat under all testing proedures.

INTRODUCTION

Solid mehanis for wood is very di�ult. This beause of the natural origin of

the material where the properties depend on the diretion of the applied fores.

Traditionally, three diretions are studied, viz. longitudinal, radial and tangen-

tial, see Referene [1℄ page 293. When wooden strutures are to be designed

properties for all those di�erent diretions must be onsidered. However, di�er-

ent samples might also di�er very muh beause of growth onditions et. For

building purposes this has been solved by setting a very low allowable stress

for the wooden parts. Furniture, suh as hairs, is not the subjet for suh

hazardous onsequenses if the onstrution breakes. Hene, higher allowable

stresses ould be used. In our earlier researh we have made alulations by use

of the so alled Finite Element Method, FEM, for hairs. When the alula-

tions are to be elaborated ertain input data must be used, e. g. the Young�s

modulus. For many onstrution materials this modulus is assumed to be the

same for both tension and ompression but for wood this might not always the

ase. The breaking strength in tension is about twie the strength during om-

pression. When a beam is bent, e.g. during a three point bending experiment,

the ompressed side starts to breake for a lower strain than the tensed side.

The so alled neutral axis will therefore move and lassi theory an no longer

be used. The problem is to a part dealt with in Referene [1℄, page 361. In
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earlier work we have examined strutures in the form of hairs. Input data in

our FEM alulations have been both values found in literature and those found

by own experiments with traditional testing equipment. The FEM alulations

lead to internal fores in the struture and we have tried to validate these fores

by strain gauge meters applied on the beam members in a hair. These exper-

iments showed that large disrepanies sometimes oured between alulated

and monitored values, see Figure 1.

Figure 1: Monitored and alulated strain for di�erent parts in a hair, see

Referene [2℄.

For gauge No. 4 the disrepanies were relatively small while gauge No. 3

showed a muh larger di�erene between monitored and alulated values. The

question is now if these di�erenes depends on the alulation proess or if the

material parameters are so inreliable that alulations must be used only for

approximative purposes.

CASE STUDY

The problem with traditional testing of solid mehanial properties for wood

is that there are large variations for di�erent trees, di�rerent origin inside the

same tree, di�erent moisture ontents, density and so on. Beause of this many

speimens of the same type must be examined and the average value is after this

thought to re�et the onditions when e.g. FEM alulations are elaborated. It
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an therefore not be asertained that the tested struture is built of wood with

the same properties as shown by these average values. The situation is shown

in Figure 2 and 3 whih show some ompression tests for ash wood, Fraxinus

exelsior.

Figure 2: Compression tests for ash wood, Fraxinus exelsior.

In Figures 2 and 3 ten di�erent tests are shown. The omputerised monitor-

ing system has alulated the Young�s modulii within the range of 10.1 to 17.9

GPa with an average of 13.3 GPa. The maximum ompression strength varied

between 76.7 to 83.4 MPa with an average of 80.5 MPa. The moisture ontent

varied between 4.99 up to 6.95 % with an average of 6.25 %. In Referene [3℄

page 164 the same value is said to be only 51 MPa but then for air dry on-

ditions whih equals about 12 or 15 %, Referene [3℄ page 111. Compression

strength for oven dry ash wood is shown in Referene [1℄ page 343 and the values

varies from about 50 to 130 MPa depending on the spei� gravity. There are

no values for the Young�s modulus for ash under ompression in [3℄ but in [1℄

page 295 a value of about 16 GPa is shown but then it is not mentioned if om-

pression or tension is used, only that the load was applied in the longitudinal

diretion. The above disussion shows that there is a di�ulty in hoosing the

right alulation data for a struture.

In order to study the situation for more onstant onditions we have therefore

manufatured a beam of ash wood with a length of 1 m and a ross setional

area of 0.04 × 0.04 m. Strain gauge meters have been applied on two sides with

a distane of 0.2 m. The beam has after this been loaded with di�erent weights

both under tension and ompression and further examined under bending. We

have tried to use the most simple equipment for the tests in order to exlude

all measuring errors. The load has been well under the level where rupture

should our and hene the internal struture of the ash wood material should

not have been a�eted during the experiments. The result for tension is shown

in Table 1.
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Figure 3: Compression tests for ash wood, Fraxinus exelsior.

The result in Table 1 is very disouraging. Even if a weight of 25 kg were

lifted by the beam some of the strain gauge meters showed that ompression

atually oured. Meters no. 1 and 8 is loated at the same level but on opposite

sides of the beam and about 0.16 m from the hinge, see Figure 4.

For the next pair, no. 2 and 7 the �rst one showed tension and the other

ompression whih is also valid for the pair no. 3 and 6. The meters applied

about 0.16 m from the other hinge both showed tension but not exately the

same values, see no 4 and 5. When a high load, see the values for 170.62 kg,

was applied almost all of the meters showed tension but di�erenes are large

between the metering devies. Meter no. 8 showed ompression during the

whole experiment and almost always to the same amount while meter no. 1

showed inreasing values. This shows that only one side of the beam takes part

Strain gauge Weight

No. 26.57 51.75 76.89 102.06 127.17 145.51 170.62

1 -9 19 45 73 100 118 142

2 18 37 53 73 91 105 122

3 10 17 27 38 48 55 67

4 14 17 23 30 34 39 44

5 6 4 7 20 26 34 46

6 -15 -5 9 16 28 33 44

7 -12 -6 -5 9 16 18 23

8 -11 -13 -17 -15 -19 -16 -19

Table 1: Strain in µ-strain for varying weight in kg. Tension.
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Figure 4: Experiment setup for tension of the ash wood rod.

of the work and further that a moment probably was introdued. The beam was

therefore slightly bent during the experiment. The moment, however, delines

for the lowest strain gauge meters i.e. no 4 and 5 and they show almost idential

values, at least for the higher loads. In Figure 5 values for two opposite meters

have been added and then divided by 2 in order to ahieve an average.

The magnitudes are not equal but the slopes for the urves do not di�er very

muh. By applying a straight line through the four urves in Figure 5, Young�s

modulus for tension has been alulated to 13,100 MPa.

The result for ompression is shown i Table 2.

During this experiment the load has been balaned on the ash rod while

keeping it in a vertikal position. The data show, however, that tension oured,

see the positive values, no matter the applied load. In Figure 6 average values are

shown for opposite strain gauge meters and Young�s modulus for ompression

has been alulated to 12,300 MPa.

Unfortunately, the experiments above seems to be very unreliable. When the

ash wood rod were used to lift weights up to 170 kg ompression ourred at some

points on the surfae and when the rod were thought to be ompressed some of

the strain gauge meters showed tension. In spite of all these disrepanies the

slope of the urves points to values for the Young�s modulus whih oinide, at

least to some extent, with those found in literature. If more reliable values are to

be ahieved muh more emphasis should be laid upon the experimental setup and
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Figure 5: Average values for opposite strain gauge meters during tension.

Strain gauge Weight

No. 26.57 51.75 76.89 102.06 127.17 145.51 170.62

1 -13 -44 -75 -122 -117 -118 -110

2 -2 -13 -30 -89 -54 -45 -44

3 -4 -22 4 -25 19 28 26

4 2 -19 16 -50 49 54 22

5 -8 -18 -57 -28 -117 -136 -150

6 -17 -30 -50 -1 -77 -103 -133

7 -15 -21 -39 6 -51 -90 -107

8 -8 0 -8 17 -3 -37 -50

Table 2: Strain in µ-strain for varying weight in kg. Compression.

more strain gauge meters applied also on the two other sides. The experiments

showed, however, that Young�s modulus for ompression is somewhat lower

than that for tension. The question is now if this ould be deteted when the

rod is bent. The most simple bending experiment we found was the one of a

loaded onsole beam �rmly onneted to a table, see Figure 7.

The strain for meter no. 1 and 8 , however, beame so large that only three

weights from our set ould be tested, see Table 3.

For this experiment the strain gauge meters showed values that were more

in oinidene with theory. On the upper side the rod was tensed while it was

ompressed on the lower side. The strain also inreased for longer distanes

to the load. The fat is that all the meters, exept for no. 2 and 7 showed

that the strain was larger on the upper side than the orresponding values on

the bottom. This must lead to the assumption that the ompression Young�s

module is larger than the tension ditto. This ontradits the result found for

pure tension and ompression where the opposite was valid. Interesting is also
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Figure 6: Average values for opposite strain gauge meters during ompression.

Strain gauge Weight [kg℄

Nr 26.57 51.75 61.75

1 1466 2960 3510

2 1020 1999 2385

3 608 1217 1437

4 289 570 680

5 -275 -541 -647

6 -573 -1104 -1329

7 -1028 -2008 -2413

8 -1323 -2610 -3134

Table 3: Strain in µ-strain for varying weight in kg. Bending.

to examine how the strain in Table 3 orresponds to theoretial values alulated

by use of the Young�s modulii found above. The moment is alulated as F

multiplied by the distane while the strain is alulated as:

ǫ =
M × z

E × I

where ǫ equals the strain, M the moment, z the distane from the neutral

axis, E a Young�s modulus of 13,000 MPa and I the moment of inertia. The

resulting strain values are shown in Table 4.

If Tables 3 and 4 are ompared it is obvious that the rod had higher strain

than expeted only for gauge no. 1 while all other meters showed the opposite

behavior. All monitored values seems, however, to follow straight lines, see

Figure ??.
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Figure 7: Bending experiment with a �rmly �xed onsole.

Strain gauge Weight [kg℄

Nr 26.57 51.75 61.75

1 1457 2837 3386

2 1081 2105 2512

3 705 1373 1638

4 329 641 765

5 -329 -641 -765

6 -705 -1373 -1638

7 -1081 -2105 -2512

8 -1457 -2837 -3386

Table 4: Calulated strain in µ-strain for varying weight in kg. Bending.

CONCLUSIONS

A rod of ash wood has been used for tension, ompression and bending exper-

iments. The measurements of Young's modulus showed slightly higher values

for pure tension than for pure ompression, 13,100 ompared to 12,300 MPa. It

seems, however, very di�ult to predit the preise strain on spei� spots on

the rod if lassi theory is used. The di�erenes between the eight strain gauge

meter values were large. This might depend on a poor experiment design but

also on an inhomogeneous miro struture of the ash wood. The two modulii

showed that the rod should show a higher strain on the ompressed side when it

was bent but the measurements ontradits this posture. For three of the om-

parable four points the strain gauge meters showed that the opposite ourred.

When the rod was bent the meters showed a linear behavior for an inreasing

moment but the strain values did not perfetly follow lassi theory when their

magnitude were onsidered.
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Figure 8: Monitored and alulated values for a bent onsole of ash wood.
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