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Well established standards (e.g., DIN 52 188 - 79 [1] and ASTM-D143-94 [2]) prescribe the use

of dog-bone shaped specimens (Fig 1) for the determination of clear wood tensile strength.

Well established knowledge assumes that;

• the gauge region is subject to a uniform distribution of pure axial stress,

• the anchoring region is subject to spurious stress produced by the jaws,

• the necking region allows stresses to regularize, avoiding any interference of the anchoring

system on the measurements performed in gauge region.

However, conflicting information is available in literature.

• The failure of clear wood samples outside the gauge region is often reported in literature

e.g., [3, Section 3.2.2] notices the failure of approximately 60% of the tested samples in the

necking region.

• ISO 527-4 [4] allows for using three types of test sample: dog-bone, prismatic without end-

tabs, and prismatic with end-tabs for fiber-reinforced plastic composites, specifying also that

dog-bone sample may be used only if failure occurs in gauge region.

A closer look at stress distribution in necking region is required.

Analytical recovery of stress distribution

2D equilibrium along 𝑥 and 𝑦 directions, can be written in the following form
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Assuming that the cross-section behaves as a rigid-boy, the following distribution of stresses

can be recovered (see [5] for details)
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• Both FE analysis (Fig 2) and analytical stress

recovery (Fig 3) confirm the presence of

spurious stresses in necking region, controlling

the failure of the specimen.

• Accept as valid also test on specimens

breaking outside gauge region introduces an ≈
5% error on the strength evaluation (Fig 4),

but leads the testing procedure to become

faster and cheaper.
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Fig 1:  : Clear-wood dog-bone sample as 

defined in [1]. hm = 6mm, hM = 15mm, la = 

100mm, ln = 80mm, lg = 110mm, r = 713mm, b = 

18mm.

FE analysis

The 2D domain and the constraints depicted in Fig. 1 have been discretized with a structured

mesh of CPS3 triangular FE (4701×101 uniformly distributed nodes), exploiting the highlighted

symmetries, and using the commercial software Abaqus.

Failure Index (FI) evaluation

The specimen failure has been evaluated according to Tsai-Wu FI, defined as
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using characteristic strength parameters of Norway spruce: 𝑓𝑡𝑥 = 77
𝑁

𝑚𝑚2 , 𝑓𝑐𝑥 = 44
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Fig 2: Stress distributions in dog-bone sample (axial force H=1N) evaluated 

according to FE analysis.

Fig 4: Distribution of the Tsai-Wu Failure Index (FI) in a Norway spruce clear-wood 

dog-bone sample hypothetically breaking in gauge region evaluated according to FE 

analysis. Black mark highlights the position of the maximal FI ≈ 1.05.

Fig 3: Stress distributions in dog-bone sample (axial force H=1N) evaluated 

according to analytical stress-recovery.
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