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Abstract. The paper deals with an experimental campaign of destructive tests 
in bending carried out on timber members in structural dimensions. The sam-
ple consists of 18 timber specimens of Chestnut (Castanea sativa) and  Corsi-
can Pine (Pinus nigra subsp. Laricio, Poir., Maire). They were part of the rafters 
extracted from the roof trusses of the 16th century building, the lyceum gymnasium 
Bernardino Telesio, located in the historic centre of Cosenza (Italy). The specimens 
dated back approximately to the mid-eighteenth century. Prior to destructive tests, 
all elements were strength-graded through visual assessment and non-destructive 
techniques (NDT). In this work, the four-point bending tests of the specimens, 
under quasi-static loading conditions are presented. The testing procedure applied 
was performed in preliminary elastic cycles and then until failure, according to EN 
408 (2012). The obtained results were analyzed to derive local and global elastic 
moduli, as well as bending strength. 

Keywords: Ancient timber structure · mechanical characterization · destructive 
test · bending test · failure modes · local and global elastic moduli 

1 Introduction 

In the field of timber constructions, the most direct and effective approach to reach 
a thorough understanding of the mechanical behavior of timber members, is to carry 
out Destructive Test (DT). Although it is the most comprehensive approach, DTs are 
generally not applicable to existing structures, since DTs result in physical alteration or 
irreversible damage to the specimen, compromising the integrity. Indeed destructive tests
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on existing timber structures are generally carried out in laboratory, by extracting the 
structure, or part of it, from the construction. On the basis of the specimen size, destructive 
tests can be classified as full-scale tests, on specimens in structural dimension (also 
called actual dimension), or small-scale tests, on specimens in small dimensions, which 
are typically defect-free [1]. In general, the main goal of DT is to achieve a complete 
knowledge about the mechanical characterization of the material, the evaluation of the 
global behavior of the structural unit, such as, for example, floor beams or trusses, and 
connections. 

The tests on specimens in structural or small dimensions are often performed with 
the purpose to evaluate the mechanical properties of different wood species in different 
anatomical directions and with reference to different stress states, generally according to 
test set-ups and protocols defined in EN 408 (2012). Often, destructive tests are preceded 
by Visual Strength Grading (VSG) analysis and non-destructive investigations, which 
allow to achieve preliminary relevant data on the mechanical properties. Most of the 
latest literature research about DT on ancient timber members is focused on tests in 
bending. A comprehensive description of the bending tests carried out recently by several 
authors is presented by Ruggieri [2], who also focused on the modes of failure. A huge 
experimental campaign consisting in compression and bending tests on ancient timber 
members made of Chestnut (Castanaea sativa) was carried out by Faggiano et al. [3–5]. 
Regarding the test in bending, local moduli of elasticity (Em,l) equal to 12.5 GPa and 
14.0 GPa were evaluated for structural and small dimension samples respectively, with 
a bending strength ( f m) equal to 41.1 MPa for structural dimension specimens and to 
39.7 MPa for small dimension specimens [4]. Ancient Chestnut wood was also tested by 
Branco et al. [6] and Calderoni et al. [7] on a limited number of specimens in structural 
dimension, finding local elasticity modulus in average equal to 9.4 GPa [6] and 8.7 GPa 
[7], as well as bending strengths in average equal to 25.0 MPa [6] and 36.2 MPa [7]. 

In this context, the paper presents the four points bending tests up to failure, carried 
out on ancient timber members made of Chestnut (Castanea sativa) and Corsican pine 
(Pinus nigra subsp. Laricio (Poir.) Maire), with the aim of characterizing the mechanical 
properties of these two wood species, which are widely spread in the heritage timber 
constructions from Southern Italy. The experimental set-up and protocols are illustrated, 
the results are discussed. 

2 Experimental Program 

2.1 Study Sample and Test Set-Up 

The experimental campaign was carried out on 18 timber specimens in structural dimen-
sions, having a length of 4.00 m and an approximately square cross-section of dimension 
equal to bxh = 200 × 200 mm. Before testing, the specimens were subjected to an exhaus-
tive geometrical survey, visual strength grading (VSG) and non-destructive techniques 
(NDT) [8].
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Bending tests were conducted according to EN 408 [9], in order to evaluate the 
mechanical parameters, such as local (Em,l) and global (Em,g) moduli of elasticity, bend-
ing strength (fm), as well as the failure modes. The static scheme adopted is a symmetric 
four-point simple supported beam, under quasi-static loading conditions up to failure. 
Tests were performed under load control. In addition, the following requirements by EN 
408 [9] were opportunely met: i) the minimum length of the specimen equal to 19h ± 
1.5h; ii) the distance between the support points equal to 18h ± 3h; iii) the distance 
between the load application points equal to 6h. In particular, an average height evalu-
ated over all the specimens was used, since specimens had a variable cross-section along 
the whole length. Therefore only one test set-up was designed and used for the entire 
sample, having the following geometrical features, with reference to the average height 
(h) of the specimen cross-section equal to 200 mm approximately: the length between 
the support points equal to 3600 mm (18 h); the distance between the load application 
points equal to 1200 mm (6 h). The support points are external to the frame, located at 
855 mm on the floor. The load was applied on the timber specimen by mean of two steel 
rolls. Due to the geometrical irregularity of the specimen, the steel rolls were levelled 
by means of timber chocks. 

The local and global vertical displacements were measured by seven linear variable 
displacement transducers (LVDTs) arranged according to the EN408 [9]; six LVDTs 
were placed along the specimen sides (three for each side, 1, 2, 3 on one side; 4, 5, 6 on 
the other side). In particular, 1–4 and 3–6 were placed at the middle of the beam, spacing 
5 h (equal to 1000 mm), while 2–5 were placed at the mid section (Fig. 1). In addition 
the LVDT 7 was placed at the bottom side of the middle-span (Fig. 1). 

Fig. 1. Bending test set-up. 

2.2 Test Protocol 

Each specimen was subjected to both elastic and failure tests. In particular, the elastic 
test was carried out to evaluate the local and global static moduli of elasticity (Eml and 
Emg) by the  Eqs.  1 and 2) [9]: 

Em,l = a · l
2 
1 · ( F2 − F1) 

16 · I · (w2 − w1) 
(1) 

Em, g = 3al2 − 4a3 
2bh3

(
2 w2−w1 

F2−F1

) (2)
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Fig. 2. Determination of the local and global Elastic Moduli (Eml and Emg) [9]. 

In Figs. 1 and 2, a is the distance between a loading position and the nearest support 
(equal to 6h), l1 is the gauge spacing equal to 5h, F2-F1 is the load increment on the 
straight-line portion until the value of 0.40 Fmax, I is the second moment area of the cross-
section, assumed as rectangular, w2-w1 is the displacement increment on the straight-line 
portion corresponding to the F2-F1 load increment, l is the length between the simple 
supports, b and h are the base and the height of the rectangular cross-section. 

Thus, three cycles in elastic ranges were carried out using a quasi-static loading 
procedure and limiting the maximum applied force within the conventional linear branch, 
to 0.4 Fmax, where Fmax is the expected failure load. The latter has been estimated by 
the results of the VSG classification reported in Verre et al. [8], together with the failure 
bending moment (Mmax). The 3 cycles procedure has been applied to progressively reach 
the force value equal to 0.4Fmax. 

After the elastic cycles, the specimens were tested in bending up to the failure through 
a quasi-static loading procedure. The same test set-up as for the elastic cycles was used, 
but with just the LVDT n.7, placed at the bottom side of specimen, in order to evaluate 
the absolute vertical displacement. The ultimate bending strength, f m, was determined 
as it follow (Eq. 3): 

fm = a · Fmax 

2 · W 
(3) 

where W is the section modulus of the rectangular cross-section. 

3 Test Results and Discussion 

The main outputs of the elastic bending tests are showed in Table 1. In particular, for CS 
the average value of Em,l and Em,g are respectively equal to 5840 MPa and 6000 MPa, 
while for PNL they are respectively equal to 9915 MPa and 8615 MPa. The maximum 
value of Em,l is equal to 8200 MPa for CS and 14000 MPa for PNL. The minimum value 
of Em,l is equal to 4200 for CS and 4400 for PNL. It is evident that the values obtained 
for Corsican Pine (PNL) are on average higher than those for Chestnut (CS) for both the 
local and global moduli of elasticity.
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Table 1. Elastic test results in terms of local Em,l and global Em,g Moduli of Elasticity 

Sample Min Average Max σ CoV 

[-] [MPa] [MPa] [MPa] [MPa] [%] 

Em,l CS 4200 5840 8200 1576 27.0 

PNL 4400 9915 14000 2778 28.0 

Em,g CS 4400 6000 8600 1615 26.9 

PNL 5300 8615 13600 2412 28.0 

By analyzing the results obtained from the failure tests, in terms of bending strength 
f m, provided in Table 2, in general a high dispersion of data was found, as shown by 
the coefficients of variation CoV = 37.3% for CS and CoV = 42.0% for PNL. Indeed, 
as regards the PNL the maximum bending strength value f m,max is equal to 39.9 MPa 
(specimen 7), while the minimum one is equal to 7.2 MPa. As regard CS, the f m,max is 
equal to 19.9 MPa, while the minimum one is equal to 7.9 MPa. Moreover the average 
value of f m for PNL is equal to 22.9 MPa, while for CS it is equal to 13.5 MPa. It is 
clear that the values obtained for PNL are on average higher than those for CS. 

Table 2. Failure test results in terms of bending strength f m 

Sample Min Average Max σ CoV 

[−] [MPa] [MPa] [MPa] [MPa] [%] 

CS 
PNL 

7.9 13.5 19.9 5.1 37.3 

7.2 22.9 39.9 9.7 42.0 

Concerning the failure modes, all the specimens showed a fragile and pseudo-fragile 
failure modes due to the fracture trigger at the tensioned side of the beam, while no 
damage was identified at the compression side. Different modes of fracture triggering 
were observed: in most specimens, fracture occurred at the notched joint, as well as at 
wide knots located at the tensioned side (Fig. 3a), while in some beams, the fracture 
occurred with the trigger of a vertical crack at the tension side (Fig. 3b). It has also 
been noted that the fracture progressed toward the specimen failure in distinct patterns: 
in some specimens the fracture propagated along the grain direction (Fig. 3a), while in 
others specimens, it followed a staircase pattern, leading to complete fiber separation 
(Fig. 3b).
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Fig. 3. Specimens typical failures: a) specimen 2 (CS); b) specimen 16 (PNL). 

4 Conclusion 

This paper provides valuable insights into the mechanical behavior of Corsican Pine and 
Chestnut wood, commonly used in historical timber construction in South Italy. A total 
of 18 timber specimens were tested in bending to determine key mechanical parameters 
and failure modes. The results showed a clear distinction between the two wood species, 
with Corsican Pine exhibiting generally higher values of stiffness (+70% for Em,l and 
+ 43% for Em,g) and strength (+70%) compared to Chestnut. Dispersion of the results 
was significant (CoV: 37.3% for CS and 42.0% for PNL) and it was probably due to the 
variable quality of the timber. 

In terms of failure modes, all specimens exhibited fragile or pseudo-fragile failure 
modes, typically originating from tension-induced fractures, with no collapse at the 
compression side. These findings are aligned with existing literature, confirming the 
expected behavior of the study timber species under bending loads. 

In the end, this study contributes to a deeper understanding of the mechanical proper-
ties of Corsican Pine and Chestnut. It has offered the basis for the subsequent comparisons 
with non-destructive testing methods (NDT) outputs, in order to aid in the preservation 
and restoration of timber structures in Southern Italy. 
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