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1 INTRODUCTION
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this technigUe, high quality structural members can
be produced using normal/low quality timber such as
Sardinian maritime pine, which is generally low
quality due to the presence of defects (knots, clusters
knot, resin pockets, deviation of the grain etc.)
(Concu, 2012 and 2013).

Before their use as structural components, timber
boards should be graded according to the current
regulations. Among grading methodologies, non-
destructive Sonic Testing (ST), based on measure-
ments of the velocity V of sonic waves propagating

Regression analysis between sonic and mechanie8
ing strength) has been performed and is critically disg@s

g“graded/according to the
methodelogies, non-destructive
for building material
some mechanical char-

thsough the material, can be applied (Ross, 1999 and

05, Fortune, 2007). ST are usually carried out by
applying the Direct Transmission Technique (DTT),
in which the sonic wave is input into the specimen
by a transducer and received by a second transducer
placed on the opposite side. The signal travels
through the volume of the specimen, and it is possi-
ble to measure the time T that the wave needs to
move from the emitter to the receiver. Assuming that
the path corresponds to the distance L between the
transducers, the velocity V of the sonic wave can be
obtained from the ratio L/T.

As previously stated, non—destructive grading can
be used to timber boards. This work reports the pre-
liminary results of an experimental programme
aimed to assess the reliability of ST in giving infor-
mation on mechanical behaviour of CLT panels.
Both ST and bending tests have been carried out on
several CLT panels manufactured from Sardinian
Maritime Pine and Spruce boards in order to meas-
ure sonic velocity and to determine the static elastic
modulus and the bending strength. Correlation anal-
ysis between sonic and mechanical parameters has
been performed and critically discussed.
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2 EXPERIMENTAL PROGRAMME
2.1 Cross Laminated Timber Panels

For the experimental programme, a total of 28 CLT
panels have been made by using boards of Spruce
(S) and Sardinian Maritime Pine (P) previously vis-
ually graded. Spruce boards belong to C24 strength
class according to EN 338, while Maritime Pine
boards were assigned to C16 and C14 strength clas-
ses based on the visual grading rule recently devel-
oped by CNR-IVALSA (Riu, 2016). The boards
with lower strength were used as inner layers in both
combined Spruce and Pine (SP) panels and in Pine
(P) panels. Panels have been sorted into four groups,
each made of 7 specimens differing in wood type
and/or in layers’ number and/or geometric dimen-
sion (Table 1).

Table 1. Characteristics of CLT panels.

Group Thickness  N. of layers Section
of boards and wood Length (BxH)
m m m?
60 SP* 0.02 3:S-P-S 1.27  0.24x0.06
60 P* 0.02 3: P-P-P 1.27  0.24x0.06
100 P* 0.02 5:P-P-P-P-P  2.00  0.245x0.10
120 P* 0.04 3: P-P-P 2.60  0.24x0.12

* S=Spruce, P=Sardinian Maritime Pine.

2.2 Sonic Testing

Sonic Testing has been carried out usf

equipment, properly developed

which included (Figure 1):

— an impact hammer with a piezo
generating the signal;

— a piezoelectric trans
frequency) for recei

A suitabl
the receivin
duce energy
impe of t
plied, i
through on

rials. The DTT has been ap-
waves were induced to propagate
t dimension of the panel.

IMPACT
HAMMER

RECEIVING
TRANSDUCER

CONTROL
UNIT

Figure 1. Sonic Testing equipment.

2.3 Bending Test

Bending tests have been carried out according to
UNI EN 408. Tests have been performed in order to
determine the static modulus of elasticity (E), and
the bending strength (o) at failure. The static modu-
lus of elasticity has been determined by recording
force and displacement at a level of the applied load

approximately equal to 40% of the gstimated failure
load. Bending test setup is shown i % ]
AN
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Figure 2 @ Testgtup. !

RESULT

hows a summary of measured parameters.

Table2. Statistical distribution of measured parame-

rameters 60 SP 60 P 100 P 120 P
V [m/s] 4618 2995 3690 3160
SD* [m/s] 414.50 276.31 212.63 172.79

CoV**[%]  8.98 9.23 5.76 5.47

o [N/mm?] 4220 27.35 37.20 30.45
SD* [N/mm?]  6.40 5.75 3.70 351
CoV**[%] 1520 21.02 10.02 11.52

E [N/mm?] 11092 6745 9946 8423
SD*[N/mm?] 87572 63321 863.96  1123.38
CoV**[%]  7.90 9.39 8.69 13.34

* SD = Standard Deviation, **CoV = Coefficient of Variation.

Figures 3-5 show how measured parameters V, o,
E varies with wood type, layers’ number and layers’
configuration.
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From Table 2 and Figures 3-5 it can be inferred

that group 60 SP — three layers’ panels made of
mixed Spruce-Pine boards 200 mm thick — shows
higher mechanical performance than the other
groups. In particular, it is worth noting that both
bending strength and static modulus of elasticity are
higher than those of group 100 P — five layers’ pan-
els made of Pine boards 20 mm thick — and of group
120 P — three layers’ panels made of Pine boards
40mm thick. Thus, the use of Spruce boards instead
of Sardinian Maritime Pine boards as external layers
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Figure 7. Correlation between sonic velocity and static modu-
lus of elasticity.

It can be noted that in both cases R? is approxi-
mately 0.58, that means that no more than 58% of
the variability of predicted parameters can be ex-
plained by sonic velocity. This degree of prediction
is consistent with those reported in literature for
some types of structural timber (Hanhijarvi, 2005
and 2008, Diebold, 2000, Sandoz, 1989).

4 CONCLUSIONS

An experimental programme has been carried out
with the aim of evaluating the reliability of Soni
Testing in predicting some mechanical charac
tics of CLT panels. Several CLT panels ha
made by using boards of Spruce and Sardinj

each made of 7 specimens differing
and/or in layers’ number and/or
sion.
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Maritime external layers deter-
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Pi ith e layers and with the same

nu t twice as thick;
—the s ity follows the same trend of the
bending strength and modulus of elasticity, show-

ably different values for the various
panel groups;

— the regression analysis between sonic velocity and
mechanical parameters ¢ and E gives a coeffi-
cient of determination similar to those reported in
literature for boards made of various timber spe-
cies.

Based on these preliminary results, Sonic Testing
could be applied not only for grading of timber
boards but also for obtaining information on some

mechanical parameters of CLT panels such as bend-
ing strength and static modulus of elasticity.
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