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Abstrakt                                

Dřevo je jeden z nejčastěji používaných materialů historických budov. Statické 
posouzení existující dřevěné stavby je obvykle založené na vizuální inspekci a na 
nedestruktivních testech provedené v místě stavby za účelem spolehlivého odhadu 
mechanických a fyzikálních vlastností, kdy jsou současně dodržena základní pravidla 
ochrany památek a způsobena je pouze minimální škoda.  

Hlavní cílem této práce je korelovat výsledky nedestruktivních a mechanických 
testů provedených na nedegradovaných prostředních částech 20 starých 
kaštanových (Castanea Sativa Mill.) trámech a tedy posoudit spolehlivost 
nedestruktivních testů pro odhad pevnosti, tuhosti a hustoty. Součástí testovací 
kampaně byly následující zkoušky: mechanické testy (v tahu, v tlaku a v ohybu), 
nedestruktivní testy (ultrazvuk, metoda odporového vrtání a penetrační zkouška), 
vizuální inspekce a zkoušky hustoty a vlhkosti.    

Abstract 

Timber represents one of the most frequently used materials in historical 
constructions. The assessment of structural performance of an existing timber 
structure is usually based on in-situ visual inspection and non-destructive testing with 
the aim of a reliable estimation of mechanical and physical properties while 
respecting the essential preservation rule of minimum damage to any historical 
monument.  

Main objective of this work is to correlate non-destructive tests and mechanical 
tests results, both measured on undecayed middle parts of 20 old chestnut 
(Castanea sativa Mill.) beams approximately hundred years old, and therefore 
assess the reliability of non-destructive testing used for strength, stiffness and 
density estimation. In the test campaign were applied the following measurements: 
mechanical tests (tension, compression and bending tests), non-destructive tests 
(ultrasound, resistance drilling and penetration test), visual inspection, density and 
MC tests. 
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1 Introduction 

1.1 Motivation 

Timber is one of the most frequently used building materials, together with 
masonry and stone, in historical monuments structures. The oldest timber 
constructions can be traced back to thousand years ago in various structural 
typologies. 

Assessment of structural behaviour and safety of historical timber structures 
ought to be performed in accordance with the preservation rule of minimum damage. 
This requirement favours the use of visual inspection and non-destructive testing 
methods (NDT´s) and aims to exclude mechanical tests which have a destructive 
impact. However, it is of utmost importance to consider the reliability of the NDT´s 
methodology used for the structural assessment of existing timber structures. 

Correlation found between NDT´s and mechanical tests results are not always 
reliable mostly due to the natural variability of timber properties. Especially in case of 
old decayed timber, the correlations are rather moderate or weak depending on the 
testing method used. 

In practice, in-situ inspection together with assessment of residual mechanical 
properties represent the first steps towards diagnosis, structural analysis and the 
decision about eventual intervention measures.  

1.2 Objectives and Methodology 

Main objective of this work is to establish correlations between non-destructive 
tests, density values and mechanical tests results, all of them measured on 
undecayed middle parts of 20 chestnut (Castanea sativa Mill.) beams with 
approximately hundred years old. The main purpose is to find those correlations in 
order to assess the reliability of non-destructive testing for stiffness and strength in-
situ estimation of existing timber elements.  

The test campaign performed on undecayed middle parts of original beams 
includes NDT´s, such as ultrasonic pulse velocity test (UPV), resistance drilling 
(using the device of Resistograph®) and penetration test (used device: Pilodyn®), and 
mechanical tests, such as bending, tension and compression tests.  

2 Non-destructive tests (NDT´s) 

2.1 Overview of non-destructive tests 

Density together with bending strength and modulus of elasticity (MoE) are 
three main characteristics of timber from which can be derived other important 
mechanical parameters of timber on the basis of empirical relations. That is why 
these three main parameters are being correlated with output parameters of NDT´s in 
order to find relations among destructive and non-destructive methods and thus 
replace destructive tests with NDT´s.   

Two main groups of NDT´s can be distinguished as follows: global test methods 
(GTM) and local test methods (LTM) [1]. GTM include: 
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 visual inspection and species identification, 

 ultrasonic stress wave method / ultrasound pulse velocity UPV [2], [3], [4], 
[5], [6], [7], [8],  

 ultrasonic array imaging [9], [10], 

 sonic stress waves [11], [12], [13],   

 IR thermography [14], [15], [16]. 

 
LTM testing can be used for determination of the element residual section and 

loss of mass. Among LTM are ranged: 

 resistance drilling [17], [18], [19],  

 drill sampling [13], 

 penetration test [20], [21], [22], [23], 

 screw withdrawal resistographic measurement [13], 

 hardness test [24], [25], 

 small non-standard samples testing: [26], [27],  

 videoscopy,  

 X-Ray [28], [29], [30], [31],  

 micro-CT [32]. 
 

Generally, timber testing methods can be divided in following groups with 
regard to the test destructivity level: 

 Non-destructive tests (NDT): visual inspection, UPV, vibration methods, 
sonic stress wave, visual inspection, thermography, X-ray, etc., 

 Semi-destructive / minor-destructive tests (MDT): resistance drilling,  
penetration test, videoscopy, small non-standard sample testing, etc. 

2.2 NDTs used in this work 

For the purpose of this work were used following non-destructive methods: 
visual grading, ultrasonic pulse velocity test UPV (device used: Pundit Lab, 54kHz 
transducers), resistance drilling (used device: Resistograph® Frank Rinn) and 
penetration test (used device: Pilodyn® 6J Forester) (Fig. 1). 
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(a) (b) 

 

(c) 

Fig. 1: Non-destructive test methods: UPV (a), Pilodyn® 6J (b), Resistograph® (c) 

 

Visual grading is very important and powerful method for timber quality 
assessment that is performed according to grading rules. Visual grading is usually 
the first NDT method used in inspection of timber structures before any other 
technique is applied. Weakness of visual grading lies in subjectivity and low 
experience of an inspector, limited accessibility of an examined object and internal 
decay not visible from outside. In spite of aforementioned weak aspects of visual 
grading, acquired grading results are the basis for further comparison between tests 
results.    

Ultrasonic (UPV) and sonic stress wave tests are very similar in their principles, 
performances and obtained results. The main difference is in the fact that sonic 
stress waves method uses lower frequencies generated by means of impact of a 
blunt object or forced vibration. Both methods are applicable in-situ. Their output 
parameter is wave velocity (or wave propagation time) which is used for calculation of 
static and dynamic modulus of elasticity (MoE) and modulus of rupture (MoR). The 
correlations between UPV and mechanical or physical parameters of timber are not 
always reliable due to natural variability of timber properties. Both techniques require 
other NDT techniques to determine density of examined timber object because 
density is necessary for calculation of MoE and MoR. Stress wave measurement is 
affected by many factors such as member dimension, wood structure, orientation of 
measurement with respect to the timber element internal structure (longitudinal, 
tangential, radial), coupling agent used, pressure applied on transducers and 
environment (moisture content, temperature, loading of the timber member, timber 
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treatment). In case of sonic stress wave method the problem with coupling agent can 
be omitted when using transducers with spikes properly drilled into timber element.        

Resistograph gives drilling resistance along the drilling depth in the form of a 
dendrogram (Fig. 2) from which can be calculated Resistographic measure (RM) 
parameter. RM can be used for estimation of MoE, density, compressive strength or 
bending strength but the correlations are prevailingly moderate. Local character of 
Resistograph leads to preferable use of this technique for assessment of timber 
element interior state, decay or loss in cross-section dimensions. Resistograph is 
influenced by moisture content and possible deviation in drilling path.    

 

Fig. 2: An example of dendrogram obtained by resistance drilling  

Pilodyn informs about surficial properties of tested timber object such as 
superficial density, resistance and decay. Its output parameter penetration depth can 
be used for estimation of density, mechanical properties (through MoE) and 
degradation. Unfortunately, the method encounters problems due to its superficial 
essence. Pilodyn results depend on moisture content (MC), direction of the 
measurement with regard to the internal wood layers and presence of water.    

Comparing NDT’s of a global character used in this test campaign, visual 
grading is an individual independent technique for strength evaluation of a timber 
element. UPV can be used for estimation of mechanical and physical properties 
(MoE, compressive strength, density) of examined timber elements although their 
correlations are not always reliable. Furthermore, for calculation of dynamic MoE and 
MoR, density of timber has to be known.  

Comparing NDTs of a local character, they all give parameters and information 
of a local significance compared to the GTM. Obtained LTM output values are not 
always reliably correlated with mechanical and physical properties of timber as 
consequences of wood variability and inhomogeneity. Using a larger amount of LTM 
measurements on one structural member can compensate the insufficiency of the 
information obtained from a LTM measurement. Resistograph is very useful for 
detecting internal voids, decay and loss of cross section. Pilodyn gives information 
about superficial density, resistance and decay.  

3   Testing campaign 

3.1 Introduction 

The testing campaign of the middle part of the old chestnut beams aims at 
obtaining correlations between NDT, such as UPV, Resistograph and Pilodyn and 

[-] 
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mechanical tests (bending, tension and compression). An overview of the first group 
of the tests (mechanical tests, density, MC and visual inspection) performed within 
the test campaign and used specimens is shown in Tab. 1. An overview of the 
second group of the tests (NDT´s) performed within the test campaign is shown in 
Tab. 2.  

Certain parts of the campaign are result from the test campaign conducted in 
the PhD thesis in work [33]. These are tension test, bending test, visual inspection of 
original beams and UPV of bending specimens.  

Tab. 1 Overview of the first group of tests performed within the test campaign of the 
middle part of the old chestnut beams 

Test Standard 

Specimen 

N
. 

o
f 

m
e

a
s

u
re

m
e

n
ts

 

R
e

s
u

lt
in

g
 

p
a

ra
m

e
te

rs
 

Denomination 
Dimensions 

[mm] 
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N
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Visual 
inspection 

[34], [35], 

[36] 
original beams 

~200 x 250 x 
6000 

20 15 - 300 
class S, 

class I - III 

Simple 
bending 

[37] simple bending 70 x 150 x 3000 
16 - - 16 Em,l, Em,g 

4 - - 4 fm, fm,cor 

Translational 
bending 

[37] 
translational 

bending 
40 x 70 x 3000 16 7 - 112 Em,l, Em,g 

Compression [37] compression 40 x 40 x 240 60 - 3 60 fc,0, Ec,0 

Tension [37] tension 10 x 40 x 300 120 - 6 120 ft,0, Et,0 

Density, MC 
[38], [39], 
[40], [41] 

density 20 x 20 x 25 60 - 3 60 ρw, ρ0, MC 

 

Tab. 2 Overview of the second group (non-destructive) of tests performed within the 
test campaign of the middle part of the old chestnut beams 

Test 
Denomination 
of examined 
speciemens 

Comments 
N. of 

measurements 
Resulting 
parameter 

UPV 

simple bending 
1 measurement per segment; 
top and lateral face; indirect 

280 

Edyn 

translational 
bending 

1 measurement per segment; 
top face; indirect 

112 

tension 
1 measurement per specimen; 

indirect 
120 

compression 
1 measurement per specimen; 

direct, indirect 
120 

Pilodyn 
translational 

bending 
5 measurements per segment, 

top and lateral face 
1540 d 

Resistograph 
translational 

bending 
1 measurement per segment, 

top and lateral face 
308 RM 
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3.2 Specimen description 

Twenty old chestnut beams, approximately 100 years old, 5 – 6 m long, marked 
alphabetically from A to T, were removed from their original structure. At laboratory, 
they were visually inspected in sectors of 400 mm long (cross-sectional dimensions 
were measured and presence of nodes was assessed together with other required 
parameters), see Fig. 3.  

The simple bending test specimens, 70 x 150 x 3000 mm, were cut from the 
middle parts of the original beams (Fig. 4a). The simple bending specimens H, L, P, 
T were taken to failure (Fig. 4b) and the rest (A – T except for H, L, P, T) were tested 
in linear elastic regime (Fig. 4c). Indirect UPV measurement was carried out on the 
top and lateral face of each 400 mm long section of the simple bending specimens. 
The first section was located 100 mm away from the beam end. The UPV 
measurement was carried out before the bending test. 

 Three translational bending specimens, 40 x 70 x 3000 mm, were cut from 
each simple bending specimens examined in linear elastic regime (Fig. 4d). 
Translational bending specimens (top face) were tested by indirect UPV, 
Resistograph and Pilodyn in each 400 mm long section where the first section is 100 
mm away from the specimen´s end. 

The compression specimens (Fig. 4e), 40 x 40 x 240 mm, tension specimens 
(Fig. 4f), simplified dimensions of 10 x 40 x 300 mm, and density test specimens (Fig. 
4g), 20 x 20 x 25 mm, were cut either from the simple bending test specimens taken 
to failure or from the translational bending test specimens. The compression, tension 
and density specimens were labeled with respect to their original position within the 
simple or translational bending specimen (left, central, right). The left, central and 
right part of the beam refers to the area 0 – 1300 mm, 900 – 2100 mm and 1700 – 
3000 mm (respectively) distant from the left end of the middle part of the original 
beam (Fig. 4a). The compression specimens were tested by means of UPV in direct 
and indirect way and tension specimens only in the indirect method.     

 

Fig. 3: Original beams A – T of cross-section ~ 180 x 200 mm and length 5000 –
 6000 mm where visual inspection was carried out on each 400 mm long segment 
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(

a) 
 
 

b) 
 
 
 

c) 
 
 
 

d) 
 
 
 
 

e) 
 
 
 

f) 

(
g) 

Fig. 4: Description of the specimens´ origin: (a) middle part of the original beam and 
its left, central and right segments, (b) simple bending test specimens H, L, P, T 

taken to failure, 70 x 150 x 3000 mm, tested also by UPV; (c) simple bending test 
specimens A – T except fot H, L, P, T tested in elastic range, 70 x 150 x 3000 mm, 

tested also by UPV; (d) translational bending test specimens A – T except for H, L, P, 
T tested in elastic regime, 40 x 70 x 3000 mm, tested also by Resistograph®, UPV 

and Pilodyn®; (e) compression test specimens A – T, 40 x 40 x 240 mm, tested also 
by UPV; (f) tension test specimens A – T, 10 x 40 x 300 mm, tested also by UPV; (g) 

density test specimens A – T, 20 x 20 x 25 mm 

3.3 Overview  of the mechanical, density and MC tests results 

An overview of the results obtained by mechanical, density and MC tests for 
beams A – T is presented in Tab. 3. 
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Tab. 3 Overview of the results obtained by mechanical [N/mm2], density [kg/m3] and 
MC [%] tests for beams A – T 

Specs. 
 A - T 

Density 
ρw 

MC 
Simple bending 

Translational 
bending 

Compression Tension 

Em,l Em,g fm fm,cor Em,l Em,g fc,0 Ec,0 ft,0 Et,0 

Min 505 10.2 4258 
258 

6 711 19.5 16.0 9 206 9 251 26.0 6 880 46.9 8 372 

Max 622 13.4 17203 
203 

15 626 24.7 34.7 17 463 14 044 54.3 16 502 89.6 15 198 

Mean 572 12.2 10753 
753 

10 877 23.1 26.0 13 071 11 772 43.6 12 580 71.2 12 957 

StDev 34 0.8 2 804 2 461 2.4 4.2 2 069 1 466 6.4 188 12.5 1 591 

CoV 0.06 0.07 0.26 0.23 0.11 0.16 0.16 0.12 0.15 0.15 0.18 0.12 

3.4  Overview of NDT´s results 

An overview of the results obtained by non-destructive testing is presented in 
Tab. 4. 

Tab. 4 Overview of the results obtained by non-destructive testing 

Specimens 
A - T 

Edyn [kN/mm
2
] 

d
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e
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o
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p
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e
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te
n
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n
 

Min 9.9 10.3 11.0 12.7 10.1 8.7 6.9 272.3 

Max 16.7 17.1 16.5 17.9 16.0 11.3 9.4 341.5 

Mean 13.5 13.4 13.7 15.5 13.7 10.1 8.3 303.7 

StDev 2.0 1.5 1.5 1.4 1.7 0.8 0.6 18.8 

CoV 0.20 0.15 0.14 0.11 0.17 0.10 0.09 0.07 

3.5 Correlations between non-destructive and mechanical tests 

The scope of the test campaign performed on the old chestnut beams is to 
correlate UPV and other non-destructive test results (Resistograph, Pilodyn) with the 
mechanical tests results (simple and translational bending test, tension test and 
compression test). Density measurement was also carried out in order to correlate 
the obtained results with other tests results and to calculate dynamic MoE (Edyn).  

Three assessment categories of resulting values of correlation coefficient 
squared (R2) were considered as follows: 

 a reliable correlation:   0.7 < R2 ≤ 1.0,  

 a moderate correlation: 0.3 < R2 ≤ 0.7, 

 a weak correlation: 0.0 ≤ R2 ≤ 0.3.   
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In the correlations specimens (A – T) or segments (left,central, right) of the 
specimens involved in both correlated tests or included in the  calculation of the tests 
results (i.e. specimens failed in acceptable failure modes) were considered. 

An overview of the correlations between results of mechanical tests, NDT´s and 
density tests expressed by means of correlation coefficient squared (R2) for beams 
A – T and segments A – T is presented in Tab. 5 and Tab. 6, respectively. Strength 
and stifness and Edyn for segments of simple bending specimens are not listed in 
Tab. 6 and Tab. 7 as only one simple bending test was performed per each beam 
A – T.  

Tab. 5 Correlations between results of mechanical tests, NDT´s and density tests for 
beams A – T: correlation coefficient R2  

 

d
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y
 (
ρ

w
) 

Strength Stiffness 
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f t
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E
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,g
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U
P

V
 (

E
d

y
n
) 

compression spec., 
direct  

0.02 
   

0.18 
     

compression spec., 
indirect  

0.03 
   

0.17 
     

tension spec.  
 
0.52 

   
0.36 

    

simple bending 
spec., top face    

0.55 0.33 
  

0.39 0.44 
  

simple bending 
spec., lateral face    

0.44 0.19 
  

0.35 0.37 
  

translational 
bending spec.          

0.74 0.91 

Pilodyn (d) 0.31 0.00 0.39  0.12 0.00 0.34 0.12 0.12 0.20 0.35 

Resistograph (RM) 0.21 0.00 0.14  0.14 0.08 0.32 0.14 0.17 0.40 0.42 
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Tab. 6 Correlations between results of mechanical tests, NDT´s and density tests for 
segments A – T: correlation coefficient R2  

  d
e
n

s
it

y
 (
ρ

w
) 

Strength Stiffness 

f c
,0
 

f t
,0
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,0
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0
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U
P

V
 (

E
d

y
n
) 

compression 
spec., direct 

 0.15  0.36    

compression 
spec., indirect 

 0.05  0.21    

tension spec.   0.23 
 
0.43   

translational 
bending spec. 

     0.54 0.65 

Pilodyn (d)  0.01 0.16 0.01 0.23 0.10 0.12 

Resistograph (RM)  0.00 0.11 0.02 0.23 0.16 0.20 

 

Correlations between ultrasound results (Edyn) and mechanical test for 
segments where outliers were disregarded are listed in Tab. 7. The outlying values 
were excluded from the correlation calculus in order to consider more representative 
set of resulting values and thus to increase the correlation coefficient R2. Examples of 
correlations found between dynamic MoE Edyn (direct measurement of compression 
specimens) and MoE in compression Ec,0  for segments including outliers and 
excluding outliers are shown in Fig. 5 and Fig. 6, respectively. This method was 
applied on correlations between Edyn and mechanical tests results for segments so as 
to demonstrate the influence of adopted statistical methods on resulting correlations. 

Tab. 7 Correlations between UPV results (Edyn) and mechanical tests results for 
segments A – T: correlation coefficient R2  
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compression spec., direct  0.34  0.66    

compression spec., indirect  0.05  0.32    

tension spec.   0.38 
 

0.58   

translational bending spec.      0.72 0.74 
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Fig. 5: Correlation between dynamic MoE Edyn (direct measurement of compression 
specimens) and MoE in  compression Ec,0 for segments including outliers 

 

Fig. 6: Correlation between dynamic MoE Edyn (direct measurement of compression 
specimens) and MoE in  compression Ec,0 for segments excluding outliers 

4 Conclusion 

4.1 Performed test campaign 

The test campaign performed on the various specimens cut out of the middle 
part of 20 old original chestnut beams included density and moisture content tests, 
visual inspection, mechanical tests (simple bending test, translational bending test, 
compression test, tension test) and NDT´s (ultrasound, Resistograph, Pilodyn).  

First, density and moisture content tests were carried out. The obtained density 
at the moisture content at the time of the test under climatic chamber conditions (ρw) 
was higher than the mean value of density required by Italian norm [34] for S-class 
chestnut timber (ρmean = 550 kg/m3) and thus  the value of ρw corresponds to S-class 
density parameter. The moisture content of the specimens under climatic chamber 
conditions was calculated to be 12% as expected for the climatic chamber conditions.  

Second, a set mechanical tests (simple and translational bending test, 
compression test, tension test) was performed on appropriate specimens. The mean 
values of resulting fm, fc,0, ft,0 and Em obtained by mechanical testing correspond to 
the respective mean values defining the class I [36].  

Third, non-destructive tests (ultrasound, Resistograph, Pilodyn) were carried out 
on the same specimens used for mechanical tests. The resulting values of 
ultrasound, Resistograph and Pilodyn tests compared with the values obtained by 
other researchers for old chestnut timber [42], [43] were more or less similar.  
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Finally, mechanical tests results were correlated to NDT´s results and density 
(ρw). The reliable correlations (R2 > 0.70) were found as follows:  

 translational bending local MoE (Em,l) – Edyn of translational bending 
specimens, 

 translational bending global MoE (Em,g) – Edyn of translational bending 
specimens. 

 
The reliable correlations were revealed considering mean values of 20 beams 

(A – T) while for segments (left, central, right parts of the 20 beams A - T) prevailed 
weak correlations.  

A lot of moderate correlations (0.30 < R2 ≤ 0.70) was found for the relationships 
(mostly for A -  T beams) as follows:  

 strength - density: fm -  ρw 

 strength – Edyn: ft,0 – Edyn, fm – Edyn, fm,cor - Edyn 

 stiffness – Edyn: Et,0 – Edyn, Em,l – Edyn, Em,g - Edyn  

 strength – penetration depth: ft,0 – d 

 stiffness – penetration depth: Et,0 – d, Em,g – d 

 stiffness – RM: Et,0 – RM, Em,l – RM.  

 
Purely weak correlations were revealed for the relationships as follows: 

 stiffness - density (for beams and segments),  

 strength - Edyn (for segments), 

 strength - RM (for beams and segments). 

 
The test campaign of the middle parts of old chestnut beams demonstrated that 

the most reliable non-destructive test method used (ultrasound, resistance drilling, 
penetration test) for strength and stiffness evaluation is ultrasound. The ultrasound 
(used parallel to grain) showed a few strong correlations with bending MoE (Em,l, 
Em,g) and a lot of moderate correlations with strength and stiffness, especially in 
bending and tension. It is evident, that the ultrasound describes the internal timber 
structure quite reliably. 

Taking into account the moderate or the weak correlation results, Pilodyn and 
Resistograph devices turned out to be unsuitable for strength and stiffness evaluation 
of timber due to their local nature. Pilodyn can assess only superficial character of 
the timber member and the internal structure is thus rather disregarded. 
Resistograph can be used for qualitative assessment of the internal state of the 
timber member rather than for giving quantitative strength or stiffness information. 
Resistograph suffers from many inaccuracies caused by needle deviation, needle 
sharpness or orientation of growth rings with respect to the drilling path. 

The correlations results of the test campaign for segments were poorer than 
correlations results for the whole beams. This is probably caused by significant 
variation of timber properties along a beam. It means that mean values of properties 
for a beam represent behaviour of an element better than mean values of segments 
of a beam in case that outliers are not excluded from the correlations calculation.  

The outlying values (outliers) were excluded from the correlation calculus 
between ultrasound results (Edyn) and mechanical test for segments. This procedure 
was adopted in order to consider more representative set of resulting values and thus 
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to increase the correlation coefficient R2. This method demonstrated the influence of 
adopted statistical methods on resulting correlations. 

4.2 Suggested methodology for in-situ inspection 

Based on the results obtained in test campaigns performed in this work, a 
suitable methodology for an in-situ inspection can be composed of visual inspection 
and NDT´s such as ultrasound, Pilodyn and Resistograph. An inspector can obtain 
quantitative and qualitative values of strength, stiffness and NDT parameters.  

The NDT parameters can be used for estimation of density and other 
mechanical characteristics using the correlations already found for the examined 
timber species. At the same time, NDT parameters can give qualitative information 
about internal state (UPV, Resistograph) or superficial state (Pilodyn) of a timber 
element. Knowing the reference NDT values of examined timber, the state of the 
structure can be assessed directly at construction site. Generally, NDT´s used in 
proposed methodology have a local character which requires a performance of a lot 
of NDT´s within each specimen. 

Comparing UPV values obtained in-situ with reference UPV values for a timber 
species, the level of internal decay can be revealed. Also Resistograph can give 
information  about internal presence of voids, cross-section and resistance of tested 
material. Although in-situ information given by Resistograph in the form of 
dendrogram is rather qualitative as resistographic measure (RM) has to be analyzed 
in office. Pilodyn gives penetration depth values in-situ at the time of measurement 
which can be after calculation of their average value compared with reference 
penetration depth values and thus the superficial state of the material can be 
assessed.  

In case of decayed timber, the in-situ inspection encounters some difficulties 
such as dirty and rough surface, internal voids or external irregularity in shape due to 
decay. It was concluded by the performed test campaign that visual inspection is 
overconservative for old decayed timber specimens. Therefore, NDT´s must be used 
together with visual inspection, since it was shown that: (i) ultrasonic velocity differs 
for decayed and undecayed specimens (lower values of velocity for decayed 
specimens); (ii) penetration depth of Pilodyn increases significantly with decay; (iii) 
Resistograph may find internal voids and decay.  
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