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ABSTRACT 

The roof of the Zagreb Cathedral, dating from the general reconstruction in 1890-ties, withstood the 
2020 earthquake in Croatia with remarkably good resilience. However, the restructuration project after 
the quake initiated extensive activities on the condition survey and consideration of possible measures 
for ensuring the future longevity, structural stability, and seismic resistance of the structure. The 
assessment encompassed the determination of wood species, anatomical structure, hygrotechnical 
conditions, as well as physical, mechanical, and biological properties of wood and load-bearing capacity 
of timber. It was demonstrated that visual grading and density measurements on drill cores proved 
adequately chosen main inputs for determining mechanical properties. The (quasi) nondestructive 
testing (NDT) - stress-wave, screw withdrawal and resistance drilling - proved useful additional 
methods yet fully effective only in combination with microscopic evidence on cores. A newly developed 
method of fairly invasive but completely re-constructive sample withdrawal of 50×50×800 mm beams 
yielded the MOEstat and standard test values on small clear samples (bending, MOEstat, shear ǁ and 
compression ǁ). NDT tests and small clear samples varied in conformity and measurement uncertainty 
but usefully complemented the main results and indicated the required corrections in mechanical 
classification.  
Special attention was paid to the detailed survey and analysis of timber joints and the consequent 
stability of the structure in the future. Dead loads, snow loads, and wind loads were considered in 
structural analysis models. Also, the history of seismic responses was also analysed. Such analyses form 
a sound base for the technical design of reinforcements as well as necessary repair and reconstruction 
measures of the roof structure. 
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INTRODUCTION 

Zagreb Cathedral, originally dating from the 13th century, was generally re-constructed in neo-gothic 
style at the end of the nineteenth century. Nowadays, it presents one of the jewels of the cultural heritage 
in Croatia. The roof structure, consisting of five segments and reaching nearly 21 m in total height, is an 
excellent example of the highest standards in technical design and carpentry skills of the period. The 
roof has withstood the 2020 earthquakes in Croatia (5.5 Richter) surprisingly well, only with minor 
damages. The preliminary survey scrutinised the roof structure for indications of structural damage and 
its possible effects on the stability of walls and towers. However, the following extensive activities were 
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performed within the detailed condition survey and in consideration of possible measures for ensuring 
the future longevity, structural stability, and seismic resistance of the structure. The assessment, 
executed in an interdisciplinary approach, followed the guidelines outlined in the EN 16096, EN 17121 
and related standards. The work is ongoing; the general project for remedial and reinforcement 
measures is briefly presented here and will be adjusted during the works accordingly. Therefore, only 
the most indicative findings are presented in this paper. 
 

 
 
 Figure 1: Zagreb cathedral – panoramic view and structural representation 

of the roof structure 
  

 
The structure consists of five segments: the main roof over an 11-
bays nave is a king-post structure with a tented roof over the apse, 
divided by collar ties into five ca 3 m high levels. The purlins are 
constructed over the first four bays as flat trusses with solid-wood 
webs. Lateral, four-gabled roofs over side naves (B) are two-
levelled queen-post structures on trestles above vaults. Structures 
C covers aisles of the old church, forming mono trusses with tented 
ends. 

 
The roof is made of softwoods (spruce and fir); however, the tie-beams lie on oak-wood corbels in 
abutments. Oak was also used for some complex joint blocks. The roof is aerated through the vents, roof 
cover (initially clay tiles) was replaced in the sixties of the 20th century by softwood boards and copper 
sheathing. Principal elements are boxed heart, sawn, and hewn timber, while collar ties, purlins and 
rafters are halved- or slabbed converted timber. Boxed heart timber contains no - or only small - 
sapwood zones at the edges. 
 

Main nave 

Side nave B 

Side nave C 
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METHODOLOGY 

A total of 60 measuring sites were chosen to represent all roof areas in different structure segments, 
height levels or hygrotechnical/biological risk areas (ridge, wall bearings, leakages etc.) and on at least 
four structural members of each type. In addition, over 240 various specimens were taken for lab tests. 
Moisture content (MC) by electric resistance (EN 13183-2) with its gradient (2 cm / 4,5 cm/element 
centre) and drilling resistance profile (IML 500, further on RESI) were recorded at each location in the 
radial direction, along with wood surface temperature and climatic conditions (t [°C] and φ [%] rel. air 
humidity, RH). Possible intensive biological damage was detected by percussion or by RESI drills in situ. 
Pressler drill cores ɸ 6,5 or ɸ 12,5 mm were taken at each location for laboratory determination of mean 
density (ρ12 [kg/m3] acc. to EN 13061-2) and gravimetric moisture content (EN 13183-1). Further, the 
cores were embedded in epoxy or aliphatic adhesive to be prepared for reflectance optical microscopy 
and the determination of wood structural cross-section features (species identification, ring width, 
latewood proportion) or evaluation of biological infestation and traces of damage. 
Mechanical properties (strength class EN 338) were determined based on mean density and by visual 
grading (EN 1912 acc. to DIN 4074-1, -5) and a series of supplementary tests (Figure 3). Static MOE of 
members was determined based on a dynamic modulus by a stress-wave method (FAKOPP Microsecond 
timer [2]). Screw withdrawal testing (FAKOPP SWT) served for estimation of density [5], shear modulus 
[1], and MOR in bending [3].  
Direct mechanical tests were executed on material from the medium-sized beam (50×50×800 mm) 
separated from the compression zone of structural elements (Fig. 2a).  
 

 
 

Figure 2: Schematic presentation of the procedure for direct mechanical testing 

Firstly, the beams were tested in the elastic region in four-point bending acc. to EN 408 (MOEstat, [GPa]) 
using a universal testing machine and GOM Aramis DIC (Digital Image Correlation) system, 
demonstrating that the recovery after the test was complete (Fig 2b). Subsequently, the inner edge of 
the beam was extracted to yield small clear samples (Fig 3c). The withdrawn material was replaced with 
a glued-in lath and 2 mm thick edge veneer strips, thus forming the beam with retained original visible 
surfaces. The structural member was finally reconstituted on-site by fitting the re-composed beam to 
its original position and gluing it with EN 15425 PU  adhesive for constructive purposes (Fig 3d), thus 
ensuring the adequate structural and cosmetic repair.  
Small clear samples served for standard bending (MOR and MOEstat acc. to ISO 13061-3 and -4), 
compression ǁ (ISO 13061-5) and shear tests (ISO 3347). Further on, the MOEstat was used to calculate 
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the characteristic bending strength of structural members  (fmk) according to [5]. All the test results were 
re-calculated to values at 12 % MC acc. to ISO 13061-3.  
Biological health was evaluated according to the following scheme: 
 

1. Visual examination and percussion (evidently 
present decay or dull echo): 

 
if YES,  then: 

 
RECORDED 

                       - if NO, then      Rejected, or: 
2. resistance drill check: - if YES,  then: RECORDED 
                       - if NO, then      Rejected, or: 
3. drill core inspection  - if YES,  then: RECORDED, or 
4. additional microscopic or microbiological check in the laboratory  

 
Joints were inspected in detail for their fitness acc. to EN 17121 (c. 5.8) in their exterior appearance and 
tightness, while their interior design (and possible workmanship flaws or biological damage) were 
studied using resistance drilling. In addition, wall brickwork abutments were opened in places to enable 
the inspection of tie-beam ends and oak-wood corbels keyed inside wall support. Finally, the detailed 
mapping encompassing leakages, biological damage, displacements and deformations of structure or 
joints was presented for a restoration and restructuration project. 

 
Figure 3. Representation of comparative determination of mechanical properties (strength class in EN 338) with 
different methods. Primary criteria (visual classification and density) were accordingly complemented with NDT 

and small clear sample tests (secondary entries). 

For the purpose of the structural analysis of the main roof structure, a 3D structural model was made 
according to the measurement of elements on site (Fig.1). The measurement included the basic 
geometry, local dimensions of the elements, and types of joints, connections, and bearings. The basic 
actions were then entered into the model: dead, snow and wind loads. Using linear analysis, the model 
was created and analysed in the Tower - Radimpex software package. 
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RESULTS 

 

Table 1. Physical and mechanical properties of wood of the main nave structural elements (10 selected amongst a 
total of 60 locations) with assigned strength classes and reduced active cross-sectional areas 

LO
CA

TI
O

N
 ELEMENT 

SPECIES 
DIMENSIONS 

(cm) 

MOISTURE 
CONTENT 

DENSITY 
(mean) 

VISUAL GRADING SELECTED 
STRENGTH 

CLASS  
EN 338 

COMMENT  
RESI – BIO – 

remaining cross-
section 

 

min/max 
(%) 

ρ12% 
(kg/m3) 

Strength 
class acc. 
to EN 
388 

CLASS  
DIN 
4074 

CLASS 
EN 
1912 

Ring width/ 
latewood 
proportion 
(mm-%) 

M
AI

N
 N

AV
E,

 B
AS

E 
(T

IE
) L

EV
EL

 

M1 
 

PRINCIPAL RAFTER 
spruce 15-16 / 23-26 

10.8 - 12.9 407 C20 S13 C30 1,2 - 1,9 - 5,9  
17 - 26 - 50 

C20 Sound wood, very low 
density in juvenile zone 
15/22 

M5 
 

TIE BEAM spruce  
20-22 / 28-30 

13.0 - 13.9 435 C24 S13 C30 0,9 - 2,8 - 4,5 
18 - 27 - 30 

C24 Sound wood, low 
density in juvenile 
wood 20/28 

M6 
 

TIE BEAM spruce  
20-22 / 28-30 

11.9  –  15.1 463 C30 S13 C30 1,5 - 2,0 - 3,9 
20 - 35 - 42 

C30 Sound wood, high 
density, decayed in 
bearer zone 20/28 

M7 
 

TIE BEAM spruce  
20-22 / 28-30 

12.7  –  15.6 411 C22 S13 C30 1,2 - 3,1 - 6,3 
8 - 16 - 34 C22 Very low density and 

LW proportion, 
decayed in the wall 

M8 
 

DRAGON TIE fir 21 / 29 15.6 – 16.5 538 C45 S13 C30 2,0 - 5,4 - 6,9 
28 - 37 - 55 

C30 Sund wood, except. 
high density 20 / 28 

M9 
 

PRINCIPAL RAFTER 
spruce 15-16 / 23-26 

10.5 – 13.1 492 C35 S13 C30 0,4 - 1,2 - 2,9 
 25 - 33 - 50 

C30 Sound wood, except. 
high density 15/22 

2.
 L

EV
EL

 M10A 
 

KING POST spruce 
20-21 / 25-26 

11.6 – 13.6 596 C50 S13 C30 0,4 - 1,0 - 3,0 
20 - 32 - 50 

C30 Sound wood, except. 
high density 20/25 

M11 
 

PRINCIPAL RAFTER 
spruce  15-16 / 23-26 

11.7 – 14.4 444 C24 S13 C30 0,9 - 2,4 - 6,7 
11 - 21 - 63 

C24 Sound wood, average 
density 15/22 

4.
 L

EV
EL

 M15 
 

KING POST spruce 
20-21 / 25-26 

11.8 – 17.2 405 C20 S13 C30 1,3 - 3,5 - 5,3 
9 - 11 - 23 C20 Sound wood, very low 

density 20/25 

M17 
 

PRINCIPAL RAFTER 
spruce 15-16 / 23-26 

9.8 – 13.1 484 C35 S13 C30 0,9 - 2,4 - 4,1 
22 - 29 - 32 

C30 Sound wood, except. 
high density 15/22 

 

Table 2. Mechanical properties of selected structural elements (listed in Table 1) by various methods and finally 
chosen strength classes  

 
* Element yielded very variable results due to defects in small clear samples.  
** A reasonable compromise between results in Table 1 and Table 2 

 

 

LO
CA

TI
O

N
 ELEMENT 

 
STRESS 
WAVES 

SCREW WITHDRAWAL 
FORCE 

DIRECT MECHANICAL TESTS ARBITRARY 
SELECTED 
STRENGTH 

CLASS** 
 

EN 338 

MOEstat 

MOEdyn 

(GPa)  

DENSITY 
ρ12% 
(kg/m3)  

SHEAR 
MODULUS 
(N/mm2) 

MOE 
(kN/mm2) 
large samples 

MOE 
(kN/mm2) 
small clear 

MORchar 
(N/mm2)/ 
class EN 338 

METHOD/SOURCE [2] [1] [2] EN 408 ISO 13061-4 ISO 13061-3 
[5] 

M
AI

N
 N

AV
E,

  
BA

SE
 (T

IE
) L

EV
EL

 

M1 PRIN. RAFTER  10.1 C22 529 C45 0,71 C24 12.2 C30 12.0 C30 27 C27 C24 

M5 TIE BEAM  13.3 C24 500 C40 0,66 C22 12.9 C30 12.9 C30 12.8 C30 C24 
M6 TIE BEAM  10.8 C22 469 C30 0.62 C20 12.1 C30 12.1 C30 12.1 C30 C30 
M7 TIE BEAM  10.4 C22 503 C40 0.69 C24 9.8 C20 9.8 C20 11.1 C24 C22 
M8 DRAGON TIE  12.4 C30 518 C40 0.73 C27 9.3 C18 9.3 C18 9.8 C20 C30 
MM9 PRIN. RAFTER  12.5 C30 482 C35 0.62 C20 10.9 C22 10.9 C22 11.2 C24 C24 

2.
 L

EV
EL

 M10A KING POST  15.6 C45 503 C40 0.67 C22 15.4 C45 15.4 C45 14.1 C40 C30 
M11 PRIN. RAFTER  13.8 C35 469 C30 0.61 C20 12.2 C30 12.2 C30 10.6 C22 C24 

4.
 L

EV
EL

 M15 KING POST  10.4 C22 500 C40 0.70 C24 10.8 C22 10.8 C22 10.5 C22 C22 
M17 PRIN. RAFTER  14.4 C40 466 C30 0.65 C22 7.0* C14 7.0* C14 8.6* C16 C30 
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Table 3. Results on small clear specimens: comparison of density by standard volumetry on drill cores and screw 
withdrawal testing in situ, and mechanical strength values on extracted beams. 

DETERMINATION METHOD  MEAN DENSITY ρ12 (n=48) 

min avg max sd CoV % 

ISO 13061-2 389 463 596 49,35 10,66 
Screw withdrawal [5] 420 499 631 40,74 8,16 
 MECHANICAL PROPERTIES, SMALL CLEAR SAMPLES (n=9*) 
 min avg max sd CoV % 
Bending strength, ISO 13061-3 72.5 77.9 95.6 7.87 10.11 
Reference values, spruce [7] 65 71 77   
Compression parallel, ISO 13061-6 40.2 45.7 51.2 3.64 7.97 
Reference values, spruce [7] 40 45 50   
Shear parallel, ISO 3347 8.8 11.0 14.6 1.42 12.57 
Reference values, spruce [7] 5.0 6.3 7.5   

 *Results from one beam were discarded due to evident micro1acking and insect damage 

 

Table 4. Strength classification by various methods and their evaluation based on comparison with structural 
properties of wood. 
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Figure 4. Forces in the main span truss for vertical 
loads 

  
Figure 6. Values of the coefficient of exposure to lateral  

wind load 
Figure 5. Forces in the main span truss for horizontal 

loads 

 
Figure 7. Graphic representation of the deflections for the governing serviceability limit state combination 
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DISCUSSION 

The wood of the highest quality was selected to build the structure. An exquisite level of workmanship 
is still evident in the condition of the majority of joints, which are practically all in pristine condition, 
tight and completely functional. Therefore, the structural analysis may have been executed assuming 
that such joints are fully capable of transferring loads (EN 17121), and the calculations were based on 
assigned strength classes and minimum load-bearing cross-sections of the elements. Special analysis of 
joints (design, level of workmanship or damage) does not fit the length of this article. 

The moisture content of wood (Table 1) is low in values (12-16%) and of a small gradient (<3%), which 
indicates that no further stresses in joints, member distortions and cracking, or development of 
biological damage may be expected. Accordingly, the durability of the structure was designed for a risk 
class 2 acc. to EN 335 and in use class 2 acc. to EN 1995-1-1 (below 85 % r.h. at 20 °C except for a few 
weeks a year). 

Results in Tables 1 and 2 demonstrate the difficulties in determining the strength classes of timber. 
Visual grading is not discriminative enough: all presented elements were of S13 visual grade acc. to DIN 
4074-1 (which would correspond to strength class C30 in EN 1912), yet specific measurements 
recorded such wood properties that would classify the timber in a range between C18 and C45. Worse 
than that, the appearance of the surface (the basis of visual classification) may disguise weaker layers 
deeper within the timber, even in healthy elements (pith and juvenile wood). In several cases, the mean 
density (determined on the through core drills) was, therefore, a corrective factor, and the finally 
selected strength class (column 10 in Table 1) was conservatively chosen to be the lower value of the 
two principal criteria presented in Figure 2. 

The notorious discord of the results is evident from all the supportive methods applied (Table 2). The 
results can be evaluated only in comparison with resistograms and structural analyses of polished drill 
cores (cross-section); examples are presented in Table 4. One should carefully examine the possible 
causes for aberrations of the NDT results (e.g. ring width and latewood portion, Table 1) and take the 
results either as corroborative information for the strength class determination by principal criteria or 
reject the discriminative results based on obvious misjudgement or shortcomings of a particular 
technique. Table 4 presents some of such cases, where e.g. stress wave or screw withdrawal methods 
that probe the exterior zones of the boxed-hearted elements obviously failed to record broad rings, low 
latewood portion (Table 1) and other inferior properties of the central zone of the elements.  

Screw withdrawal testing proved very useful in the determination of the mean density, taking that the 
results of SWT showed a good correlation with measurements on 12.5 mm drill cores, with the 
advantage of being less destructive and enabling faster testing that can be conducted on much wider 
areas of the structure. The results in Tables 1 and 2 (density of cores and SWT density estimation) 
indicate good correlation, but generally higher EN 338 strength class determined by screw withdrawal 
technique. The results on all 60 measurement locations (Table 3)  show a bias of ca 10 % higher SWT-
determined density but very similar dissipation of results, therefore a reliable estimation. The bias may 
originate from the incorrect formula for specific species and wood tissue [1],  but more likely from the 
fact that SWT records the wood properties in the outer zone of the large cross-section elements, which 
in the centre contain the pith and less dense juvenile wood. In that sense, the SWT estimation of density 
may be considered reliably, with a need to conservatively denote a 10 % smaller mean value and 
corresponding strength class to structural elements. 

Small clear samples can’t be representative for evaluating the load-bearing properties of large-sized 
construction timber. However, the congruity of their values (variance below 15 %) and concordance 
with referenced wood properties (Table 3) are helpful in the general assessment of wood quality 
(particularly for S10 and S13 grades), indicating the absence of partial biological deterioration 
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(perforations and limited mass loss) and presents a useful correction factor for density-dominated 
strength classification. 

Results indicate that the arbitrary decision about the strength class determination remains the key 
factor in timber classification, although subject to the evaluator's experience. Several additional 
methods can never be superfluous for corroboration of the overall strength class selection, no matter 
how limited or unreliable they may be, provided that the results of each additional method be carefully 
analysed and taken with caution regarding their possible misguidance in reaching the ultimate decision.  

Engineers were provided with the information about strength class values either as the "dominant class" 
for a particular type of structural element (e.g. appearing in 80 % or more of members) or as a 
"minimum class ever recorded". The latter were conservatively taken for structural calculations, with 
reasonable confidence in mechanical properties classification and consequentially in the load-bearing 
capacity estimation. Additionally, the useful load-bearing cross-section was reduced for all elements 
exhibiting significant surface biodeterioration levels. Some of the elements of the king post structure, 
for example, may be loaded either in tension or compression, depending on the external loads (Figs 4 
and 5), which were taken into consideration during calculations. 

Ultimate limit state checks for every element were performed. Also, serviceability limit state checks (Fig. 
7) were performed for dead and wind loads. Most of the elements meet the short-term deflection 
criteria. However, long-term criteria were exceeded in several parts of the side naves structures. It is 
planned to reverse these deflections with external post-tensioning of the trusses. Also, some types of 
elements (common rafters and purlins) exhibited insufficient stiffness and load-bearing capacity.  

In general, it can be concluded that most of the elements for the given input parameters meet the criteria, 
i.e. have sufficient resistance to design actions according to EN standards. All joints are very neat and 
functional. At the same time, however, it should be emphasised that the traditional carpentry joints are 
conceptually unsuitable for dynamic alternating actions such as an earthquake (a rapid change of force 
direction with significant horizontal shifts).  

Further work will focus on the design of restoration methods for the replacement of the roof parts that 
are totally degraded by rot and for the restructuration of the members that obviously require 
strengthening. 

 

CONCLUSION 

The structural analysis of the Zagreb cathedral is presented through the analysis of timber properties 
and consequent structural stability checks and seismic calculations. The quality of wood and its specific 
features were analysed by several methods, of which visual grading and density determined by core 
drilling proved to be the adequate principal criteria. However, other methods are needed in order to 
specify the load-bearing capacities of timber as a sound base for static calculations. Among those, 
resistance drilling proved very useful, albeit only as an indicative method, whereas other fast and 
indirect methods (stress-wave analysis and screw withdrawal), with their ability to estimate either 
density or specific mechanical properties, yielded disputable results. Therefore, a new approach to 
direct testing was applied on medium-sized beams and on small clear samples to corroborate the 
findings of NDT techniques. Only the comparative analysis of the complete body of results (although 
subject to the evaluator's expertise), further clarified by microscopic inspection of wood structural 
features, enables a complete insight into the strength classification of timber.  
The conservatively chosen strength classes and reduction in cross-sections (where proven appropriate) 
were used for modelling the structure's load-bearing capacity and ultimate limit state checks. It was 
demonstrated that the roof structure of the Zagreb cathedral generally meets all the EN standardised 
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criteria and has sufficient resistance to design actions. However, the resistance to dynamic alternating 
actions (e.g. in an earthquake) should be further taken into consideration, and appropriate anti-seismic 
structural reinforcements shall be proposed. 
 

REFERENCES 

[1] Divos, F. 2010: User's guide - Screw withdrawal resistance meter. Fakopp Enterprise Bt. H-9423 
Ágfalva, Fenyő u. 26. Hungary, 2010; www.fakopp.com. 
 [2] Divos, F.; Tanaka, T. 2005: Relation between static and dynamic modulus of elasticity of wood. Acta 
Silvatica et Lignaria Hungarica, 2005 (1), 105-110. 
 [3] Divos, F.; Sismándy Kiss, F.; Takats, P. 2011: Evaluation of historical wooden structures using 
nondestructive methods. Proceedings: SHATIS'11 International Conference on Structural Health 
Assessment of Timber Structures - Lisbon, Portugal - June 2011: LNEC. 
[4] Ericsson, K; Karawajczyk, E.; Kliger, R.; Lechner, T.; Lukaszewska, E.; Misztal, W.; Nowak, T. 2018: 
Non-destructive testing of the historic timber roof structures of the National museum in Stockholm, 
Sweden. Int. J. of Herit. Archit., Vol. 2, No. 2 (2018) 218–229. 
[5]  Rammer, D. R. 2010: Fastenings. Wood Handbook, Wood as an Engineering Material, Forest Products 
Laboratory, U.S. Department of Agriculture, Forest Service, Madison, WI, Chapter 08. 
[6]  DIN 4074-1,5 (2012) Strength grading of wood - Part 1-5: Sawn timber. 
[7]  EN 335 (2013) Durability of wood and wood-based products -- Use classes: definitions, application 
to solid wood and wood-based products. 
[8]  EN 338 (2016) Structural timber -- Strength classes. 
[9]  EN 408 (2010) Timber structures -- Structural timber and glued laminated timber -- 
Determination of some physical and mechanical properties. 
[10]  EN 1912 (2012) Structural Timber -- Strength classes -- Assignment of visual grades and species. 
[11]  EN 1993-1-Parts 1-14 (2014): Design of steel structures (with national annexes). 
[12]  EN 1995-1-1 (2015): Design of timber structures (with national annexes). 
[13]  EN 1998-1- Parts 1-6 (2011): Design of structures for earthquake resistance with national annexes. 
[14]  EN 16096 (2012) Conservation of cultural property -- Condition survey and report of built cultural 
heritage. 
[15]  EN 17121 (2019) Conservation of cultural heritage -- Historic timber structures -- Guidelines for 
the on-site assessment of load-bearing timber structures. 
[16]  EN 13183-1 (2002) Moisture content of a piece of sawn timber -- Determination by oven dry 
method. 
[17]  EN 13183-2 (2002) Moisture content of a piece of sawn timber -- Estimation by electrical resistance 
method. 
[18]  EN 13061-2 (2014) Physical and mechanical properties of wood -- Test methods for small clear 
wood specimens -- Determination of density for physical and mechanical tests. 
[19]  EN 15425 (2017) Adhesives -- One component polyurethane (PUR) for load-bearing timber 
structures -- Classification and performance requirements. 
[20]  ISO 3347 (1976) Wood — Determination of ultimate shearing stress parallel to grain. 
[21]  ISO 13061-3 (2015) Physical and mechanical properties of wood – Test methods for small clear 
wood specimens – Determination of ultimate strength in static bending. 
[22]  ISO 13061-4 (2014) Physical and mechanical properties of wood -- Test methods for small clear 
wood specimens -- Determination of modulus of elasticity in static bending. 
[23]  ISO 13061-5 (2020) Physical and mechanical properties of wood — Test methods for small clear 
wood specimens — Determination of strength in compression perpendicular to grain. 

261




