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This study presents the results of an experimental testing regime conducted on the joints of a wood-based

prefabricated sandwich panel recently developed in Norway. The connections investigated were those involved

in constituting the lateral force-resisting system for a wall assembly, namely the panel-to-sill connection. Several

European standards are undergoing a revision process, amongst them the one that describes the procedures and

methods of assessment of timber joints made with mechanical fasteners, tested under quasi-static cyclic conditions.

The objective of this investigation was therefore to compare the current methodologies with those presented in

a revision proposal and a third method used in Japan. The revision proposal introduces the concept of strength

degradation, which should ensure a large amount of energy dissipation without a significant loss of strength, when

designing structures for earthquake loads. The results of the testing regime are presented, and advantages and

disadvantages of the methods are discussed.

1. Introduction1

During the last decade, timber buildings have become an attractive2

alternative to systems built with other materials as concrete, steel3

and masonry. Although the main reason of the increasing popularity4

of timber structural systems is related to the growing interest in5

sustainable building, timber products also have proven excellent6

performance in relation to speed of construction and an excellent7

capacity to withstand earthquakes loads.8

The high demand for timber buildings in the recent past, have9

driven the industry to conceive an increasing number of new10

engineered timber products. These products are more and more11

often prefabricated elements which are assembled on-site. In this12

context, the role played by those standards that specifies the test13

methods for timber structures, is very important. The behaviour 14

of a timber structure under lateral cyclic loads (e.g. wind and 15

earthquake loads) is mainly governed by the response of its 16

connection systems, (as showed by several studies Piazza et al. 17

(2011), Piazza et al. (2015)). Furthermore, joints and assemblages 18

made with mechanical fasteners for load-bearing timber elements 19

in seismic regions in Europe, need to be tested according to 20

EN 12512:2001+A1:2005. This is because information about 21

properties such as ductility, dissipation of energy and impairment 22

of strength are needed in order to design according to EN 1998- 23

1:2004/A1:2013. Such parameters are determined from the analysis 24

of the load-displacement curve of a destructive test. However, as 25

already pointed out by other authors (Muñoz et al. (2008)), the 26

definition of the ductility is strongly dependent on the evaluation 27

Prepared using PICEAuth.cls [Version: 2014/10/10 v1.00] 1



Proceedings of the Institution of Civil Engineers Assessment of ductility properties of the

connections in a prefabricated timber

panel

Pasca et al.

of the yield point and the definition of failure load. The load-28

displacement curve, in timber assemblies, is characterised by a29

non-linear trend much more marked compared for example to steel30

assemblies. Seldom in fact there is an unambiguous transition from31

the elastic range to the plastic range with two well defined linear32

parts. An experimental regime on a product recently developed in33

Norway gave the opportunity to compare how different methods34

influence the calculation of the yield point and ductility ratio. Some35

preliminary results of this experimental regime are presented in36

Pasca et al. (2019).37

2. Materials and Methods38

2.1. Materials and geometry39

The tested elements consist of two outer parallel-aligned multilayer40

solid wood panels, see Fig. 1. Wooden dowels are used to connect41

the outer layers to each other, these are arranged along two rows in42

the longitudinal direction of the element with a spacing of 500 mm43

(S). The elements are produced with a standard width of 200 mm44

(B), and are manufactured primarily in standard thicknesses ranging45

from 130 mm to 330 mm (T). The element length is adjusted46

to the actual floor height up to max 3 m (L). The prefabricated47

elements are then aligned and connected to a continuous top and48

bottom sill on site. The panels may be used as exterior and interior49

bearing walls in residential buildings, or other specific uses, up to50

three floors Termowood (2007). The elements can also be used to51

renovate older buildings. Fig. 1 shows the details of an assembled52

wall.53

Several tests were conducted upon different configurations so as54

to identify which one yields the best performance. The forces of55

interest were the horizontal (shear) forces acting on the assemblies56

at the interface between the panels and the (top and bottom) sills,57

see red lines and arrows in Fig. 1. Type of fastener (screws and58

nails), their inclination (90◦and 60◦, with respect to the vertical59

axes) and type of sill (Solid Wood Panel and solid timber) were the60

different variables tested. It need to be clarified that the inclination61

of the fasteners was actually not relevant for this specific test set-62

up, as the connectors remained in any case perpendicular to the63

shear plane, and therefore the withdrawal capacity of the screw64

was not activated. The inclination was however needed to perform65

another kind of investigation where uplift forces were applied to the66

specimens.67

The Termowood (TW) element is made of two Solid Wood Panels 68

(SWP) according to EN 13353:2008+A1:2011. The SWP in the 69

elements is a 40 mm thick, three-layered wood panel, and the two 70

SWP panels are connected through wood dowels in the middle. The 71

tested top- and bottom-middle sill where made either with solid 72

timber (ST) strength grade C24, according to EN 338:2016, or SWP 73

according to EN 13353:2008+A1:2011. 74

Two kind of connectors were used to assemble the specimens, 75

both provided by Motek. Screws with external coating C4, partially 76

threaded, type 17 point, with size 5,0x90mm; and diamond coated 77

barbed shank, nails with size 3,1x90mm. Both types of connectors 78

were tested with two different orientations, i.e. 90◦and 60◦, with 79

respect to the orientation of the external panels. 80

Bottom sill

Middle sill

SWP lamella

Dowel

Top sill

Middle sill

Insulation

S

T

B

L

Figure 1. Construction details of Termowood wall.
Source:Termowood (2017)
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The geometry of the test specimens is shown in Fig. 2 (the81

dimensions are expressed in mm). The test specimens were set82

up with two sills with the Termowood element in-between. Two83

connectors were placed on each side of the element, resulting in84

eight connectors for each test specimen.85

Figure 2. Specimen layout

Each specimen was assembled by the producer, who followed their86

own internal quality check, and further stored for at least four weeks87

in a laboratory with controlled climate at 20◦C and 65% humidity88

before testing. The conditioning was according to ISO 554:1976.89

2.2. Evaluation of the mechanical properties for90

cyclic tests91

The mechanical properties evaluated from cyclic tests are calculated92

from the load envelope curve of the hysteresis curve. The main ones93

are:94

Maximum force95

Yield point96

Ultimate displacement97

Ductility ratio98

In order to post-process the data from the cyclic tests three different99

methods were used:100

1. The procedure provided by the EN 12512:2001+A1:2005101

standard (from now on referred as 1/6 procedure).102

2. The Yasumura & Kaway method (Yasumura (1997)) (from 103

now on referred as Y & K procedure). 104

3. A modified EEEP method (Casagrande et al. (2019)) (from 105

now on referred as EEEP procedure). 106

2.2.1. EN 12512 107

EN 12512:2001+A1:2005 is the current standard to perform cyclic 108

tests on timber joints made with mechanical fasteners. It provides 109

the protocol to perform such tests and furthermore two ways of 110

assessing the yield point from the load-displacement curve. The 111

first method (called method (a) in the standard) is used when the 112

load-displacement curve has two well-defined linear parts, which is 113

not the case with timber assemblies. The yield point is determined 114

by the intersection of two lines drawn from these two linear parts. 115

The second method (called method (b) in the standard, see Fig. 3) 116

gives a more precise rule on how to draw such lines. The first line 117

is drawn through the points 10% and 40% of the peak load Fmax 118

on the curve, while the second line is the tangent to the graph that 119

have a slope of 1/6 of the first line slope. The yield load and slip are 120

then determined at the intersection between these two lines. 121

With regards to the assessment of the ultimate displacement the 122

standard defines three criteria: 123

a failure; 124

b the displacement related to the 80% of the peak load (after 125

peak load and for a slip of less than 30mm); 126

c a joint slip of 30mm. 127

b
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Figure 3. Definition of yield point according to EN 12512
method (b)
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2.2.2. Yasumura & Kaway128

A commonly adopted method is the so called Yasumura & Kawai129

procedure Yasumura (1997). According to this method the first line130

is drawn through the points 10% Fmax and 40% Fmax (red line in131

Fig. 4). The second line is drawn through points corresponding to132

40% Fmax and 90% Fmax, and is then translated so that the line133

is tangent to the load-displacement curve (blue line in Fig. 4). The134

intersection between the two lines gives the yield load. To retrieve135

the yield slip, the yield load value is projected horizontally onto the136

load-displacement curve.137

The ultimate slip is defined as the one corresponding to 80% of138

Fmax on the decreasing part of the load envelope curve. Finally,139

the ultimate strength Fu is calculated imposing the equivalence of140

the deformation energies of the load envelope curve and the elasto-141

plastic curve (orange curve in Fig. 4).142
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Figure 4. Definition of yield point according to Yasumura &
Kawai

2.2.3. EEEP curve approach143

The test method in ASTM E2126 has as background Foliente and144

Zacher (1994), Foliente et al. (1998), and contemplate the use145

of an equivalent energy elastic-plastic curve (EEEP). The method146

has been included in Casagrande et al. (2019) which contain a147

revision proposal for the EN 12512:2001+A1:2005 standard. The148

EEEP curve, which is bilinear and represents perfect elastic-plastic149

behaviour of an assembly, is derived such that the area below the150

test curve is equivalent to the area under the bilinear curve, see151

Fig. 5. The first line corresponds to the initial elastic stiffness, and152

goes through the point 10% and 40% of the peak load Fmax. The153

yield load (Fy) is calculated using the following formula, imposing 154

the equivalence of the areas under the two curves: 155

(1) Fy =

[
∆failure −

√(
∆2

failure −
2wfailure

K

)]
K

Where ∆failure is the ultimate slip, wfailure is energy dissipated 156

before reaching failure (i.e., the area below the curve) and K is the 157

elastic stiffness. 158
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Figure 5. Definition of the EEEP curve (blue) with 1st LEC (red)

While the ASTM E2126 standard considers just one criterion 159

for the definition of the ultimate slip (the slip corresponding to 160

80% of Fmax), the revision proposal presented in Casagrande 161

et al. (2019) considers three criteria, revising criterion c) of EN 162

12512:2001+A1:2005: 163

c The displacement characterized by a strength degradation 164

factor βsd equal to or lower than βsd,min whichever occurs 165

first. 166

The meaning of the non-dimensional coefficient βsd is explained 167

in Fig. 6. This is in accordance with the existing regulations 168

in Eurocode 8 section 8.3 (3)P, which could be interpreted as 169

an implicit definition of the strength degradation factor. The 170

importance of taking into account the strength degradation of the 171

dissipative zones is underlined in Follesa et al. (2018), where the 172
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value of the strength degradation is set to βsd = 0.8 and introduced173

in the calculation of the design strength of a dissipative zone:174

(2) FRd,d = kmod · βsd · FRk,d

γm

Where kmod is the modification factor for duration of load and175

moisture content and γm is the safety factor for material properties.176
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Figure 6. Definition of strength degradation factor

2.3. Experimental investigation177

2.3.1. Test set-up and test procedure178

Monotonic tests were performed according to the loading procedure179

presented in EN 26891:1991. Cyclic tests were instead performed180

according to the procedure presented in EN 12512:2001+A1:2005.181

The specimens were positioned centrally under the load cell to182

avoid any unwanted eccentricity, see Fig. 7A and Fig. 7B). The183

loads were measured with a load cell placed between the actuator184

and the specimen. The displacements were instead measured185

with displacements transducers placed as close as possible to the186

interface between the panel and the sill, see Fig. 7B.187

For the monotonic tests the displacement rate was set as 2 mm/min188

in the beginning. After the first test, the displacement rate was189

adjusted to 4 mm/min to adhere to the correct testing time based on190

EN 26891:1991. Finally, the displacement rate was adjusted once191

more after Fest and set to 5,8 mm/min.192

Figure 7. (A) Monotonic test set-up; (B) Cyclic test set-up

For the cyclic tests a yield slip, Vy,est, had to be calculated. 193

The value was retrieved from the results of the monotonic 194

tests. The displacement rate for all the tests was 12 mm/min 195

= 0,2 mm/sec, which is the maximum rate, according to 196

EN 12512:2001+A1:2005. Furthermore, a clamping system was 197

produced for the cyclic test set-up. This to maintain the specimen 198

on the base-plate of the machine, during the tension forces pulling 199

it upwards. The steel clamping system and the size of the elements 200

were chosen to minimize the deformations of the steel parts. 201

Table 1 provides an explanation for the nomenclature of the 202

tested specimens, while Table 2 provides an overview of the 203

configurations for the monotonic and cyclic tests. 204

3. Results and discussion 205

3.1. General discussion 206

The results of the test conducted are discussed in the following 207

section. During the testing none of the specimens showed 208

sudden failures with very significant loss of strength. However, 209
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X
(Orientation)

Y
(Connector

type)
Z (Sill type) a (Load)

A = 60◦to outer
panel

N = Nail S = SWP
s =

monotonic
H = 90◦to outer

panel
S = Screw

T = Solid
Timber

c = cyclic

Table 1. Overview of specimen labels

Test Type Connector Angle Sill n◦

Monotonic
&

Cyclic

Screw

90◦
ST 5

SWP 5

60◦
ST 5

SWP 5

Nail

90◦
ST 5

SWP 5

60◦
ST 5

SWP 5

NTOT

40 (Monotonic)

40 (Cyclic)

Table 2. Test configurations

after the testing procedures were completed each specimen was210

disassembled, and in some cases a rupture of the connector was211

observed. Every fastener had failed either according to failure212

modes (d), (e) or (f) of the European Yield Model (EN 1995-1-213

1:2004/A2:2014), meaning with the formation of at least one plastic214

hinge, see Fig 8A. Most likely, when the connectors had fractured,215

the friction between the TW element and the sills were holding the216

specimen together, with quite significant forces.217

The load-displacement curves for the monotonic tests are presented218

in Fig 9. The graph shows the mean load-displacement curve219

for each configuration so as to obtain a graphical comparison220

between these. Table 3 reports the mechanical properties, calculated221

according to EN 26891:1991 for the static tests; Table 4 reports222

instead the results in terms of mechanical properties for the cyclic223

Figure 8. (A) Failure modes; (B) Detail of the separation
between the lamellas of the SWP sill
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Figure 9. Mean load-slip curves for the static tests

tests, which were calculated according to the different methods 224

discussed in section 2.2. On the left hand side of Fig 10, 11 225

and 12 the hysteresis curves of some specimens are shown along 226
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with the corresponding load envelope curves for each cycle. On227

the right hand side, instead, the load envelope curves with some228

of the properties evaluated according to the different assessment229

methodologies are shown.230

For both the static and cyclic tests, when the connectors were231

inserted with a 60◦angle, ST sills and SWP sills showed a similar232

behaviour, with the latter showing slightly better results in terms233

of strength and stiffness, and the former generally better ductility234

ratios. However, the results in terms of ductility are very dependent235

on the method used to assess the mechanical properties, as one can236

observe in Table 4.237

When the connectors were inserted with a 90◦angle, strength and238

stiffness values was observed to be higher for ST sills. This is most239

likely due to the fact that the connectors frequently penetrated the240

lamellas close to the glue line in the SWP sill, which resulted in a241

separation of these when the loads were applied, see Fig 8B. SWP242

sills however highlighted a more ductile behaviour than ST sills243

under cyclic loading.244

Generally speaking, connectors inserted with a 60◦angle showed245

slightly higher strength and stiffness values, while those inserted246

horizontally (90◦) showed a more ductile behaviour. However,247

from both Fig 9 and Table 3, it is also clear that the insertion of248

the connectors with an angle of 60◦does not lead to a significant249

increase in terms of stiffness and shear capacity. This happens250

because the withdrawal capacity of the connectors is activated only251

when uplift forces are acting on the connection. For the shear test252

set-up, in fact, the shear plane at the interface between the element253

and the sill is not affected by the inclination of the screws or nails.254

Consequently, the increase in the resistance due to the inclination255

of the screws is not noticeable.256

Furthermore, the use of SWP sills instead of ST sills did not257

increase the capacity and stiffness substantially, especially when258

connectors of bigger diameter were used. In fact, quite often the259

insertion of the screws with a 90◦angle, made the mechanical260

properties poorer. As already pointed out, this is related to several261

cases of lamella separation, where the bigger point of the screws262

connectors hit the lamellas at the glue line forcing a separation263

during the loading procedures. This behaviour was even more264

prominent when the specimens were tested for uplift forces.265

Finally, screw connectors were stronger and stiffer than nail 266

connectors, while the latter were more ductile, as it was expected. 267

It is worth to point out that often one specimen per configuration 268

showed a behaviour that differed from the other, which contributed 269

to the rather high values of the standard deviations of the properties 270

reported in the tables. 271

3.2. Comparison of the yield point assessment and 272

ductility ratios 273

It is of interest to compare the results of the cyclic tests in terms of 274

yield slip, yield load and ductility ratios, and discuss the advantages 275

and disadvantages of the methods used to assess these properties. 276

Since the ductility is defined as the ratio between the ultimate slip 277

and the yield slip, its values are strongly influenced by the method 278

used to evaluate both these quantities. 279

Regarding the yield point, the results from the EEEP method are 280

located always off the curve in regions where plastic deformations 281

have already occurred, and gives therefore the highest values in 282

terms of yield load and displacement (see Fig 10, Fig 11, Fig 12. 283

The results from the 1/6 procedure and the Yasumura & Kaway 284

procedure are closer to each other, except for specimens with a 285

relatively lower initial stiffness. When the initial stiffness is lower 286

in fact, the yield point derived from the 1/6 procedure tends to 287

go off the load-displacement graph, and closer to the yield point 288

determined from the EEEP procedure (see Fig 11). As for the 289

Y&K procedure, the initial stiffness does not affect the yield point 290

location, which always stays on the curve. From a computational 291

point of view however the EEEP method is the easiest method to 292

program, since it does not involve the process of finding a line 293

tangent to the load envelope curve. 294

A novelty of Casagrande et al. (2019) is the revision of criterion c) 295

of the EN 12512:2001+A1:2005. This criterion was introduced in 296

order to take into account the degradation of the resistance capacity 297

typical of assemblies subjected to cyclic loading. This condition 298

should grant results that are more conservative in terms of ultimate 299

slip and ultimate load, and is consistent with the new provisions 300

for Capacity Design rules proposed in Follesa et al. (2018). Both 301

the work in fact underline that the low cyclic fatigue strength 302

represents a key-parameter for the seismic behaviour of timber 303

connections, in order to ensure high ductility and large amount of 304

energy dissipation without a significant loss of strength. 305
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Property Test group study 1.1

ANSs ANTs ASSs ASTs HNSs HNTs HSSs HSTs

Fy [kN] 6.63 (0.30) 6.05 (0.46) 11.16 (0.85) 10.38 (1.02) 5.92 (0.46) 6.46 (0.32) 9.83 (1.05) 13.03 (0.47)

vy [mm] 1.18 (0.23) 1.17 (0.27) 2.24 (0.29) 2.08 (0.94) 0.88 (0.21) 1.24 (0.23) 1.29 (0.30) 1.82 (0.44)

Fu [kN] 14.06 (0.59) 11.72 (0.60) 26.65 (1.63) 24.39 (1.55) 11.01 (0.70) 11.40 (0.80) 19.79 (1.21) 26.32 (1.91)

Kser [kN/mm] 5.76 (1.03) 5.32 (0.83) 5.00 (0.27) 5.52 (1.44) 6.93 (1.21) 5.31 (0.83) 7.77 (1.00) 7.45 (1.58)

Table 3. Results from monotonic tests - Mean values and standard deviations in brackets

Method Property Test group study 1.2

ANSc ANTc ASSc ASTc HNSc HNTc HSSc HSTc

Y & K

Fy [kN] 3.93 (1.47) 3.90 (0.88) 9.92 (2.46) 7.73 (1.03) 3.40 (0.39) 4.35 (0.90) 6.31 (0.97) 7.26 (1.59)

vy [mm] 2.00 (0.69) 2.44 (0.79) 4.83 (1.65) 2.58 (0.71) 1.60 (0.67) 2.64 (0.80) 2.50 (0.82) 2.76 (0.30)

Fu [kN] 7.45 (0.97) 7.06 (0.46) 17.89 (1.15) 15.47 (1.03) 6.49 (0.44) 7.47 (0.63) 13.37 (0.91) 14.97 (1.27)

D [-] 8.38 (4.72) 6.04 (1.54) 4.70 (1.87) 7.14 (1.74) 10.50 (3.26) 5.68 (1.72) 9.13 (1.76) 6.76 (0.86)

1/6
Procedure

Fy [kN] 5.32 (0.47) 3.62 (2.01) 12.74 (2.61) 11.29 (2.07) 3.42 (0.34) 4.90 (0.96) 9.31 (2.57) 11.30 (0.95)

vy [mm] 2.65 (0.59) 1.82 (1.17) 5.80 (1.43) 3.78 (1.03) 1.73 (0.51) 2.72 (0.93) 4.05 (0.91) 5.40 (0.35)

Fu [kN] 7.34 (0.64) 6.74 (0.39) 16.05 (1.05) 14.17 (1.24) 6.52 (0.50) 6.89 (0.63) 12.23 (0.42) 13.92 (1.03)

D [-] 5.50 (1.04) 9.68 (4.56) 3.70 (0.76) 4.88 (1.38) 9.55 (2.87) 5.60 (1.94) 5.65 (1.62) 3.48 (0.15)

EEEP

Fy [kN] 6.87 (0.77) 6.34 (0.73) 17.50 (1.19) 15.15 (0.97) 6.39 (0.42) 6.96 (0.63) 13.30 (0.75) 14.63 (0.89)

vy [mm] 3.50 (0.61) 3.62 (1.92) 7.70 (0.80) 5.20 (0.61) 3.63 (1.49) 4.00 (1.06) 5.53 (0.42) 7.05 (0.58)

Fu [kN] 6.87 (0.77) 6.34 (0.73) 17.50 (1.19) 15.15 (0.97) 6.39 (0.42) 6.96 (0.63) 13.30 (0.75) 14.63 (0.89)

D [-] 3.28 (0.61) 3.62 (1.72) 2.40 (0.29) 2.98 (0.44) 4.63 (2.23) 2.86 (0.96) 3.58 (0.56) 2.28 (0.15)

Table 4. Results from cyclic tests - Mean values and standard deviations in brackets

For the specimens tested under cyclic loading the application of the306

revised condition c) indeed influenced the results. Very often in fact307

condition c) was the decisive one to determine the ultimate slip.308

On the contrary, when the 1/6 procedure was applied condition b)309

was the decisive one. This can be observed comparing the ductility310

ratios in Table 4. The ductility ratios obtained from the revision311

proposal are in fact always lower compared to those calculated312

according to the current version of the standard.313

An observation worth noticing is that, referring to the definition314

given in EN 1998-1:2004/A1:2013 (clause 8.3(3)P), the differences315

in the ductility ratios between the different approach leads to a316

different classification of the joints for several of the tested groups.317

This is due not only to the fact that the calculated ultimate slip is318

very often lower with the adoption of the new method, but also due 319

to the yield slip being always grater. As already pointed out, using 320

the EEEP method, the yield point will be located far of the curve 321

and in a region where plastic deformations have already occurred, 322

overestimating the yield slip and yield load. The consequence of 323

this is that, inevitably, the ductility ratios will be lower. 324
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Figure 10. Load envelope curves and hysteresis curves for specimen ANS-3
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Figure 11. Load envelope curves and hysteresis curves for specimen AST-2
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Figure 12. Load envelope curves and hysteresis curves for specimen HST-5
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4. Conclusions325

In the continuous efforts to maintain the Eurocodes at the forefront326

of engineering knowledge and developments of the construction327

market, CEN/TC 250 is currently preparing the revision of the328

existing set of codes. Assessing the link between product standards329

or other European standards, in particular with regard to any330

discrepancies, is one of the main goals in order to create the331

conditions for a harmonised system of general rules. In this context332

drafts for the revision of both EN 1998-1:2004/A1:2013 and333

EN 12512:2001+A1:2005 are under discussion by the responsible334

subcommittee.335

As already mentioned, in order to perform a design in accordance336

to EN 1998-1:2004/A1:2013, information about mechanical337

properties of dissipative zones are needed. For timber connections338

these may be determined from experimental tests in accordance339

with EN 12512:2001+A1:2005. The link between EN 1998-340

1:2004/A1:2013 and EN 12512:2001+A1:2005 is even tighter in341

the draft under discussion as suggested by Follesa et al. (2018).342

The proposal for the revision of the current version of the test343

methods standard presented in Casagrande et al. (2019) introduces,344

in addition to a slightly revised procedure to perform the tests,345

new methods to derive the needed mechanical properties. The main346

novelty are the introduction of a revised condition to determine347

the ultimate slip (and ultimate load), and a different approach to348

calculate the yield point. The latter is in fact derived through the349

definition of the EEEP curve as in ASTM E2126. The yielding350

load, Fy , and the yielding displacement, vy , are obtained so that351

the areas under the load-displacement curve between the origin and352

the ultimate displacement is the same for the envelope curve and353

the EEEP curve.354

It is the opinion of the authors that the introduction of this procedure355

makes the assessment of the mechanical properties more robust356

from a computational point of view, since the calculations are easier357

to program; furthermore, a given data set will always yield the same358

results. A weakness of the methods provided by the current version359

of the standard is in fact that, being based on a more graphical360

approach (i.e. move a line until it is tangent to the curve), they are361

more difficult to program and could yield different results if a data362

set is given to different operators. Moreover, it is important to take363

into account strength degradation in order to ensure high ductility364

and a large amount of energy dissipation without a significant loss365

of strength. An argument against the EEEP method however is that 366

the yield point will be located far off the curve and in a region 367

where plastic deformations have already occurred, overestimating 368

the yield slip and yield load. Additionally a consequence is that the 369

ductility values will always be lower compared to those calculated 370

with the current prescription (or those outlined in Yasumura (1997), 371

and this could perhaps be seen as too punitive. 372
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