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SUMMARY:

The applicability of the Direct Displacement-Basedsign (DBD) procedure is strictly related &opriori
evaluation of the design displacement and the nragdquivalent Viscous Damping (EVD) of the struetuln
this paper we propose analytical models of thestgdeparameters, at the ultimate limit state, faoden
structures built with engineered joints. Experina¢nmesults show that the plastic resources andpdisse
capabilities of timber structures under earthquakeditions are ensured by the connections betwhen t
members. Therefore, the formulation of the desi@8DDparameters is based on the mechanical modéieof t
single connector and assumes the inelastic defammaf the structure to be concentrated at thetgoifhe
expected non-linear response of the connectionbeasither ductile or brittle. However, throughagppropriate
choice of the geometry and strength characteristidhe materials, in the design process we cartralothe
expected ductile behavior of joints.

Keywords: Displacement-Based Design, Equivalent Viscous Damping, Timber structures, Timber connections,
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1. INTRODUCTION

The Direct Displacement-Based Design (Direct-DBppraach was developed to design structures in
seismic zones, using displacement as input paramé&he Direct-DBD methodology was first
codified by Priestley (1998) and subsequently dmyedl by several other researchers. A key reference
on displacement-based methods applied to varioueria and structural types is Priestley et al.
(2007), while a first attempt to incorporate theddi-DBD methodology into a design code was
among the objectives of a research project whichreaently ended [(RELUIS, 2009), (Calvi and
Sullivan, 2009)].

Overviews of Direct Displacement-Based seismic §esnethods (Direct-DBD) for timber structures
can be found in Priestley et #2007), Newcombe (2010) and Loss (2011). The ctidemelopment
state of the Direct-DBD methods shows fully avdsaprocedures for a few structural types, such as
wood portal frames, while for other structure typasare still far from full applicability. In thigaper

we propose an approach to formulate a Direct-DB@x@dure for any type of structural system built
with timber elements assembled using dowel-typtefes connections. The design of such structures
involves joint optimization and an engineering $olu to ensure their required static and dynamic
behavior. Joints with dowel-type mechanical faster{rails, staples, screws, dowels, bolts and other
pin-like fastener systems) are recognized todath@smost important connection systems in timber
engineering. These connections are used alone aynbination with other devices, such as formed
steel parts or “system-fasteners” (Augustin, 2008).

Independently of the structural material, the Dil@BD procedure codified by Priestley (2003)
requires evaluation of a target design displacerfigjitand a matching Equivalent Viscous Damping
(o) for the selected performance level.



Here we provide a rational Direct-DBD procedurengistent with the state-of-the-art of timber

structures and in particular of timber connectionse model presented allows simple and direct
assessment of design parameters, based on the mudhdescription of dowel-type fastener

connections. This enables an extension of the flation to several types of structure with timber
components. In this paper we show analytical exgwas for design parameters tailored to glulam
portal frame systems and to wood frame systems.

2. EARTHQUAKE-RESISTANT TIMBER CONSTRUCTIONS

It is well known that timber buildings can be desd with adequate strength and reliability to
withstand earthquake loads: to protect life, anregate design procedure must be followed to
reduce damage and prevent their possible colldfm@¢abeyli and Popovsky, 2003). Today there are
many different building techniques and systems, drede have undergone the normal process of
evolution, with progression from traditional to nesd methods of building element assembly and the
use of engineered wood elements in place of satiddwvIn particular we note that joints are often of
the dowel type, with or without the use of formégles components.

This work focuses on the category of timber stetudesigned to withstand earthquakes; and in
particular on structures normally used in Europse $eismic behavior of wood structures is strongly
influenced by the behavior of the connections. &faee, the selection of construction typologies mus
meet the requirements for dissipation capacity gundility of joints. Some typical European wooden
structures that ensure ductile behavior are shoviigure 1. Figure 1(a) is a simplified drawingtioé
system used to build commercial, industrial aneéptpen-space buildings.
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Figure 1. Examples of ductile timber structural systemsMa)ment-Resisting timber portal frame; (b) wood
frame system; (c) Cross-laminated timber panel sy$teodified from Priestley et al. 2007).

The systems commonly used in multi-storey timbeldings are: the wood frame system, or timber
frame panel system (Figure 1(b)), and the crossAlat®d solid wood panel system, also known as the
XLAM (Figure 1(c)). Wood frame systems (Figure J(lye usually built with the platform frame
manufacturing technique. In the platform frame systach floor offers a work surface for the next,
so that erection proceeds easily. The cross-lagdnablid wood panel system (Figure 1(c)) has
recently been introduced into Europe and is a \aliernative to the traditional wood frame system.
The concept of global stability of the structurevexy similar (erection using the platform frame
technique) to that of traditional wood frame systonstruction; except that the timber frame panels
are replaced by cross-laminated massive wood paWhaifsl and seismic loads are transmitted to the
ground by similar methods. Other types of earthguasistant construction systems can be seen in
Europe, but are less frequently used for housing.



3. DESIGN OF TIMBER CONNECTIONS
3.1. Behavior of timber jointsunder cyclic loading

Under seismic loads the structure must offer stiengtiffness, ductility and, in particular, energy
dissipation capacity. This capacity in a timbeusture is essentially the result of the cyclic haebia

of the connections and can reduce during a seisweat. The hysteretic behavior of connections is
influenced by the capacity of the mechanical fasterand the strength properties of wood, as a
function of the load direction relative to the ditien of the grain (Piazza et al., 2005). The resqli
ductility of the system is reached by adequatectiele and design of the connections (Dolan, 1964) t
avoid brittle failure mechanisms. To ensure a dstiructure response, the design of the connetion
must respect th€apacity Design rules (CEN, 2004b).

The connections normally used in modern timbercstines are steel devices that ensure transmission
of forces between the various wood structural etemeln this research we refer to modern
connections that use dowel-type mechanical fastemad metallic devices. Experiments have shown
that the shape of the hysteresis loops in connetidgth dowel-type mechanical fasteners is semsitiv
to the amplitude of the imposed displacement. Inakabeyli and Popovski (2003) some recent cyclic
tests on modern connections, including the dowedtyare discussed. The tests showed that theeailur
mechanism involving yield of the dowel and the edrhent strength of wood can provide high
ductility and excellent energy dissipation undeyer@ed load cycles. Such performance is ensured, in
particular, by well-spaced slender dowels.

The typical expected cyclic load-slip curve\(JFef a ductile connection with steel dowels is shaw
detail in Figure 2(a) (Ceccotti, 1995).

Connections in wood are characterized by two ingmrphenomena: thginching effect and the
memory of the material. The pinching effect modifies the hysteresis cycles in the transitiam first

to subsequent cycles for the same displacementtyfiieal pinched hysteretic cycle is characterized
by a thinner loop in the middle compared to theserthis phenomenon is caused by the cavity
formed around the fasteners during plastic defaomaifhememory of the material implies that the
load-slip curve of the connection at a given tima function of the instantaneous displacemeniband
the loading history (Dolan, 1994). Both these pimeea lead to a reduction in the energy dissipated
in hysteresis loops. Available numerical modelsatdg of accurately describing the cyclic load-slip
curve for a single dowel-type connector, e.g. Ajo{1999) and Lo (2002), appear very sophisticated
and allow a complete investigation of the wholeaiyit response up to failure.

(@) (b)
F FA
F N4 /2 -
2 Y e
W iV
0,2 / - 7 1
Fi2 FI2 /A
6 a 72 6 >
S / ”%/ v (mm) - Ly > 2 /d / é/ a ?
‘/ / 02 =) A FR
% Yy Y
' ' -R Y | W N
0|

Figure2. (a) Typical cyclical behavior of a nailed connectwith nail slenderness of 8.5. The dashed line
shows the Envelope curve (Ceccotti, 1995); (b) Etqubmad-slip curve of a dowel-type fastener cotinac
(red line); Analytical load-slip curve of a dowgipe fastener connection (black line).



This research, on the other hand, focuses on tly stf the dynamic response of a structure at the
ultimate limit state, a condition that can be stddivith limit analysis. In ductile connections, for
displacement close to the ultimate state level,stlaée of deformation involves the development, at
least in part, of plastic hinges in the dowels. Thaximum energy dissipation capacity of the
connection is reached when all the available mldstiges are developed. For ductile connectionis wit
dowel-type fasteners in double shear plane, tindp¢imber, neglecting the strength and stiffness
losses under consecutive cycles of loading, theeed load-slip curves are shown in red in Figure
2(b). This assumption leads to negligible erroreamdonditions of high ductility, since the energy
dissipated at the ends of the hysteresis curverbessmall compared with that dissipated in the
central part of the cycle.

The analytical load-slip cyclic model formulated fbe single dowel is that shown in Figure 2(bpas
simple linearization of the expected curve. Thehdital model shown in Figure 2(b) in bold is
acceptable for displacement amplitudes close touttimate displacement of the connection. The
generic hysteresis curve consists of an elastafeptly plastic branch in the loading phase, udilog

with a slope equal to the elastic stiffness, amsidueal plastic deformation restored by a force étpa
that required to plasticize the dowel and overcdrigtion generated between the wood and steel
surfaces of the elements. After the first cycles thsponse is based on a curve where the plateau
branch is set to the restoring for€g while in the final part the stiffness is equalkig whereby the
bearing capacity, is restored. The parameters required to defineyhkc load-slip curve ardsy, g,

(or uy), Fr, k andk.

In the next Section we describe the evaluation otetbr the load capacity of the single dowegland
the restoring force to the undeformed situatiome moted a$ (restoring force). Parametews k and
k.ccan be evaluated immediately with the data availabthe literature.

3.1. Extended European Yield Model for ductile connections

The so called European Yield Model (EYM) is the mosmmonly recognized analytical model for
evaluation of the load-bearing capacity,)( of dowel-type mechanical fasteners, laterallydkd
based on the failure mode expected. The EYM isectiyr adopted in several design codes for wooden
buildings, such as Eurocode 5 (CEN, 2004a), andesents the natural extension of the model
presented by Johansen (1949). The EYM model fosedidierent failure modes (named I, 1l and Ill),
each accompanied by a series of restrictions ometlative distance between fasteners and the edges
of the elements connected, to avoid unexpectedréaihechanisms.
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Figure 3. Limit equilibrium for Failure Mode lll, for a doviktype fastener connection in double shear, orrmetu
to the undeformed situation



If appropriately designed against seismic forcempér joints are expected to fail according to a
ductile mode: in accordance with the EYM, the dadiilure modes of dowel-type joints are types Il
and lll. For fasteners in double timber-to-timbkear planes, according to the EYM, the only failure
mode that ensures high ductility and energy dissipaapacity is failure mode lll. Indeed, the digct
mode with the maximum number of plastic hingeshia tonnector is failure mode lll. The load
capacity Fy) that is generated as a result of dowel yield wodd embedment is estimated using
equilibrium of the forces acting on the wooden @xtion in the ultimate situation (Figure B). can

be estimated as a function of the mechanical ptiggenf the materials (wood and steel) and from the
joint configuration using the analytical formulakurocode 5 (CEN, 2004a).

By analogy,F; can be evaluated by simply imposing the equilibritn a new ultimate deformed
situation, consistent with the limit analysis (lawsound theory). In a new dowel equilibrium, no
longer with wood support in the zone between tweocessive plastic hinges, we can calculate the
restoring forceF; from the forceF, (Figure 3). The restoring fordg is the sum of the forces due to
plastic deformation of the dowel and to frictiontlseen dowel and wood. Neglecting the latter, we
can write the following equations (Eqgns. 3.1 ar§):3.

—Mnyk—l\/lnyk+Ff[%+xl'+x2'+y—22J:0 (3.1)

Fe = foae [dly; = fo [d Ly, (3.2)

WhereM, r(is the characteristic fastener yield moménjis the characteristic embedment strength in
timber memberi, while X', x;’, y1 andy, are the lengths required for stress equilibriumtios
connector. Equation 3.1 follows from the rotatiaquiébrium of a half connection, while Eqgn. 3.2
follows from the translational equilibrium on ealhwood element. The lengtlxs and x,’, required

for stress equilibrium on the dowel, are analyljcavaluated according to EYM [(CEN, 2004a); see
also Piazza et al. (2005)]. With some substituéind remembering how each parameter is defined, we
can find a second order equation in variahleln conclusion, the restoring force to the undefed
state is obtained with Eqgn. 3.3.

F¢ C 033F, =0¢F (3:3)

y

Whereok: is defined as the ratio between the restoringef@fg and the bearing capacity of the dowel
(Fy). In the same manner we can evallgtandF; for connections in panel-to-timber shear
configuration. In Loss PhD thesis (2011) theseitall expressions are provided.

3.2. Recommended provisionsfor ductile connections

The current Eurocode 8 [EC8 (CEN, 2004b)] includesries of design provisions developed to build
systems with an expected high ductility behavioCH). For construction systems assembled with
fasteners in timber-to-timber shear plane mode, E€8 the minimum slenderness value (= the ratio
between the thickness of the wood members andnistdiameter) of 10, while the maximum
diameter of the dowels is 12 mm. The use of thesemgtrical rules proposed in EC8 (CEN, 2004b)
guarantees type lll failure mechanism in the fastezonnections, regardless of the materials used.
Moller's chart (Moller, 1951) can be used to shdwtttype Il failure mode is always ensured
independently of the wood and steel strength ctadsigure 5 shows Moller's point diagrams, for a
diameter of dowel of 12 mm, where the solid linggresent the boundaries of each of the three éailur
modes defined for the connection. The cloud of {saim each diagram represents the variability ef th
materials (wood and steel) for the same geometry.

The failure mode lll (EYM) involves the maximum titaslip ductility and the maximum energy
dissipation capacity of the connections. In comul@with EC8 (CEN, 2004b), we can expect that a
connection designed for the DCH ductile class esisure a static ductility ratio of 6, with no more



than 20% strength loss.
4. DIRECT DISPLACEMENT-BASED DESIGN METHOD FOR TIMBER STRUCTURES

This Section describes the analytical formulaettierdesign displacement and for Equivalent Viscous
Damping (EVD), based on the local behavior of thegle dowel-type connector. The design
displacementy) corresponds to the maximum deformation capaditthe structure at the ultimate
limit state. The EVD represents the energy disgpatapacity of the structure at the design
displacement level. In the inelastic pha&g,and EVD are functions of the element geometry, of
connection details and of the properties of theens used. However, for the ultimate limit state
condition, we propose a simple analytical model.
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Figure 4. Moller’'s chart for dowel-type mechanical fastenith various mechanical configurations
4.1. Formulation of the design displacement (Aq)

The analytical model of the design displacementrags that the inelastic deformation is concentrated
at the joints. Therefore, the timber elements nlvastiesigned with appropriate over-strength factors
with respect to the connections, according to thpacity Design philosophy, while the connectors
must ensure a ductile failure mode. In order taucedthe effect of an earthquake on the structuee, w
consider the timber building designed for high ighatve behavior (High Ductility Class, DCH), in
accordance with Eurocode 8 (CEN, 2004b).

For structures assembled with engineered joinesd#sign displacememd) can be estimated as the
sum of the inelastic displacement due to rigidtroteof elements, following connector yiely;Y, and

the elastic deformation of the timber membeXg.(Indeed, the design assumptions in which wood
elements are considered more rigid than the joim¢sially accepted in the elastic range, can be
extended to the plastic range, as in the post-yiklke there is always a stiffness reduction géyera
due to structural damage. The rotation in the goistthen given by a rigid deformation with inelast
slip of fasteners.

At the ultimate limit state, we can find the ing&meous centre of joint rotation from the geomatric
centre of the connections, considering the regyltivection of internal forces (shear stress, axial
force, bending moment). The criterion that defitiess ultimate capacity of the joint is that for winic
the maximum slip is reached in the most stressakdd he inelastic displacement is simply derived
from the ultimate joint rotation, given the ultimaslip of the most stressed dowel. The elastic
displacement component can be evaluated by theytldcelastic beams and is independent of the
configuration of connections.



4.2. Formulation of the Equivalent Viscous Damping (EVD)

The evaluation of the Equivalent Viscous Dampingdsed on Jacobsen's energy approach (Jacobsen,
1930). The damping is calculated as the ratio betwhey/steresis energy dissipated in a mid-cycle and
the potential energy stored by an equivalent siroptgllator for the same displacement amplitude.

For dowel-type connections the hysteretic dissipais due partly to the steel dowels that embed in
the wood during the loading phase and partly to glesstic hinges in the fastener, as explained
previously. Because this mechanism implies rednatioenergy dissipation after each cycle, the total
amount of energy dissipated depends largely oriade protocol. As a function of the load history
applied to the connection, we can define differdgunping-to-ductility curves. The connection load
history due to seismic loads is expected to beyifge, related to events that are unpredictable by
nature.

In Europe, estimation of the dissipative conneciwoperties is allowed by using the cyclic quasi-
static test protocol provided by EN 12512 (CEN, PO@ccording to EN 12512, the damping must be
evaluated in the third cycle of each level of diggiment imposed by the standardized loading
protocol.
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Figure5. (a) Procedure for cyclic testing following EN I125(CEN, 2001); (b) Definition of equivalent
viscous damping ratio for a dowel-type fastenemeation based on analytical hysteretic curve

As demonstrated in Section 3, the hysteretic medédcted to describe the behavior of dowel-type
fastener connections is that of Figure 2(b). A$ #hoint, based on Jacobsen's energy approachgthrou
simple mathematical operations (Figure 5(b)) we caltulate the final value of the damping of

dowels €xaone), at the third cycle, as the direct sum of two poments¢. andé, (Eqn. 4.1).

-1 2 1
Eeq,dowd :Ee+<cp :(gk—7715)(1_0-':)2+%[1_/f_5j (41)

& estimates the energy dissipated between the tihmnwhe fastener regains stiffness from contact
with the wooden surface and the time when the ptesviisplacement is reached. Wéthwe estimate
the effects of friction and plasticity of the faste during the loading and unloading phases. In. Egn
4.1 the parametersi(=FiF,), B(=ki/kc) and psf=4/3) are numerically evaluated using the
parameters defined for the hysteretic curve. WHhen d@quivalent viscous damping value of one
connector is knowndl,qowe), We can estimate the final value of the joint garg. Joints can be seen
as a set of non-linear springs that work in paraied are subject to the same slip if they have the
same distance from the centre of instant rotafive. damping value is calculated as a function ef th
slip (or ductility 1) reached in each dowel. From the equivalent visaamping of the connections
we can evaluate the structure EVD via simple dirassessment, assuming the same inelastic
deformed shape of the system used in design despiewt evaluation.



5. PROPOSED DESIGN PARAMETERS FOR DIRECT-DBD PROCEDURE
5.1. Portal frame system

The portal structure hinged at the base, presentEdjure 1(a), has semi-rigid ductile joints aged
with dowels on concentric rings. The design disphaent {4 can be estimated as the sum of the
inelastic displacement for rigid rotation of thduans, following yield of the connectord;), and the
elastic deformation of the portdld calculated assuming rigid beam-to-column joilgr(. 5.1):

Ay =A; +A ——5—‘: +—C (A+1 51
d ! S M1+168 2000( )y (5-1)

In Egn. 5.1 some geometrical and mechanical paemetf the structure are replaced with non-
dimensional coefficients, while the others are kn@t/the start of the design process. Parametats th
control the design displacement formula of the gddfiy) are basically the ultimate slip of the dowel
(), the height of the portal framel{), the portal aspect ratig¥ H,/L), the ratio between the length
of the portal and the height of the beam crosdeae¢j=L/h), and the ratio between the cross-section
of the beam and the external radius of the jofirt{re:). The dimensionless paramefief=h/r:) can

be estimated in the design process, wHilend & are obviously known at the design stage. Lagtly, t
non-dimensional geometric parameter under normsigdeassumptions=L/h), is expected to be
between 10 and 15. A complete discussion of EdhirBplementation can be found in Zonta et al.
(2011) and in Loss et al. (2012).

The Equivalent Viscous Damping of the structure [B\Ns estimated via Eqn. 5.2, assuming that all
the dissipation capacity is concentrated in therbeacolumn joints of the portal frame:

Ens (L 2cycle) 2B, (1/2cycle) ) 2( £ s 27M D, )(1/ 2cycle)

¢ = 2Ey,  2n(FAy12)  2m2(V,04)/2

=eq,0 A+ Ds10) (5.2)

whereéy,; is the equivalent viscous damping of the momesitstiig connection at the ultimate limit
state [More details are reported in Loss (2011}jokn the equivalent viscous damping of the single
dowel, they; of a joint with two concentric rings of fasteneen be evaluated with Eqn. 5.3:

2cycl
— (EhySt,J)J/ e _ (Edis,J )]/chcle _ 2ﬂ:ydu /Z(n@dfeq,dowel,@d + nintrint/rextfeq,dm/vel,int)

= = (5.3)
27E g 5 27M D, /2 27M @, /2

The termsM, and @, ultimate bending moment and ultimate rotationtltf connection, can be
calculated analytically with models proposed in $¢8011),Ney, Nin, Fex @andriy, are the numbers of
connectors and the radii of the external and istedowel rings respectively, whil, and g, are as
previously defined.

5.3. Wood frame system

Wood frame structures with platform frame techngl@g in Figure 1(b) are common in residential
buildings, in which the seismic response is disec#lated to the shear wall behavior. From the
capacity of the single shear wall panel we can inbtiae capacity of the whole structure. This
procedure is known as "segmented shear wall degigroach” (Prion, 2003). The formulation of the
design displacement as proposed here is consigtiéimtthe expected response of the shear wall
observed experimentally (Prion, 2003), in the isttadeformation range, known as "shear type
mechanism". The shear mechanism can be developed arfthoring devices are provided at the ends
of each wall to prevent overturning and slidingtba floors at each level. Assuming the shear wall
panel to be a cantilever element, the design disptent 4) of the shear wall is the sum of the elastic



bending displacementdf) of members, of the panel shear displacemégt &nd of non-linear
displacement induced by the panel-to-frame conoest{\,). The contributions of deformation due to
bending and shear stresses are obtained usingrtisa wnit load method (Eqgns. 5.4(a) and (b)).

By = 2R,N G IBEAD,), A, = Fh, (Gob,t,) (5.4 (a), (b))

whereE is the modulus of elasticity of the framed timleéementsAs is the cross-section area of
studs hy, is the wall panel heighh,, is the wall panel width anié, is the force acting at the top of wall
(the maximum resisting forcEy,), G, is the shear modulus for the sheathing panelstarsithe
effective thickness of the sheathing. In the etasinge the contribution of the displacement due to
nail slip, A, can be calculated by analytical models proposedhbse authors: Judd and Fonseca
(2006), Yasumura (2000) or, more simply, by apmythe relation provided in Chapter 5 of NZS
3603 (New Zealand Standard, 1993). We proposetherextension of the Judd and Fonseca model to
the plastic phase, by simply replacing the eladtfr of the dowel with its ultimate slig, (Egn. 5.5).
This is true when the ductile failure mode of tleavdl is ensured as explained previously, in which
case the hysteretic curves of Figure 2(b) can benasd for the dowels.

8,= 3, (1, 1,,)d2v2 cosp) (cos2g) (5.5)

Wherel,, is the diagonal length of the panke},is the wall heightg=77#4-arctan (b,/h), by, is the wall
panel width andd, is the ultimate slip of the dowels. The shear vdidplacement capacity\{) is
strictly related to the wall arrangement and to tyyge of nails in use (strength of the steel wire,
diameter and length), as well as to the aspect tdtihe sheathing panédig/b,.

According to the strain model assumed for estinmatibthe design displacement, we can calculate the
equivalent viscous damping as a simple linear coatlwin of all the connectors that define the
capacity of the single framed panel. From the ditalymodel employed for each shear wall we have
a uniform slip and a force that are equally dividear every nail. In the case of a shear wall the
expression of the equivalent viscous damping speesin Eqn. 5.6, as a weighted average of the
dissipation capacity of each structural elemeth@tltimate limit state:

feq,wan = (Zi’inla“s {eq,i dowel (U5 Fi 9y )/(ZETHS Fidu; j = {eq,dowel (Us) (5.6)

whereF;, d,;, #s and éyidone are respectively the design force, the ultimaie, she ultimate slip
ductility and the equivalent viscous damping of ith@ail in the shear wall, whillls is the number
of “resisting” connectors. Finally, the equivalemtcous damping of shear wall&) is equal to the
equivalent viscous damping of a single n&d fowa), €valuated at ultimate sligd.

6. CONCLUSIONS

We introduce a general Displacement-Based Desigthadelogy for wooden structures with
dowelled connections. The baseline idea is thaitmber structures, ductile resources and dissipativ
capacity is typically concentrated at the connestisegardless of the specific structural systemusT

we can ensure the desired seismic behavior oftthetsre by appropriate design of the joints. Using
limit equilibrium methods, we derive analytical egpsions of target displacement and equivalent
viscous damping, the design parameters requireBRY, for wood frame buildings and for portal
frames with moment-resisting joints. Extending tpéneral method to other structural timber systems
is an attractive possibility. However, its practidg@plementation in design codes requires further
investigation and should be properly supportedipeemental validation.
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