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Abstract. A method for a simplified modeling of post-and-beam timber buildings braced with
nailed shear walls, useful for seismic design purposes, is presented and discussed in the paper. This
strategy is based on the schematization of the vertical diaphragms through equivalent diagonal
springs with elastic-plastic behavior and allows the assessment of the resisting ground acceleration
by performing nonlinear static analysis; the Capacity Spectrum method based on equivalent viscous
damping was applied. This nonlinear procedure constitutes a reliable and simple alternative to the
linear static analysis using the behavior factor q. The procedures to determine the characteristics of
the equivalent elements (stiffness and load-carrying capacity) are based on analytical evaluations,
starting from the actual characteristic of shear walls. A comparison between the results of numerical
simulation based of more refined and complex models, previously presented by the authors, and this
time-reducing, simplified analysis proved the good reliability of the method.

Introduction

A great attention to the design of timber constructions in seismic prone areas was devoted in the
last decades so to guarantee adequate structural safety of buildings subjected to earthquake
excitation through simple design methods. The paper focuses on the behavior of ‘‘Post-and-beam’’
timber structures, consisting in a main frame of continuous floor-to-roof posts, connected to the
foundation through steel devices, and horizontal beams, pin connected to the vertical elements. The
vertical bracing system is commonly provided by timber shear walls [1]-[2], made with wood-based
sheathings nailed to a timber light frame, connected to the main structure. The good seismic
performances, which can be attained by these structures, are for the most related to the dissipative
capacities (cyclic yielding) of the nailed connections of the shear walls (dissipative zones) [3].

According to [3], in earthquake-resistant timber buildings designed in agreement with the
concept of dissipative structural behavior, the seismic design may be done on the basis of a linear
static analysis of the structure, taking implicitly into account its dissipative capacity by using a
design response spectrum equal to the elastic one reduced by the behavior factor q. Recently, the
authors performed some refined numerical analysis on case-study buildings [4], so to assess the
actual values range for the behavior factor to be used for a reliable seismic design based on linear
static analysis. The study concerned non-linear static analysis on a detailed numerical model, in
which the different connections were explicitly modeled, calibrating their nonlinear behavior
through experimental results. From the study emerged that the maximum value of the behavior
factor allowed in Eurocode 8 for “timber structures made of nailed wall panels with nailed
diaphragms, connected with nails and bolts” (q = 5) overestimates the actual one for the considered
structural typology. Therefore, a lower value of the behavior factor (close to 3) has to be assumed.

As an alternative to this approach, a simplified nonlinear static analysis is proposed in this paper
for the seismic design of post-and-beam timber buildings. It consists in modeling the vertical
diaphragms»bysmeansvofrequivalent, elastic-plastic diagonal springs accounting for the global
nonlinear behavior of the different shear walls. The evaluation of both the elastic stiffness and shear
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resistance of the equivalent elements are based on analytical relationships, which are discussed in
the paper; the ultimate allowable drift of the shear walls is based on experimental and numerical
evidences. The simplified method is applied, at first, for the simulation of the behavior of some
shear walls with and without openings, tested experimentally by the authors [5] and, then, of the
post-and-beam timber buildings already analyzed through the refined modeling [4]. A comparison
of the results with those obtained from the refined numerical model in terms of capacity curves and
resisting ground acceleration permits to assess the reliability of this simplified method, which
represents an effective and rapid alternative to linear static analysis for ensuring the timber building

seismic safety.

Method

The simplified method proposed for nonlinear analysis of post-and beam timber buildings braced
with nailed timber shear walls consists in modeling posts and beams by means of mono-dimensional
pinned elements with linear elastic material. The global horizontal stiffness is provided by the shear
walls, that are modelled through two nonlinear axial springs arranged along the diagonals of the
main frames. In particular, an elastic-plastic, symmetric behavior was considered. The
characteristics of the spring, in terms of both stiffness and resistance, were evaluated analytically.
The assumed ultimate allowable drift was based on experimental and numerical evidences.

Stiffness. By applying the principle of virtual work and through the equivalence of the actual
shear wall deformability (8y) and that of the simplified model (&), it is possible to deduce the
stiffness K4 of the equivalent springs from the actual shear wall stiffness K (Fig. 1) as

H® + B’
Keq = Ktot 2B2 > (1)

where B and H are the width and the height of the shear wall, respectively.
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Fig. 1 Modeling of a shear wall with equivalent diagonal springs
The elastic stiffness Ki; of a shear wall composed by ny, segments (sheathing panels arranged
alongside) can be evaluated through Eq. 2, considering the sum of the different contributions to the
global displacement of the top of the wall (d) induced by a unitary horizontal force at the top (Fig.
2). These contributions are due to the flexural displacement of the timber frame as a cantilever, oy
(Eq. 3), the rotation at the base of the wall, d. (Eq. 4), and the equivalent displacement of the ny,

wall segments acting separately (in parallel), dge:

. 1 R 1
K =t-_ 1 with ——= 3= 3 , 2)
8tot 6b + 80 + 6seg seg i=1 8i i=1 8s,i + sz,i + 8ns,i

where ds; (Eq. 5) is due to the shear deformation of the sheathing, &« (Eq. 6) is caused by the
horizontal slip of shear connectors at the base of the segment and 8, (Eq. 7) is due to the slip in the

perimeter nail connections between the sheathing and the frame.
2H’
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A, Ey cross section and Young modulus parallel to grain of studs;
Oy, Oy Vvertical displacements at the two opposite ends of the shear wall due to the compression of the base timber joist
and to the deformation of the hold-down connections subjected to tension, respectively;

h; depth of the cross section of the base joist;

Eqg Young modulus perpendicular to grain of the base timber joist;

Ay stud equivalent cross section;

O vertical displacement of a single hold-down connection stressed by a unitary vertical force;
ny number of hold-down subjected to tension;

G sheathing shear modulus;

B; width of the i-th segment of the shear wall;

t global thickness of the sheathing;

Ksti stiffness of the single base shear connection;

Nyt number of base shear connections in the i-th segment;

Onsxoi  horizontal displacement due to the deformation of nails between sheathing and the joists;
Ousy»i  horizontal displacement due to the deformation of nails between sheathing and the studs;
p nail spacing;

Kot slip modulus of the single timber-to-timber nail;

n, = 2 for sheets on both sides, 1 otherwise.
6b 1 6‘3 ,65,_'1 ast;i

e

8vl

1
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Fig. 2 Contributions to the shear wall in-plane deformability: (a) flexural deflection of the timber
frame, (b) rotation at the base of the wall, (c) slip of base shear connectors, (d) shear deformation of
sheathing, deformation of nails (e) between sheathing and the joists and (e) between sheathing and
the studs

The deformability of the single hold down connection, J;, can be assessed experimentally, by
means of characterization tests [5]; however the authors developed an analytical relationship, based
of different contributions:

8y, =0y + 0y + 043 +04 +0ys, (8)

which accounts for the vertical displacements due to the nail slip (8n1), the out-of-plane flexural
displacement of the hold-down (dy,), the flexural displacement of the hold-down base (Jp3),
negligible in the presence of a base thick prismatic washer, and the axial deformation of both the
vertical plate of the hold-down (8y4) and the anchor bolt (85).
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The various displacement contributions may be evaluated through the following relationships:

Oy = — )

nn,hI<ser,h1
2 3

Sy = Ly 5 LS : with e‘;=1—3 (10)
Elss’ (1-6+&°/3) )

6h3 _ 1 (15 q)k)[3152 _(15 _q)k)Z:IL (11)
4E 158’ 2 ng

S _Lne i L, :l(l1 -12)+14+(12 L) (12)
E lss 2 )

= s (13)

EsAhS

Ny number of nails in the hold down;

Ksern slip modulus per shear plane per fastener (if a wooden-based panel is interposed between the hold-down and
the timber studs, it is necessary to consider both the slip modulus of the steel-to-panel connection and that of
the panel-to-frame, by summing them in parallel);

E, Young modulus of the steel;

1, distance of the first nail row from the base;

15 distance of the first nail row from the ribs weld;

Iy the distance of the first nail row from ribs;

Is hold-down width;

1, distance between the axis of the threaded rod and the vertical plate of the hold down;

S hold-down thickness;

Ok hole diameter at hold-down base;

ng number of overlapping steel sheets forming the hold-down base;

Lig equivalent length of the hold-down vertical plate;

Lis, Aps  equivalent length and the net cross section of the bolt.
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Fig. 3 Schematization of hold-down geometry (a) and contributions to the hold-down axial
deformability: (b) nail slip, (c) out-of-plane flexural displacement of the hold-down, (d) flexural
displacement of the hold-down base and (e) axial deformation of both the vertical plate of the hold-
down and the anchor bolt

As already evidenced by the authors [7], the described analytical approach, developed for shear
walls without openings and based on the global wall rotation at the base (Fig. 2b), provides reliable
results also in case of small openings; diversely, for large openings, it resulted more realistic to
consider the independent rotation of the different wall segments. The additional contribution of the
sheathing panels 8;.p, over and below the opening (suffix "and *, respectively) of the perforated
segment should also be considered for an appropriate evaluation, especially in this latter case:
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Strength. The equivalent springs resistance, F.q, can be derived from the actual, lateral resistance
of the shear wall, F:

g g, VH B

eq =Ly 15
q B (15)

For the calculation of the shear walls lateral resistance, F,, the simplified model proposed in
Eurocode 5 [6] may be adopted. This approach is based on the assumption of pure shear flow along
the perimeter of the sheathing: the force on each fastener is considered at most equal to the plastic
capacity of the fastener f,; and the force distribution parallel with the framing members. By
adopting such a simplified method, a 20% increased equivalent resistance should be considered for
the fasteners along the edges, so to predict the actual lateral load carrying capacity (and
displacement capacity) of the shear wall (as proved also in [4] by the authors).

When a segmented shear-wall is considered (n,, sheathing panels arranged alongside), its global
capacity is estimated as the sum of the resistances of the different segments F, ;:

1 1‘2'fnai 'Bi'Ci'n
F,=YF; with F = : Ly (16)

i=l p

being p the nails spacing, n, =2 for sheathing applied at both sides, n, =1 otherwise, and shape
factor ¢; = 1 if B; > H/2 or ¢; = 2B;/H otherwise.

In perforated segments, as evidenced by the authors [7], the resistance contribution of the nailed
sheathings below the opening can be considered through the relationship:

1'2'fnail '1/11 .Cl 'l’lp
F ;= , (17)
P

where h; is the sheathing height and the shape factor c; is = 1 if B; > hy/2 or = 2By/h; otherwise.

Ultimate displacement. The ultimate displacement of the diagonal, s, ¢, 1s calculated from the
ultimate horizontal displacement of the shear wall s, 1, according to the relationship:

B
Su,e = Su,to‘c B el (18)
! VH? + B?

By analyzing the actual behavior of several shear walls with different characteristics, subjected to
horizontal cyclic loading ([5], [8]-[10]), it was observed that the value of s, are comparable and
ranged approximately between 1.5% to 2.0 % of the wall height. Thus, it is reasonable to assume,
prudentially, a maximum drift of 1.5% as reference for the considered vertical diaphragms.

Validation of the Method

To clarify and validate the procedure described in the previous section, some cases were analyzed
with the simplified pushover analysis based on equivalent diagonal springs. In particular, six timber
shears walls and three post-and-beam timber structures were investigated.
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Single timber shear walls. Six timber shear walls (PLS3-8), already subjected in the recent past
to in-plane quasi-static cyclic tests ([5], [11]), were modelled by means of the equivalent diagonal
springs method and the results were then compared with the experimental ones in terms of capacity
curve.

The main characteristics of the sample PLS3 are resumed in Fig. 4a; PLS4 differed from PLS3
for the absence of the opening and of the hold-down connections in the intermediate segment and
for doubled anchor bolts at the base (3 in segment at left, 2 in the intermediate one and 1 in that at
right). PLS6 had the same characteristics of the left segment of PLS4, with couples of hold-down
WHT340 applied at ends. A doubled nail spacing was considered in PLSS5, in respect to PLS6;
moreover the WHT340 connections were replaced by WHT620 hold-downs (52 ring nails ®4/60, oy,
= 0.2117 mm/kN) and the 3 M16 anchor bolts with 6 M20. Fig. 4b summarizes the main
characteristics of the sample PLSS; thicker cross section for both the main frame (160x200 mm®
studs, 200x120 mm? joists) and the sheathing panels (t = 40 mm) were considered for PLS7.

1875 o 1250 825 . pLS3 PLSE

625 625 625 625 625 625 95 h 625 . 625 N 625 ?5
t . . + * * * Timber frame: Timber frame:

S g KVHGL24h (£ = 11000 MPg; Exy = 370 MPa) v 1 RedSpruceC24(E,= 11000 MPa; Eg, = 370 MPa)
g | i / o i studs soxasomn? : studs 14060 M
x WM e | i joists 16080 mm? joists 160:120 mm?
| i foundation plate 120x80 mm?
i Sheathing:
g i i]  Sheathing: 15 mm thick partice boards at both sides (G = 1150)
=1 i ! 15 mm thick particle boards at both sides (G = 1150) o
o i o § Fasteners:
] | Fasteners: $28/70ringnails (K, =1246N/mm, {;=1390N),
i / / i i i @2.8/70ringnails (K = 1246 N/mm, f ;= 1390N), 50 mm spacing {(doubled for intemal studs)
8| | ‘ | I H 150 mm spacing (doubled for internal studs)
— g i h Base connections:
1 §  Baseconnections: 2 couples of hold down WHT 620 with 52 ring nails (34/60,
“ o o o o S T L e £ I 4 couples of hold down WHT 340 with 20 ring nails 34/60, bolt M20, 20 mm thick prismatic washer
. 8w | 1270 ! 1210 1432 panel interposed, bolt M16, 4 mm thick washer (,=0.0878 mmykN, K, ., =969N/mm)
el 3750 . (6,=02208 mm/IN, K, =329 N/mm) © 2 couples of angle brackets, 2 M12 anchor bolts each one
gr f T 0 B . i A Lel+lanchor boits M16 on the fundation timber plate ] (K, =8721 N/mm)
oroe v o o (Ky;>5-10° N/mm) wl 2 [ X
(a) (b)

Fig. 4 Main characteristics of shear walls (a) PLS3 and (b) PLSS8

It is observed that the slip modulus K,.r and the plastic capacity fu.i of the single timber-to-
timber nail were determined starting from the actual capacity curve of the fastener [5] by adopting
an idealized elastic-plastic relationship, assuming as for K, the secant value to the curve in
correspondence to the force value equal to 0.6 of the peak one, fi,,x. The maximum displacement
capacity was evaluated in correspondence of a 15% reduction of f,,x in the post peak branch; the
yield force f,,i was determined in a way that the areas under the actual and the idealized force-
displacement curves resulted equal.

The values of the different contributions for the evaluation of the equivalent stiffness K,
resistance F.q and ultimate displacement s, ¢q are reported in Table 1.

Table 1 Analytical evaluation on shear walls

PLS3 PLS4 PLS5 PLS6 PLS7 PLS8
0.0433 0.0433

8; [mm/KN]  0.3636/0.1653  0.0649 0.0433 0.0433 0.0296 0.0403
0.1299 0.1299

8 [mm/kN] <10” <10” <10” <10” 0.0287 0.0287
0.1601 0.1601

8ui  [mm/KN]  4.2283/1.1731  0.3120 0.0800 0.1601 0.0768 0.0464
1.0555 1.0555
0.2034 0.2034

8, [mm/kN] 1.0320 0.3770 0.1233 0.2034 0.1351 0.1154
1.1854 1.1854

8see  [mMm/KN] 0.1486 0.1189 0.1233 0.2034 0.1351 0.1154

8y  [mm/kN] 0.0126 0.0126 0.0252 0.0252 0.0138 0.0201

8,  [mm/kN] 0.2208 0.2208 02117 0.2208 0.0878 0.0878

8w [mm/kN] 0.0824 0.0824 0.1580 0.1649 0.0599 0.0610

8y, [mm/kN] <10” <10” <10” <10” <10? <10?
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o [mm/kN] 0.0710 0.0710 0.2737 0.2839 0.1004 0.1128
Otot [mm/kN] 0.2196 0.1898 0.3970 0.4873 0.2356 0.2282
Kt [KN/mm] 4.55 5.27 2.52 2.05 4.25 4.38
K¢,  [KN/mm] 3.55 4.10 4.07 3.31 6.07 6.42
41.70 41.70
F; [kN] 24.46 24 .82 83.40 41.70 140.45 137.78
6.21 6.21
F, [kN] 72.37 72.73 83.40 41.70 140.45 137.78
Feq [kN] 45.16 45.38 74.94 37.47 118.74 117.95
Sutot [mm] 42.00 42.00 42.00 42.00 43.05 43.05
Sueq [mm] 33.65 33.65 23.37 23.37 25.46 25.14
150 150 150
— Experimental behavior — Experimental behavior + — Experimental behavior
__ 100~ — Semplified numerical model e __ 100 — Semplified numerical model __ 100 — Semplified numerical model
35 50 =) 5 90
) 8 8 0!
2 2 g
-100+ - -100+
e w0 o 0 2 @ e e w0 o 0 2 @ e M w0 22 0 2 4
Top horizontal displacement [mm] Top horizontal displacement [mm] Top horizontal displacement [mm]
(a) (b) ()
150 150 150
— Experimental behavior — Experimental behavior — Experimental behavior
__ 1oor- — Semplified numerical model __ 100~ — Semplified numerical model /. 7l __1oor — Semplified numerical model /.
Z Z ' Z
= = 50F < S0f
g 8 3
3 3 Y - B BPSSEES
8 S 501 8 50
2 2 | 2
100+ -100+ -100
e w0 o 0 2 @ e e w0 o 0 2 @ e e w0 o 0 2 0 &
Top horizontal displacement [mm] Top horizontal displacement [mm] Top horizontal displacement [mm)]
(d) () ®

Fig. 5 Comparison between the numerical results, deduced from the simplified nonlinear analysis
based on equivalent diagonal springs, and the experimental performances of the shear walls:
(a) PLS3, (b) PLS4, (c) PLSS5, (d) PLS6, (e) PLS7 and (f) PLS8

It is observed that, for the evaluation of the stiffness of the perforated shear wall, PLS3, the
global wall rotation at the base was assumed and the additional contribution of the sheathing panels
over and below the opening were considered, according to Eq. 14. Moreover, in the resistance
evaluation, the contribution of the nailed sheathing below the opening was considered (Eq. 17).

The results (Fig. 5) generally evidenced a good agreement of the simplified elastic-plastic graph
with the experimental backbone curve.

Post-and-beam timber buildings. The simplified modeling method was then applied for the
numerical simulation of the seismic behavior of post-and-beam timber structures braced by nailed
shear walls. In particular, the three buildings already analyzed by the authors [4] were considered
(Fig. 6). The seismic-resistant system of the structures was composed by shear walls connected to
the posts and to the beams at each storey, as schematized in Fig. 7a. Couples of hold-down were
applied at the base of the posts and of each stud close to openings. Moreover, a couple of angle
brackets was placed on the base joist of the shear walls, in correspondence of each segment.
According to [3], hold-down and angle brackets connections were over-dimensioned so to force the
development of cyclic yielding only in the nails of the sheathing. The main characteristics of the
structure are resumed in Table 2.

In [4][1], the main frame was modelled by vertical continuous elements (posts), with horizontal
elements (main and secondary beéams) and vertical studs pinned (Fig. 7b); a linear-elastic behaviour
for all wooden components was considered. A rigid floor diaphragm was assumed for each storey
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level. Two-dimensional elements represented the wood-based sheets, which were connected to the
timber frame by means of mono-dimensional nonlinear springs, acting only in the direction of the
timber element to which they are connected. Mono-dimensional non-linear springs were employed
to model also, the deformability of the stud—joist, the hold down connections and the angle brackets
connections. The non-linear behavior of the different connections was derived from experimental
tests. By performing non-linear static analysis (pushover) on this refined numerical model, it was
possible to derive the capacity curves of the structure, which represents the relation between the
base shear force and the displacement of the control node, taken as the centroid of the roof floor of
the building.

In the present study, the building model was simplified (Fig. 7c): equivalent diagonal springs
connecting the main frame nodes were introduced to represent the shear wall diaphragm action. It is
worth note that the stiffness of the equivalent elements at the ground floor accounted also for the
hold-down deformability. Diversely, the springs accounting for the slip of base shear connectors
were condensed at the base of the posts, for simplicity.

(b)
Fig. 6 Main dimensional characteristics of the analyzed buildings: (a) two storey regular 2R,
(b) three storey regular 3R and (c) two storey non-regular in plan 21 [1].

OMAIN FRAME ~ OLIGHT FRAME

Bean]
S .
1 Nailed
e’o@ steel
lef plates
- i Beam
Top A
Post | plate
External
%EJ stud
down = = =
—KF

e

T 'Baélﬁme]ﬂ‘
(a) (b) ()

Fig. 7 Schematization of (a) the considered structural type for post-and-beam timber buildings,
(b) the refined numerical model adopted in [4] and (c¢) the simplified numerical model based on
equivalent diagonal springs

s =
Angle _“Foundation Wr

bracket plate plate

Table 2 Main characteristics of the considered post-and-beam timber structures

Building characteristics Timber shear walls
Inter-storey height 3000 mm Light frame elements cross section ~ 80x135 mm’
Timber Red spruce C24 Sheathing panels OSB, on one side
Intermediate storey mass (seismic) 490 kg/m? Sheathing height 2790 mm
Roof mass (seismic) 210 kg/m? Sheathing width, X direction 1445 mm

Main frame Sheathing width, Y direction 975/1220 mm

Posts cross section 160x160 mm® Sheathing thickness 25 mm
Central beams cross section 200x480 mm’ Sheathing-light frame connection  ¢2.8 ring nails
Edge and secondary beams cross sec.  160x320 mm® Plastic capacity of the single nail 1.2*1081 N
Elastic stif. of an hold down 14000 N/mm Elastic stiffness of the single nail 1.2*692 N/mm
Elastic stif. of an angle bracket 16000 N/mm Nail edge distance 20 mm
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The stiffness and strength characteristics of the equivalent elements were calculated according to
the analytical procedure described and are reported for the different shear wall configurations in
Table 3. In particular, three different segmented shear walls were considered:

- “X”: 5000 mm width shear wall composed by two 1445 mm width segments with a full-height
opening in between.

- “Y,”: 4635 mm width shear wall composed by three 1220 mm width segments and one 975 mm
width segment;

- “Yy”: 3415 mm width shear wall composed by two 1220 mm width segments and one 975 mm
width segment;

It is observed that the nail spacing (reported in Table 3) was designed in [4] by performing a
preliminary elastic analysis (with q=3); the maximum shear forces acting in each floor for the
different sheet widths was considered. The connection between the light frame and the main frame
was considered rigid, assuming the absence of tolerances between the light and the main frame.

Table 3 Nail spacing p and equivalent stiffness K¢q and resistance Feq for the different building
configurations considered

p [mm] Keq [KN/mm] Feq [KN]

ID  Floor
B=1445mm B=1220mm B;=975mm X Y. Y, X Y. Yy
IR ls‘d 118 138 95 1.99 2.64 2.38 1853 23.81 19.76
2" 240 280 169 1.09 1.52 1.42 9.11 12.13  10.17
3R 1% 107 101 89 2.16 3.26 2.87 20.43  30.85 25.13
2nd 121 104 97 2.02 3.38 3.03 18.07 29.64 24.05
3nd 228 218 222 1.15 1.72 1.54 9.63 13.92  11.23
. 15‘d 118 112 88 1.99 3.06 2.72 18.53 2848 23.40
2" 235 205 161 1.11 1.91 1.74 9.30 15.56  12.78

Nonlinear static analyses were performed considering, for both the building main directions, two
different distributions of the lateral loads, as suggested in Eurocode 8: a modal pattern (S),
proportional to the fundamental mode shape, and a uniform pattern (M), with lateral forces
proportional to mass regardless of elevation (uniform response acceleration).

According to the Capacity Spectrum Method based on equivalent viscous damping [12]-[14],
described in detail in [4], the maximum ground acceleration agmax that may be supported by the
structure can be evaluated by means of Eq. 19, by intersecting the ultimate displacement of the
capacity curve of the equivalent single degree of freedom system (SDOF) system d*u with the
design response spectrum for the effective current period T o and damping negs:

4n2d”,

_ if  Te <Tlesr <Tp, (19)
SNegr 25 T T etr

a

g,max

where S is the soil factor, T*.¢ the effective period of the idealized equivalent SDOF associated to
d", and periods T¢ and Tp, define, respectively, the end of the constant spectral acceleration branch
and the beginning of the constant displacement response. In [4] the authors evidenced that the
effective damping correction factor s, for the considered structural type, ranges from about 0.63 to
0.71; thus, an average value of 0.67 was herein assumed in the calculations.

The capacity curves of the structures deduced from the simplified pushover analysis were evaluated
and compared to that derived from the previous pushover analysis obtained with the refined model
(Fig. 8a-b); very good accordance of the results emerged, proving the reliability of the simplified
model. The comparison in terms of a,, reported in Fig. 8c, evidenced that the values deduced from
the simplified model are generally on the safe side.
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— Refined model - Semplified model — Refined model - Semplified model [ Refined mode!
— 2RX(S) — 3RX(S) — 2IX(S) — 2RY(S) —3RY(S) — 2IY(S) 3, [9] O sempliied model
SRX(M) — 3RX(M) — 21X(M) 700, 2RY(M) — SRY(M) — 21¥(M) i MR

| r e Ry 05 %

046 ]

04

041 ]

0.3

0.

[¥]

Horizontal load [kN

0.

0 10 20 30 40 50 60 70 8 0 10 20 30 40 50 60 70 80 OO i cniican  XSXMYE)M  KSXMYEYM
Top horizontal displacement [mm)] Top horizontal displacement [mm] 2R 3R 21
(a) (b) (©)
Fig. 8 Comparison between the post-and-beam timber structures: capacity curves derived from
simplified (solid lines) and detailed (dotted lines) numerical simulation in the (a) X and (b) Y
direction and (c) resisting ground accelerations a,

Conclusion

The paper presented a simplified modeling method for the seismic design of post-and-beam timber
buildings braced with nailed shear walls, based on nonlinear static analysis. The method consists in
the simplified modeling of the vertical diaphragms by means of equivalent diagonal springs
accounting for the nonlinear in-plane behavior of the shear walls. An elastic-plastic behavior was
assumed for the springs: the evaluations of both the stiffness and resistance were based on analytical
relationships; the ultimate displacement was based on experimental evidences.

The simplified method was applied, at first, for the simulation of the behavior of some shear walls
tested experimentally and, then, to study whole post-and-beam timber buildings, recently analyzed
by the authors through refined nonlinear models.

The comparison of the results proved the good reliability of the simplified modeling method, which
represents an effective and rapid alternative to linear static analysis based on g-factor for ensuring
the seismic safety of post-and-beam timber buildings.
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