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Pseudodynamic tests and earthquake response analysis of timber 
structures III: three-dimensional conventional wooden structures with 
plywood-sheathed shear walls

Abstract Pseudodynamic (PSD) tests were conducted on 
plywood-sheathed conventional Japanese three-dimensional 
(3D) wooden structures. Lateral load was applied to the 
edge beam of specimen structures to generate eccentricity 
loading. Specimens were based on a combination of shear 
walls with openings in the loading direction and horizontal 
diaphragms with different shear stiffness. The principle 
deformation of the horizontal diaphragm was torsion for 
rigid diaphragms and shear deformation for fl exible dia-
phragms. Lumped-mass time-history earthquake response 
analysis was conducted on the tested structures, and addi-
tional calculations were conducted on structures with differ-
ent eccentricity rates. Dynamic analyses were conducted by 
varying the masses and the resistance of the walls in the 
loading direction. The simulated peak displacement response 
in the loading plane agreed comparatively well with the PSD 
test results. The maximum displacement response on chang-
ing the wall resistant ratio showed almost the same tendency 
as that obtained by changing the mass ratio up to an eccen-
tricity rate of 0.3; however, the maximum displacement 
response increased markedly beyond an eccentricity rate of 
0.4. It was proved that the lumped-mass 3D model proposed 

in this study was appropriate for conducting a parameter 
study on the 3D dynamic behavior of timber structures.

Key words Computer online control · Lumped-mass 
model · Dynamic analysis · 3D Structures · Plywood 
sheathing

Introduction

The infl uence of eccentricity wall layout and mass distribution 
on the seismic performance of timber structures is of rele-
vance to the design of timber structures. A number of experi-
mental and theoretical studies have been conducted on this 
subject, but few have dealt with the infl uence of the in-plane 
shear stiffness on the seismic behavior of timber structures. 
Therefore, it is of great importance to develop a comparatively 
simple method to predict the behavior of three-dimensional 
(3D) structures and to validate this method by a simplifi ed 
testing method. We consider that pseudodynamic (PSD) 
testing is an appropriate method for this purpose as this test 
method requires relatively simple apparatus and measuring 
system comparing to shake-table tests.1–3 In this study, small 
3D structures were subjected to eccentricity pseudodynamic 
loads simulating the seismic response, and the experimental 
results were compared with the results of time history earth-
quake response analysis including a shear stiffness matrix for 
the horizontal diaphragm and the lumped-mass model for the 
shear walls. The hysteresis model of shear walls proposed in 
previous studies4–6 was applied to the simulation, and the 
pseudodynamic test results showed that the 3D model pro-
posed in this study predicted well the three-dimensional 
behavior of timber structures with either a rigid or fl exible 
horizontal diaphragm.

Specimens

Japanese conventional post and beam structures with 
plywood-sheathed shear walls and a horizontal diaphragm 
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were prepared for the PSD tests. Figure 1 gives a general 
depiction of the specimen and test setup. Specimens had the 
shape of a cube 3 m on an edge. Posts, sills, and joists were 
105 × 105-mm spruce (Picea spp.) glued laminated timber 
complying with JAS E85-F300, and beams were 105 × 
210-mm spruce glued laminated timber complying with JAS 
E95-F270. Studs and headers were 30 × 105-mm and 45 × 
10-mm spruce lumber, respectively. Posts placed every 
1000 mm were connected to the sill and beam with a steel 
pipe of 26.5 mm diameter and hold-down connections.7 
Studs placed at the center between posts were fastened to 
the sill and beam with two N75 nails at both ends of the 
studs. Joists were connected to the beam by metal joist 
hangers spaced 1000 mm apart. Each sill was anchored to 
the steel base frame with three M16 bolts positioned at the 
center and 150 mm inside from the ends. Seven-and-a-half-
millimeter-thick, 1000-mm-wide, and 3000-mm-long lauan 
plywood of JAS Grade 18 with a density of 880 kg/m3 was 
sheathed on the wall frames with N50 nails at intervals of 
150 mm.

Walls parallel to the loading direction in the X1 and X2 
planes had an opening of window confi guration (1 m wide 
and 1 m height) (W) or an opening 1 m wide and 3 m high 
at the center of the wall (S), as shown in Fig. 2; walls per-
pendicular to the loading direction in the Y1 and Y2 planes 
had no openings. Specimen WW had walls W on both X1 

and X2 planes, and specimen WS had a wall W in the X1 
plane and a wall S on the X2 plane. Figure 3 shows the 
details of the horizontal diaphragm. A horizontal diaphragm 
of 3 × 3 m2 consisted of 105 × 210-mm beams and 105 × 
105-mm joists spaced 1000 mm apart. Twenty-four-
millimeter-thick sugi plywood of JAS Grade 2, 1000 mm 
wide and 2000 mm long, was sheathed on the fl oor frame 
with N75 nails at intervals of 150 mm. Two kinds of dia-
phragm with different in-plane shear stiffness were pre-
pared. A rigid horizontal diaphragm (R) in which all the 
edges of the plywood sheathing were nailed to the beams, 
joists, and 60 × 60-mm bridging joists placed at the plywood 
joints was prepared to provide comparatively high shear 
stiffness, and a fl exible diaphragm (F) in which all nails on 
the longitudinal edges of the plywood were omitted was 
expected to have a lower shear stiffness. Table 1 summarizes 
the specimens based on the combination of wall types in the 
X1 and X2 planes and horizontal diaphragms of different 
shear stiffness.

Test methods

Racking test of the horizontal diaphragm

Racking tests of the horizontal diagram were conducted to 
determine the parameters for modeling the load–
displacement relationships. The same types of fl oor (R and 
F) were prepared, except that the beam sections were 
reduced to 105 × 105 mm. The loading protocol used for the 
reversed cyclic tests was based on the international standard 

Fig. 1. Confi guration of the specimen structure
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Fig. 2. Confi guration of window (W) wall and slit (S) wall
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Fig. 3. Frame and nail patterns for rigid (R) and fl exible (F) dia-
phragms. In rigid diaphragms, sheets are nailed on beams, joists, and 
bridging joists; in fl exible diaphragms, sheets are not nailed on beams 
or bridging joists

Table 1. Specimen structures that underwent pseudodynamic testing

Specimen X1 plane X2 plane Horizontal diaphragm

WW-R W (Window) W (Window) R (Rigid)
WW-F F (Flexible)
WS-R W (Window) S (Slit) R (Rigid)
WS-F F (Flexible)
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ISO 21581.9 The lateral load was measured by a load cell 
(capacity: ±50 kN, Tokyo Sokki Kenkyujo, Tokyo) and the 
horizontal displacements at the corner of the diaphragm 
were measured by electronic transducers (capacity: 100 mm, 
Tokyo Sokki Kenkyujo, Tokyo).

Lateral loading tests of 3D structures

Specimen structures were anchored on the steel base frame, 
which was tightly connected to the reinforced concrete reac-
tion fl oor, and the lateral load was applied to the edge beam 
of the specimen by an actuator that was connected to the 
reinforced concrete reaction wall with a pin joint. Four sills 
of the specimen were anchored to the steel base frame with 
three M16 bolts positioned at the center and 150 mm inside 
from the ends, and an actuator was connected to the end of 
the X1 plane with a pin joint, as shown in Fig. 1. The reason 
why the lateral load was applied at the edge beam instead 
of the center of the specimen was to observe more clearly 
the effects of the shear stiffness of the horizontal diaphragm 
on the seismic behavior of the 3D structure. Dynamic analy-
sis, as described later, with and without eccentricity mass 
distribution and wall stiffness was conducted to follow up 
the test results.

The PSD tests were conducted by using a computer 
online system (Saginomiya ATC-20). Horizontal displace-
ments were applied at the edge beam of the structure step 
by step by resolving the differential equation based on the 
displacement and the reaction force obtained at the previ-
ous step. The mass and the damping factor were assumed to 
be 10 tonne (t) and 2%, respectively, for all specimens. The 
accelerogram used for the PSD tests was the 1940 El Centro 
NS and the maximum acceleration was scaled up to 0.4 g. 
Horizontal displacements in the X and Y directions at the 
top of the specimen and the vertical displacements of each 
post were measured by electric transducers.

Experimental results

Horizontal diaphragm

Figure 4 shows the relationship between the lateral load and 
displacement of the horizontal diaphragm in cyclic tests 
with fl exible (F) and rigid (R) diaphragms. The stiffness, 
yield, and ultimate loads obtained from the Japan Housing 
and Wood Technology Center guidelines for conventional 
wooden construction10 were 3.39 kN/mm, 24.21 kN, and 
39.00 kN for the rigid diaphragm (R) and 1.72 kN/mm, 
11.08 kN, and 17.03 kN for the fl exible diaphragm (F), 
respectively. The latter were 0.51, 0.46, and 0.44 times those 
of the former, indicating that the stiffness and the bearing 
capacity decrease rapidly when the nail joints in the longi-
tudinal edge of the fl oor sheeting were removed.

3D structures

Figure 5 shows the time–displacement response relation-
ships under PSD testing. Table 2 shows the maximum 
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Fig. 4. Load–displacement relationship in cyclic tests for a the rigid 
diaphragm (R) and b the fl exible diaphragm (F). The bold line repre-
sents the backbone curve

Fig. 5. Time–displacement 
response relationships under 
pseudodynamic (PSD) testing. 
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Fig. 6. Defi nition of θx, θy, and shear deformation angle γ
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Fig. 7. Plan view of the lumped-mass model for a three-dimensional 
specimen

displacement responses in the X1 plane in the positive and 
negative directions and those of other planes when the dis-
placement in the X1 plane was maximum; the defi nitions of 
θx, θy, and the shear deformation angle γ are shown in Fig. 
6. Specimens with rigid diaphragms (WW-R, WS-R) and 
fl exible diaphragms (WW-F, WS-F) showed almost the same 
maximum displacement response at the X1 plane. However, 
the average maximum displacement response in the posi-
tive and negative directions at the X2 plane of specimens 
WW-R and WS-R were 40% and 60% of those at the X1 
plane, respectively, and the maximum displacement response 
at the X2 plane of specimens WW-F and WS-F were 17% 
and 32% of those at the X1 plane, respectively. The shear 
deformation angles of the horizontal diaphragm for WW-R 
and WS-R were 1/229 rad and 1/365 rad, and those of speci-
mens WW-F and WS-F were 1/70 rad and 1/96 rad, respec-
tively. The ratios of θx to θy of the horizontal diaphragm of 
specimens WW-R and WS-R were 0.72 and 0.73 on an 
average for positive and negative displacements, and those 
of specimens WW-F and WS-F were 0.33 and 0.40, 
respectively.

This indicates that the shear force transmission from the 
X1 plane to the X2 plane decreased considerably when the 
nail joints in the longitudinal edge of fl oor sheathing were 
removed. Therefore, the principle deformation of the rigid 

diaphragm (R) is torsion, while the principle deformation 
of the fl exible diaphragm (F) is shear deformation.

Dynamic analysis

Modeling of 3D structures

A lumped-mass model with nonlinear springs, as shown in 
Fig. 7, was assumed for the dynamic analysis. The model 
consisted of four masses (mx1, mx2, my1, and my2) supported 
by four nonlinear springs (kx1, kx2, ky1, and ky2) that represent 
the four vertical walls. These masses are connected to each 
other with a stiffness matrix representing the horizontal 
diaphragm. It was assumed that the horizontal diaphragm 
deforms as a parallelogram and has linear shear stiffness of 
Gf. The stiffness matrix for the horizontal diaphragm Kf is 
expressed as follows:

Table 2. Displacement response of each plane and the horizontal diaphragm deformation angles θx, θy, and γ when the displacement of the X1 
plane was at maximum

Time (s) X1 (mm) X2 (mm) Y1 (mm) Y2 (mm) θx (rad) θy (rad) θx/θy γ (rad)

WW-R 2.72 52.4 21.1 10.2 −12.7 1/96 1/131 0.73 1/358
2.22 −76.1 −29.7 −16.7 16.6 1/65 1/90 0.72 1/229

WW-F 2.82 64.4 11.5 6.8 −9.2 1/57 1/188 0.30 1/81
2.28 −80.0 −13.7 −11.5 11.9 1/45 1/128 0.35 1/70

WS-R 2.76 58.3 35.5 6.7 −10.1 1/132 1/179 0.73 1/494
2.24 −75.4 −45.2 −11.3 10.7 1/99 1/136 0.73 1/365

WS-F 2.78 61.3 20.5 6.4 −8.8 1/74 1/198 0.37 1/117
2.26 −81.3 −25.6 −11.7 12.7 1/54 1/123 0.44 1/96

See Fig. 6 for the defi nitions of θx ,θy, and γ
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where Gf is the shear stiffness of the diaphragm and L and 
H are the length and depth of the diaphragm, respec-
tively.11–14 Shear walls composing the structure were modeled 
with the hysteresis model proposed in previous studies,4,5,15 
including Foschi’s model16 for the backbone curves and the 
slip model for unloading and reloading, as shown in Fig. 8. 
The model is defi ned by the following expressions:

P P C x e C x P= + − − ×( )( )0 2 1 1 0  (1)

P P C x Dm m= − −3  (2)

k k C X Cm1 4 5 1= × +  (3)

k k C X X Cm2 0 6 0 71= − −  (4)

k k C X Cm3 8 9 1= × +  (5)

Table 3. Hysteresis parameters of wall hysteresis and horizontal diaphragms for use in Eqs. 1–5

P0 (N) C1 (N/mm) C2 (N/mm) C3 (N/mm) Dm (mm)

Wall parameters W (window) 17 500 1810 99.2 76.5 100
S (slit) 16 100 1360 47.4 49.0 100

C4 C5 C6 C7 C8 C9

Common 0.210 0.628 0.120 0.323 0.0137 1.02

P0 (N) C1 (N/mm) C2 (N/mm) C3 (N/mm) Dm (mm)

Horizontal diaphragm 
parameters

R (rigid) 28 410 5421 221 – 68.76
F (fl exible) 11 790 2965 104 – 69.90

The wall parameters are quoted from Yasumura and Yasui5

The values of C4–C9 were the same for both types of wall

Fig. 8. Hysteresis model of shear walls. Numbers in parentheses cor-
respond to the equation number in the text: (1) loading on the back-
bone curve up to the maximum load, (2) loading on the backbone curve 
above the maximum load, (3) unloading from the peak on the back-
bone curve, (4) reloading with a soft spring, (5) reloading toward the 
previous peak with a hard spring

(1)

(2)

(3)

(4)

(5)

k1k3kk2k0

(Xm,Ym) (Dm,Pm)

(Du,0.8Pm)
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Parameters obtained from the racking tests of shear walls 
with openings in the previous study were applied to the 
dynamic analysis of the structures. Backbone curves of the 
horizontal diaphragm were also modeled with Foschi’s 
model; however the load–displacement relation was 
assumed to be linear, the slope of which was defi ned by the 
point on the backbone curve with the maximum displace-
ment ever experienced. The model parameters P0, C1, C2, 
and C3 were obtained from the racking test of the horizontal 
diaphragm as shown in Table 3.

Time history earthquake response analysis

Lumped-mass time-history earthquake response analysis 
was conducted on the tested structures. The mass mx1 was 
set at 10 t, and the other masses mx2, my1, and my2 were 
assumed to be almost zero. The same accelerogram as used 
in the PSD tests, 1940 El Centro NS scaled up to 0.4 g , was 
applied to the dynamic analysis. The damping factor was set 
at 2%. Additional calculations with different eccentricities 
were conducted to follow up the test results.

First, the dynamic analyses were conducted on specimen 
WW and specimen WS with the same conditions as the 
former analysis by varying the masses mx1 and mx2 from 0 
to 10 t, respectively, so that the sum of mx1 and mx2 was kept 
at 10 t. In this procedure, the eccentricity rate10 of specimens 
WW and WS varied from 0 to 0.81 and from 0 to 0.73, 
respectively.

Second, dynamic analysis was conducted on specimen 
WW with masses mx1 and mx2 kept at 5 t each and the resis-
tance factor of the walls in the X1 and X2 planes varied from 
15% to 185% of the original wall (W) so that the sum of 
the stiffness and resistance of walls in the X1 and X2 planes 
was twice those of wall (W). In this procedure, the eccentric-
ity rate varied from 0 to 0.52.

Results and discussion

Comparison of simulation with experimental results

Figure 9 shows the horizontal displacement responses of the 
X1 and X2 planes in the PSD tests and the simulation. It 



489

0 2.5 5 7.5 10 2.5 5 7.5 10
Time (s)

D
is

pl
ac

em
en

t 
re

sp
on

se
 (

m
m

) 

-1
00

0
10

0 
 -

10
0

0
10

0

WW-R WW-F

WS-R WS-F

Exp X1 Simu X1Exp X2 Simu X2
Fig. 9. Displacement responses 
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Table 4. Displacement response of each plane and the horizontal diaphragm deformation angle γ when the displacement of the X1 plane was at 
maximum for structure WW-R

Time (s) X1 (mm) X2 (mm) Y1 (mm) Y2 (mm) γ (rad)

Positive
Experiment 2.72 52.4 21.1 10.2 −12.7 1/358
Simulation 2.76 51.6 19.2 11.9 −11.9 1/347
Ratio 1.02 1.10 0.86 1.07 0.97

Negative
Experiment 2.22 −76.1 −29.7 −16.7 16.6 1/229
Simulation 2.26 −71.3 −26.5 −17.4 17.4 1/304
Ratio 1.07 1.12 0.96 0.95 1.33

Table 5. Displacement response of each plane and the horizontal diaphragm deformation angle γ when the displacement of the X1 plane was 
at maximum for structure WW-F

Time (s) X1 (mm) X2 (mm) Y1 (mm) Y2 (mm) γ (rad)

Positive
Experiment 2.82 64.4 11.5 6.8 −9.2 1/81
Simulation 2.80 68.7 14.3 8.5 −8.5 1/80
Ratio 0.94 0.80 0.80 1.08 0.99

Negative
Experiment 2.28 −80.0 −13.7 −11.5 11.9 1/70
Simulation 2.28 −75.5 −16.1 −9.7 9.7 1/75
Ratio 1.06 0.85 1.19 1.23 1.07

Table 6. Displacement response of each plane and the horizontal diaphragm deformation angle γ when the displacement of the X1 plane was 
at maximum for structure WS-R

Time (s) X1 (mm) X2 (mm) Y1 (mm) Y2 (mm) γ (rad)

Positive
Experiment 2.76 58.3 35.5 6.7 −10.1 1/494
Simulation 2.78 52.6 23.8 10.3 −10.3 1/370
Ratio 1.11 1.49 0.65 0.98 0.75

Negative
Experiment 2.24 −75.4 −45.2 −11.3 10.7 1/365
Simulation 2.26 −70.9 −35.6 −13.2 13.2 1/334
Ratio 1.06 1.27 0.86 0.81 0.91
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Table 7. Displacement response of each plane and the horizontal diaphragm deformation angle γ when the displacement of the X1 plane was 
at maximum for structure WS-F

Time (s) X1  (mm) X2 (mm) Y1 (mm) Y2 (mm) γ (rad)

Positive
Experiment 2.78 61.3 20.5 6.4 −8.8 1/117
Simulation 2.80 67.5 17.5 8.3 −8.3 1/90
Ratio 0.91 1.17 0.77 1.06 0.77

Negative
Experiment 2.26 −81.3 −25.6 −11.7 12.7 1/96
Simulation 2.28 −74.7 −20.5 −9.3 9.3 1/84
Ratio 1.09 1.25 1.26 1.36 0.88

indicates that the simulation agreed comparatively well 
with the PSD test results. Tables 4–7 shows that the displace-
ment responses of the X1, X2, Y1, and Y2 planes at the time 
of peak displacement response agreed comparatively well 
with the PSD test results, except for WS-R.

In specimen WS-R, the ratios of positive (tensile) peak 
displacement responses in the PSD test to simulations in the 
X2 and Y1 planes were 1.49 and 0.65, respectively. The dis-
tinction between the experimental results and simulation 
results was as large as 35%–49%. It is supposed that the 
torsional displacement might be restrained by the tensile 
force applied at the end of the edge beam.

Figure 10 shows the deformation of the horizontal dia-
phragm in the PSD tests and the simulation at the time of 
the peak displacement in the X1 plane, as shown in Tables 
4–7. The horizontal displacements in the X and Y directions 
are magnifi ed by a factor of ten. It is noted that the simula-
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Fig. 10. Deformation of the horizontal diaphragm in the PSD tests and 
the simulation results. The deformation in the X and Y directions are 
magnifi ed by ten. Gray lines indicate experimental results and black 
lines indicate the simulation results
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Fig. 11. Maximum displacement response–eccentricity rate relation-
ship, where m-(WW-R) and m-(WW-F) are the displacement responses 
in the simulation in which the mass ratio between the X1 and X2 planes 
varied. Triangles indicate PSD test results of specimens WW-R and 
WW-F, circles indicate the PSD test results of wall W from Yasumura 
and Yasui5

tion predicts quite well the deformation of the horizontal 
diaphragm in the PSD tests.

Infl uence of the eccentricity on the earthquake response

Figures 11 and 12 show the relation between the maximum 
displacement response and the eccentricity rate with the 
sum of the masses in the X1 and X2 planes kept at 10 t, and 
the ratio of the mass in the X2 plane to that in the X1 plane 
varied from 0 to 1. The eccentricity rate of specimens WW 
and WS varied from 0 to 0.81 and from 0 to 0.73, respec-
tively. The PSD tests described in the “Lateral loading test 
of 3D structures” section represent the extreme case in 
which the lateral load was applied at the end beam, giving 
eccentricity rates of 0.81 for WW specimens and 0.73 for WS 
specimens. The ratio of the maximum displacement response 
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Fig. 12. Maximum displacement response–eccentricity rate relation-
ship, where m-(WS-R) and m-(WS-F) are the same as indicated in Fig. 
11. Squares represent the PSD test results of specimens WS-R and 
WS-F
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Fig. 13. Maximum displacement response–eccentricity rate relation-
ship, where St-(R) and St-(F) stand for displacement responses in the 
simulation in which the wall resistance between the X1 and X2 planes 
varied

in the X1 plane to that of the X2 plane was greater than 2 
when the eccentricity rates of specimens WW-R, WW-S, 
WS-R, and WS-S were 0.36, 0.45, 0.41, and 0.47, respectively. 
The ratio of maximum displacement response in specimen 
WW with a fl exible diaphragm (F) to that of the specimen 
with a rigid diaphragm (R) was at most 1.37, which occurred 
when the mass was positioned at one edge of the 
specimen.

Figure 13 shows the relationship between the eccentric-
ity rate and maximum displacement response, together with 
the results as shown in Fig. 11, when the wall resistant ratio 
at the X2 plane to that of the X1 plane varied from 1.0 to 
12.33. The maximum displacement response by changing 
the wall resistant ratio showed almost the same tendency as 
that obtained by changing the mass ratio up to an eccentric-
ity rate of 0.3; however, the maximum displacement response 
increased markedly beyond an eccentricity rate of 0.4.

Conclusions

The results obtained in this study can be summarized as 
follows. Pseudodynamic (PSD) tests showed that the shear 
force transmission from the X1 plane to the X2 plane 
decreased considerably when the nails in the longitudinal 
edge of the fl oor sheathing were removed. Therefore, the 
principle deformation of the rigid diaphragm (R) was 
torsion, while that of the fl exible diaphragm (F) was shear 
deformation. The simulated values of the displacement 
responses of the X1, X2, Y1, and Y2 planes at the time of peak 

displacement response of the X1 plane agreed well with the 
PSD test results. The ratio of the maximum displacement 
responses in the X1 plane to that of the X2 plane was greater 
than 2 when the eccentricity rate of specimens WW-R, 
WW-S, WS-R, and WS-S were 0.36, 0.45, 0.41, and 0.47, 
respectively. The ratio of maximum displacement response 
in a WW structure with a fl exible diaphragm (F) to that with 
a rigid diaphragm (R) was at most 1.37 and occurred when 
the mass was located at one edge of the specimen. The 
maximum displacement response on changing the wall 
resistant ratio showed almost the same tendency as that 
obtained by changing the mass ratio up to an eccentricity 
rate of 0.3; however, the maximum displacement response 
increased markedly beyond an eccentricity rate of 0.4. The 
simulation predicted quite well the earthquake responses of 
the structures. The lumped-mass 3D model proposed in this 
study is suitable for conducting a parameter study on the 
3D dynamic behavior of timber structures.

Acknowledgments The authors appreciate fi nancial support of the 
Grants-in-Aid for Scientifi c Research “Category C” Monbu Kagakusho 
and JSPS.

References

 1. Shing PB, Nakashima M, Bursi OS (1996) Application of pseudo-
dynamic test method to structural research. Earthq Spectra 
12:29–56

 2. Kamiya F, Sugimoto K, Mii N (1996) Pseudo dynamic test of 
sheathed wood walls. In: Proceedings of the 1996 IWEC, vol 2. 
Omnipress, Madison, pp 187–194



492

 3. Kawai N (1998) Pseudo-dynamic test on shear walls. In: Proceed-
ings of the 5th WCTE, vol 1, August, 1998, EPF Lausanne, Montreux, 
Switzerland, pp 412–419

 4. Yasumura M (2001) Evaluation of damping capacity of timber 
structures for seismic design. In: Proceedings of the 34th CIB-W18, 
Venice, Italy, paper 34-15-3, pp 1–9

 5. Yasumura M, Yasui S (2006) Pseudodynamic tests and earthquake 
response analysis of timber structures I: plywood-sheathed conven-
tional wooden walls with opening. J Wood Sci 52:63–68

 6. Yasumura M, Kamada T, Iimura Y, Uesugi M, Daudeville L (2006) 
Pseudodynamic tests and earthquake response analysis of timber 
structures II: two-level conventional wooden structures with 
plywood sheathed shear walls. J Wood Sci 52:69–74

 7. Japan Housing and Wood Technology Center (2003) The testing 
method of metal fastenings and fasteners for wooden construction 
(in Japanese). Japan Housing and Wood Technology Center, Tokyo

 8. Japan Agricultural Standard (2008) JAS for plywood (in Japanese). 
JAS, Tokyo

 9. ISO (2010) ISO 21581–2010: timber structures – static and cyclic 
lateral load test method for shear walls. ISO, Geneva

10. Japan Housing and Wood Technology Center (2001) Allowable 
strength design for Japanese conventional construction (in Japa-
nese). Japan Housing and Wood Technology Center, Tokyo

11. Richard N, Yasumura M, Davenne L (2003) Prediction of seismic 
behavior of wood-framed shear walls with openings by pseudody-
namic test and FE model. J Wood Sci 49:145–151

12. Yasumura M, Uesugi M, Luc D (2006) Estimating 3D behaviour of 
conventional timber structures with shear walls by pseudo-dynamic 
test. In: Proceedings of the 37th CIB-W18, August 30–Septmeber 
3, Edinburgh, Scotland

13. Richard N, Yasumura M (2008) Dynamic model for 3D timber 
structures with plywood sheathed shear walls. In: Proceedings of 
the 10th WCTE, June 2–5, Miyazaki, Japan

14. Yasumura M, Nicolas R, Luc D, Uesugi M (2006) Estimating 
seismic performance of timber structures with plywood-sheathed 
walls by pseudo-dynamic tests and time-history earthquake 
response analysis. In: Proceedings of the 9th WCTE, August 6–10, 
Portland, OR, USA

15. Yasumura M (2003) Pseudo-dynamic tests on conventional timber 
structures with shear walls. In: Proceedings of the 36th CIB-W18, 
August 11–14, Colorado, USA

16. Foschi RO (1974) Load–slip characteristics of nails. Wood Sci 
7(1):69–76



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




