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THE SEISMIC BEHAVIOUR OF PLYWOOD 
SHEATHED SHEARWALL-S 

J. A. Dean*, W. G. Stewart* and A. J. Carr* 

ABSTRACT 

Plywood sheathed timber shearwalls are common 1y incorporated in 
t imb er structures to resist wind and earthquake induced lateral, 
forces. Such shearwalls are classified in the N ZS 4203:1 984 
earthquake loading provisions as being ductile and are currently 
designed to earthquake load levels of 25% of the smoothed elastic 
response spectrum force, i.e. corresponding to SM = 1 in terms of N ZS 
4203: 1 984 1 } notation . 

However, a case study is examined which illustrates that 
compli ance with the NZS 3603:1 9 81 permissible wind-seismic connect ion 
load and stress levels does not ensure ductility. Recommendations 
are made for a capacity design procedure in which the sheathing 
nailing acts as the ductile load limiting element. Even when this is 
achieved, cyclic loading of the walls at seismic design load levels 
causes progressive degrading of strength and stiffness properties 
resulting in a pinched hysteretic loop. The displacement demands on 
walls in which this occurs when subjected to a design intensity 
earthquake ground motion are compared in the paper with the 
corresponding displacement demands on elastic plastic structures. 

Selected test results are presented of eleven full scale 
shearwalls subjected to cyclic static and shaketable loading. The 
performance of the sheathing nailing, framing connections and 
foundation connections is reported in detail. Based on the test 
observations and an analysis of the force distribution within the 
framing, particular details are recommended to ensure ductile 
response. A theoretical time history single degree of freedom 
dynamic idealisation is described which represents the observed wall 
behaviour, and which is suitable for incorporation into multistorey 
analyses . 

It is usually uneconomic to design 
structures to remain elastic during 
severe earthquake motion. Provided the 
structure is well deta iled and meets 
certain requirements including being able 
to accept displacements greater than that 
attained at its design load, it can 
safely be designed to resist horizontal 
forces substantially less than those 
predicted , for an elasti cally responding 
struct ure . Such "duct ile" structural 
components may be rigorously tested to 
verify that they have this reserve 
displacement capacity. It happens that 
well designed re in forced concrete and 
steel components are able to sustain load 
levels approximately equal to the design 
load when cycled through their reserve 
displacement range and this appears to 

1 . INTRODUCTION have been effectively adopted as a 
general performance criterion for seismic 
load resisting elements. This has 
somet imes led to the belief that any 
component hav ing deg r ad i ng strength and 
stiffness properti es when subject to such 
cycling loading is unsuitable for ductile 
type design, However, many types of 
structures do not exhibit we 11 def i ned 
elastoplastic behaviour during cyci ing . 
11 has been quest ioned if they should be 
designed to ducti1e criteria at all, and 
if so it is necessary to establish the 
design level to which they shou1d be 
designed. Timber structures such as 
sheathed shearwalls, in which significant 
nail slips develop before failure, have 
been qualitati vely recognized as having 
some ductile properties, but their 
per formance during earthquake motion is 
not well understood. 
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FIG 1 Degrading Hysteretic Idealisation of Sheathed Shearwall. 

feasible to erect sheathed structures up 
to a height of three storeys or more and 
exploi t the economic advantages of light 
timber frame construction. Large 
industrial sheathed buildings have 
already been erected and the concept 
appears to have particular mer i t for 
cellular plan buildings in which internal 
partitioning contributes to the lateral 
resistance together with the exterior 
walls. 

The seismic performance of common 
plywood sheathed frame shearwalls is 
examined in detail in this paper. 
Attent ion is focussed on two fundamental 
aspects ; the displacement demands 
imposed on sheathed shearwalIs by a 
design level earthquake, and the 
displacement capacity of the walls 
themselves. The displacement demand 
defines the performance requirements to 
be met and is discussed first. The 
effect of degrading stiffness 
characteristics on displacement demand is 
demonstrated in the following sections by 
means of a theoret ical dynami c time-
history single degree of freedom 
idealisation which was itself calibrated 
from shaketable test records. 

2. INFLUENCE OF HYSTERETIC LOOP ON 
DISPLACEMENT DEMAND 

The influence of the shape of the 
hysteretic loop on displacement demand 
was examined using a theoretical time-
history analysis computer program. 
Figure 1 shows the basis of the degrading 
hysteretic loop that was developed to 
idealise the walls, and which is 
adaptable to other na iled timber 
structures. The initial load ing path 
follows the initial stiffness k = k up 

to a yield load F , and then reduced 
stiffnesses PP1 k aXd PP2 k . For each 
time step t he mass d i splacement increment 
is determined from the equat i on 

ax + cx + kx = mx (1) 
g 

where x is the relat i ve d i sp1acement 
between the mass and the ground and x is 
the ground displacement. The v i s§ou s 
damping coefficient c in equat ion (1) is 
expressed in the subsequent discuss i on as 
the ratio of the critical v i scous damping 
of an elastic oscillator having stiffness 
k . The appropri ate st i ffness and 
damp i ng terms in equation (1) are 
determined by matching t he predicted 
response to that of the test walls 
subj ected to static and dynamic loading. 
By calibrating the theoret i ca1 mode 1 
response in this way to a limited number 
of selected ground mot i on input records , 
the wall response to other ground motion 
records and intensities can be predicted. 
Deta iIs of the test records used for the 
calibration are described subsequently. 

Di splacement demands for t he 
degrading mode 1 were compared with those 
for the simple elastoplastic model, Fig. 
2. To compare the responses of the 
e1 astoplastic and the degrading models 
having the same initial stiffness (and 
therefore period) to a given seismic 
ground motion record a nominal yield 
force F for both was defined as follows 

y 

where F £ is the maximum force developed 
in an elastic structure of the same 
stiffness and period subjected to the 
same ground motion, and R is a force 
reduction factor. The force reduction 
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Fig 2 Elasto-plastic Hysteresis Idealisa
tion. 

DISPLACEMENT 

FIG 3 Equal Displacements of Elastic and 
Elasto-plastic Oscillators. 

factor R used in NZS 4 2 G 3 : 1 9 8 4 1 U for 
elastoplast i c struct ures is related to 
the ductility factor u by the equal 
di splacement approximat i on , Fig. 3• The 
NZS 4203: 1 98*4 design spectrum is based on 
u = 4 and R - 0.25, such that the code 
design force E to be used in the strength 
method of design is E F E / 4 * A N D 

elastoplastic structures havi ng a yield 
force F = E = F /4 must be capable of a 
ductility capacity of u = 4. The equal 
displacement relationship is only a 
useful approximation to the actual 

FIG 4 Predicted Shear vs Displacement 
Response of Elasto-plastic and 
Degrading Hysteretic Models to El 
Centro 1940 MS Ground Motion. 

displacement demands made on 
elastoplastic structures and is without 
any rigorous basis. Figure 4 shows the 
actual load displacement hysteretic 
record for both models (R = 0.25, 0.6 sec 
period, 10% viscous damping) subjected to 
the El Centro 1940 NS ground motion 
record. Similar records are generated 
for other ground motion records including 
Pacoima Dam and Parkfi eld . A maximum 
load of approx imately 1.5 F was attained 
in the degrad i ng model for yeach of these 
cases a t maximum displacement. The 
displacement demands for these part icular 
records are shown in Fig. 5 expressed in 
terms of the predicted ductility demand 
u. Figure 5 shows that ductility demands 
even for the elastoplastic model exceed 
t he constant d i splacement u = 4 limit. 
This ha s already been tacitly re cogn i zed 
in the laboratory ductility assessment of 
struct ur al steel and concrete elements by 
ensuring that they are capable of 
sustaining cyclic load out to 
displacements of u = 6. F i gur e 5 also 
illustrates that duct ili ty demands on 
stiff structures in the low period range 
signif icantly exceed the constant 
displacement pred i ct i on for the 
elastoplastic and degrad i ng models. The 
loading code document currently in 
preparati on to supersede NZS 4203:1 984 is 
expected to i ncorporate i ncreased 
duct ili ty demand requirements in the low 
per i od range . 

The displacement demands for the 
degrading model are not significantly 
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diff erent from those for the 
el as toplast ic model. The only clear 
increase in demand,' about 25% , is for 
initial structural periods greater than 
about 1.5 sec dur i ng the El Centro 19 40 
MS motion. However for other peri ods and 
ground mot i on records the duct ility 
demand is signifi cantly less than the 
comparable elastoplastic model. 
Ductility demand for strength reduction 
factors R = 0.5 and 0.167 have also been 
compared for the same range of periods 
and ground motion inputs, and the trends 
are similar to those shown in Fig. 5 for 
R = 0.25. 

The area enclosed by the load 
displacement hystereti c record during a 
cycle represents the hysteretic energy 
d i ssi pat ion of the structure, and is 
sometimes referred to as hysteret i c 
damping. The absorbed energy of the 
degrad i ng mode 1 is shown in Fig. 6 as a 
ratio of that of the el a-s topi as tic model 
for the range of ducti1ity factor u . 
Curve 1(a) shows that the ratio of 
dissipated energy of the initial loading 
cycle, i.e. during load i ng along the 
parent mono tomi c loading curve is between 
50% and 60%. Degradat ion after repeated 
loading, curve 1(b), causes this ratio to 
reduce to between 30$ and 4 0$. Fi gure 6 
also shows that the energy dissipation 
ratio reduces with increasing duet i1ity 
factor. 11 appears that such reduct ions 
in str uct ural energy d i ssi pat ion have 
little i nf1uence on the total 
d i splacement demand. Maximum loads of 
approximately 1.5 F^ were attained in the 
degrading model, despite the degradat ion 
of load res i s tance over most of the 
d i splacement range. This strength 
reserve over and above the nominal yield 
F clearly favours the degrad ing mode 1 in 
the compar i son between it and the 
el astopi ast ic i dealisat ion. Accordingly 
an adjusted degrading model was developed 
in which loads exceeding F^ could not be 
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FIG 7 Base Shear vs Displacement Response 
'of Degrading Model With and Without 
Strength Reserve. 

sustained. Figure 7 snows the load 
displacement record of the adjusted 
degrading model for 0.6 sec initial 
per i od, 10$ viscous damp i ng R = 0.25 
during the El Centro 1940 NS record. For 
this ground motion the displacement 
demand for the adjusted degrading model 
is only 10$ greater than the original 
degrad ing mode. Figure 8 shows t he 
predicted displacement demands for the 
degrad ing model with and wi t hout strength 
reserve, and the elastoplastic mode. 
Displacement demands on the degrad ing 
model increase up to 25$ due to the loss 
of reserve load capacity but nevertheless 
they are not consistently greater than 
those for the elastoplastic model. 

The natural per i od T of a slackness 
osc illator , Fig. 9, representing the 
degraded hysteretic loop is; 

T 0(1 gap 
A - A (2) 

gap 

where T is the natural period of the 
osc il1aSor wi thou t slackness, i.e. for 
A = 0 . As an example, for the natural 

of the degrading model shown in 
Fig. 4 , A ==20 mm, A = 33 mm, T = 0 .6 
sees , T sees. Equation shows 
that T increases as A increases during 
degradat ion of t he and the induced 
base shear for such increased per i ods 
reduces significantly. 
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In summary, it appears that the 
d i splacement demand for degrad ing 
structures with low energy dissipation 

as plywood sheathed 
not signif icantly greater 
el as topi asti c structures. 

It appears that the increase in effective 
natural period as large displacements 
develop in the inelastic range is the 
primary mechanism by which base shears 
are reduced below that for elastic 
response. 
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FIG 9 Oscillator with Slackness Gap. 


