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H I G H - S T R A I N T E S T S O N L E A D - R U B B E R B E A R I N G S 
FOR EARTHQUAKE LOADINGS 

R. G. Tyler* and W. H. Robinson** 

ABSTRACT 
Dynamic tests on two lead-rubber bearings, 280 x 230 x 

113 mm, are described in which a dynamic actuator was used 
to apply shear displacements of ±10 to ±140 mm at frequencies 
of 0.1 to 3 Hz, giving shear strains in the rubber of up to 
±200%. The weight of the structure on the bearing was applied 
by a vertical jacking system and ranged from 35 to 455 kN. 
Sequences of cycles were performed to simulate earthquake con­
ditions and force-displacement hysteresis loops were obtained. 

It was concluded that at strains approaching 200% in the 
rubber, the force-displacement hysteresis loop could be repre­
sented by the linear elastic slope of the rubber component plus 
a rectangle appropriate to the plastic shear of the lead, with 
some rounding of the corners of the hysteresis loop. There was 
a decrease in the area of the hysteresis loop of 20% after six 
cycles at 1 Hz with a maximum shear strain of 125% in the rubber; 
but recovery followed within minutes. In one bearing an attempt 
was made to locally confine the lead by screwing external plates 
to the first internal plate within the bearing at the top and the 
bottom, but no difference in performance between the two bearings 
was noted. The scope of the tests indicated that, with peak 
strains in excess of 100% in the rubber, the bearings would con­
tinue to perform satisfactorily for a sequence of very large 
earthquakes. 

INTRODUCTION 
The use of laminated rubber bearings, 

with damping provided by lead plugs, is now 
an accepted technology throughout the world 
for the base isolation of buildings and 
bridge decks following the pioneering work 
XT-. New Zealand culminating in the con­
struction of the William Clayton Building 
in Wellington ( 1 - 8K Previous tests on lead-
rubber bearings at PEL(1~3) w e r e carried out 
using a converted bulldozer for producing 
shear displacements at 1̂ Hz, but this tech­
nique was inconvenient from the point of 
view of varying the stroke and frequency of 
loading. The tests described in this paper 
were carried out using the Dartec dynamic 
test equipment in the new test hall. This 
equipment enabled the stroke and frequency 
to be readily controlled and also allowed 
simulated earthquake motions to be applied 
to the bearings. 

Initial research on using lead for 
hysteretic damping started with the develop­
ment of the lead extrusion damper, a device 
in which lead is extruded back and forth 
through an orifice (10*11). The extrusion 
damper behaves like a plastic solid or cou­
lomb damper, is able to be built with a 
long stroke (>±300 mm) and is capable of 
operating continuously for thousands of 
cycles; twelve of these dampers have been 
installed in two overpass bridges in 
Wellington. However, like most of the 
steel hysteresis dampers, the extrusion 
device operates only in one direction and 
is expensive to make. The lead-rubber 
bearing has the great advantages of being 
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relatively cheap, of supporting the struc­
ture and providing a damping force in all 
directions in the horizontal plane, and 
having a satisfactory performance and life. 
However, it must be noted that the lead-
rubber bearing represents a sound economic 
solution to the problem of base isolation 
and as such is designed to withstand the 
effects of a limited number of major earth­
quakes occurring in sequence. 

THE BEARINGS TESTED 
Two bearings were supplied as part of 

a production run for the Devils Creek 
Bridge, State Highway 7, Reefton, South 
Island, New Zealand. They were 280 x 230 
x 113 mm in overall dimensions, supplied 
with a 75 mm diameter cylindrical hole 
right through the centre of the bearing 
(Figure 1). Separate lead plugs were 
supplied to be fitted as required. The 
details of the bearings supplied by the 
manufacturers, Empire Rubber Mills of 
Christchurch, are as follows: 

Manufacturer's Details 
Completely rubber enclosed vulcanised 
rubber-on-metal bonded bearings. 
Size 280 x 230 x 113 mm with central hole 
75 mm diameter (Figure 1). 
Top and bottom cover layers of rubber 

2 x 5 mm = 10 mm 
Inner layers of rubber 

1 0 x 7 mm = 70 mm 
Embedded steel plates 

1 1 x 3 mm = 3 3 mm 
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