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Abstract

Base isolation is an efficient method to reduce the vulnerability of structures indigghicsrisk zonesLaminated

rubber bearings have become the mainstream isolation devices due to their simple structure and stable performance. As
the core component, the performance of the isolation bearings greatly affects the safety and relidislityotdition

system. The influence of temperature on the mechanical properties of theisadon bearings is one of the most
prominent factors. In order to study the influence of temperature on the dynamic characteristitseoisolation

bearirgs a series otyclic shear test(CS), simple relaxation tes{SR) and multistep relaxation tes{MSR) were

carried out on tweascaled rubbersolation bearingsLRB200-G3 andLNR200-G3, five temperature conditis range

from -30€ to 20€ and different levels of shear strain were considergest result®f CS testshow that the maximum

shear stress value of the hysteresis curve and the area enclosed by the curve gradually decrease with the increase o
temperatureand the large displacement hardening tbfe bearing is more gjnificant at lower temperature¥he

influence of temperature on the equivalent stiffness and yield force of lead rubber bé&RBREO-G3 is very

significant, while those of rubber beariblR200-G3 have relatively small temperatudependenc@ he results oSR

tests and MSR tests shdhatthe instantaneous value of thee a r sheay strésat various shear strains under fast

loading shows arobvious temperature dependence. And during the stress retditiga of each shear &, the
equilibrium stressf the bearings also has arficant temperature dependenddl these observations indicate that the
mechanical properties of thmibber isolation bearings have significanemperature dependence, which should be
consideredn the design of isolation structures.
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1. Introdu ction

Different from the traditional seismic design of the structure, the design of isolatictuse is to ensure the

safety and reliability of the structure from the perspective of "reducing the seismic energy input to the
superstructure”. Because of its advanced concept, New Zealand, the United States, Japan and other countries
have carried out lot of relevant research, and obtained a lot of research results. At present, isolation
technology has been widely used in engineering structures, and a large number of buildings using this
technology have successfully withstood the test of earthqddke [

The isolation devices are installed between the foundation and the superstructurestoisofation layer, a
centralized controllable weak layer of the isolation system, the performance of the isolation bearings greatly
affect the safety and relidiby of the isolation system. After decades of development, laminated rubber
bearings have become the mainstream isolation devices due to their simple structure and stable performance
[2]. The basic mechanics performance of the bearings, atladzontalstiffness, yield force and damping
characteristics, etc., many scholars have conducted a lot of research on the mechanical properties of
laminated rubber bearings, and proposed various humerical modgls [3

China lies between the Pacific seismic beldd #ime Eurasian seismic belt, the peak acceleration of ground
motions in most territories is greater than 0.Fnilse seismically active areas are widely distributed and the
climate conditions are quite different. Although isolation technology has beelfywiskd in these areas, the
adaptability of rubber isolation bearings and isolation systems to the setssopataturehanges in these

areas is still a littlknown issue. At present, there is no clear stipulation in the relevant codes, and the
influence of temperature has not been considered in the design of rubber bearing isolation system, so the
rationality of the design results cannot be determined.

A large number of scholars such as Roeder et al. [6], Yakut and Yura [7], Fuller [8] and Cardete [9]

have conducted experiments on the behavior obeulatdifferent tempeatures. It has been found that
rubber will harden at low temperatures, and the effects of temperature on the mechanical properties of rubber
cannot be ignored. In order to expldre performance of rulgb bearingsat different temperaures, some
scholars have carried out experimental research on the temperature dependence of rubber bek2ings [10
The experimental results show that temperature, especially low temperatureoosnditill have a
significant impact on the mechanical properties of rubber bearings, which will cause great changes in the
dynamic characteristics of the isatat structure. The influence of temperature on the performance of rubber
bearing mainly includeghe transient chang#s performancef rubber and lead at ambient temperature; the
crystallization hardening of rubber and lead core in the low temperature environment for a long time; the
influence of the internal temperature changes caused by therdiicstenergy dissipation; the influence of
seasonal temperature changes on the service life of the med&@sgpd on the experimental research, some
scholars have carried out some theoretical research on the temperature ¢ffebeafings and establied

some mathematical models [18]. However, due to the variety of rubber bearings and different material
properties, thse calculation models are not widely accepted.

In order to study the influence of temperature on the dynamic characteristics @f bglbings and isolation
structures, so as to accurately grasp the mechanism of structural damage and reasonably evaluate the
performance of the structure, a series of experimental stweiescarried oubn the low modulus and high
damping rubber bearys developed by our research group. In the experirfigatiemperature conditions
rangefrom -30 € to 20 € were considered. And three loading schemes were implememaaaelycyclic

shear test (CS), simple relaxation test (SR) and +sidf relaxationest (MSR)

2. Specimen and test apparatus

Two specimens with diameter of 200mm were usethism paper which were numbered LRB288B3 and
LNR200-G3, respectively, the suffixes G3 in the bearing names repriseiie shear modulus of rubber
materials i90.3MPa. Among then,RB200-G3 is leadrubber bearingandLNR200-G3 is rubber bearings

© The 17th World Conference on Earthquake Engineering -2g-0210 -



The 17th World Conference on Earthquake Engineering

17" World Conference on Earthquake Engineering, 17WCEE
Sendai, Japan - September 13th to 18th 2020

The geometric parametersf the bearings are shown in Table 1, and the photograph of the bearings are
shown in Fig. 1. The steel plates used in the bearings is Qa8%arubber used in the bearings is the high

performance natural rubber with high damping and low shear modulus developed by our research group.
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Fig. 1Photograph(aaind £hemati¢b) of the specimen.
Table 1 Geometric parameters test speimen.

Main parameters LRB200-G3 LNR200-G3
Rubber shear modulus ~ N/mn? 0.3 0.3
Bearing diameter mm 220 220
Lead diameter mm 30
Rubberlayer thickness mm 15 15
Number ofrubberlayers layer 15 15
Inner steel shinthickness mm 2 2
Totalrubberthickness mm 22.5 22.5
Total Bearing Height mm 70.5 70.5
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Fig. 2Photograph(aaind £hemati¢b) of the €4 system

The compressieshear test apparatus used in this study is shown in Fig. 2. The vertical load mechanism is
assembled by a hyalulic jack and a horizontaliding device The maximum output of the jack is 1600
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and the pressure can be compensated automatically. The strolkeehairitontalsliding deviceis £200mm.
The horizontal load is provided by an actuator with a rateclibwfi?50kN.

3. Test conditions

The behavias of rubber bearings at different temperatures that are expected to occur over the lifetime of an
isolation structure was studied. Tests were conducted on the bearing specimens in accordance with the
procedures atlined in ISO 22762..2005 [19]. The test conditions are shodescribed in Table 2. In alhe

tests, the vertical surface pressure of the bearings was constant at 5MPa(157kN). The shear strains
considered in the tests were 100%(#22.5mm), 200%(#45mB0)0%(#67.5mm), the loading speeds

gocr)lsidered were 1.5mm/s, 7.5mm/s, and the test temperatures considered ere2 0 -1 0 o ,
Table 2 Test conditions.
Test Max shear Test temp. () anding Hold tim_e of Repetitions
protocol str &%)n velocity(mm/s) each grain(s)
CS 100% -30,-20,-10,Q 20 15 -- 3
CS 200% -30,-20,-10,Q 20 15 -- 3
CS 300% -30,-20,-10,Q 20 15 -- 3
MSR 300% -30,-20,-10,Q 20 7.5 600 1
SR 100%, 200%  -30,-20,-10,Q 20 7.5 900 1

Shear strain is calculatedss g = u/h , whereu is the shear displacemert, is the total rubber thickness (Table 1, 22.5mm).

4.0 2.5
...... in: 0,

c 3.0 I | strain:100%
g 20 g ' ' train: 200%
= 2 15 | 1 - - strain: ()
% 1.0 § ! .

0.0 1.0 freeeennennnnnnnnnnnnnnnnnnn
? m 0 ‘;

1.0 05 £ !

-2.0 ’ i

3.0 0.0 T

-4.0 0.5

0 2000 4000 6000 8000 10000 0 500 1,000 1,500 2,000
Time(sec) Time(sec)
(@) MSR (b) SR

15
.% —Iloading rate:1.5mm/s
7 Fig.3 Loadingcurves of MSR, SR, and CS tests:
©
4= (a)MSR test.

(b)SR tests with shear strains of 100%, 200%

(c)CS tests with loading rates of 1.5 mm/s.

-1.5

0 10 20 30 40 50 60
Time(sec)

(c)Cs

© The 17th World Conference on Earthquake Engineering -2g-0210 -



2g'021 O The 17th World Conference on Earthquake Engineering

17" World Conference on Earthquake Engineering, 17WCEE
Sendai, Japan - September 13th to 18th 2020

The different temperatures of the specimens were provided by the temperature control box. For each
temperature condition, the bearingias placed in the tempenate control box for 24 hours, and the
refrigeration temperature was set 2 ddow the target test temperature. During the loading process, the
bearing was surrounded by a foam insulation box with a small amount of dry ice inside. Figs.3 shows the
loading cuves of the cyclic shear test (CS), simple relaxation test (SR) andstatirelaxation test (MSR)
Among them, Fig.3(a) shows the loading curves of CS tests with loading rate of 1.5mm/s. Each CS loading
curve was loaded 3 times. Fig. 3(b) shows the lgadiurves of SR tests with shear strain of 100% and
200%, the holding time after loading and unloading is 900s. Figs.3(c) shows the loading curves of MSR tests,
which is a segmented cyclic loading test with a maximum shear strain amplitude of 300%achiteection

of shear strain loading is completed, the load is paused for 600s.
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Fig.4 Hysteresisurvs at different temperatures and shear strains.
4. Experimental results and Discussion

3.1 Hysteresiscurves obtained from CS tests
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Based on the CS tests of the two specimens at 5 temperature conditions and 3 shear strains, a lot of curves
were obtained, and the third cycle of the hysteresis curves at eacbniditibo were taken for study.

Fig.4 shows the comparisar hysteresis curves at different temperatures. Among them, (a), (c) and (e) are
the hysteresis curves of LRB2@B at shear strasof 100%, 200% and 300%. And (b), (d) and (f) are the
hysteresis curves of LNR2083 at shear strasrof 100%, 200% and 300, respectively. For LRB20G3, it

is visible that the hysteresis curves of each shear strain are fuller at lower temperatures. As the temperature
increases, the maximum shear stress value of the hysteresis curve and the area enclosed by the curve
gradually decrease. The comparison of hysteresis curves of LNBZ0ghows that, when the shear strain is

100%, the influence of temperature on the shape of the hysteresis curve is not obvious. With the increase of
shear strain, the hysteretic curves at low tewmppee and room temperature has significant differences
characteristicsuch aghe area enclosed by the curve and the maximum shear stress increase as temperature
decreasesAt -3 0 -20 and shear strain 300 %, s atecsigrificarglyn ds o
uptuned, showing an inverset$pe, which indicates thatthe large displacement hardening of the bearing is

more significant at loer temperaturesComparing the hysterisscurves of LRB20653 and LNR206G3 at

different shear strains, @&an befound that the curve of LRB200 is fuller than LNR200 and the sensitivity to
temperaturef LRB200is more significant. This is mainly because LRB200 contains a lead core, indicating
that the mechanical behavior of the lead cat®has an obvious temperature correlation.
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Fig.5 Curves ofK, Qq, andgp Wvarying with temperaturat different shear strains

In order to quantitatively describe the temperature dependence of the mechanical properties of the bearings,
parameters such as the equivalent stiffri€gsthe yeld forcesQq and the hystereticengrg di ssi pat i o
were obtained by identifying the hysteretic curvs as indicated in the ISO -222@25[19] The curvs of

these mechanical parameteesying withtemperaturareshown in Figb.

As shown in Fig5(a), for LRB200G3, Ky decreases ith the ncrease of temperature.héh the shear strain

is 100% and the temperature-80C, Ky reaches its maximum value of 1.29kN/mm. When the shear strain
is 3006 and the temperature is 20€Kn reaches its minimum value of 0.59kN/mm. The ratio of the
maximumvalue to the minimunwvalueis 2.19. This phenomenon indicates that the influence of temperature
onthe equivalent stiffness of lead rubber bearings is very signifieants(d) showshattheK, of LNR200
G3also increases with the decrease of temperadiutéhedecrease is smallénanthat of LRB206G3.
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According to Fig5(b) andFig. 5(e), the yield force oLRB200-G3 and LNR20853 alsoincreases with the
decrease othe temperatureAnd the yield force of LRB20@3 is larger and changewsore significantly
with the temperaturerig. 5(c) andFig. 5(f) illustrate thatemperature have visible effect on the hysteretic
energy dissipation dhebearingslUndereach temperature conditiam, Wincrease with the increase of shear

strain Whenthe shear strain is constaggiWw decr eases with the increase of
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Fig.6 Stress stories obtained from SR tests at different temperatures and shear strains

The relaxation response of two specimens were studied through a series of SR tests with three shear strain
levels at different temperatures. The loading rat8Rfests was 7.5mm/s. The strésstoriesare plotted in

Fig.6. Stress relaxation curves withe same strain at different test temperatures are compared in the graphs.
Fig.6(a) and(b) are the comparison of stress histolés£ RB200-G3 with shear stragof 100%and200%.

Fig.6(c) and (d) are the stress histories comparisonL6fR200-G3 with stran of 100% and200%,
respectivelyAs loaded, the shear stresd the bearings rush to a relatively high instantaneous value, and the
comparison shows that the instantaneous shear stress is higher at lower temperatures for each strain
amplitude. During th loading pause phase, the shear stress drop rapidly from the instantaneous value in the
first few seconds. Then as the time of loading pause increases, the stress asymptotically converge to
relatively lower stable values, which can be approximated asateedependent equilibrium stresses. For

both specimens under different shear strains, the equilibrium shear stresses at the end of the loading pause
phases shows a slightly temperature dependence. While the equilibrium shear stresses are similar to each
ot her at the end of the unloading pause phases, t
for LRB200-G3, the equilibrium shear stresses of the loading pause phases at different temperatures are
greater than those dfNR200-G3, which indcates that the temperature dependence of LRBEXin
equilibrium stress and instantaneous stiessore significant thathatof LNR200-G3.

MSR experiments were implemented to presenttéingperature dependence of thee a r iequitiosudn
state, which wre supposed to be able to simulate the equilibrium responte diearing due to the
viscosity property by applying infinitely slow loading ratéig.7 illustrates the stress curves observed in
MSR tests atlifferent temperature€ach of the curve irhe figures show significant stress value drops at
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the suspension stage of each shear strain. The magnitude of stress relaxation shie@esthain for
LRB200-G3is larger tharthatfor LNR200-G3. And for both specimens, the peak stress and stress iefaxat
magnitude at each applied strain are larger at lower temperatures. All these observations indicated that the
mechanical properties tfie bearing have significantemperature dependence.
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Fig.7 Stressstrain curve obtained from MSR testg¢a) LRB200G3 and (b) LNR204G53

5. Conclusion

In order to study the temperature depenAdeeresef of
experimental studies dwo low modulus and high damping rubber bearib§B200-G3 and LNR206G3
werecarried outThere were three kinds of loading schemes, napllic shear test (CS), simple relaxation
test (SR) and mulstep relaxation test (MSRANd five temperature conditionsangefrom -30€C to 20C

were consideredn those testsThe main conalsions obtained through analysis and comparison of
experimental results are as follaws

(1) Comparison of hysteresis curves obtained at different temperatures in the Chdesthat, forboth
bearings the maximum shear stress value of the hysteresis emdedhe area enclosed by the curve
gradually decrease with the increase of temperataraddition, the comparison of hysteresis curves
under large shear strain conditions shows thatlarge displacement hardening of the bearimgnore
significant atlower temperatures.

(2) The hysteresis curves tife lead rubber bearing LRB26B3 is much fullethanthat of rubber bearing
LNR200-G3, which show thatin addition to rubber, the temperature dependence of the mechanical
properties of the leacbreis also gjnificant.

(3) The influence of temperature on the equivalent stiffaegbyield forceof lead rubber bearindsRB200-
G3 is very significant while those ofrubber bearing LNR2GG3 haverelatively small temperature
dependence.

(4) The comparison of relaxation ues obtained from th&8R testsand MSR testshows thatfor both
bearing under different shear strairtbe equilibrium stresses at the end of the loading pause phases
shows obvious temperature dependenc&or LRB20GG3, the equilibrium stresseat different
temperatures are greater than those of LNR@8B0indicaing that the temperature dependencehaf
LRB200G30 s e qu i | iisbhmore sigmificant thae that of LNR24B3.
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