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ABSTRACT :

Design of bearings for earthquake displacementgesidtance is important for safety of bridges ditranally,
bearings have been designed for movements genatagetb temperature, shrinkage and creep. Howéwer,
bearings have to play a vital role during earthguallso. Most of the failures during past earthqgadiave been
reported due to failure of bearings and substrectliherefore, it is an important task to selediafle bearings
for both thermal and seismic conditions. This pagp&mines the thermal and seismic response ofdgiflonal
Roller-Rocker bearings, and (ii) Isolation Bearinigs Elstomeric Bearings with and without Dampémdction
Pendulum Systems (FPS) for a three-span continlbiodge. The effect of arrangement of the beariggte
bridge has also been examined. The range of thee geniod for the different arrangements of the ibgarfor
the continuous bridge has also been obtained. éetbimensional model of the bridge has been degdlofy
site specific design response spectrum with afsi@teacceleration time histories have been usedstfudy of
the seismic response. It has been found that igplabearings have much better thermal and seismic
performance than traditional rocker and roller begr. The performances of FPS systems are quisdasdory.
However, in respect of restoring coefficient, thexfpormances of the Viscous Damper alongwith Elastion
Bearings are better than the FPS systems.
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1. INTRODUCTION

There are many examples of collapse of bridgesechby relative movement of spans in the longitudina
direction due to failure of bearings. The tradiibrocker and roller bearings have limited moveneagacity
and transmit considerable earthquake forces tsubhstructure and result in failure of the bridges tb failure

of piers or bearing. The development of modernatsmh bearings has caused revolutionary changédn t
concepts of bearing design. These bearings argrobito perform an additional function by isolatitig
superstructure from the vibrations transmitted iy $ubstructure. But this may result in considgrédlge
displacement of superstructure. Therefore, it isngportant task to select the suitable bearingctviiiansmits
lesser forces to the substructure and, at the samedoes not result in large displacement ofstiygerstructure.
This paper presents a comparative study of theamalseismic response of a three span continuodigebwith
traditional and isolation bearings. A three dimenal model of the bridge has been developed witHimear
modeling of the bearings. For thermal loading, ragerature difference of 26 and the coefficient of thermal
expansion of 11.7x1%°C have been considered. In case of seismic loadirgite specific design response
spectrum and a set of five acceleration time hissohave been used. Six different arrangement&septing
different possible combinations of bearings havenbeonsidered on piers and abutments. The resmpdribe
continuous bridge has been studied for (i) Rollecker bearings, and (ii) Isolation Bearings vizagtbmeric
Bearing with and without Viscous Dampers, FrictRendulum Systems (FPS).

2. BRIDGE CONSIDERED FOR THE STUDY



An existing three span railway bridge, situatedNiorthern India, has been considered. The site efotidge

falls in Seismic Zone IV of Indian Seismic Zoninkp:( 1893-2002, Part 1). It is a continuous presgds
concrete box girder bridge. The bridge has a tfetajth of 192 m with the main span of 80 m and &wa

spans of 56 m, each (Figure 1). The cross-sectitetalls of box girder are shown in Figure 2. Thght of the

piers is 36.355 m. The pier section is hollow dacwith an external diameter of 6.5 m and thiclenes0.5 m.

The piers are resting on rocky strata.
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Figure 1 Three span continuous bridge. (dimensiwashown in meter)
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The structure has been modeled (Figure 3) usingadftevare SAP2000 Nonlinear. The superstructurethad
piers have been modeled using beam elements wigk lnenped at discrete points. Since the piersestng

on rock, these are modeled as fixed at base. Thamabts have been assumed to be rigid. The Isplatio
Bearings have been modeled as link elements whdeRoller and Rocker Bearings have been modeled as
appropriate boundary conditions. To model the apptacement of bearings across the section, haatcross
rigid links as shown in Figure 3 have been used.

4. BEARING ARRANGEMENTS CONSIDERED

In the present study, six different arrangemenigufié 4) representing different possible combinetiof
Bearings have been considered.
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Figure 4 Different bearing arrangements considérethe study
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Figure 6 Ground motion time histories consideredlie study
7. SEISMIC LOADING

Site specific response spectra are available (Ei§ufor the bridge site for the Design Basis Earttke (DBE)
and the Maximum Considered Earthquake (MCE). Ire aafsseismic loading, five ground acceleration time
histories (Figure 6), recorded for different eauhkes, world over, for different source and siteditions have
been scaled in frequency domain, preserving tHease information (Kumar 2004), to make them conbeti
with the design response spectra.

8. DETERMINATION OF THE RANGE OF THE ISOLATION TIME PERIOD

In Fourth and Fifth Bearing Arrangements (Figure the Isolation Bearings have been used on pieike wh
Traditional Rocker/Roller Bearings on abutments.cise of a Rocker Bearing used on abutment (Fourth
Bearing Arrangement), the structure becomes veiff iat the longitudinal direction and time period i
longitudinal direction cannot be much elongateghyviding Isolation Bearings on the piers. Howewercase

of Roller Bearings on both the abutments (Fifth iBepArrangement), the time period in longitudinl@ection
can be elongated to any extent by reducing thénesi§ at supports on piers using isolation. Howewer
transverse direction the girder is restrained agdranslation at the abutment ends in both thesc@sourth and
Fifth Bearing Arrangements). This restricts thegeto which the time period in the transverse dioeccan be
elongated by providing Isolation Bearings on thergqi

The stiffness of the Isolators is equal in bothdirections. Therefore in both the cases, the desigsolation
Bearings will be governed by the transverse dioectiTo determine the maximum time period which ban
achieved in transverse direction, a simple apprat@mformulation can be obtained using Principle of
Superposition and considering the equivalent lumpads at each Bearing support. The deflecérmf girder

at pier top, due to uniform transverse acceleragay equal to d) and assuming zero stiffness of Isolation
Bearings at the top of the piers, can be obtainelthbar static analysis. Similarly, the deflectian of the end

supported girder subjected to unit transverse ltathe Bearing locations can also be evaluated. fiFiaé
deflectiono of the girder in the presence of Bearing havirigative stiffnessc can be written as

0=0,-0,K,0 (7.1)
The final deflection due to uniform lateral accat@n equal to 1g can also be expressed in terniseafarget
time periodyy 5rget » @S

5: 4g X(TTarget)z (72)

772
Using the above two equations the effective stffneorresponding to a target time period can beatsd. It is
obvious that the maximum time period will corresgan zero effective stiffness of the Isolation Begr which

is equal to T = 277\/?1 (7.3)
g

Table 8.1 Time period of the bridge for variousesas
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Bearing TTarget err Isolator TAct, Trans. TAct, Long.
Arrangement
(sec) (KN/m) (sec) (sec)

4 1.5 1232 1.47 0.217
4 1.6 787 1.63 0.22
4 1.8 -859 - -
4 2 -1762 - -
5 1.5 2378 1.62 2.10
5 1.75 1459 1.82 2.78
5 2 863 2.04 3.5
5 2.3 387 2.306 5
5 2.5 161 2.41 7
6 2 1927 2.2 1.9
6 2.5 1233 2.67 2.35
6 3 856 3.14 2.8

It can be seen from Table 8.1 that the maximumiplesiolation time period of the bridge along trensverse
direction in the Fourth Bearing Arrangement is abb6 sec. A higher target time period demands thega
stiffness of the Bearing which is not physicallyspible. Further, the longitudinal isolation timeipd in Fifth
Bearing Arrangements increases to impracticablgeadar transverse isolation beyond a certain rg@gec).
In Sixth Bearing Arrangement, the Isolators are@that the abutment supports as well as over #rs.pihe
effective mass vibrating in both the directiongdmal to the total mass of the superstructuretHgaime period
of the bridge will be approximately same in botle trections. In this case, theoretically, the agoh is
possible upto any extent, however, it is impratttoahave time periods beyond 3 sec, as this esiutt in
excessive deflections.

9. DESIGN OF ISOLATION BEARINGS

The design of the Isolation Bearings has been @mcerding to different criteria provided in varioosdes
(AASHTO 1999; FEMA-356; IRC: 83, Part-Il 1987) aliterature. Three parameters are important for the
design of the Isolation Bearings, i.e. time pemddhe isolated structure, damping ratio of thddgon System
and the level of shaking. In the present study,Blarings have been designed for MCE and the pedioce
has been studied for MCE, as well as, for DBE.

Another important characteristic of the base I$sotatSystems is the lateral restoring effect. A Besy
Coefficient has been defined as the ratio of tffferdince of the restoring force at design displaz@nand 50%
of the design displacement, to the seismic weighstoring coefficient represents the reliabilityttod Isolation
System in limiting the displacements under unfaeassonditions during the actual earthquake motiowhich
the structure may be subjected. As per FEMA and UBIS restoring coefficient should be greater tBadp5,
otherwise the Isolation System has to be desigoeattommodate 3 times the design displacementseln
present study, the restoring coefficients forladl tsolation Bearings have been determined andffbetiveness
of the Isolators in restricting the lateral disglagents has been examined.

Tables 9.1 show the design and response paranteldferent types of Isolation Bearings, respeelyy
designed for MCE loading condition.

10. THERMAL RESPONSE

Table 10.1 shows the thermal response of the bffiaigall the Bearing Arrangements studied. Thertiaroad
applied corresponds to a temperature differenc54E and the coefficient of thermal expansion has been
considered as 11.7x20C.

10.1. Traditional Bearings
From Table 10.1, it can be observed that the maxirdeck displacement of the bridge occurs in case of
the First Bearing Arrangement. This is becausehe Rirst Bearing Arrangement the movement of the



bridge is restricted at one abutment and the whblkbe displacement takes place at the other almifme
whereas in the other cases, the bridge is freeaxwenn the longitudinal direction at both the abeits.
Consequently, force transmitted to the piers i® amximum in First Bearing Arrangement. The force
transmitted to the pier is minimum in the Third Beg Arrangement, as the bridge deck is free toslate

at both the ends and the piers are not monoliflzicahnected with the superstructure.

10.2. I solation Bearings
From Table 10.1, it can be observed that the desgkatement of the bridge with the different typéshe
Isolation Bearings for a particular Bearing Arramgmt remains the same. This is because the stfioes
the Isolation Bearings is much smaller comparetthéoaxial stiffness of the girder. It has also b&amd
that the deck displacement of the bridge in therfhoBearing Arrangemens twice as compared to Fifth
and Sixth Bearing Arrangements. This happens diketoestriction of movement of the bridge along th
longitudinal direction by the Rocker Bearings a¢ @butment, in the Fourth Bearing Arrangement.
It can also be seen that the forces transmittebde@iers and abutments are very small in all thariBg
Arrangements with Isolation Bearings. This is adextiadvantage of using Isolation Bearings. Theeforc
transmitted by different types of Bearings is ddigt and the EL and ELDM result in the minimum farc
The thermal movement takes place at a slow ratettardfore it is not affected by presence of Damper
Therefore, ELDM and EL result in essentially thensaforce transmitted to the piers and abutments.
However, this force is much smaller than the saisimices, to affect the choice of the Bearings,tfe
selected moderate span bridge. In case of longer badges, this may be significant and can affeet
choice of Bearings.

Table 9.1 Properties of isolation systems desigoeMCE loading condition

System| Characteristiq Isolated | Effective Bearing Initial Post- | Yield | Restoring
Strength Period | Damping | Displacement Stiffness | vyield Force| Coefficient
Stiffness
(KN) (sec) (%) (m) (KN/m) (KN/m) |  (kN)

EL - 2.0 2 0.218 1927 - - 0.075

EL - 2.5 2 0.299 1233 - - 0.065

EL - 3.0 2 0.349 856 - - 0.053

ELDM - 2.0 10 0.160 1927 - - 0.075
ELDM - 2.0 20 0.132 1927 - - 0.075
ELDM - 2.0 30 0.112 1927 - - 0.075
ELDM - 2.5 10 0.207 1233 - - 0.065
ELDM - 2.5 20 0.166 1233 - - 0.065
ELDM - 2.5 30 0.141 1233 - - 0.065
ELDM - 3.0 10 0.237 856 - - 0.053
ELDM - 3.0 20 0.190 856 - - 0.053
ELDM - 3.0 30 0.161 856 - - 0.053
FPS 0.018 2.0 10 0.160 - 3248 98 0.046

FPS 0.035 2.0 20 0.135 - 2638 199 0.032

FPS 0.038 2.0 30 0.115 - 2021 213 0.021

FPS 0.044 2.0 40 0.100 - 1388 249 0.017

FPS 0.015 2.5 10 0.210 - 2078 8p 0.039

FPS 0.024 2.5 20 0.175 - 1688 138 0.026

FPS 0.032 2.5 30 0.150 - 1294 178 0.017

FPS 0.037 2.5 40 0.130 - 889 2Q7 0.010

FPS 0.013 3.0 10 0.270 - 1443 74 0.035

FPS 0.022 3.0 20 0.225 - 1172 123 0.023

FPS 0.030 3.0 30 0.190 - 898 156 0.015

FPS 0.032 3.0 40 0.165 617 183 0.010

Table 10.1 Thermal response of the bridge



th
Thel4 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

Bearing Bearing Deck Force Transmitted Abutment Shea

Arrangement Types Displacement to the pier Force
(m) (kN) (kN)

1 Roller-Rocker 0.053 5093 6661
2 Roller 0.028 1816 0
3 Roller-Rocker 0.028 444 0
4 EL 0.056 76 340
4 FPS 0.056 539 1328
4 ELDM 0.028 76 340
5 EL 0.028 102 0
5 FPS 0.028 599 0
5 ELDM 0.028 102 0
6 EL 0.028 120 140
6 FPS 0.028 504 366
6 ELDM 0.028 120 140

11. SEISMIC RESPONSE

Tables 11.1-11.2 show the seismic response ofridgebwith different types of Bearings, for desgmectrum
compatible (scaled) ground motions. In this calse,average of peak response for the five time festdhas
been considered.

11.1. Traditional Bearings

From Table 11.1 it can be observed that the timreog@eof the bridge along longitudinal direction time
Second and Third Bearing Arrangements is higher that in First Bearing Arrangement. This is beeaus
the bridge is supported on Roller Bearings at kbt abutments, in the Second and Third Bearing
Arrangements, which makes it flexible along thegitudinal direction. It can also be observed thms t
maximum deck displacement of the bridge occurs hirdl Bearing Arrangement, because the bridge is
most flexible in this case. When the bridge supecstre is constrained with Rocker Bearings at ainthe
abutments (First Bearing Arrangement), the maximdisplacement of the bridge in the longitudinal
direction is reduced to negligible amount.

The force transmitted to the pier in the First BegArrangement is lesser by 78% and 68%, as cosapar
to the Second and Third Bearing Arrangements, oésedy. The reduced force transmitted to the jer
associated with high reaction force at the abutmentwhich the displacement constraint is provided.
Normally, the abutments are intrinsically much sger than the piers. They can therefore resist much
higher forces than the piers. Special attentido ise paid to the capacity of the Rocker Bearingstheir
anchorages, as these would become critical in sec@sign.

Table 11.2 shows that the time period of the bridgeransverse direction is almost same for all the
arrangements of Traditional Bearings. This is beedahe Traditional Bearings result in rigid conract
between the superstructure and substructure, nsuease direction. The maximum deck displacement,
maximum force transmitted to the pier and maximuat@ent shear force of the bridge are almost same
for all the non-isolated cases considered.

11.2. I solation Bearings

It can be observed from Tables 11.1 and 11.2 Heatleck displacement and force transmitted to e p
and abutments are quite different, in case of iffelsolation Bearings. Elastomeric Bearing hasilted

in higher deck displacement, as well as, highecdaransmitted to the piers and abutments, inhall t
Bearing Arrangements considered in the study. Taispens because the Elastomeric Bearings behave
linearly and there is very little energy dissipatitse of Dampers in the ELDM system has resulted in
reduced deck displacements but higher forces ipitrs.



Table 11.1 Seismic response of the bridge alongitiadinal direction for scaled earthquake groundioms

Bearing Bearing Time Deck Force Abutment Energy Permanent
Arrangement Types Period Displacement Transmitted to pier Shear Force Dissipated Displacement
DBE MCE DBE MCE DBE MCE DBE MCE DBE MCE
(sec) (m) (m) (KN) (kN) (kN) (KN) (KN-m) | (kN-m) (m) (m)
1 Roller-Rocker| 0.22 0.006 | 0.013 883 1766 1412p 28243 O 0 0 0
2 Roller 0.82 0.036] 0.072 4039 8077 0 0 0 0 0 @
3 Roller-Rocker| 1.47 0.076 0.153 2735 5471 0 0 0 0 0 0
4 EL 0.23 0.006| 0.012 380 580 13017 26034 O 0 0 0
4 FPS 0.23 0.003] 0.006 222 480 10195 20187 2 28 0 0
4 ELDM 0.23 0.003| 0.006 346 500 9707 19345 31 125 0 0
5 EL 3.5 0.164| 0.328 1096 2100 0 0 0 0 0 0
5 FPS 3.5 0.045] 0.167 744 1312 0 0 544 2048 D
5 ELDM 3.5 0.117 0.233 1048 2088 0 0 385 1540 ¢ 0
6 EL 2.5 0.129| 0.259 1216 2435 639 1277 0 d ( (
6 FPS 2.5 0.032 0.099 840 1182 43( 612 612 2283 0
6 ELDM 2.5 0.068| 0.136 992 1995 391 782 547 2188 D O
Table 11.2 Seismic response of the bridge alomgwerse direction for scaled earthquake groundamsti
Bearing Bearing Types Time Deck Force Abutment Energy Permanent
Arrangement Period Displacement Transmitted to pier Shear Force Dissipated Displacement
DBE MCE DBE MCE DBE MCE DBE MCE DBE MCE
(sec) (m) (m) (kN) (kN) (kN) | (kN)| (kN-m) | (kN-m)| (m) (m)
1 Roller-Rocker 0.99 0.062 | 0.124 2901 5802 1265 | 2530 0 0 0 0
2 Roller 1.08 0.069| 0.137 2762 5523 1057 2115 0 0 0 0
3 Roller-Rocker 1.08 0.069 | 0.137 2762 5523 1057 | 2115 0 0 0 0
4 EL 1.6 0.112 0.223 980 1660 2807 5604 O 0 0 0
4 FPS 1.6 0.053 | 0.127 816 1384 1515 3505 280 1139 0 0
4 ELDM 1.6 0.070| 0.139 1008 1880 18717 3763 216 865 0 0
5 EL 2 0.161 | 0.322 848 1688 0 0 0 0 0 0
5 FPS 2 0.061 | 0.169 464 1136 0 0 485 2005 0 0
5 ELDM 2 0.121 | 0.238 904 1800 0 0 423 1693 0 0
6 EL 2.5 0.179| 0.357 1472 2952 646 1291 O 0 0 0
6 FPS 2.5 0.054| 0.157 896 1433 386 647 574 2473 (0 D
6 ELDM 2.5 0.099 | 0.199 1264 2523 388 776 622 2488 D
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FPS systems have shown comparable and good sepmarfrmance for the various ground motions
considered. These result in lower deck displacesnamd pier forces, as compared to other systems.

Table 9.1 show the restoring coefficient for difet types of Isolation Systems. In case of FPSmysthe
restoring coefficient falls below the limit of 0.92or longer periods and higher damping. From pasnt

of view, ELDM represents a more reliable systemhaslow damping rubber used in the system, doés no
yield and has high stiffness right up to the desigplacement.

12. CONCLUSIONS

The performance of different types and arrangemeht3raditional Rocker-Roller Bearings and Isolatio
Bearings has been studied under thermal and seisaniing conditions. It has been observed thatatzm
Bearings have distinct advantage over Traditioredrigs, both against thermal and seismic load?ngviding
isolation bearings at all the piers and abutmesgsilts in a performance better than that of a coatigin of
Traditional and Isolation Bearings. The performanoé the FPS systems have been satisfactory ae thes
resulted in lower deck displacements, and pier amament forces, for the ground motions consideneitie
study. However, these bearings have shown poooriegteffect at longer time periods and higher diagp
Use of Viscous Dampers alongwith Elastomeric Begrinas resulted in reduced deck displacementsidpugth
forces in piers. However, in respect of restoringfficient, this system is still quite better thhe FPS system.
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