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SIk mpaBUIIO, BBAKAETHCS, IO 3aBJAHHSAM CTIHKUX 10
3eMJICTPYCIB KOHCTPYKINI € TMepedaBaHHsA CEHCMIYHUX
HaBaHTaXeHb 10  (yHmamentiB  cnopymu.  Lli
HaBaHTa)KEHHS PO3IOUISIOTHCS 1 IEPEHOCATHCS Ha Oi4Hi,
CHelLiabHO CHPOEKTOBaHI OnopHi eneMeHTH. OcTaHHIM
4acoM B TPOEKTaX CEWCMIYHO CTIHKMX KOHCTPYKIIiH
BHUKOPHCTOBYIOTBCS 130JISITOPH.

3 ormany Ha celicMiyHe po3TtamyBaHHS IpaHy i
BaXUJTUBICTH MOCTIB, 30KpeMa Ha TOJIOBHHX apTepisx,
HEOOXiTHO PO3pOOUTH HOBI METOAM iX IPOEKTYBaHHSI.
HesBaxatoun Ha BHMKOPHCTaHHS T'YMOBHUX €JIEMEHTIB B
MOCTOBHMX OITOpax Ha Tepuropii IpaHy, mpocBHHIIOBaHA
ryma (LRB) — mnommpeHa B ychoMy CBITI cucTema
1305111, JOCI TYT HEe BHKOpUCTOBYBasacs. Y poOOTi
po3TisimaeTbess eeKTUBHICTh pisHMX LRB Ha ocHOBI
napamerpie  gBox MocTiB (Puc. 1 i 2). Ix mporonosi
CIIOPYAM CTBOPEHO 1 CIPOCKTOBAHO HAa OCHOBI 30ipHHX
OCTOHHMX KOHCTPYKIIH 3 BHKOPUCTAHHSM IPOTrpPaMu
Sap2000. [Ins kpamioro IOpIBHSHHS, PO3TIISAAIOTHCS
MOJIET TPHOX PI3HHUX CUCTEM: | — 3 T'YMOBOIO OMOPOIO; 2
—3 LRB onopoto, Bun A; 3 —3 LRB omopoto, Bua B. Ha
HACTYIIHOMY €Talli IPOBEACHO aHaJli3 HeiHIHHOT YacoBOi
Jiarpamu Ta CTIHKOCTI MOCTIiB B yMOBaxX CHJIBHHX PYXiB
3eMyii, 0 OyiaM 3amucaHi Wi dYac JBOX HETaBHIX
3eMJICTPYCIB.

Sk BkazaHo Ha Puc. 4-7, npu 3acTOCyBaHHI i30JI5TOPIB,
3CYB OCHOBM € 3HAYHO MEHIIMM. BiInmoBigHO 10
PHUCYHKIB, MOXXHA 3pOOWTH BHUCHOBOK, IO TOMOBXKHIH i
MONIepeYyHUii  3CYB OCHOBHM MOCTa € MEHIIMM B
13051bOBaHIi Mozieni Ha BiAnoBigHo 29% i 19%.

Sk BunHo Ha Puc. 12—-14, 3apnsgku Bukopucranaio LRB
A 1 B 3cyB B Oukax Mocrta € MeHIIUM Ha 56% 1 64%. Ilpu
BukopucTanHi LRB, 3HMWKEHHS 3MIIICHHA B PaMOBHUX
orropax IiATBEpKEHO JUIsl )KOPCTKUX MOCTiB. Pe3ynbratn
JIOCITI/DKEHHST TIPOBENIeHI Ha THYYKHMX MOCTaX € 30BCIM
iHmmMU. JocmiIKeHHs MOKa3ajo, o T'YMOBI OIOPH HE
JIOPIBHIOIOTH MiJ OTJISIIOM JIMCHUIIAIil eHeprii Mocrtam 3
3aCTOCYBaHHSM 130maTOpiB. He € BOHM Takok Tak
e(QEeKTUBHUMH ISl 3HWKEHHS 3pYIIYIOUMX CHJI. 3 1HIIOTO
OOKy CeHCMi4YHI 130JSTOPH MOXYTh  OallaHCyBaTH
3aCTOCOBaHI CEMCMIUHI HABaHTa)KEHHs Ha OMKax 1 yrmopax
MOCTIB.
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Construction of roads in Iran has received a considerable
attention during these years. In this issue, the special
geographic conditions of this country make bridge structures
vital. Because of seismic location of Iran, attention to the
reduction of risks is needed. Previous studies on seismic
response of bridges prove the effective rules of isolators
against the tremendous usage of elastomeric bearingsin Iran.
Lead rubber bearing (LRB) is one of the isolators that
comprised of alternate layers of steel and vulcanized rubber
with a central lead core. This paper describes the analytical
study on seismic response of two concrete bridges with or
without LRB based on a 3D time higtory nonlinear analysis
using Sap2000 program. The models were subjected to strong
seismic motions recorded near to the zone. Results show the
beneficial effect of the isolation system in comparison with
elastomeric bearing system on capability of energy dissipation.
Not only, isolators reduce the base shear on bridges but also
reduce shear force and bending moment of piers as well.
According to this research deck displacement in isolated
bridges reduces considerably whereas bent displacement is not
effected practically in flexible bridges.

Keywords — Earthquake, Bridge, Base Isolator, Bearing, Time
History

[. Introduction

Base Isolation of structures is a method of passive
control against earthquake that is used to design and
retrofit of modern bridges. According to this method, as
an earthquake occurs, the structure separates by creating a
flexible level in its base and as a result seismic demands
of structure will be reduced. Therefore, an isolated
structure will have a better behavior compared to the
structure without isolator. The increase of the main period
in a bridge structure is one of the effects of isolator
utilize. In rigid structures specially general bridges with
short piers and abutments, the period is very low and near
to the period of earthquake that causes seismic responses.
In such circumstances, with the increasing of the period,
the applied loads on bridges will be reduced. Hence
seismic isolation is a sure way to design resistant bridges
against earthquakes.

Regardless of the large number of structures isolated in
the world, there is no bridge that built with base isolators
in Iran and two of the main impediments for general use
of these systems are: first, the demand for regular
construction method by focus on a common bearing
system and second, the lack of regulation code with
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specific recommendation rules for the design of base
isolated structures.

[l. Isolators

Lead Rubber Bearing known as LRB are comprised of
alternate layers of steel and vulcanized rubber with a
cylindrical lead core. In this type of isolator appropriate
dissipative capability provided by lead core. Excremental
tests confirm that the force-displacement hysteresis loop
of LRB can be reasonably described as a bilinear with an
initial elastic stiffness followed by a post yield stiffness
much lower than the former. The specifications of two
different LRB used in this paper is shown In Table I.

Tablel
LRB ISOLATORS SPECIFICATION
G Ke Kv
LRB Type Mpa KN/mm Kn/mm
A 04 1.95 1160
B 0.6 7.15 5650

lll. Analytical Study

Precast concrete girder deck is a common choose in the
design of bridges with spans between 15 to 25 meters in
Iran. In this research, two bridges that have designed
recently are analyzed using Sap2000 program on a 3D
time history nonlinear analysis with elastomeric bearing
or LRB isolator. In the modeling of isolators, it has been
used LINK elements with the type of rubber isolator. The
structure of these bridges is upon pinned connection of
girders on piers and abutments. Figs. 1 and 2

Sento Bridge - The first bride has a total length of 140
meters and five equal spans, designed with the cast-in-
place reinforced concrete piers and abutments, located at
the surround of Tabriz-Iran. This bridge will be
constructed with a superstructure of six precast girders
and a concrete slab that distributes the applied loads on

the girders.

| —

- ™o T aw ™

Fig.1 Sento Bridge Elevation

Fig.2 Aflak Bridge Elevation

Aflak Bridge - This bridge is located in downtown of
Tabriz with the total length of 36 meters that will be
constructed in 2 equal spans. Substructure and

superstructure of this bridge are the same with Sento
bridge. The distinctions between these two bridges are in
the number of girders and the height of piers. In both
bridges will be used elastomeric bearing system.

Seismic records of two most important earthquake that
was recorded close to the north-west of Iran used in time
history analyze. Tabas was recorded during the 16th
September 1978 with a maximum longitudinal ground
accelarion of 0.836g. Naghan was recorded during the
6th April 1977 with a maximum longitudinal ground
accelarion of 0.723g. The longitudinal components of the
original ground accelerations were linearly scaled so that
their peak ground acceleration (PGAs) are 0.4g. Fig. 2
show seismic response of the Tabas earthquake.

1

05

o A
=11}

0.5

-1

5 10 12 14 16 13 20 22 24 26 28 30 32
Time (gec)

Fig.3 Seismic Response of Tabas Earthquake

V. Period and Energy Dissipation

Table II shows the main period of bridges in six
different cases. As seen in the case of stiff behavior in
bridges, the usage of isolators seems vital and by utilizing
the stiff isolator B main period of the bridge structures
will be reduced.

Tablell
MAIN PERIOD OF MODELS
Model Period (Sec.)
Sento with Elastomeric Bearing 0.42
Sento with LRB A 1.38
Sento with LRB B 1.31
Aflak with Elastomeric Bearing 0.18
Aflak with LRB A 0.56
Aflak with LRB B 0.46

Fig. 4 shows shear of LRB type A on the abutment
of Sento and Aflak subjected to Naghan earthquake
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Fig.4 Shear of LRB Type A on the Sento and Aflak

Because of flexible behavior of Sento Bridge, it can be
found more increase. Bilinear behaviors of these isolators
and their important rules in energy dissipation are clear.

V. Base Shear

As shown in figs. 5 to 7, base shear are strongly
reduced when we utilized isolators. For better comparison
of the maximum base shear in bridges, six different cases
under two kinds of earthquakes are shown in fig. 8.

Fig.5 Base Shear in Aflak Bridge without | solator

Fig.6 Base Shear in Aflak Bridge with LRB Type A

Fig.7 Base Shear in Aflak Bridge with LRB Type B

According to the figures ,it can be concluded that
longitudinal base shear of the first bridge is reduced in the
isolated model up to 29% subjected Naghan and up to
19% subjected Tabas. On the other hand, in transversal
direct it reduced up to 19% in isolated system. As seen for
the Aflak bridge reduction is more notable.
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Fig.8Comparison of Base Shear in Sx Different Cases

VI. Displacement

Figs. 9 to 11 show displacement for one point in the
middle of deck and for another point on the bent of Aflak
bridge. These time histories have been processed based on
the Tabas earthquake record. The result shows that the
maximum deck displacement of the bridge was increased
about 11% by using type A isolator. The maximum deck
displacement showed a increase of 12% by using type B
isolator. By evaluation of results in Sento bridge it was
also found that increasing the spans of the bridge would
not improve the overall performance of isolators.

Fig.9 Deck Displacement in Aflak Bridge without Isolator

Fig.10 Deck Displacement in Aflak Bridge LRB Type A

120 “GEODESY, ARCHITECTURE & CONSTRUCTION 2011” (GAC-2011), 24-26 NOVEMBER 2011, LVIV, UKRAINE



Fig.11 Deck Displacement in Aflak Bridge LRB Type B

In fact, isolation systems will have a better result in the
reduction of bridge's displacement with more rigidity. In
non-isolated systems with short spans and piers, the
distribution of lateral loads is based on the stiffness of
elements but in the isolated systems, applied loads on
bent is reduced and consequently the displacement is
decreased as well. Despite the reduction of seismic loads,
bent displacements increase in flexible bridges.

Shear in Piers

Figs.12 to 14 show time histories of the shear forces at
the piers for the uncontrolled Aflak bridge and same
isolated bridge subjected to Tabas earthquake.

Fig.12 Shear in Piers of Aflak Bridge without isolator

Fig.13 Shear in Piers of Aflak Bridge with LRB type A

Time (sec)

Fig.14 Shear in Piers of Aflak Bridge with LRB type B

Shear force of the piers on isolated Sento bridge has
been reduced 49% to 56% whereas in the case of using
elastomeric bearing has not decreased. In Aflak bridge
with short spans and piers, shear force of the piers in the
isolated system has decreased 64%.

Conclusion

In this paper, bridge structures isolated by lead rubber
bearing (LRB) based on time history analyze of ground
motion are considered. These bridges are located in the
regions with high risk of earthquake. The importance of
using LRB in bridges was considered through four
aspects: First, using of isolator increases period in bridges
obviously. This increase is more considerable due to
using isolators with more stiffness. Second, Maximum
displacements of the bridge with or without isolators are
not quite different but it is evident from the graphs the
lengthening of the bridge period when isolators are
incorporated. According to the use of high stiffness
isolators, deck displacement decreases; bent displacement
will remain unchanging mostly. Finally, pier shear and
bent shears are effected by isolators.

Efficiency of elastomeric bearings is not as well as
isolators and don't have enough damping and energy
dissipation so can't decrease applied shear force on
bridges. Furthermore, there is sensitivity in the response
of isolated bridge to ground motion specification such as
intensity, duration and frequency content. Thus, site
seismic study in the design of isolated bridges seems
vital.
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