International Journal of Civil Engineering and Technology (IJCIET)
Volume 10, Issue 03, March 2019, pp. 2069-2076, Article ID: IJCIET_10_03_206
Available online at https://iaeme.com/Home/issue/IJCIET?Volume=10&Issue=3
ISSN Print: 0976-6308 and ISSN Online: 0976-6316
© IAEME Publication

Scopus Indexed

COMPARATIVE STUDY OF MATERIALS FOR
REINFORCEMENT IN BRIDGE PIER
BEARINGS
K.Abhitej Naidu
Dept. Of Mechanical Engineering, Amrita School of Engineering,Bengaluru, Amrita Vishwa
Vidyapeetham, India
J.Sai Maruthi Vinay
Dept. Of Mechanical Engineering, Amrita School of Engineering,Bengaluru, Amrita Vishwa
Vidyapeetham, India
M.Manideep Reddy
Dept. Of Mechanical Engineering, Amrita School of Engineering,Bengaluru,Amrita Vishwa
Vidyapeetham, India
M.Pardhu Chandra
Dept. Of Mechanical Engineering, Amrita School of Engineering, Bengaluru, Amrita Vishwa
Vidyapeetham, India
Dr. Smita Singh
Dept. Of Civil Engineering, Amrita School of Engineering, Bengaluru, Amrita Vishwa
Vidyapeetham, India
ABSTRACT
Elastomeric bearings are design efficient and economical, hence widely used in
bridge construction worldwide. These bearings need reinforcement to restrict vertical
deformation which is generally provided in terms of steel plates. In present study,
mechanical property analysis on elastomeric bearing is carried by changing
materials of reinforcement. The results suggest that it is possible to produce the
strong and effective reinforced elastomeric bearing using material other than steel,
that matches the behavior of a steel-reinforced bearing. The study compares the
design of bearing reinforced using ASTM B22 and an optimized alloy with the
conventional steel laminates used for bearing reinforcement. The bearing used in the
case study is designed for the forces applicable to metro rail viaduct. The load
calculations are done according to the specification provided by BMRCL (Bangalore
Metro Rail Corporation Limited). The analysis for the stress and deformation is
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performed using ANSYS. The maximum stress and strain in the bearing using new
materials as reinforcement were found to be slightly lesser than the bearing using
conventional steel reinforced bearing.
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1. INTRODUCTION
Generally bearing can be defined as part of a machine which restricts relative motion in
specified direction and mitigates friction between two moving parts. Bearings form an
integral part of a bridge whose main function comprises of transfer of vertical load,
connection of superstructure to substructure, allowing movements in vertical and horizontal
direction as well as rotation, damping of forces and so on. Out of all the bearings available,
flexure bearings rely on elastic properties of a compound used. Some elastic materials do fail
after repeated bending even at low loads, but the selection of a quality material to be used as
a reinforcement in elastomers can prolong the life of a bearing.
An elastomeric bearing is most commonly used for bridges [1-4] and it consists of a
number of elastomer layers sandwiched between mild steel laminates. Elastomeric materials
are generally made from Natural Rubber (polyisoprene) or Neoprene (polychloroprene) [5].
Reinforcement of steel laminate in between elastomer layers provide load bearing capacity
and restrict vertical deformation The Elastomeric Bearings can be used in combination with
PTFE sliding assemblies. The mechanical properties of elastomers are time and temperature
dependent. Loads of very long duration may introduce time-dependent effects through creep
and stress relaxation. Creep is an increase in deformation due to a constant load, and
relaxation consists of a reduction in stress due to constant deformation Loading rate (or strain
rate) has a significant influence on the elastic modulus of rubber The bonding of the
elastomer is also an important aspect of bearing design. A secure and proper bond between
the elastomer and the reinforcing laminate must be obtained if the bearing is to perform
properly. This usually requires the use of an adhesive to the clean and sandblasted steel shims
as well as the layer of elastomer. Epoxy resins, polyurethane, and epoxy-polysulfide systems
are generally used as bonding agents.
The type of bearings used for the construction of bridges can be categorised into two
types specifically, fixed bearings and expansion bearings. Expansion type bearings allows for
both rotational and translatory motion while the fixed bearing restricts the translatory motion.
The primary function of a bridge bearing is to permit the motion in the desired direction
thereby reducing the induced stresses. The motion in the bridges can possibly be due to
stresses resulting from temperature changes, seismic action. These bridge bearings are also
used to dampen some of the vibrations that are generated due to the movement of heavy
vehicles and sometimes due to natural calamities.
The common problem of using laminated composite is the debonding of the
reinforcement and the elastomer resulting in slip. Also, the durability of the reinforcing
material is important for increasing the lifespan of the bridge. Although steel is commonly
used as a reinforcement in the elastomeric bearing, it is quite susceptible to corrosion [6,7].
The present study aims at study of mechanical properties of bearing by replacing steel with
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optimized alloy and ASTM B22 and doing a comparative analysis of results. The optimized
alloy is a tin based alloy proposed by Rolf Koring to be used as bridge bearing for enhancing
the load bearing capacity [8].

2. MATERIALS USED
Materials used for the analysis were steel, ASTM B22 and optimized alloy. Their chemical
composition is shown in table 1.

2.1. Structural steel
Steel is an alloy whose primary constituent is iron and its mechanical properties are
controlled by varying the percentage of carbon from 0 to about 1.7%. It is most commonly
used in most of the structural applications due to its excellent mechanical properties, high
strength to weight ratio, ease in construction and cost effectiveness. It possesses high tensile
and compressive strength. The disadvantage of using steel is its poor performance in case of
fire. Hence it requires special protection in buildings prone to fire. Although it possesses high
strength to weight ratio, the thermal mass of steel buildings are almost equivalent to
corresponding concrete buildings. It’s coefficient of static friction with rubber is 0.7 [9] .One
of the disadvantages of using steel is that it is very prone to corrosion.

2.2. ASTM B22
ASTM B22 covers bronze alloys used for turntables, movable bridges, and bridge parts.
These bronze alloys are suitable for fixed or expansion bearings in which motion is slow or
intermittent. Many of the ASTM B22 bronze bridge bearings are self-lubricated with
trepanned style graphite plugs. These bearings can be flat or arc shaped having coefficient of
static friction around 0.39. Whenever there a is variation in thermal temperature or any
seismic activity, the bridge bearing allow the superstructure to contract or expand based on
relative motion of substructure. The friction coefficient of the bearing is kept low so as to
reduce the stresses induced by temperature changes and vibrations. Bearings will outlast the
life of the structure they support. The properties like rusting and corrosiveness of the material
are limiting the life of bearing.

2.3. Optimized alloy
This bronze based alloy was recommended by Rolf Koring [8], as a material in replacement
of most commonly used alloy used in US for bearing namely ASTM B23-2. He has claimed
it to be an ecofriendly and sustainable material. Plenty of research is being done for using
sustainable materials in construction industry [10, 11]. The material possess a lower value of
yield and ultimate stress than the other materials used, as illustrated in table 2. But the key
property of the material is the reduced creep which is lower than any bearing material [8].
Reduced creep enhances the dimensional stability of a bearing and in turn increases the
service life of a bridge. Also, the modulus of elasticity is lesser than the other two materials.
This means the difference in modulus of easlaticy of both the materials used in the composite
material (rubber and reinforcement) is less. Consequently the in-plane tensile stress
developed in the reinforcement due to vertical load would be lower.
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Table 1: Chemical composition of steel, ASTM B22 and optimized alloy
Chemical Composition
Structural Steel

ASTM B22

Optimised Alloy

Elements

Percentage(%)

Elements

Percentage(%)

Elements

Percentage(%)

Fe

90

Cu

66

Sn

81.3

Mn

0.50 to 1.70

Sn

0.2

Sb

12

Cr

18

Pb

0.2

Cu

6

Cu

0.2

Zn

28

Zn

0.6

C

0.15 to 0.30

Fe

4

Ag

0.1

Si

0.5

Ni

1

V

0.02 to 0.15

Al

7.5

Cb

strength-enhancing

Mn

5

Table 2: Mechanical properties of steel, ASTM B22 and optimized alloy
Mechanical Properties
Property

ASTM B22

Structural Steel

Optimised Alloy

Yield strength (Mpa)

425

250

87

Ultimate strength (MPa)

760

550

133

Density(gm/cm3)

7.83

7.8

7.38

Modulus of Elasticity in tension (GPa)

97.9

200

56

Poisson's ratio

0.34

0.3

0.35

3. BEARING SPECIFICATION AND DESIGN FORCES
The design and size details of bearing and the design forces taken are explained in this
section.

3.1 Bearing details
The size of the bearing taken is 681mm x 365 mm. The details are explained in fig. 1. The
number of reinforcement plates used is 5 and the thickness of each plate is 2 mm. Elastomer
cover of 6 mm is taken on all sides.

Figure 1. Dimensional details of bearing
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3.2. Load calculations
The load calculations are done based on the requirement of the bearing in the bridge for the
curved span of the radius of 257m and 34m distance between c/c of the pier. The design
speed of the vehicle (metro rail) is taken as 68.56m/s. The load details are tabulated in fig. 2.
The vertical loads include
• Dead load
• Side dead load (SIDL)
• Live load
• Footpath live load (FPLL)
The horizontal forces considered in the design are:
• Braking force
• Centrifugal force
• Long welded rail force (LWR)
All the mentioned forces including the moment due to horizontal forces are added up and
converted to the vertical forces on bearings. Hence, the total vertical force obtained is as
follows.
Maximum vertical load due to DL SIDL, Pc = 1291 kN
Maximum vertical load due to Rapid Acting Loads, Ps =1112 kN
(Rapid acting loads are live loads, footpath live loads, braking force and centrifugal
force).

Figure 2. Vertical load on outer bearing due to various forces

All the loads that acts on each bearing are added which gives the value 600750(N). The
base of the bearing is attached to the top surface of the pier and the loading is applied on the
surface of the bearing and the deformation along vertical direction is observed.The
Elastomeric bearing is designed to take vertical loading but to check the defection along the
horizontal direction.The analysis is done to study the lateral deformation of the bearing,
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considering all the horizontal forces mentioned in table 3. The forces due to all the horizontal
loads are added which sums to 26278N in the longitudinal direction and 68277N along the
transverse direction. As per the specification of the bridge design mentioned by BMRCL, the
horizontal loads are borne by the seismic arresters. But the analysis for the horizontal load is
done to in the present study to carry out the comparative analysis of the lateral displacement
of the bearing using all the three materials as the reinforcements. the results after giving all
the loads are given below in table 4.

4. RESULTS AND DISCUSSIONS
The result of maximum stress and deformation for all the three types of bearings due to
vertical loads are represented in table 3. The maximum stress obtained is 2.15 MPa for the
bearing using steel as reinforcement. The displacement in the vertical direction is marginally
higher (0.05mm) for optimised alloy.
Table 3 deformation, stress,and strain results of the three materials in vertical direction
Material used as
reinforcement

Stress (MPa)

Displacement (mm)

Strain

max

min

max

min

max

min

Structural Steel

2.149

0.00050471

7.819

0

0.7406

5.24E-08

ASTM -B22

2.146

0.00036087

7.762

0

0.7302

8.28E-08

Optimised Alloy

2.101

4.79E-05

7.869

0

0.7168

2.17E-06

In most cases, bridge failure occurs due to the heavy horizontal loads such as heavy
vehicles moving at high speeds or due to seismic vibrations. Table 4 represents the shear
stress and deformation when horizontal loads are applied. It is evident from the results that
the stress values in case of elastomeric bearings using materials other than steel for
reinforcement are comparatively lesser. Shear deformation for optimised alloy in both
transverse and longitudinal direction is marginally higher.
Table:4 Deformation, stress and strain results of the three types of bearings in horizontal direction
Material used as
reinforcement

Stress (MPa)

Displacement (mm)

Strain

max

min

Longitudinal

Transverse

max

min

Structural Steel

2.9703

0.0011419

32.672

8.9424

0.71528

5.24E-08

ASTM -B22

2.9631

0.00095761

32.672

8.9452

0.71527

1.11E-06

Optimised Alloy

2.819

1.21E-04

32.895

9.0094

0.69253

1.62E-05
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Figure 3: The deformation of all the three types of bearings when vertical loading is applied

Figure 4. The stress of all the three types of bearings when vertical loading is applied

The problems that do occur are generally due to poor materials or workmanship or due to
misuse of the design specification. Current stress limits from the figure 3 are too severe on
some classes of bearings. The increase in allowable stress levels should be done carefully
because high stress levels are generally dependent on higher shape factors and the quality of
materials used in bearing.

Figure 5. The deformation of all the three types of bearings when Horizontal loading is applied

From the above results, it is clear that elastomeric bearings have a slight advantage in
maximum displacement as compared to steel which is significant when an optimised alloy is
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used. Barring the cost, these elastomeric bearings have additional advantage of being passive
to environment like being corrosion resistant. For the construction of large span bridges,
elastomeric bearing pads provide the most cost effective solution . We have witnessed that
elastomeric bearing pads play a vital role in enhancing the safety of a bridge, its reliability,
and durability for a longer period. The creep value of the optimised alloy is lesser than all the
reinforcement material used in bearing. In addition to the high load-bearing capacity, the
geometrical dimensional stability due to a low strain in creep of the new alloy that results in
longer life of a bridge.

5. CONCLUSIONS
•

•

•

The strength of all materials are adequate to be used as a reinforcement for
bearing and the values of yield strength and ultimate strength are marginally
varied.
But the places where the chances of corrosion are more we can opt for optimized
alloy because it is more corrosion resistant than the structural steel and ASTMB22. Also, in the applications which demand lesser creep deformation, optimised
allo can be used.
At places where natural calamities like earthquake may occur more frequently
these bearings serve the purpose much better than the conventional steel bearings.
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