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This report is attempt towards understanding the design procedure of highway
bridge pier. The span of simply supported bridge is selected to design purpose.
For these procedure for design of bridge pier for both static and seismic forces are
shown in the results are compared. Transverse reinforcement in plastic hinge region
is obtained from different codes and the results are compared. Finally, the role of
response reduction factor in the design of bridge pier is also discussed. Verification
of achieved ductility and R factor is determined using moment curvature analysis.
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INTRODUCTION

High way Bridge pier is the building construction
and load bearing of the member which is an
intermediate support for the structure.Any bridge
structure has combined of two components,super
structure and sub structure.For these bridges bearing
is the major components which transfer the load
from beraing to the underground level is called
substructure.It consists of Girgers,Deck or such as
roads,Arches etc.In these Highway Bridge pier
which is to support the span of the bridge and loads
from tranfer to the superstructure to the
Foundation.Pier is the Strong to take the both
horizontal and vertical loads.

They are different types of piers which are Solid
Piers and Open Piers.Solid piers are Impermeable
Structure these are mostly used in the Construction
of piers in bricks,stone masonry and concrete
etc.Open piers are which allows the water and
passing through structure are called as open
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piers.These are also classified into the different
types.Cylindrical piers,column bents and pile bents.
The Failure of bridges was mostly observed in the
structural performance of the bridge.Generally
damages will occur in during earthquakes. In these
damages to reduces only to provide pier cap.The
section is pier having height of 15 m and pier cap are
shown in fig.1

Fig.1:pier and pier cap
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OBJECTIVES
The objective is to determine the Linear Analysis
Using SAP2000(software)
* Create a dead load and live load.
* Dead load is to be taken as self weight of the
deck.
» Live load to be take as per IRC:6-2010

METHODOLOGY

3.1 FUNDAMENTAL
PERIOD

NATURAL TIME
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In these fundamental natural period is the calculating
the property of time and Frequency.In these
fundamental time peirod is the major parameter of
Evaluation of seismic and shear which it is
calculated from following equation:

t=2n (8 g)

Were, 6 is the displacement and top of the pier
when they force are equal to the weight of structure,
varying different percentages which are some
percentages of live load is taken as in longitudinal
direction and in transverse direction.. Fig.2 and fig.3
shows single pier bridge vibration unit in longitudinal
and transverse directions respectively.

Fig.2: Vibration unit of pier bridge in Longitudinal direction
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Bndge Vibration Unit

Fig.3: Vibration unit of pier bridge inTransverse directio

3.2 RESPONSE REDUCTION FACTOR:

The Role of reduction factor is the factor by its
shear force and it would be reduced,to obtain the
design of lateral force and basically which depends
on Strength and ductility. The r factor which allow
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the structure and to be damage in those case of
severe shaking.Generally the Structure is designed in
seismic force and lower than the expected under
earth quakes.If the following structure is to be
designed for low force and than implies the strong
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shaking by considered the
factors:overStrength,Ductility,and
prevent the collapse of the structure.
In these reponse reduction factor which yields with a
Structure of and it load lower than the higher which
it various due to partial safety factors and to

overcome the structural and non-structural elements

following
which  will
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and it was contributing the over Strength and it
defined the shear and the roof displacement and
corresponds the limit state of the response spectrum.

In Ductility is the capacity of material and
absorb energy by defining the elastic range.Ductlity
is the ratio of ultimate code and specify the yield
displacement.

Type | (Rock, or Hard So]
Type 1| (Medium Soil) R
Type Il (Soft Soil)

—

-4

2.0

Pariod(s)
Fig.4: Response spectra

The R factor reflect the structure and their elastic
properties and to provide the stiffness and evaluate
those objectives and which is primarly defines the
performance of the non-Structural elements.In these
design process which it undergoes the seismic codes
design allows the seismic design which is based on
dynamic and static analysis of the structure using
elastic Design Spectra.

Actual curve

3.3 EVALUATION OF R FACTOR USING
MOMENT CURVATURE ANALYSIS

The moment and curveture is a reinforced
section and it is valuable parameter to evaluate the
strength, stiffness, ductility, energy dissipation
capacity of structure.In these moment curvature
analysis which is required to the moment It can be
determined by obtaining the structural displacement
and ductility factor pA which is related to member
curveture ductility factor as shown in figure given
below.

Idealized curve

Curvature

Fig.5: Moment curvature curve (Preistley et al. (1996))
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3.4 DESIGN OF PIER
Axial load P

Longitudinal moment on PierMtt

Factored moment My
dl
d/D
Pu/( fckD?) - 011

Mu/(fckD®)
From chart-55 SP-16 p/fck

%of reinforcement, p
Areaof steel
Diaof longitudinal bar

No. ofbars

Transverse reinforcement—As perlS-456
Assuming12 mmdia. Bar

Spacings < Dia. of pier
< 16xdia. ofmain reinforcement
<300 mm

Providel2 mmcirculartie at 300 mm spacing
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= 4441.19 Kn
Transverse moment on Pier M||

= 1190 KN-m
= 2351.7 KN-m

= 3953.53 KN-m
= 50 mm

= 0.04

= 005
= 0.03
= 0.9%

= 13847.4 mm2

= 28mm

= 24

Fig.6: pier having 24 mm- 28mm dia reinforcement
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Fig.7: Model of 15m pier

— e e ===

Fig.8:—Pe‘i-r énd Pier éap by-/ using SAP Software

RESULTSAND DISCUSSIONS
Table.1: Comparision of transverse Reinforcement details obatained from different codes

CODES Spacingin mm Diameter ofCirculartieinmm
AASTHO 110 20
CALTRANS 120 20
RDS0-2010 150 20

e So, bridges should be designed such that

e The study on the design of RC bridge pier under severe shaking plastic hinges form in
using both conventional loading and seismic the pier.
loading. e Proper design of transverse reinforcement in
e It shows that different percentages of plastic hinge region should be done.

longitudinal reinforcement which is greater
for the structuraln loading than conventional

loading. REFERENCES
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Published by: The Mattingley Publishing Co., Inc. 6696



"TIEST

Engineering & Management

2.

10.

11.

12.

13.

14.

Washington, D.C.
ATC (1996), “Improved seismic design criteria
for California bridges: provisional
recommendations”, ATC Report No. ATC-32.
Applied Technology Council.
Caltrans (2013), “Caltrans Seismic Design
Criteria version 1.7, California Department of
Transportation, Sacramento, California.
Draft IS: 1893 part 3 “Indian Standard Criteria
for Earthquake Resistant Design of Structures —
Bridges and Retaining walls”.
Goswami, R., Murty, C.V.R.(2005), “Seismic
Vulnerability of RC Bridge Piers Designed as per
Current IRC Codes including Interim IRC:6-2002
Provisions”, National Information Centre of
Earthquake Engineering.lIT Kanpur Annual
Report.
IITK-RDSO (2010) “Guidelines on Seismic
Design of Railway bridges”.
IRC: 6 (2010) “Standard Specification and Code
of Practice for Road Bridges-Section I1-Load and
Stresses™.
IS: 1893 part 1(2002) “Indian Standard Criteria
for Earthquake Resistant Design of Structures-
General Provisions and Buildings”.
IS: 456 (2000) “Plain and Reinforced Concrete-
Code of Practice”.
Memari, M., Harris, G., Scanlon, A. (2004),
“Ductility evaluation of typical RC bridge
columns in eastern USA”, Engineering
Structures Vol. 27, Issue 2.

Priestly, M.J.N., Seible, F., and Calvi, G.M.
(1996), “Seismic Design and Retrofit of
Bridges”, John Wiley &  Sons, Inc., New York.

Victor, J. (1991), “Essentials of Bridge
Engineering”, Oxford and IBH Publishing Co.
Pvt.

Shivangshekar,  (2014), seminar report on
“Design of Highway Bridge Pier”,pp(1-30).
V.Swathi, S.S.Asadi.(2020), “An Intergrated
Methodology for structural Performance of high-
volume flyash concrete beams using hybrid
fibers”,Materials Today:
Proceedings,https://doi.org/10.1016/j.matpr.2020.
03.341.

Published by: The Mattingley Publishing Co., Inc.

May-June 2020
ISSN: 0193-4120 Page No. 6692 - 6697

6697



