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Abstract -The paper presents the effect of curvature on
horizontally curved single cell box girder concrete bridge
deck for various degrees of curvature such as 15°, 30° and
45°. The end supports are provides as simply supports.
For this study the models have been prepared by using
finite element method in the CSi Bridge software. The
response of the parameters such as shear force, bending
moment, and torsion under the dead load and live load
(70R Wheel IRC Loading) is studied.
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1. INTRODUCTION

The live burden dissemination factors (LLDF) portrayed in
the AASHTO-LFD determinations had been utilized for over
50 years preceding their update in the AASHTO-LRFD
Bridge Design Specification. The recipes spoke to in
AASHTO-LFD depend on the brace dividing just and are
normally introduced as S/D, where S is the separating and D
is a steady dependent on the scaffold type. This strategy is fit
to straight and non-slanted extensions as it were. While the
recipes spoke to in AASHTO-LRFD are progressively helpful
and exact since they consider more boundaries, for example,
connect length, chunk thickness, and number of cells for the
crate support connect typ. The change in AASHTO-LRFD
conditions has created some enthusiasm for the scaffold
designing world and has brought up certain issues. Slanted
Bridges will be picked up by utilizing AASHTO-LRFD
Specification [3]Since 1931, live load distribution factors
have been described in the Standard Specification for
Highway Bridges. The early values have been updated and
modified in 1930 by Westergaard and in 1948 by Newmark as
new research results became available. The distribution factor
presented in AASHTO Standard Specifications was S/5.5 for
a bridge constructed with a concrete deck supported on pre-
stressed concrete girders. This is applicable for bridges that
carry two or more lanes of traffic, where S is the girder
spacing in feet. This factor is applied to the moment caused by
one line of wheels. Even so, some researchers such as Zokaie
have noted that the changes in LLDF over the last 55 years
have led to inconsistencies in the load distribution criteria in
the Standard Specifications these include: inconsistent
changes in distribution factors to reflect changes in design

lane width; inconsistent consideration of a reduction in load
intensity for multiple lane loading; and inconsistent
verification of accuracy of wheel load distribution factors for
various bridges [4].

2. Objective of the Study

The target of this examination is to compute live burden
appropriation factors (LLDFs) for inside and outside braces of
on a level plane bended solid box support connects that have
focal edges, inside one range surpassing 34 degrees. The
geometry that is utilized in this investigation dependent on
genuine geometry utilized in certain scaffolds. The objective
of utilizing genuine geometry in this examination is to acquire
progressively sensible, exact, and common sense outcomes.
These outcomes will give factors that can be utilized by
building planners to decide live burden conveyance factors on
any individual required brace on a level plane bended solid
box support spans. All straight and bended extensions that
utilized in this investigation are kaleidoscopic in traverse the
inside help.

Figure 1.1: Interior and Exterior Girders that Carry the Design
Vehicular Loads

CURVED BRIDGES

Curved composite bridges have their unique characteristics.
The curvature affects the geometry and behavior of the bridge
structure. Curved bridges are subjected to coupled torsion and
bending because of curvature and hence their analysis is more
complex than that of straight bridges. In addition to simple
vertical flexure behavior there can be significant torsional
loading and twisting of the girders that cause lateral stresses to
the flanges. Due to the complexity of the curved structure and
its complicated 3D response different methods have been
developed for the static and dynamic analysis of curved
bridges. But now a day’s 3D computer analysis is
recommended for the analysis of horizontally curved bridges.

FINITE ELEMENT METHOD

During the last two decades, the Finite Element Method
(FEM) has become a popular technique in engineering for
computerized complex solutions. The FEM solves the
problem by using mathematical modeling in which the
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structure should be considered as assembly of two or three
dimensional elements connected to each other at their nodal
points, possessing an appropriate number of degrees of
freedom. The entire structure (Box Girder) is divided into
small elements and the stiffness of that structure is assembled
from the membrane and the plate bending stiffness of each
element (Khairmode A. S. and Kulkarni D. B., 2016).

LITERATURE REVIEW

Bridge engineers have used the concept of distribution factors
to estimate the transverse distribution of live loads since the
1930’s. The live load distribution for moment and shear is
essential to the design of new bridges and to evaluate the load
carrying capacity of existing bridges. Big efforts have been
made to develop and simplify the live load distribution
equations. Also, many researches have been conducted in
order to determine the effect of certain parameters, such as
girder spacing, span length, and skew angle. The literature
review presented in this chapter summarizes past findings that
are relevant to this project and will only cover the following
areas: background about previous AASHTO specification and
AASHTO LRFD, summary of relevant research studies,
AASHTO LRFD development, and current AASHTO
formulas for box Girder Bridge

2. DESCRIPTION OF MODEL BRIDGEAND LIVE
LOADING

For modeling and analyzing straight and curved bridges, some
geometry are kept constant such as total deck width, number
of cells (3 cells), left and right overhang, concrete strength
and the girder spacing. The other geometry and properties, on
the other hand, are different depending on the span length.
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Figure 2 : Real Geometry of the Box Girder for Span Length
of 115 ft.

3-D modeling analyses with shell element approach have been
considered to model the concrete box-girder bridge as
recommended by CSiBridge software program [12] and
several researches [14]. Each shell element is a four-node area
object used to model the entire bridge (superstructure and
substructure). The superstructure and substructure of the box
girder bridge is connected through link elements; each link
has six degrees of freedom.

ll![.l!.'rrr

Figure 2: For the Maximum Positive Bending Moment
Effect

For the all four cases mentioned, the distribution factors were
calculated by loading the deck model with truck loads
positioned at the longitudinal location that produces the
maximum moment. The trucks were then moved transversely
across the width of the bridge, and for each location the
maximum girder moment was calculated, Figs 3.10. The
largest girder (web) moment for all locations and load
combinations was then selected as the maximum moment.
This procedure was repeated for one and two number of
design lanes that fit on the bridge transversely

Figure 3: Both Lanes Loaded

The maximum one or two lane moment is caused either by a
single design lane or two (or more) design lanes. The analysis
involves the determination of the load in one and two lanes
and load distribution to girders. The effect of multiple design
lanes is determined by superposition. The maximum effects
are calculated as the largest of the following cases:
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Number of Loaded | Multiple Presence
Lanes Factors “m”
1 1.20
2 1.00
3 0.85
>3 0.65
Table 1: Multiple Presence Factors
l_l

3-D modeling analyses have been conducted for straight
bridges, Fig 4.1, for different span lengths (80, 90, 100, 115,
120, and 140 ft) and then the results compared with AASHTO
LRFD, 2012 equations. This will help to get an indication and
conception about the LLDF obtained from AASHTO LRFD
formulas, 2012 to those obtained from finite element analyses
for this type of bridge (Concrete Box Girder). Table
4.6.2.2.2b-1 and 4.6.2.2.2d-1, from AASHTO LRFD, 2012 [1]
were used to calculate the LLDF for both interior and exterior
girders, typical cross section (d) for Cast-in- Place Concrete
Multi-cell Box, Fig 1.1. CSiBridge 2015, finite element
analysis software program is being used to conduct 3-D
modeling

4. Positive and Negative Moments (HL-93K)

A single design truck combined with a design line load is
typically used to determine the maximum positive moments.
The back to back truck placement with 50 ft spacing (HL-93S
in this thesis) normally controls for negative moment regions
in bridges with long spans as those being studied in this
research. However, a single truck must also be checked to see
if it governs design of negative moment regions. First, the
LLDF is determined for one lane loaded due to maximum
positive and negative moments effect, Table 4.3 and 4.4. Then
the LLDF is calculated for two lanes loaded under the
maximum positive and negative moments Maximum Negative
MomentLLDF for the negative bending moment in both
exterior and interior girders for a one design lane loaded case.

About 35% is the percentage difference between the LLDF
results that obtained from the analysis and AASHTOO LRFD
formula for interior girder, Fig 4.9 and about 37.5% in
exterior girders as shown in Fig 4.10. For two lanes loaded,
the percentage difference is 14% for interior girders,. With
that lowest difference among the other load cases, the LLDF
for the maximum negative bending moment for a single truck
load (HL-93K) represents the largest bending moment of the
all loading

6. Comparison of the Results for Straight Bridges

The Ccomparison between LLDF obtained from AASHTO
LRFD, 2012 [1] to those obtained from finite element
analyses are shown in Figures 4.4—4.6 for HL-93S and in Figs
4.7-4.12 for HL-93K loading type. AASHTO LRFD provides
formulas to determine live load distribution factors for several
common bridge superstructure types. However, there is a
restriction of using these equations for curved bridges having
central angles that exceed 34 degrees. Chapter 5 provides a
study and modeling analyses for horizontally curved concrete
box girder bridges that have a degree of curvature greater that
34 degree

o ~. CEforce

Braking Force, BR

The braking force shall be taken as the greatest of 25 percent
of the axle weights of the design truck or five percent (5%) of
the design truck plus lane load [1]. This braking force shall be
placed in all design lanes which are considered to be loaded in
accordance with Article 3.6.1.1.1 and which is carrying traffic
headed in the same direction. These forces shall be assumed to
act horizontally at a distance of 6.0 ft above the road way
surface in either longitudinal direction to cause extreme force
effects,

7. RESULTS OF MOMENTS

Tables A.1-A.6 show the results of maximum moments due to
trucks HL-93K and HL-93S for straight bridges for each
individual case. Tables A.7-A.12 state the moment results for
curved bridges for different span lengths and central angles.
These results represent the greatest negative moments that

© 2020, IJSREM  |www.ijsrem.com

| Page 3


http://www.ijsrem.com/

- 7 INternational Journal of Scientific Research in Engineering and Management (IJSREM)

#
w Volume: 04 Issue: 07 | July -2020

ISSN: 2582-3930

occurred due to HL-93K, two lanes loaded, and for interior
girder 1 (Fig A.1). Tables A.13-A.17 indicate the results of
maximum moments for curved bridges that included the
effects of centrifugal and braking forces. These values
resulted in the highest LLDF for negative moment generated
by the HL-93K loading, two lanes loaded, and for left exterior
girder (Fig A.1), as the greatest moment occurs on the exterior
girder as a results of the effect of centrifugal force.

) 0 0, 0

\J A

\J

Left exterior Tterior Inteior  Rightexterior
Girder Girder 1 Girder 2 Girder
3. CONCLUSIONS
Interio (Interio

Span |Entire| r r Left | Right
Lengt| Exterio| Exterio

h |Bridge|Girder|Girder| r r

(ft) 1 (2) |Girder | Girder

80 | 1998 | 600 | 655 320 591

90 [ 2367 | 685 760 405 694

100 | 2738 | 765 850 499 790

115 [ 3321 | 855 | 998 641 925

120 | 3525 | 915 | 1035 | 701 980

140 | 4376 | 1110 | 1240 | 908 1179

Table A.1: Results of Negative Moments (Kips-ft) for HL-
93S- One Lane Loaded

Although the distribution factor formulas in AASHTO LRFD
are considered to be more accurate than the distribution
factors in the Standard Specifications, some researchers like
Chen and Aswad, have found that they are conservative, and
they are uneconomical for bridges with large span —to- depth
ratios. According to Chen and Aswad the conservatism of the
distribution factors can be 18 to 23 percent for interior girders
and 4 to 12 percent for exterior girders [4].

LRFD Article 4.6.2.2.2 presents live load distribution factor
formulas for several common types of bridge superstructures.
These distribution factors provide a fraction of design lanes
that should be used to an individual girder to design it for
moment or shear. The factors take into account interaction
among loads from multiple lanes. Table 1.1 shows some types
of bridge superstructures with equations of live-load
distribution factors for moment in interior and exterior girders
for different types of straight bridges. There are many other
types of bridge superstructures listed in the AASHTO LRFD
[1].
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