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Abstract

The effect of a skew angle on single-span reinforced concrete bridges is analyzed using the finite-element method and the results are
presented in this paper. Investigations are carried out on RC slab bridge decks with and without edge beams to study the influence of
aspect ratio, skew angle and type of load. The finite-element analysis results for skewed bridges are compared to the reference
straight bridges for dead load, IRC Class A loading and IRC 70R loading for with and without edge beam. A total of 90 bridge models
are analyzed. The variation of maximum defl ection, maximum longitudinal sagging bending moment, maximum torsional moment, and
maximum support reaction with skew angle is studied for all 90 bridge deck models. The FEA results of Dead load and Live load
bending moments and deflections decreases with increase in skew angle, where as maxi mum support reactionsincreases with increase
in skew angle and the maximum torsional moment increases with skew angle up to 45 degrees and there after decreases. The benefit
of providing edge beamis reflected in significant decrease in deflection, longitudinal bending moment and torsional moment.

Keywords:. Bridges, skew angle; Concrete dabs; Finite element method; span length; dead load; IRC Class A loading

and IRC Class 70R loading.
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1. INTRODUCTION

Skewed bridges are often encountered in highwaygdes
when the geometry cannot accommodate straight ésidfhe
skew angle can be defined as the angle betweemottneal to
the centreline of the bridge and the centrelinéhefabutment
or pier cap, as described in Fig. 2. Skew bridgastbecome
a necessity due to site considerations such asnadigt
constraints, land acquisition problems, etc. Thesence
of skew in a bridge makes the analysis and desidoridge
decks intricate. For the Slab bridge decks with Isrsleew
angle, it is considered safe to analyze the bridgea right
bridge with a span equal to the skew span.

In non skewed bridges, the load path is straightatd the
support (Fig 1a). In skewed bridges, the load tandgmke a
shortest path to the nearest support i.e. to theselrorners of
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the bridge here the maximum deflection occurs auseb
angled corner (Fig 1b).

Khaled et al., (1990) presented a method for determining
moments in continuous normal and skew slab-andegird
bridges due to live load# enassa et al. (2007) compared the
effect o skew angle with reference to straighdgei and
reported thatthe bridges with skew angle less than 20 degree
can be designed as non skew as the moments arstaieme
for both. Vikash Khatri et al. (2012) compared grillage
method and finite element method of analysis and
recommended the use of FEM because of closes agnitem
with the exact solutiorPatrick Theoret et al., (2012) studied
the bending moments and shear forces, requiredesigm
skewed concrete slab bridges.
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Figl. Direction of moment flow in straight and skeweddge decks
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Fig2: Skew Bridge

2. PARAMETRIC STUDY

A simply supported, single span, two lane RC shatige deck
is considered. The span is varied from 5, 7.5 aBthqaspect
ratio 1) and skew angle is varied from 0° to 6015 interval

is considered with the depth of the slab 750mmafbspans.
Edge beam of depth 1.5m and width of 0.3m is predidrhe
bridge deck is analyzed for Dead load as well asdlasses of
live load i.e. IRC Class A and IRC Class 70R. Corigoa of

critical structural response parameter of aboveesas

presented in the following for slabs with and witha@dge
beam. A total of 90 slab deck models have beeryasdl

Table 1: Geometric parameters slab bridge decks

analyzed. Different positions of each type of logdsystems
are considered from table 2 of IRC 6:2000.

4. FINITE ELEMENT MODELING

The analysis is carried out using finite elementhod. The
concrete slabs are modelled using four noded @kgments
and edge beams using two noded beam elements. eSimpl
support condition is provided.

ELASTIC MODULUS 25000 Mpa
POISSON'S RATIO 0.2
DENSITY OF CONCRETE 25kN/m2

5. RESULTSAND DISCUSSION

The FEA results are obtained and presented in tefrostical

No Span(m)| Width(m) Aspect ratio
(span/width)

1 5 9.5 0.526

2 7.5 9.5 0.789

3 9.5 9.5 1

3. LOAD ON BRIDGE DECK MODELS

The vehicular live load consist of a set wheel oatd are
treated as concentrated loads acting at centresnpéct areas,
two classes of load i.e. IRC Class A and IRC 70R ar
considered for analysis. The peak values of ctitauctural
response parameter such as deflection, longitudingbing
bending moment, torsional moment and support reacie

structural response parameter such a deflectiowitladinal
sagging bending moment, torsional moment, and stippo
reaction in the bridge deck models due to the edplvheel
load. The variations of the critical structural pesse
parameter due to changes in skew angle are presegntee
following.

5.1 Deflection

It is observed that the maximum deflection for
skewed slab deck for all types of load compared to
that of straight deck slab decreases with the
increase in skew angle for all aspect ratios as
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shown in figure 3This is because t maximum
force flow between the suppdires is through the
strip area connecting the obtuse angled corns
skew increases the length of strip area decr.
Hence the bending momeianc deflection also
registers significant reduction.

When the deflection for different skew angle
aspect ratios are normalised with respect to
deflection corresponding to zero skeof that
particular aspect ratio. The differ curves as seen
in fig 3(a) nearly merge into a single curve
shown in fig 6(a).

The normalized deflection i Da/DO for slab
decks without edge beis for all aspect ratios
reduces from unit value to 0.2or dead load and
for IRC Class A loac unit value to 0.64 for IRC
Class70R loac.

The deflection of deck slab decreaswith the
provision of edg beam compared to the slab
deckswithout edgebeam. There is nearly 10%
reduction in deflection due to the provision
edge beam in the slab bridge di
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Fig 3 Variation ofDeflection Due To Dead Lozand Live Load on Deck Slakithout and With Edge Beams

respect to the longitudinal bending mom
corresponding to zero skew of that particular as

5.2 Longitudinal Bending M oment

e The trend in longitudinal bending moment is sim

to deflection.It is observed that the maximum de
load longitudinal bending moment anwheel load
longitudinal bending momerior skeweddeck slabs
compared to that of straight deck slab decreasts
the increase in skew angfer all aspect ratic as
shown in fig 4. This is because the force flic
between the support lines is through the strip
connecting the obtuse angled corners, as
increases the length of strip area decreases tine
the moment decreases.

When the longitudinal bending moment for diffet
skew angle and aspect ratios are normalised

ratio. The different curves as seen in fig 4(a)rlye
merge into a single curve as shown in fig ¢

The naomalized longitudinal bending moment i
Ma/MO varies from unity t00.33 for deck slabs
without edge bea for dead load, unity to 0.74 for
IRC Class A load and unity to 0.79 for IRC CI
70R load for all aspect ratic

The longitudinal bending momedecreases with the
provision of edge beam for both dead load and w
load compared to without edge beam. T is almost
10% reduction irlongitudinal bending moment due
to the provision of edge beam in the slab bridgekc
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5.3 Torsional Moment

The dead load and whelelad torsioné moments for
skewed deck slab increaseih the increase in ske
angle for all aspect ratiagp to 4% degrees and then
decreasedor further increase in skew an.

The Torsional momerfbr different skew angle ar
aspect ratios are normalised with respect to
Torsional momentorresponding to zero skew of tt
particular aspect ratio. The different curves ansa
fig 5(a) nearly merge into single curve as shown
fig 6(c).

The normalized Torsional moment i.e. ‘o/TMo
increasegrom unity t03.33 up to 30° and decreases
from 2.36 to 1.84 for 45° to 6 for deck slabs
without edge beam for dead load, unity3.5 up to
45° and 3.2 for 6( for IRC Class A load and unity to
1.5 up to 45° and 0.9 for &for IRC Class 70R load
for all aspect ratio

The torsional moment decises with the provision of
edge beam for both dead load awheel load
compared to without edge bei There is almost 50%
reduction in Torsional moment due to the provis
of edge beam in the slab bridge de
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Fig 5 Variation of Torsional Moment of Deck Slwith Skew Angle

5.4 Support Reaction at Obtuse Angled Corner. end of slab support are larger than other end
. increase in value over average value ranging frc
* The maximum dead load andhee load support to 50% for skew angle of 15 to 4 It increases
reactions at the obtuse angled corner of deck around 80 %, when it react 60° compared to right
increases with increase in skeamgle as shown in bridge.

table 2, 3 and 4The reactions at the obtuse anc
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* The normalized Support reaction i.eo/S0 varies
from unity to 7 for deck slabs without edge beam fo
dead load, unity to 8 for IRC Class A load and yinit
to 10 for IRC Class 70R load for all aspect ratios.

e The support reaction increases when edge stiffening
beam is provided with comparison of the deck slabs
without edge beams. There is almost 10% increase in
support reactions due to the provision of edge beam
in the slab bridge deck.

Table2: Dead Load Support reaction

Maximum Support Reaction(kN)
Aspect Ratio
0.526 0.789 1
Skew Angle Without Edge With Edge| Without Edge| With Edge| Without Edge| With Edge
Beam Beam Beam Beam Beam Beam
0 7.913 20.916 14.676 43.524 21.198 97.274
15 13.202 31.551 27.077 60.061 42.296 96.171
30 21.853 35.823 51.272 79.662 84.355 130.331
45 30.903 40.58 75.019 93.637 126.489 156.137
60 35.348 37.835 84.406 89.735 144.521 152.775
Table3: IRC Class A Loading Support reaction
Maximum Support Reaction(kN)
Aspect Ratio
0.526 0.789 1
. : : With Without .
Skew Angle Without Edge| With Edge| Without Edge Edge Edge With Edge
Beam Beam Beam Beam
Beam Beam
0 59.638 59.652 35.869 35.8 60.377 60.306
15 100.005 123.835 70.339 122.844 117.931L 170.474
30 87.017 179.89 102.37 168.405 148.312 157.188
45 119.443 151.391 235.305 233.78 178.51) 188.794
60 234.563 233.313 286.926 315.778 471.076 438.737
Table4: IRC Class 70R Loading Support reaction
Maximum Support Reaction(kN)
Aspect Ratio
0.526 0.789 1
: . . With Without .
Skew Angle Without Edge| With Edge| Without Edge Edge Edge With Edge
Beam Beam Beam Beam
Beam Beam
0 44.863 44.851 43.767 43.679 42.5 42.5
15 163.38 163.411 195.326 186.26 176.343 175.653
30 170.261 170.273 168.77 169.017 169.293 169.561
45 166.008 235.094 157.151 202.951 161.976 185.883
60 164.924 289.43 164.799 406.386 172.906 418.8
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CONCLUSIONS

1

2)

3)

The maximum deflection for skewed deck sl
decreases with the increase in skew angle forsake
ratiosand at 60° the reduction is arot 75 % in Slab
Bridge without edge beam and abc®9% reduction is
seen for slabs with edge beavhen compared right
bridge without edge beaifor all aspect rati for dead
load. A similar trend is observed in case of wheel |
but the order of reduction is comparatively less
about 40 % to 50% compared to the case of deac
Longitudinal bending moment stvs similar pattern c
reduction with increase in skew angle and maxin
reduction due to dead loas found to be 70 ‘ for a
skew angles0° compared to right brid without edge
beamfor all aspect ratio; When edge beam is provi
it decreases around 75%r a skew angl 60° compared
to right bridge without edge beam for all aspratio.
Maximum wheel loadlongitudinal bending mome
decreases around 30 % to 35% skew angl 60°
compared to ght bridge for all aspect rat

For right bridge deck slab (0° skew), maxim
longitudinal sagging moments are orthogonal
abutments in central region. As the skew al

5)

6)

7

increases maximum longitudinal moments gradt
shifts towards obtie angle.

Torsional moment is found to be around 30% to of
corresponding longitudinal bending moment.
contrast to longitudinal bending and deflectiorsional
moment shows continuous increase in magnitude |
skew angle of 45° and there after eduction in
magnitude. The peak value of torsional moment i
45° and is two times more than corresponding véu
a right bridge deck.

For right bridge deck slabs (0° skew), maxim
torsional moments are located near all corner reg
As skew angldancreases torsional moments gradu
shifts towards obtuse anc

The peak value of support reaction is observedtatse
angled corner and the magnitude of reacincreases
with increase in skew an¢. The reactions at the obtuse
angled end of slabupport are larger than other end,
increase in value over average value ranging froim
50% for skew angle of 15 to 45°. It increases ado3
%, when it reaches 60° compared to right bri

The advantage of providinedge beam is reflected in
the reduction ofthe maximum torsional, maximu
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longitudinal sagging moment and maximum deflection.
deflection decreases around 40% to 60% for skeweang
up to 60° longitudinal bending moment decreases
around 60% to 70% for skew angle up to 60°, the
reduction is even more pronounced in case of toasio
moment, support reaction increases around 170% when
it reaches 45° and then decreases by 14% for G8% sk
angle compared to right bridge without edge beam fo
all aspect ratio.
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