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Abstract

The paper includes different techniques and
the related work that has been done for skew
angle on skew bridges. Work has been done to
understand the effect of skew angle in skew
bridges and is primarily focused on IRC
Loadings. Paper has shown the intervals of
skew angle taken for analysis are 10°, 15°, 20°
and 30°. To optimize the result interpretation
and variation in values of parameters for
different skew angle, the interval of skew
angle is kept as 5° Therefore skew angle
increases from0° to 60oat an interval of 5°.
This would help to understand the variation
in result for different parameter more
precisely. Also, when we plot a graph; say,
max Bending Moment value for each skew
angle versus skew angle value would reflect
smooth variation. Paper provides the Detailed
study of normal and skewed reinforced
cement concrete bridges, various loading
criteria on bridges as per Indian Road
Congress (IRC) 6 and amendments made
recently, different parameters like bending
moment, twisting moment, shear force under
different skew angles from 0° to 60° at an
interval of 5°.

Keywords: skew bridges, skew angle, shear
force, bending moment, and torsional
moment, etc.

INTRODUCTION

Due to the complex intersection at various places
such as highways, river crossing, railway
crossing, there is a continuous growing demand
of bridges to distribute the traffic without any
congestion. Skew bridges are useful to cater high

L

speed vehicle as highway alignments are kept
straight as far as possible. Moreover, congestion
of traffics also overcomes as alignment of road
and bridge kept straight. These have leaded the
provision of number of skew bridges.

In small skew angle bridges say up-to 20o,
bridges are considered straight and are typically
designed as normal right angle bridges with no
considerable modification. Up-to skew angle
200, there is no considerable variation in values
of parameters like bending moment, shear force
and torsional moment. However, if the skew
angle increases beyond 200, then there could be
considerable variation in terms of shear force,
bending moment, and torsional moment. Thus,
these would lead variation in Equivalent Bending
Moment, and Equivalent Shear Force Shear
force due to torsion. Thus, there is a scope of
more research to study the effect of skew angle
on parameters of analysis in skew bridges

SKEW BRIDGE

Figure 1.IDiagrammaticrepresentation of skew angle

1. REINFORCED CONCRETE BRIDGE
MODELWITH MESH SLAB
A. Software and its features

STAADpro.v8i stands for Structural
Analysis and Design. It is software developed
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by Research Engineers for analysis of complex
structures.STAADPro.v8i can be used for the
analysis and design of steel, concrete,
composite, timber, aluminum and cold-formed
steel structures as it support various codes of
design. Complex models can be quickly and
easily generated through powerful graphics,
text and spreadsheet interfaces that provide
true interactive model generation, editing, and
analysis. Analysis of 2-D, 3-D Plane Frame
and Truss Structures with different load
combinations using Global Stiffness Matrix
Method. It calculates Stress, Shear Forces,
Bending Moments, deflection and other
parameters of analysis for different elements
and can show the stress variations on the
element in the Diagrammatic Representation in
the Post Analysis Mode.

B. Preliminary model prepared on staadpro.v8i
and corrected.

® ' Properties - Whole Structure B
Saction | Beta Angle
Ref Section Matesial
1 Rect 1.60¢0.30 CONCRI
2 PRect 120030 CONCRETE
3 Rect 0.00x0.00 CONCRETE

Figure 1.4 Rendered view

C. Model with skew angle and skew length

While preparing model with skew angle, it is
observed that the length of the span increases
with the increase in skew angle. Thus, it would

be impossible to compare the result obtained
from these models as the span length has
increased from 16m to 32 m. some of the
variations with respect to skew angle can be
observed below.

TABLE 1.1 SHOWS SKEW LENGTH WITH

SKEW ANGLE
clc
Sr Ske | len | Skew
' Image W g Ier!gt
no angl | th | hin
e in m
m
1 & 16 | 16.00
0
Oe
2 16 | 16.06
-1 T
Y .
3 16 | 16.24
6
10°
4 16 | 16.56
4
‘ [ [ i 150
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F. Stepwise procedure in brief to prepare model
on staadpro.v8i

5 16 | 17.02 »  Double click on icon of Staadpro.v8i that
6 appears on window after installation.
+  Window will appear, Select Indian design
200 code option under the heading of License
Configuration

+ Select option-New Project that appears
under the heading of Project tasks
D. Geometric dimensions of bridge «  New window will appear, in which
As we know, it is a reinforced concrete °*  Select-Space (as it is a 3-d model)
bridge. Therefore span is selected and restricted <+  Assign-File name
to 16m. For the longer spans, the self weight of +  Select location or folder to save the Staad
the girder becomes too heavy. Therefore, pre- file
stressed concrete bridge decks are most <+  Select unit-m and kN
commonly used. The width of the Bridge is +  Select next key option
decided from IRC 6, which say that for two lane «  New window appears in which
bridges carriage width ranges from 5.3mt0 9.6m. .«  Select option-Add beams

»  Select Finish option

but less than 16 6m.
5) l6.6m and above
but less than 20,1

TABLE 5.2 CARRIAGE WIDTH FOR +  New window appears which includes
NUMBER OF LANES »  Main window,
Table 2 Live Load Combination . Data area, 0 Menu bar’
f:. ('lnil![l’(‘:\:?'. Width NI’D!::T;Dn:;;::(ﬁII‘ Load Combination ° TOOI bar, and
1) |Less thans3 1 Ose  bme of Ches L .
’ ot to oy 2im.The «  Page control which is described as below:-
Sl be londed with SO0 kg
)| 5.3m and above but less 2 One lane of Class 70K OR two lanes for == Tl o s e =
than 9.6m Class A - TE men e
3) | .6m and above but less 3 One lane of Class T0R for every = ;:‘ =
than 13.1 two lanes with one lanes of Class A . = =
ot the remaining lae OR 3 lanes of . . &=
9 |13dm and sbove | 1 | i il ! | X

20.1m  and above 6
but less than 23,6

' l T l l... — l \

= A eI

I L I L 11 11
W w

Figure 15 Diagrammatic representations to calculate carriage width
E. Final plan and data of the bridge model
Final data required to prepare a model on

StaadprO.V81 are as under:_ Flg,lrel .9 Rendered 3-D model of brldge
R ™ | I11. STUDY OF LOADING
S A. Dead load from codes

Code of practice of design loads other than
= | seismic load for buildings and structures 1S

LAYOUT PLAN FOR BRIDGE MODEL 875 gives the denSity of concrete and
Figure 1.6 Final Layout plan of bridge aspha|tic bitumen as below:-

« Density of concrete for structural
member of bridge is taken as 25kN/m?

» Density of asphalt bitumen surface layer
on bridge slab is taken as 22kN/m?

Code of practice for roads and

| H bridgesIRC6:2010 gives the value for

e IR ORI calculating weight of crash barrier in the
Figure 1.7 Transverse section of bridge following table.
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TABLE 1.3 SPECIFICATION OF TYPE OF
CRAS

Requirement T

Footpath load
Code of and

for roads

practice
bridgesIRC6:2010 gives the value for calculating
weight of footpath in the following way:-

TABLE 1.4 FOOTPATH LOADING AS PER
SPAN

Footpath loading

» Effective span<7.5m
= 7.56<Eff. span<30m
= Effective span=3om

= 400 or sookg/m*

* P=pi1-({46L-300)/9)
= P=(p1-260-q4800/L)x
((16.5-W)/L)

Where,

P1=400 or Sookg/m?
L=Effective span

W =width of footway

Code of practice for roads and
bridgesIRC6:2010 gives the value for
calculating weight of Impact load in the
following way:-
TABLE 1.5 IMPACT LOADING CRITERIA

IMPACT LOADING(%)

CLASS AAND BB

CLASS AAAND 7oR

- TECKED VEHICLE

- SPAN=gM=25% UPTO 5M
10% FOR 5-0M

* ROC BRIDGE= 4.5/(6+1.)
= STEEL= 9/(13.5+L)

= WHEELED VEHICLE
= IMPACT LOAD =25%

Dead load Calculations

«  Weight of reinforced concrete structure
of bridge is assigned as self-weight=1
with the density 25kN/m’. It can be
understood as
Density of concrete X volume of section
=self-weight of structure

«  Weight of bitumen layer on bridge
=density of bitumen X thickness of
bitumen layer
=22X0.08
=1.76kN/m? applied on carriage width

+  Weight of crash barrier

Minimum  thickness from  table
above=250 mm forP-
3 in situ

Minimum height of crash barrier=1550
mm for P-3 in situ

Weight of crash barrier =thickness x
height x density of concrete = 0.25 x 1.55
x 25
=9.6875kN/m on both sides

B. Live load from codes

TABLE 1.6 LOADING CLASS IN IRC 6:2014

I\s}g SEMESTER | LOAD| LENGTH
| CLASSAA | 70T | 3.6m
2 CLASS A 55T | 15.8m
3 CLASS B 332T | 15.8M
CLASS

4| oRwiERLED | 100T | 13.4m
CLASS

> | 70RTRACKED | /0T | 437m
CLASS

6 | orBooqE | 40T | 122m

SPECIAL
7 | EHICLE 385T | 38.5m

foome i1 = —— | fggeeebea}

i1 ] —l [ P

| B B L e B P |
- - -

TRACKED VEMICLE

£-u

Figure 1.10 Class AA Tracked Vehicle

WHEELED VEHICLE
Fig. 1 Class AA Tracked and Wheeled Vehicles (Clause 204.1)

Figure 1.11 Class AA wheeled vehicle

7 27

Lt 68
Class A Train of Vehicles
Fig. 2 Class ‘A’ Train of Vehicles (Clause 204.1)

Figure 1.12 Class A Train of Vehicle

2727 14 N4 68 (2]
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PLAN 1]
DRIVING VEHICLE SECTION ON P-P

Figure 1.13 Plan of Class A Train of Vehicle

18.500 8300 1200 apoo 1200 apog 800

| T _T""|
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(1] 1] U.II . A N

sled 3200 4300 | 3000| 3000 |3.000] 20000 thed

41 1616 cpes 41 4 41 A 1616

Class B Train of Vehicles

Figure 1.14 Class B Train of Vehicle

Iv. RESULTS AND REVIEWS

In the present work, 26 bridge models are
prepared on staadpro.v8i, with the skew angle 0°
to 60° with the increment of 5° Total 13
reinforced concrete T-beam bridge model for
dead load and 13 reinforced concrete T-beam
bridge model for live load having skew angle 0°
,5°,100 ,15° ,20° ,25° ,30° ,35° ,40° ,45° ,50°
,55¢ ,60° . These 26 models are simply
supported.

| FINAL MODELSECTION FOR ANALYSIS
LOGITUDINAL GIRDER

«CISAT CENTRE=0.J25X1.25 (OVE MALL DEPTH1 6m)

CISAT SUPPORT=0.625X1,35

STAPERED C/S WIDTH=0.025.0.325

ALENGTH BETWEEN SUPPORT=10M

OFFSET BEYOND SUPPORT=0.28m on aach skde

SSECTION IS CONSIDERED AS PER MINISTRY DRAWING OF ROAD
DEVELOPMENT

e
Figure 1.15 Main Girders and details

Under Dead load, Live load and combination of
Dead + Live load, results obtained for all 26
models with skew angle 0° to 60° are axial force,
shear, torsion and moment. These parameters are
further interpreted to get maximum bending
moment, maximum Shear force,Bending
Moment due to Torsion, Design Equivalent
Bending Moment, Shear Force due to Torsion,
and Design Equivalent Bending Moment.

TABLE 1.8 RESULT CHART FOR DEAD LOAD+ LIVE LOAD

o WL | R e HIE | eieeF

-6

v. CONCLUSIONS

Torsional moment plays a major role for
both equivalent bending moment and
equivalent shear force observed during the
analysis and design for varying skew angle
both for the dead load and live load. As the
skew angle increases, torsion moment
increases. Thus, this increases the value of
M: which directly affect the value of
Equivalent Bending and Equivalent Shear

From the graphical observation for live load,
bending moment decreases for all three
girders, moment due to torsion for girder-G2
increases whereas moment due to torsion for
girder-G1 and G3 decreases. Thus, due to
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net effect, equivalent design bending
moment increases gradually as we increase
the skew angle from 0 to 60; but the
considerable effect is due to torsional
moment.

For the combination of dead load and live
load, it is observed that, bending moment,
moment due to torsion, and equivalent
design bending moment increases gradually
as we increase the skew angle from 0 to 60
degree; and the considerable effect is due to
torsional moment generated both for dead
load and live load.

From the graph, it is also observed for dead
load that, there is a considerable decrease
innormal shear force for girder G2 whereas
increase innormal shear force for girder G1
and G3. Shear due to torsion for dead load
increases for all three girders as skew angle
increases. Thus, equivalent shear force also
increases for all three girders as skew angle
increases.

The net effect due to dead load and live load
shows that, shear force decreases for girders
G1 and G2 whereas shear force increases for
girders G3as the skew angle increases from
0° to 60°.
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