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Abstract— Composite concrete structures are where
different materials are bonded to the concrete to form a
combined structural shape. The most common example is
when a reinforced concrete deck slab is poured on top of a
prefabricated beam. The beams are usually concrete girders
or steel beams. Here we design a composite girder length
31.9 m (c/c of bearing) with 2.34° curve for DFC loading
according to RDSO drawing with 0° curve. In this design
we analysis self-weight and live load manually and SIDL,
WC and Construction load from Stadd Pro software.
Generally, when | observed that in curve bending moment
changes in every point but in straight girder, bending
moment change after some intervals. When we use curved
girder we fabricate in curve and also increase that property.
At construction stage all the loads (green concrete weight of
slab, self-weight of girder, weight of shuttering) will be
taken by non-composite section - only steel girder.
Superimposed dead load and live loads are to be taken care
of by the composite section. The cross girders / cross
bracings shall be analysed and designed as simply supported
members to avoid complicated connection details. In case of
dead load, superimposed dead load and live load analysis,
composite section properties of girders have been
determined considering concrete as uncracked. | am
changing the curved girder into the straight girder for that
cases we provide two extra end stiffener and increase the
grade of concrete. That causes our designed will be safe.
Keywords: Composite girder, DFC Loading, Stadd Pro.,
Manual Designing

. INTRODUCTION

Curved steel girder bridges had been built in the United
States since the 1950s. Currently (2011), curved-girder
bridges represent a significant percentage of the total steel
bridge in the market. Horizontally curved girders typically
offer certain advantages over kinked or chorded girders.
Composite concrete structures are where different materials
are bonded to the concrete to form a combined structural
shape. The most common example is when a reinforced
concrete deck slab is poured on top of a prefabricated beam.
The beams are usually concrete girders or steel beams.
There are several advantages of the composite structures. By
bonding the beam and deck together the structure can be
designed lighter, stronger and stiffer than when the beam
and deck act independently. The cost savings result from a
lighter structure and the faster construction. Often the deck
slab soffit forms are attached to the beams, eliminating
expensive of the false work. The composite design
technique is used for the bridges where traffic, deep water,
steep canyon or environmental concerns makes false work
impractical. Bridge beams can be precast, pre-stressed
AASHTO concrete girders or steel girders. Even the deck

soffit forms can be eliminated by the use of precast, pre-
stressed double tee girders. Steel-Composite Steel Box and |
girder Bridges have been commonly used into the
construction of Highly Infrastructure due to the enhanced
structural performance and their aesthetic appearance. A
flexural member is designed for the buckling and
occasionally for shear. When span are large and the loads
are heavy we provide two or more | section, plate girder and
truss girder. In these alternative for economical point of
view designer always select | girder because in plate girder
and truss girder connection cost are very increases.
Horizontally curved steel bridges are present many unique
challenges. Despite their challenges, curved girder bridges
have become widespread and are commonly used at the
locations that require complex geometries and have limited
right-of-way, such as urban interchanges. Some of the
important issues that differentiate curved steel girders from
their straight counterparts include the effects of torsion,
flange lateral bending, their inherent lack of stability, and
special constructability concerns. Also, the complex
behaviour of horizontally curved bridges necessitates the
consideration of system behaviour in the analysis. In steel
girder | section mainly flange take moment and web take
shear.

Il. REVIEW PAPER

The minimum weight of the composite steel I-girder bridge
was obtained under the subject specification limiters. Only
the weight of the steel beams is minimised. Bridge deck
weight is ignored for this problem (1).

In the steel concrete composite bridges cases, take
a 100 Kg TNT above deck explosion right on the mid span
of the bridge is identified as the most critical case. For the
below deck detonation of composite bridge, the blast
propagation is more complex than that of the above deck
detonation blasting loads lead to more deformations and
stresses for steel girder ie damage pattern occurs mainly on
the two positions 1. Steel girder near the blasting detonation
2.the conjunction with concrete deck and steel girder (2).

Thermal loads in structure give the results in
thermal strains. Hence it’s most important that the thermal
loads must be considerable in the design of girders.
Composite structure interaction significantly enhances the
fire resistance of the bridge girders (3).

The STAAD analysis results are indicate the
designed in bending moment, shear force, and deflection for
various live load conditions for class A loading, class 70R
tracked and wheeled vehicle. 70R wheeled vehicle gives the
maximum value of the bending moment and shear force
compare to 2 classes A loading and 70R tracked vehicle (4).

The primary purpose of this thesis is to investigate
the plastic reserve of composite plate girder bridges. These
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structures are suitable for this due to synergetic combination
of the concrete and steel the former provides the “cheap”
stiffness and strength in compression while the steel in
tension ensures the ductility. Therefore the theoretical and
experimental aspects of plastic design are well established

(5).

Based on analytical analysis results, strength |
lateral bottom flange bending moments were nearly ten
times greater when including temperature effects at the fixed
pier. Moreover strength | axial forces were nearly three
times greater when according to temperature effects
compared to only DL and LL. These results indicate that
temperature is an essential consideration when addressing
member forces in curved steel I-girder. Based on analytical
analysis results, Strength | lateral bottom flange bending
moments were nearly ten times greater when including
temperature effects at the fixed pier Moreover, Strength |
axial forces were nearly three times greater when accounting
for temperature Effects compared to only DL and LL. These
results indicate that temperature is an essential
Consideration when addressing member forces in curved
steel I-girders (6).

The maximum spacing should not be more than
5m. The load distributions are both Shear Force and
Bending Moment of a curved bridge AASHTO are greater
than Australian Load Bridge. The maximum moment found
at the mid span of a curved bridge is always more than
straight bridge (7).

Transverse load distribution in  continuous
composite bridges is affected by the level of loading. If the
live load is eccentrically applied up to 40% more
redistribution occurs at the elastic or serviceability limit
state. In contrast, when all lanes are loaded, this effect is
only 6%. When all the design are loaded, full transverse
redistribution of longitudinal moment occurs in the girders
experience practically equal moments at ULS. Non-
composite bridges have very poor transverse and
longitudinal moment redistribution characteristics; however,
a provision of a reasonable no of shear connectors improves
the load distribution substantially (8).

I1l. ANALYSIS AND DESIGN

A. Analysis:

1) Longitudinal analysis

— Loading (DL, LL, SIDL)

— Loading Combination

—  Shear force and stresses and moment capacity
—  Creep and Shrinkage

—  Temperature Stresses Fatigue

2) Transverse analysis

—  Seismic analysis

—  Centrifugal forces

B. Design:

1) Properties of Girder for Transient Loads
1) Calculation of non- composite section:

o 4500 -

}-JI]

25750

" T -

Depth of N.A from top (yt) =218681.875/1287.5

=169.85 cm
Moment of inertia (122) =2452203.7 + 10282390.88 =
12734594.6 cm4
Moment of inertia (1Y) =303074.79 cm4
Depth of N.A
from top (yt) 1.70m
Depth of N.A
from bottom 0.88m
(yb)
Area of
section (A) 0.129m2
Momentof | 157y | 1-27346E+11 1y 45989157
inertia (12) m4
Momentof 1 4 53 g | 3030747917 | 74975534 7
inertia (ly) m4
Zb 1.45E+08
mm3
7t 7.5E+07
mm3

2) Calculation of non- composite section for X-Girder:
Depth of N.A from top (y;) = 65120 /592 = 110 cm
Moment of inertia (1zz) = 1679669.333 + 1900960.00 =

3580629.33 cm*
Moment of inertia (Ivy) = 21477.33 cm4
Depth of N.A from top 110m
()
Depth of N.A from
bottom (ys) 1.10m
Area of section (A) 0.0592 m2
Moment of inertia (I,) 0.03581 m4 3580(;1223333
Moment of inertia (ly) 0.000215 m4 2147;34333'3
60.232283
ly-y mm
Total flange area at mid 16000.00
span mm?2
Total flangben?rea at min 8000.00 mm2
Moment of inertia of 266666.67
comp flange mm4
Moment of inertia of 266666.67
bottom flange mmé4

3) Deign of girder:
Check for moment capacity, shear force and stresses.
(For Permanent Loads)
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Bending Moments & Shear Forces at Various Sections of
Long.-Girder due to Self-Weight

Adding 15% for stiffeners & bracings etc = 2.527 kg/m
Total Self weight/m =12.634 KN/m

SELF WEIGHT OF STEEL SECTION  ATEND
Density of Steel = 78.5 KN/m3 Steel Section Area =0.129 m2
ATMIDSPAN Self weight of girder =10.107 KN/m
Steel Section Area =0.129 m2  Adding 15% for stiffeners & bracings etc= 2.527 kg/m
Self weight of girder =10.107 KN/m Total Self weight/m  =12.634 KN/m
12.6336 KN/m
~ ~ “|= =
0.275 Ra 31.90 m Rb  0.275

Ra=Rp =12.6336 X 16.225= 204.9801 KN a) At 0.50 L-Section (Mid Span Section at 15.95 m from

Bending Moments at Various Sections of Steel Plate Girder
due to Self-Weight
a) At 0.50 L-Section (Mid Span Section at 15.95 m from

CL of Support)
=204.98 - (12.63 x 16.225)
=0.00 KN-m

CL of Support) b) At 0.00 L-Section (Mid Span Section at 0.0 m from CL
=204.98 x 15.95 - (12.63 x 16.23 x 8.11) of Support)
=1606.53 KN-m =204.98 - (12.63 x 0.275)
b) At 0.00 L-Section (Mid Span Section at 0.0 m from CL =201.51 KN-m
of Support) BM / SF at Various Sections of Precast Long.-Girder due to
=204.98 x 0.00 - (12.63 x 0.275 x0.138) Green Weight of Slab Concrete
=-0.48 KN-m Total =31.39 KN/m
Shear Force at Various Sections of Steel Plate Girder due to ~ Total Area of Slab =0.86
Self-Weight 31.39 KN/m
= .- == =
0.275 Ra 31.90m Rb 0.275
Ra=Rp = 31.39X3245 =509.238KN Combination: Ultimate Limit State inclusive effect of
2 Torsion
Bending Moments at Various Sections of Steel Plate Girder Partial Factor of Safety
due to Self-Weight DL =140, SIDL =2.0, Seismic = 1.6, LL= 2.0,
a) At 0.50 L-Section (Mid Span Section at 15.95 m from Temp & Shrink =1.0
CL of Support) Dist. of Section 'X' 15.95m 00m
=509.238 x 15.95 - (31.39 x 16.23 x 8.11) from Left Support '
=3991.15 KN-m I . Section at Section at
b) At 0.00 L-Section (Mid Span Section at 0.0 m from CL Description Unit Mid Span Support
of Support) Total Bendin
= 509.238 x 0.00 - (31.39x 0.275 x 0.138) Moment 9 |Km | 43263.11 1390.69
=-1.19 KN-m Total Shear Force KN 5659.29 6420.40
Shear Force at Various Sections of Steel Plate Girder due to  Section Classification of the Girder
Self-Weight bl =5.375 Section is Plastic
a) At 0.50 L-Section (Mid Span Section at 15.95 m from 5 x A, =1819737
CL of Support) 2 a Af = 508820
=509.238 - (31.39x 16.225) bett X ds + 22 A¢ =1314819.5
=0.00 KN-m Since, berr X ds + 2sAf <a x As Hence, Plastic Neutral Axis
b) At 0.00 L-Section (Mid Span Section at 0.0 m from CL  jj Steel Web
of Support) Moment Capacity of the Composite Section with full shear
=509.238 - (3139X 0275) interaction
=500.61KN-m

Centrifugal Force
For Bending Moment

CF =wWV"? =22.407 KN/m
127R
For Shear Force
CF =WV"?  =24522 KN/m
127R

SUMMARY OF BENDING MOMENT AND SHEAR
FORCE FOR GIRDER AT DIFFERENT SECTIONS
Section under consideration

Mp = fy [As (d(; + 008ds) '2Af (05tf + 058 ds) - tW (Xu' ds - tf
). (Xu+0.16 ds- t1)]/Y'm
Xy = 1243.10 mm from top of concrete Slab

Depth of neutral axis of Concrete Slab from top flange
=242.1 mm
M, = 48523952539 N-mm

= 48523.95 KN-m  (Hence Safe)

Design against Vertical Shear and Its Effect on Plastic
Moment Capacity
Plastic Shear Resistance = V,
Vp = AuXx fyw /Sqrt(3)
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Ay =49000 mm2
Vp =7072.54 KN
Design Shear Resistance = Vp/Ymo
=6429.58 KN Safe
Shear Buckling Resistance
Ve = Shear Strength corresponding to web buckling
Ver =Avx T
Ver =5337.57 KN
Vg = 4852.336 KN Not safe in
Buckling
Max Shear force = 6420.4 KN
0.6Vvd =3857.75 KN

High Shear Case, Bending Resistance will reduce
Bending Resistance = My

Md = Bb pry /Ymo

Mgq = 16088.52273
M = 623450 KN-m

Mav = 16112.963 KN-m
Safe

1.2 Zefy o =20447.873 KN-m

Moment Capacity Check: Construction Stage
Mcr = €1 {a"2(ED)yH(L*LT)"2{[(KIKw) 2I*wlIy

Mel pueky = 21412.869 KN-m
M =16496.8 KN-m  (Safe)
CHECK OF SECTION FOR SHEAR AT SUPPORT:

Total Shear Force at Support =2983.28 KN
Avg. Shear Stress in web = V/dwty =60.88 Mpa
Maximum Shear Stress = 0.43fy = 1075

(OK) (Table G.2 IRC: 24-2010)

IV. METHODOLOGY

— At construction stage all the loads (green concrete
weight of slab, self-weight of girder, weight of
shuttering) will be taken by non-composite section -
only steel girder. Superimposed dead load and live
loads are to be taken care of by the composite section.
The cross girders / cross bracings shall be analysed and
designed as simply supported members to avoid
complicated connection details. In case of dead load,
superimposed dead load and live load analysis,
composite section properties of girders have been
determined considering concrete as uncracked.

—  Modelling with Stadd Pro. Software

— Results

+{(EDt(L*LT)2)/{n"2 (ED)y .
}H(c2*y*g—c3y*))"21°0.5-(c2 y*g*c3 y*))} ~ Manual design
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Fig. 1: Stadd Model
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Fig. 3: SFD Diagram

V. RESULTS

Graph showing variation in maximum bending moment for
different section by software analysis. It is observed that the
variation is much more for different sections software
analysis. Shear force are much more at end girder support
and bending moment are the mid of girder sections and
according to our results and design our structure will be
safe,

V1. CONCLUSION

— According to above discussion and given data, our
design is safe in curve 2.34° for DFC loading,
without increasing thickness of plate according to
RDSO drawing with zero degree curve.

— Provide two extra end stiffener and increase grade of
the concrete.

— Due to curve our horizontal force will be increase but in
straight its will be minimum.

— Tensional moment changes in every point in curve but
in straight its changes slightly at mid-point.

— Our design is economically without
thickness of plate.

— The weight of the structure is reduced, our substructure
and foundation and overall reduced cost.

— Its design applicable in Zone Il and Zone Ill. For IV
and V Zone it will be improved.

increasing
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