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Second, mathematical quantifications must be found to represent the optimization objectives appropriately in order
to conduct structural optimization. However, there has not been a standard method to evaluate the accuracy of
objective quantifications yet, which is expected to be proposed in the future.

Third, the metaheuristic algorithms have limited applicability. In other words, the performance of a metaheuristic
algorithm can be different for different optimization problems. Therefore, the future work may focus on
categorizing the optimization problems according to their characteristics, and proposing a benchmarking system for
each category of optimization problem including benchmark test problems and benchmark algorithms. Based on
the

r than a specific optimization problem.

In recent decades, the failure of bridges during service, as well as new construction has increased with an average
of 129 bridges per year during the decade 2007-2017. The average age of the bridges is 34.53 years at failure
during service against the prescribed design life of 100 years. The average age of failure of bridges in India is
relatively high compared to failures in China (23.60 years) and much lower compared to failures in the USA (at

least 51.70 years).

3. METHODOLOGY
Establishment of a benchmarking system for optimization algorithm comparisons, in order to facilitate the

development of new metaheuristic algorithms with higher applicability for structural optimization. To facilitate the
comparisons of algorithms, the structural optimization problems could be classified into different categories based
on the structure types, scales, or other characterigw

s. Meanwhile,
traditional metaheuristic algorithms with relatively better performance for each category of optimization problems
could be used as the benchmark algorithms.
Afterward, the performance of any newly proposed algorithm can be verified by comparing it with the benchmark
algorithms using the benchmark test problems for the respective category of the optimization problem. Based on
the benchmarking system, it is expected that novel o

problem.

With the increasing attention on the environmental issue and sustainable development, reducing environmental
impacts has become another significant objective of structural optimization because of the considerable amount of
CO2 emissions in the civil engineering industry.
In addition, some research articles on structural optimization focus on improving certain structural performances
such as mechanical behavior, aerodynamic performance, and dynamic seismic performance in order to adapt the
structures to different environments. To achieve the above-mentioned objectives, many optimization methods have
been proposed and developed. Recently, metaheuristic methods have become one of the most popular optimization
methods in civil engineering structural optimization research because they are suitable for combinatorial
optimization problems.
However, these metaheuristic methods also have some shortcomings such as high complexity and inadequacy for
high-dimensional problems. Therefore, there have been increasing studies that focus on improving the performance

of optimization methods, either to enhance the existing metaheuristic methods or to propose novel optimization



methods. For example, Mortazavi proposed an auxiliary fuzzy decision mechanism to improve the performance of

the interactive search algorithm (ISA

putational cost and a higher solution accuracy. Degertekin proposed two improved harmony search algorithms
(i.e., efficient harmony search algorithm and self-adaptive harmony search algorithm) for size optimization of truss
structures. Based on the experimental results from several cases, the new algorithms are proved to have lower
computational cost, higher convergence speed, and better optimization results than the traditional harmony search
algorithm.
Furthermore, the explicit topology optimization method, namely the transformable triangular mesh (TTM) method,
for structural topology optimization, is able to obtain the optimal solution more effectively compared with other
state-of-the-art algorithms.
These above mentioned studies in th
civil engineering industry. However,
although a substantial number of studies, as well as survey reports, were published in this domain, none of them
ach™
ization in the field of civil engineering, including the
analysis of the optimization objectives and their temporal and spatial trends, analysis of the optimization processes

with four major steps, and the discussions of research limitations and recommendations of future works.

3.1 DEPENDENT PARAMETE:

m Output
Live Load
Deck
Equivalent Strip ) ) o 250 +0.42 * (L1 | 4061.369 )
2 (Solid Slab Bridge) | E(interior) mm Calculation
Width *W1)M0.5 832
Design
Interior strip width
Deck
250 +0.42 * (L1 | 4061.369
3 Single-lane loaded (Solid Slab Bridge) mm Calculation
) *W1)"0.5 832
Design
Deck

o ) 250 +[0.42 4061.369 )
4 E(interior) (Solid Slab Bridge) mm Calculation
) (L1*W1)10.5] 832
Design

Deck
5 Multilane loaded (Solid Slab Bridge) NL W /3600 3 Nos. Calculation
Design
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Deck

] ) 3.618930 [ Newton/ )
18 Ru (Solid Slab Bridge) Mu/ (b*d*d) Calculation
013 Milli Meter
Design
Deck
17.64705
19 m (Solid Slab Bridge) fy / (0.85*fc) . Calculation
Design
Deck
0.056666
20 I/m (Solid Slab Bridge) Calculation
66667
Design
Deck
) ) 0.084033 )
21 (2m*Ru) / fy (Solid Slab Bridge) Calculation
61345
Design
Deck
] ) 0.915966 ]
22 1 - (2m*Ru) / ty) (Solid Slab Bridge) 3866 Calculation
Design
Deck
(1-(2m*Ru)/ ) 0.957061
23 (Solid Slab Bridge) Calculation
fy))"0.5 ) 3285
Design
Deck
1- ((1 - (2m*Ru) / 0.042938
24 (Solid Slab Bridge) Calculation
fy))"0.5) ) 67148
Design
Deck
(1/m)*(1-((2m*R | 0.002433
25 p (Solid Slab Bridge) Calculation
) u)/fy)*0.5) 191384
Design
Deck Milli Meter
Required reinforced ) ) 1180.097
26 (Solid Slab Bridge) As pbd Square / Output
steel 821
Design Meter
Deck
Maximum allowed 427.9306 Milli
27 (Solid Slab Bridge) (D+20)/As Output
spacing i 266 Meters
Design
Deck
142.6435 Milli
28 Spacing Provided (Solid Slab Bridge) Output
422 Meters
Design
Determine Deck
o ) ] 18.29479
29 Distribution (Solid Slab Bridge) 1750/ (L)*0.5 307 Percent Output
Reinforcement Design
Percentage of the Deck
o ] ) 18.29479 )
30 | main reinforcement | (Solid Slab Bridge) 1750/ (L1)"0.5 307 Percent Calculation
for positive moment Design
Deck
Maximum allowed
31 (Solid Slab Bridge) From Code 50 Percent Clause

percent

Design




Deck ) Sq. Milli
. . (D+20) / Spacing | 3.540293
32 As (Solid Slab Bridge) As ) Meters / Output
Provided 463
Design Milli Meter
Deck
Required transverse
33 ] (Soli%
reinforcement
Deck Maximum
ransverse (Solid Slab Bridge) Spacing is 300 300 Milli Meter Output
reinforcement Design mm
Diameter of Deck )
((4As*Spacing)/P| 36.77114
35 Transverse (Solid Slab Bridge) Milli Meter Output
) ) )0.5 592
Reinforcement Design
Centre to Centre
Distance between
) Box-Girder Bridge o )
37 Effective length Desi s the Centre 2695 [Milli Meter| Calculation
esign
£ Supports -
Support Width
Minimum
) Box-Girder Bridge )
50 reinforcement ] 0.03fc / fy 0.002 % Calculation
Design
required
Minimum
Minimum As Box-Girder Bridge | Minimum | reinforcement Milli Meter
51 2207.06 Calculation
(Exterior Girder) Design As required * Ag Square
(Exterior Girder)
Minimum As
Provided As Box-Girder Bridge Provided ) ) Milli Meter
52 o . (Exterior Girder) | 2507.06 Output
(Exterior Girder) Design As Square
+300
) Width * 0.2 *
Self weight of ] ] ] )
53 Box-Girder Bridge Concrete Density | 31.07808 [ kN /m Calculation
Concrete Slab
*
g
Self weight +
Barrier rail +
54 Dead Load Box-Girder Bridge Future wearing | 60.67808 [ kN /m Output
75 mm AC
overlay
Interior web, the
59 effective flange Box-Girder Bridge 2625  |Milli Meter Output
width
60 L (Effective) /4 Box-Girder Bridge L (Effective) /4 | 8437.5 |Milli Meter| Calculation
61 12ts + 0.5bf Box-Girder Bridge 12ts + 0.5bf 2625 [Milli Meter| Calculation




Exterior web, the

62 effective flange Box-Girder Bridge 1312.5 [Milli Meter Output
width
63 L (Effective) /8 Box-Girder Bridge L (Effective) / 8 | 4218.75 |Milli Meter| Calculation
64 6ts + 0.25bf Box-Girder Bridge 6ts + 0.25bf 1312.5 |Milli Meter| Calculation
(Interior web, the
effective flange
width * 0.5) +
Total effective (Exterior web,
65 flange width for the Box-Girder Bridge the effective 5250 |Milli Meter Output
box girder flange width) +
(Interior web, the
effective flange
width)
1% of the total
Area of ] Milli Meter
] ] ) As cross-sectional
66 Reinforcement Box-Girder Bridge 2 Square / Output
required area of the
Required Milli Meter
slab
(2/3) * Area of Milli Meter
] ) As (Top ] 1.333333
67 As (Top Layer) Box-Girder Bridge Layer) Reinforcement 133 Square / Output
ayer
Y Required Milli Meter
As (1/3) * Area of Milli Meter
] ] ] 0.666666
68 As (Bottom Layer) Box-Girder Bridge (Bottom | Reinforcement 6667 Square / Output
Layer) Required Milli Meter
Area for Steel (Pi/4) * (Steel Milli
69 Diameter of Top Box-Girder Bridge Diameter of Top | 200.96 Meters Calculation
Layer Layer)"2 Square
Milli Meter
] ) 1.339733 )
70 As (Top Layer) Box-Girder Bridge 333 Square / Calculation

Milli Meter




(Ko*3.142%*3.142

Critical buckling ] ) 264.0882
71 Pier Design Fer *E)/(12*(1-(v*v) MPa Output
stress 498
)(b/nt)"2)
Normalized Panel 1.261101
72 Pier Design Rp (Fy/Fer)*0.5 Unitless Calculation
Slenderness Factor 685
. ) : Fu/Fy=1Rp .
73 Buckling strength Pier Design Fu 0.5) 420 MPa Calculation
<=0.
Fu/Fy=
) ) ] 0.238898 )
74 Buckling strength Pier Design Fu (1.5-Rp) (For 3148 MPa Calculation
0.5<Rp<=1)
Fu/Fy=
0.314390
75 Buckling strength Pier Design Fu (0.5/Rp*Rp) (For 1735 MPa Calculation
Rp>1)
to = (b*Fy”0.5) / | 18.97583 Milli
76 Critical thickness Pier Design to Output
(162n) 475 Meters
293.3333
77 Stiffness ratio Pier Design yi yi=11*I/bt"3 153 Uniteless Calculation
3339.746 |Milli Meter
78 Area Pier Design o1 Ai=d8i*b*to Output
916 Square
Abutment Support N=(305+
84 Width Design Abutment Design N 2.5L+10H) * 148
Support width (mm) (140.002 S.S)
Kilo Pound
eral pressure Abutment Design qe Ka*y*H 0.558 [ per Square | Calculation
Foot
Kilo Pound
Soil lateral pressure ) .
87 o Abutment Design qeq Kae *y * H 0.05952 | per Square | Calculation
by seismic load
Foot
Maximum soil
89 ) Abutment Design p(max) | (P/B)*(1+(6e/B))| 80.88 MPa Calculation
bearing pressure
Minimum soil
90 ) Abutment Design p(min) | (P/B)*(1-(6e/B)) | 39.12 MPa Calculation
bearing pressure
Kilo Pound
Resultant of vertical
91 Abutment Design P 60 per Square |  Calculation
forces
Foot
Eccentricity of
resultant of forces ) )
92 Abutment Design e 2B - (M/P) 0.058 Meters Calculation

and the center of

footing




Area for Steel
93 Diameter of Top
Layer

Design speed in

94
Meters / Second
Superelevation in
95
Number
96 Radius
Pressure — Volume -
97 Temperature Curve
(PVT Curve)
Elevation
Elevation of the
98 Point of Vertical
Intersection (PVT)
99 dy / dx
0 Equate (dy / dx = 0)

& Find x

Abutment Design

Horizontal Curve

Horizontal Curve

Horizontal Curve

Vertical Curve

Vertical Curve

Vertical Curve

Vertical Curve

.2 INDEPENDENT PARAMETERS

concre

Independ
ent
Paramete Ttem Type
rs Sr. No.
1 Clear span length General
2 Total width General
3 Roadway Width General
4 Barrier Width General
5 Concrete per linear meter of

Notation

(Pi/4) * (Steel

Diameter of Top
565.2
Layer)"2 *
Number of Bars
Design Speed in
) s1op 30.55555
km / hour) *
556
(1000 / (3600))
Superelevation in
0.06
Percent / 100
ry fgHe+ ) 594.8279
v*V et1s
£ 659

y=ax*x+bx+c 995

y=bx+c 980
(2*0.0000
dy/dx =2ax +b 6)x -
0.004
From the above
) f(dy 333.3333
equation o
d Y 333
dx)
Formula for
Calculation Value
9125
10700
9640
0.075

Milli
Meters

Square

Meters /

Second

Number

Meters

Meters

Meters

Equation

Metg

Unit

mm

mm
mm

meters

Output

Calculation

Calculation

Output

Output

Output

Equation

Remark

Input
Input
Input

Input



Future

1 |
6 wearing surface thickness Genera dw 7 mm nput
7 Density of wearing surface General pWw 2250 kg/cu. m. Input
8 Concrete density General pc 2400 kg/cu. m. Input
9 Concrete strength General fc 28 MPa Input
10 Modulus of Elasticity of -1 5 ) Ec 26750 MPa Input
Concrete
11 Modulus of Elasticity of Steel | General Es 200000 MPa Input
12 Characteristic Strength of Steel| General fy 420 MPa Input
Deck
Lesser of actual span length | (Solid Slab
13 L1 150 Input
and 18,000 mm Bridge) ? mm opa
Design
Lesser of actual width or 9000 Deck
mm for single lane loading or | (Solid Slab
14 18,000 mm Bridge) W1 9000 mm Input
for multilane loading Design
Deck
15 W/NL (Solid Slab W/NL 4024.68 |  mm Input
Bridge)
Design
Deck
S (Solid Slab 2100 +[0.21 [4024.6817
1 E(int Input
6 (interior) Bridge) (LI*W1)0.5] ] ey
Design
Deck
. (Solid Slab
1 Live L W(L . kN Input
7 ive Load Bridge) L) 9.3 /m npu
Design
Deck (.Concrete per
. linear meter of
. (Solid Slab . .
18 Concrete barrier . W(barrier) | concrete barrier 4.5 kN./sq. m. Input
Bridge)
Desian * Concrete
& Density * g)
Deck
. (Solid Slab kilo
19 Point L A 14 I
¢ oint Load at Bridge) 5 Newton nput
Design
Deck
. (Solid Slab kilo
2 Point L 14 I
0 oint Load at C Bridge) 5 Newton nput
Design
Deck
. (Solid Slab kilo
21 Point Load at B 35 Input
omt Loada Bridge) Newton P
Design
Deck
lid SI
22 Total Span (S];)rliigse)a b 9.15 Meters Input

Design




23

Reaction at A

Deck
(Solid Slab
Bridge)
Design

214.2

kilo
Newton

Input

24

Reaction at A

Deck
(Solid Slab
Bridge)
Design

110.8

kilo
Newton

Input

25

Reaction at B

Deck
(Solid Slab
Bridge)
Design

95.58

kilo
Newton

Input

26

Distance

Deck
(Solid Slab
Bridge)
Design

4.5757

Milli Meter

Input

27

Load for lane load

Deck
(Solid Slab
Bridge)
Design

9.3

kilo
Newton

Input

28

Reinforcement Design
Diameter of Bar

Deck
(Solid Slab
Bridge)
Design

25

Milli Meter

Input

29

Span length

Box-Girder
Bridge
Design

L1

24390

Milli Meter

Input

30

Span length

Box-Girder
Bridge
Design

L2

30480

Milli Meter

Input

31

Total superstructure width

Box-Girder
Bridge
Design

10800

Milli Meter

Input

32

Roadway width

Box-Girder
Bridge
Design

9730

Milli Meter

Input

33

Thickness of future wearing
surface.

Box-Girder
Bridge
Design

dw

75

Milli Meter

Input

34

Overall Structural Thickness

Box-Girder
Bridge
Design

1680

Milli Meter

Input

35

Support Width

Box-Girder
Bridge
Design

205

Milli Meter

Input

36

Centre to Centre Distance
between the Centre Supports

Box-Girder
Bridge
Design

2900

Milli Meter

Input

37

Ag (Exterior Girder)

Box-Girder
Bridge
Design

Ag

1103530

Milli Meter
Square

Input

38

Number of Span

Box-Girder
Bridge

Number

Input

39

Span Length

Box-Girder
Bridge

45

Meters

Input




Box-Girder

40 Width of Super Structure Bridge 13.2 Meters Input
Box Gi
41 Characteristic Strength of Steel ox F}lrder fy 345 MPa Input
Bridge
0 Charg
d .
Bri dgre e n 8 Unitless Input
45 Barrier rail Box-glrder 5.7 kKN /m Input
Bridge
46 Haunch Box-glrder 35 kN/m Input
Bridge
47 Glrd'er (steel-box), cr(?ss frame, Box—@rder 0.8 N/ m Input
diaphragm, and stiffener Bridge
48 Future wearing 75 mm AC Box—glrder 10.6 N/ m Input
overlay Bridge
49 Concrete slabs deck thickness Box—erder 200 Milli Meter Input
Bridge
Box Gi
50 Width for the box girder ox erder 6.6 Meters Input
Bridge
51 L (Effective) Box-Girder 33750 | Milli Meter Input
Bridge
52 f
er Input
BoxGi
55 L (Effective) ox-Girder 33750 | Milli Meter Input
Bridge
Box.Gi
56 Thickness ox-Girder| 200 | Milli Meter Input
Bridge
57 Width of Flange Box-Girder) 450 | Milli Meter Input
Bridge
58 Width of Overhang Box-Girder 1500 | Milli Meter Input
Bridge
. Box-Girder Milli
59 Spacing Bridge 150 Meters Input
. Box-Girder Milli
60 Steel Diameter of Top Layer Bridge 16 Meters Input
Milli M
61 Stiffened plate width Pier Design b 0.6 i Meter Input
Square
. . . . Milli Met
62 Stiffened plate Thickness  |Pier Design t 0.5 i veter Input
Square
Number of 1 . .
63 um E.Er o' pane Pier Design n 4 Number Input
spaces in the plate
Factor
64 taking into account the Pier Design Ko 4 Unitless Input
boundary conditions.
65 Poisson’s ratio for steel Pier Design v 0.3 Uniteless Input
F t
66 Buckling strength Pier Design Fu u cannot be 0.25 MPa Input

less than 0.25




67 Factor of Safety Pier Design 1.7 Uniteless Input
68 Moment of inertia Pier Design I 2 m"4 Input
Abutment
69 Superstructure dead load . 1jnen P(DL) 74
Design
Abutment kilo
F 11 Input
ad Design 03 Newton ap
7 Longitl.ldinal seismic. load Abutglent Feq 1450 kilo Input
(bearing pad capacity) Design Newton
74 Transverse seism
t
Desigin 165 | Milli Meter Input
Abut t
77 Live-load surcharge bu r.nen 0.61 Meters Input
Design
78 Unit weight of backfill soil | “0utment 1922 | ke /cu. m. Input
Design
Allon
79 ¢
t Meters /
0.3 Input
Design g second ope
. Abutment
84 Width of abutment . 0.305 Meters Input
Design
Abutment
85 Reinforcement yield stress N r.nen fy 414 MPa Input
Design
Abutment
86 Concrete strength Hmen fc 22.41 MPa Input
Design
Length (m) of the bridge deck
to the adjacent expansion joint,
27 or to the end of bridge deck;

for single-spg




Average height (m) of columns
or piers supporting the bridge
deck from the abutment to the

Abutment

89 . . . H 90 Meters Input
adjacent expansion joint, or to Design
the end of the bridge deck; H =
0 for simple span bridges
Abutment
90 Unit weight of soil . r.nen Y 0.12 kN /cu. m. Input
Design
. . Abutment
91 Height of live-load surcharge N rTlen hsc 2 Meters Input
Design
. Abut t
92 Height N I.nen H 15.5 Meters Input
Design
Coefficient of acti rth Abutment .
93 oethicrent of active ca UIEE | ae 0.032 | Unitless Input
pressure Design
. . Abutment
95 Abutment footing width N r.nen B 1 Meters Input
Design
Al
96 Total moment to point A butment M 116.52 | Kilo Feet Input
Design
97 Steel Diameter Abutment
De-
Vertical
ve / Tangent Length Curve X 500 Meters Input
. . : Vertical
104 Point of Vertical Curve (PVC) ertiea 100 Meters Input
Curve
105 Elevation Vertical c 1000 Meters Input
Curve
106 Initig
Elastomeric
Pads,
ings Pot Bearings, Text Input
Spherical
Bearings

3.3 INDEPENDENT PARAMETERS AND THEIR BOUNDS




Independent

Parameters Item Type Notation Minimum Maximum Remark
Sr. No.
1 Clear span length General S 9000 30000 Continuous
2 Total width General w 9000 11500 Continuous
3 Roadway Width General Wr 2000 8000 Continuous
4 Barrier Width General 0.3 0.5 Continuous
Concrete per linear meter
5 ] General 0.16 3.84 Continuous
of concrete barrier
Future wearing surface
6 General dw 25 80 Continuous
thickness
7 Density of wearing surface| General pw 1190 2500 Continuous
8 Concrete density General pc 2300 2700 Continuous
9 Concrete strength General fc 15 55 Continuous
Modulus of Elasticity of
10 General Ec 18203.02173 37080.99244 Continuous
Concrete
Modulus of Elasticity of
11 General Es 200000 200000 Continuous
Steel
Characteristic Strength of )
12 General fy 250 2693 Continuous
Steel
Deck
Lesser of actual span (Solid Slab
13 L1 1000 18000 Continuous
length and 18,000 mm Bridge)
Design
Lesser of actual width or Deck
9000 mm for single lane | (Solid Slab
14 ] ] Wi 9000 18000 Continuous
loading or 18,000 mm Bridge)
for multilane loading Design
Deck
(Solid Slab
15 W/NL ) 1000 5000 Continuous
Bridge)
Design
Deck
(Solid Slab
16 E(interior) 1000 5000 Continuous
Bridge)
Design
Deck
) (Solid Slab ]
17 Live Load . W(L) 9 115 Continuous
Bridge)

Design




19

Point Load at A

Deck
(Solid Slab
Bridge)
Design

1000

Continuous

20

Point Load at C

Deck
(Solid Slab
Bridge)
Design

1000

Continuous

21

Point Load at B

Deck
(Solid Slab
Bridge)
Design

1000

Continuous

22

Total Span

Deck
(Solid Slab
Bridge)
Design

30

Continuous

23

Reaction at A

Deck
(Solid Slab
Bridge)
Design

1000

Continuous

24

Reaction at A

Deck
(Solid Slab
Bridge)
Design

1000

Continuous

25

Reaction at B

Deck
(Solid Slab
Bridge)
Design

1000

Continuous

26

Distance

Deck
(Solid Slab
Bridge)
Design

30

Continuous

27

Load for lane load

Deck
(Solid Slab
Bridge)
Design

9.3

21.8

Continuous

28

Reinforcement Design

Diameter of Bar

Deck
(Solid Slab
Bridge)
Design

32

Discrete

29

Span length

Box-Girder
Bridge
Design

L1

30

Continuous
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e C(Create the design for case study from the manual design of the flyover.

5. CoNcLUSION
The current paper identifies the parameters influencing the design of flyovers. From the parameters identified the

designer can optimize the independent parameters which indirectly influence the Length, Cost and Environmental
Impact Assessment of the structure. Total two hundred and thirteen parameters are identified out of which 109 are

independent and 104 are dependent which can be further used for designing the framework for a flyover.

6. LimiTaTiONS AND FUTURE WORK
Based on the parameters identified, the development of a framework for the design of the flyover can be done

using a multi-objective optimization technique for a rapidly growing township.
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