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We built too many walls

and not enough bridges

Isaac Newton
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ABSTRACT

There are a lot of ways to classify bridg&@he most important is tirestructural
form. Truss bridges, arch bridgesbtei stayed bridges and suspension bridges
distinguisha wide spectrum of

The present diploma thesis deals with cdbktayed bridges and their static and
dynamic behaviour. The principal structural element of cabtayed bridges ithe
cableand is behaviourCable is a noi linear structural elemerats its response is
determined by a nelinear constitutive law and due to its flexibility equilibrium is
established on the deformed configuratiGablei stayedbridges consisdf cables
loadedonly with axial loadand theirselfi weight An axially loaded cable can be
compared with a tensile bar of a truss. This comparison concludes to an important
result. A noni linear cable may bepproximatedoy a linear bartruss with the
insertion of an eqgualent modulus of elasticity (tangent modulus or secant
modulus).

Subsequentlyanother comparisas performed There are two ways to simuldbe
geometry ofa cableThe first way iy employingthe actual catenary configuration
and the second one wi#lm approximate parabolic configuratioa. a second order
curve

These analysdsave been made to found an optimal solution about the prestress of
the cables, which is required for the simulation of the examined bridge. Quincy
Bayview Bridge of lllinoisin USA is the bridge that wamalyzedoy means of the
FEM software CSiBridge 2016.

As the correct prestress force of the cables has beenfoundh e per cent age

reinforcement has been investigated ggyforming Pushover analyses. Pushover
analyss find the plastic hinges condition and evaluate the seismic performance of
the bridge.

Then, the influence ofstiffening braces added to the pylons of the bridge
investigated Pushover analysis used again to contrast the seismic performance of
the bridge with braces and lower percentage of reinforcemetit the bridge

without braces and the reinforcement, which was found in the previous step.

2¢ GAN)ZztT¢ BEEERewF@P) z2tT¢ FPsedEGEgq? UK 11
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Finally, a time historynelasticdynamic analysiss performed anthe performance
of the bridge in a real snic evenis evaluatedFor this analysis, the dgs of the
bearings of the bridge was carried out. A comparison with the isolated arid non

isolated bridge has been made.
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cable no. | cable no. 20 cable no. 21 cable no. 40

[ .0m

ey =
128.1 m + 2856 m ‘+ 128.1 m

5418 m

(a) Cable numbers and geometry of the bridge.

14.2
E l T |
e I
<] | |
= * Floor beams at 9.0 m spacing
= -
:I L :
I d= 13.1"8 m -IL
(b} Cross section of the bridge deck.
122 m
5
E
‘ I-—-| Sec. (C-C)
ic) Elevation view of the bridge pylon.
Fces82 EKEoyiusU Us3UUUe¥eE UslhdU baydilysy (@asssneidla 2062) o UG a U

1 ———
A 95

2¢ GAN)ZztT¢ BEEERewE@P) z2tT¢g FPsedEFdEq?



B bUGsoalgdoagodoy (dgWls Ustie ytGbtloecBUdea
Ugego salUavilisavyUed oyiGgy Ud (Ggs3Udwdosspbde; U 3
sYUUad dUOeovley® &K Qlgdg, hH ¥vd ~ Uy 00dy 0alU
U &Y Uleesa¥Y GUsscUalU "68g € 6j368i3 UioscgalU 3

Cc

UsYagldd "egotl dD¥de’ s ae/dafgg ed W)} Yideealiyls g3 C
Uds UsUOtledg e liar " Ui e g3 yaUoaxliavde sV Udidg) 1 3.

g8 3 hoyUeeU “~68g 6} dlcstecss eamreidd ¥ag d & Wd 30 d =
Udd oy gy UGSiBridge2016 ( Abee 3. Kas8U8) y3U “~j hoy Us
‘0" 0y UGeysys GUssclUavr3s eU "egoai @EBafmzalUs Ui
33 B cj3e00dd €U UgUfR Ue "~ Hoy UeeU ycUs
UssasgdUa. Bs afhoago, &89 f3, "8g G6lJduUsea’
UgescaalU “"68g ~Jeblw; s Welkerdaied s hd 3yaeg
UsYagldd ~ U Uy Ufirehy strass aUjceses.Ua ¥ 3

Integrated 3-D Bridge Analysis, Design and Rating

CSiBRiDGE -y

Koof2U Bdhsd ¥3 Uy 3d@SiBridges2016Y e ¢ UUs d

|
2¢ GAN)ZztT¢ BEEERewF@P) z2tT¢ FPsedEGEgq? UK 96



&) CiBridge 2015 v17.2.0 Advanced w/Rating - NonPrismaticSteellGirderBample
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General Data

Material Mame and Display Color C35s45

Material Type Concrete

Material Motes [

Modify/Show Notes ]

Weight and Mass
Weight per Unit Volume 24,9525
Mass per Unit Volume 2,5485

Isotropic Property Data
Modulus of Elasticity, E
Poisson, U
Coefficient of Thermal Expansion, A

Shear Modulus, G

Other Properties for Concrete Materials
Specified Concrete Compressive Strength, fo

I:| Lightweight Concrete

|:| Switch To Advanced Property Display

o< ]

[ ‘Cancel ]

14166667,

Units:

34000000,
0,2

1,000E-05

35000,

Fce83® FKFoagy) huUeU

“1e8leeeavldd

General Data

Material Name and Display Color Rebar

Material Type Rebar

Material Notes [

Wodify/Show HNotes... ]

Weight and Mass
Weight per Unit WVolume 76,9729
Mass per Unit Wolume 7,849

Uniaxial Property Data
Meodulus of Elasticity, E

Coefficient of Thermal Expansion, A

Shear Modulus, G

Other Properties for Rebar Materials
Minimum Yield Stress, Fy
Minimum Tensile Stress, Fu
Expected Yield Stress, Fye

Expected Tensile Stress, Fue

[ Switch To Adwanced Property Display

[oc |

[ Cancel ]

T6903069,

Units
KN,

1,999E+08
0,3

1,170E-05

4135685,5
620528,2
455054,
832581,
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General Data

Material Mame and Display Color 5355 I_

Material Type Steel

Material Notes Modify/Show Notes. ]
Weight and Mass Units.

Weight per Unit Volume 75,5729

Mass per Unit Violume 7,849

Izotropic Property Data

Modulus of Elasticity, E 2,100E+0&
Poisson, U 0.3
Coefficient of Thermal Expansion, A 1,170E-05

Shear Modulus, G 80769231,

Other Properties for Steel Materials

Minimum “ield Stress, Fy 355000,
Minimum Tensile Stress, Fu 510000,
Effective vield Stress, Fye 350500,
Effective Tenzile Stress, Fue 551000,

I:l Switch To Advanced Property Display

[ ok ] [ cancel

Fces8% @mecooahdyetagbodidd oyidgy Ud

General Data

Material Name and Display Color Cable Steel -

Material Type Tendon

Material Notes Modify/Show Notes... ]
Weight and Mass Units

Weight per Unit Wolume TF2T2T

Mass per Unit Volume 78796

Uniaxial Property Data

Modulus of Elasticity, E 2,100E+08
u o,
Coefficient of Thermal Expansion, A 1,170E-05

Shear Modulus, G s

Other Properties for Tendon Materials
Minimum ield Stress, Fy 1180000,

Minimum Tensile Stress, Fu 1570000,

|:| Switch To Advanced Property Display

[ ok ] [ cance |

Fces8® jYegbUJd pUésieaglidd oylgy Ud

2¢ GAN)ZztT¢ BEEERewF@P) z2tT¢ FPsedEGEgq? UK 99



321¢e UBYO UUdegWigy Ud

gy vd UsUlGyyddaU “~jedoesgeysxyd, d oyiGgy U U
ceoacgdi28mi8128Im, 3 UadbBoscUavytggdoDOYAU); vye U Ud
oylGgy Ud Uasz3Us Gieesale. jJ 8UUaUaUUs U’ f
ag) havel4s50 " xase gyUxy U Uds “~oaYaU g Yy eaegs
soca UceelUldd wHBdBoUUpUiBvibosgdasvsadiUs
U eyU;did U a Usg GeUlaspUsU ((WUdhsbaeedys Wl
FeceegU 3.7

Co
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Section Hame Girder Display Color -

Section Notes [ Modify/Show Motes...

Dimensions

Outside height ( t3 ) 3.2

Top flange width ([ t2 ) 1,

Top flange thickness (tf) 0.2

Web thickness (tw ) 0,15

Bottom flange width (1Zb ) 1. I:|:I

Bottom flange thickness ( tfb ) 0.z

Properties

Material Property Modifiers [ Section Properties... ]

[5355 v] [ Set Modifiers. ] [ Time Dependent Properties. .. ]

[ Cancel ]
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Section Name Dizplay Color

Section Notes Modify/Show Notes..

Dimensions Section

Outside height {3 }

Top flange width (12 )

Top flange thickness (tf)

Web thickness (tw )

Bottom flange width (t2b )

Bottom flange thickness (tfb )
Properties

Material Property Modifiers l Section Properties... l

[sass [ setModifiers.. | [ Time Dependent Properties... |

[ Cancel l
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H

Section Name Pylon Base Leg Display Color -

Section Notes Modify/Show Notes...

Dimensicns Section

Depth (13}

Width (12}

Properties

Material Property Modifiers [ Section Properties...

[casuas - [ setModifiers... [ Time Dependent Properties...

Concrete Reinforcement...
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Section Designer

File Edit View Define Draw Select Display Options Help
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File  Edit

Line Object Parameters
Line Object Type
Cable Type
Section Property

End

Cable

Cable - Relative Undeformed Length

Cable

X
0,
1281

|:| Model Cable Using Straight Frame Objects

Line Object Meshing

@ Keep as Single Object

Cable Parameters

Number of Cable Segments
Added Weight Per Unit Length
Projected Uniform Gravity Load
Tension At HEnd

Tension At J-End

Horizental Tension Component

Maximum Vertical Sag

Low-Point Vertical Sag

Length

Relative Length

Coordinate System
GLOBAL

Computed Point Coordinates for Linear Segments (Deformed Cable Geometry)

") Use Undeformed Geometry for Cable Object

@ Use Deformed Geometry for Cable Object

28,9334
17,0442
25,1321

33,197
41,2385
49,2565

z
0,43
2,3847
65,2544
59,6786
13,1569
16,5887
20,2737
23,9114

27,6013
4 3470

IS5 Rel. Dist.
0,
38,7829
17,5658 0,125
26,3488 0,1875
35,1317 0,25
43,9147 0,3125
52 5976 0,375
51,4806 0,4375
70,2635 1

70 nceoc

0,0825

Fce 81k

7TU; UyaU UstGUovoed

Deformed
20148

0,

Undeformed

1,
Units

Planar View

tO0leeysrs

Ki p Uadd Udd tGiaUedd cecejited U/ Ud Ui
N, T \ d h
1707,2068 1664,6389 95,5128 59,3727 | 127,3

Fi o021 950d Ueg byaesgd Ueg saUaxvlUaaecg
X z ( dU~x|; odsitridige) [U° o o0 d
0 0 0 0,0%
8,1334 3,3535 3,3147 1,2%
16,2442 6,7517 6,6844 1,0%
24,3321 10,1938 10,1086 0,8%
32,397 13,6794 13,5869 0,7%
40,4385 17,2077 17,1187 0,5%
48,4565 20,7784 20,7037 0,4%
56,4508 24,3909 24,3414 0,2%
64,4211 28,0444 28,0313 0,0%
72,3673 31,7385 31,7729 0,1%
80,2891 35,4727 35,5657 0,3%
88,1865 39,2463 39,4093 0,4%
96,0591 43,0590 43,3033 0,6%
103,907 46,9101 47,2471 0,7%
111,7298 50,7989 51,2402 0,9%
119,5276 54,7250 55,2823 1,0%
127,3 58,6878 59,3727 1,2%
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Units:

Bridge Bearing Name Bearing Abutment KM, m, C -

Bridge Bearing |s Defined By:

) Link/Support Property |

@ User Definition

User Bearing Properties

DOF/Direction Relegse Type Stiffness

Translation Vertical (U1) 7 Fxed O\
Translation Mormal to Layout Line (U2) \ Fixed /
Translation Aleng Layout Line (U3} Free
Rotation About Vertical (R1) Free
Rotation About Nermal te Layout Line (R2) Free
Rotation About Layout Line (R3}) Free

[ ok | [ cancel |

Fce8l1h AlGyuyUsU Usjebydy rs

Units
Bridge Bearing Name Bearing Pylon KN, m, C -

Bridge Bearing Iz Defined By:

) Link/Support Property |

@ User Defintion

User Bearing Properties.

DOFiDirection Reledse Type Stiffness
Translation Vertical (U1) /7 Fixed N\
Translation Normal te Layout Line (U2) ( Fixed )
Translation Along Layout Line (U3} N\ Fixed _~
Rotation About Vertical (R1) Free
Rotation About Mormal to Layout Line (R2) Free
Rotation About Layout Line (R3) Free
[ ok | [ cancal
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Load Case Mame Motes Load Case Type
DEAD [ setDefhame | [ Modityishow... | [ static ~ | pesign... |
Initial Conditions Analysis Type
@ Zero Initial Conditions - Start from Unstressed State @ Linear
() Continue from State at End of Nonlinear Case
Important Mote: Loads from this previous case are included in the current case ¢

() Monlinear Staged Construction

Modal Load Case Geometric Nenlinearity Parameters.

All Modal Loads Applied Use Modes from Case MODAL ~ ) None

Loads Applied =
oa £ ) P-Delta plus Large Displacements
Load Type Load Name Scale
Load Pattern - | DEAD - |1, Mass Source
Load Pattern ) [, ] [ Previous |
Add
Muodify

Other Parameters

Load Application | Full Load Modify/Show...

Results Saved | Final State Only IModify/Show...
Nonlinegar Parameters | Default Modify/Show...
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Il ° [ min [ -ot07,200] 880 P [ min | -91085500 GG P | min | -9107,1200
max_| 950879 max_| 935272 max_| 950879
V2 | min_| -2076,0130 V2 | min_| -20764370 v2 | min_| -2076,0130
max | 2076,1320 max_| 2076,4370 max_| 2076,0132
V3| min_| -66,8919 V3| min_| -50124 V3 | min | -66,8919
max_| 66,8919 max_| 50124 max_| 66,8919
T [ min | -25389910 T [ min | -587,0759 T [ min_| -2538.9910 | EiiGRBE P min__| -9108,5500
max_| 2538,9910 max 587,0759 max | 2538,9910 max 95,1101
M2 | min_| -4506,2800 M2 | min | -4050829 M2 | min_| -6916,1300 V2 | min__| -2076,4370
max_| 6916,1255 max_| 3718798 max_| 4506,2841 max__| 20764370
M3 | min_|-20816,2900 M3 | min_|-20806,1800 M3 | min_|-20816,2900 V3 | min -66,8919
max_| 43374,3700) max_| 43390,7800) max_| 43374,3700) max_ | 66,8919
T min__| -2538,9910
Il r [ min [ -ow07:300[ 8Bl P | min | -oi085500( MGGl P | min | -9107,1300 max__| 2538,9910
max_| 95,1101 max_| 93,5272 max_| 95,1101 M2 | min__ | -6916,1300
V2 | min_| -2076,1000 V2 | min_| -20764370 V2 | min_| -2076,1000 max__| 69161255
max_| 2076,0999 max_| 20764370 max_| 2076,0999 M3_| min__|-20817,6100
V3 min -61,8795 V3 min -5,0124 V3 min -61,8795 max 43390,7800
max 61,8795 max 5,0124 max 61,8795
T | min_| -1979,1980 T [ min | -587,0759 T | min_| -1979,1980
max_| 1979,1980 max_| 587,0759 max_| 1979,1980
M2_| min_| -41358900 M2_ | min | -371,8798 M2_| min_| -6511,0400
max_| 6511,0426 max_| 405,0829 max | 4135,8890
M3 | min | -20817,610( M3_ | min_|-20806,180( M3_ | min | -20817,610(
max_| 43372,9200 max_| 43390,7800 max_| 43372,9200
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U hoay oE@d Usg

(@]

@ Response Spectrum EuroCode 8 - 2004 Function Definiti M

Function Damping Ratio

Function Name EUB_E 0,05
Parameters Define Function
Country Period Acceleration
N - 0,05 0,2576
0, - | 02304 -
Horizontal Ground Accel,, aglg 0,288 0,05 |; 04416 |;J
0,1 =l|o6528 3
05 0,864
ETIINEEE 0,8333 0,5184
Soil Factor, S 12 1,1687 0,3703
I— 15 ~ | 0,288 -

Spectrum Period, Tb ' Function Graph

Spectrum Period, Tc

Spectrum Period, Td

Lower Bound Factor, Beta

Behavior Factor, q

Convert to User Defined ] Dizplay Graph (0,8804 , 0,2455)
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@) Load Case Data - Response Spectrum X

Load Case Mame Notes Load Case Type

|+E Set Def Name Modify/Show... Response Spectrum ~ || Design...

Modal Combination Directional Combination
® coc aue 1 o s

cacs
O sees eiic 2

() Absolute () Absolute
o ane Periodic + Rigid Type |SRSS e
(O NRC 10 Percent Wass Source
Previ MSSSRC1
() Double Sum evious (| )
Modal Load Case Diaphragm Eccentricity

Use Modes from this Modal Load Case MODAL > Eccentricity Ratio

@ Standard - Acceleration Loading

Override Eccentricities (
(O Advanced - Displacement Inertia Loading Override...

Loads Applied

Load Type Load Mame Function Scale Factor
Accel Ui ~ |EUS-E ~ 19,81
Accel uz EUE-E 2,943 Add
Modify
Delete

[ show Advanced Load Parameters

Other Parameters
Modal Damping Constant at 0,05 Modify/Show...

Cancel
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AA 1 2 3 4 5 6 7 8 9 10
L (m) [140,465 127,534 114,745 102,152 89,8379 77,9343 66,6617 56,3998 47,8038 41,9117
A/A 11 12 13 14 15 16 17 18 19 20
L(m) [41,9117 47,8038 56,3998 66,6617 77,9343 89,8379 102,152 114,745 127,534 140,465
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File  Edit
Line Object Parameters Cable Parameters
Line Object Type Cable Number of Cable Segments 1 Refresh
Cable Type able - Undeformed Length Added Weight Per Unit Length 0,
Section Property Cable Projected Uniform Gravity Load o,
Tension At -End 1122,7042
X Y Zz Tension At J-End 1192,5493
Start 54,4 6.1 -0,43 Horizontal Tension Component 943 4991
End 1281 6.1 50,8427 Deformed Undeformed
. . 3 377E-13
[7] Model Cable Using Straight Frame Objects Maximum Vertical Sag LR 8,877E1
Low-Point Vertical Sag 0, o,
Line Object Meshing Length 59 856

@ Kee

Relative Length

Coordinate System Units.

C: Point C: i for Lingar te (Deformed Cable Geometry) Planar View
() Use Undeformed Geometry for Cable Object @ Use Deformed Geometry for Cable Object

Pt. x Y z Sag Distance Rel. Dist.

0 S4.4 5,1 -0,43 0, 0, 0,

1 59,1364 51 25386 0,2829 55166 0,0825

2 63,8556 51 55342 0,5268 11,2331 0,125

3 68,5574 51 87085 0,732 15,3497 0,1875

4 73,2419 51 11,3051 0,3887 22,4563 0,25

5 77,808 51 14,8298 1,0272 28,0829 0,3125

& 82,5588 51 13,0804 1,1178 33,6995 0,375

7 87,1912 51 21,2564 11707 38,3161 0,4375

8 91,8082 51 24 4577 11863 44,9327 0,5
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