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Shake table model of deconstructible bridge
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Launching of large span construction movable scaffolding system

Launching gantry for span by span precast segmental
construction (50 m snans)
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Launching Girder, Placement Phase
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Incremental Lavnching, Step 1
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Temporary Loads
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Unbonded Cables
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Elevation and plan view of double span construction

movable scaffolding system
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Schematic of Accelerated Bridge Construction
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2. Congtruction of work station
on sentral tower,

F. installation of temporary slag cables —
and Tirst srection cables.
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3. Cormpletion of central span and
rerraval of 1ermporary cables.

The Hierarchy for the Consultant Selection Problem
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Construction Sequence

C31: Erect Pylon and Deck

a 3 4

C53: Apply pretension load to Cable 3

CS5: Construct additional Deck

CST: Apply pretension load to Cable 4

CS9: Construct additional Deck

C&2Z: Remove temporary supports and apply

pretension load to Cable 2

CS84: Install Derick Crane and place loads o
Deck

&
‘ —

CE6: Apply pretension load to Cable 1

CE58: Move Derick Crane and place loads 1o
Deck

CS11: Move Derick Crane and place loads 1o Deck

C310: Apply pretension load to Cable 5

CS12: Construct additional Deck




C513: Construct a support at the right span and place 2" dead loads

CS14: Jack up the right support
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. Progress of buckling at borom and buckling of lateral heam d. Complete failure of column and settlement af lateral beam
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2D Model Generation by Cable-Stayed Bridge Wizard
Tower Modeling

Expand into a 3D Model

Main Girder Cross Beam Generation

Tower Bearing Generation

End Bearing Generation

Boundary Condition Input

Initial Cable Prestress Force Calculation by Unknown Load Factors
Loading Condition and Loading Input

Perform Structural Analysis

Unknown Load Factors Calculation

—f"'\:r-'\—b-




1. Define material and section properties
2.Analyze initial equilibrium state
3.Create a model and enter boundary conditions
- Divide pylon (tower) members to generate pylon transverse beams
- Create & remove pylon transverse beams
- Enter boundary conditions
4, Accurate initial equilibrium state analysis
- Define structure groups
- Enter self weight
- Perform analysis

5.Input static loads & modify boundary conditions

6.Perform completed state analysis




Enter gemeral material properties

-

Enter times depsndent mat=rial
Erop-erties

Create 8 structural model

L

Hear of Aydration Anglyals
Controd

Amiienr Tempsraturs Fovrcetiioens
Convection Cosefficient Fumnclicons
Elsrmraent Convection Sounroary

i

Frescribed Temperatours

Heatr Saurcs Functions
Asailgn Heaf Sowroce

1

Fipe Cooling

Covratrection Stegas

.

FPaerform amalys=sis

!

Check analysis results

Define material and section
Structure modeling

Define Structure Group
Define Boundary Group
Define Load Group

Input Load

Arrange tendons

Prestress tendons

BN O oA R -

Define time dependent material property

b
=

Perform structural analysis

=
=1

Review results




l. Define material and section properties

2. Define Structure Groups, Boundary Groups and Load Groups

3. Define construction stages

4. Activate the Boundary Groups and Load Groups corresponding to each
construction stage

5. Activate the floor sections corresponding to each construction stage as per the
construction sequence for floor slab

6. Review the analysis results for each construction stage

Construction Sequence

C51: Erect Pylon and Deck C32: Remove temporary supports and apply
pretension load to Cable 2

& 1 24 o

CE3: Apply pretension load to Cable 3 C34: Install Derick Crane and place loads
Deck

& P —




CS5: Construct additional Deck C56: Apply preension load to Cable 1

e

C57: Apply pretension load to Cable 4 C58: Move Derick Crane and place loads to

C59: Construct additional Deck

AN

CS11: Move Derick Crane and place loads 1o Deck

CS10: Apply pretension load to Cable 5

/ \;\ 812: Canstruct additional Deck

CE13: Construct a support at the right span and place 272 daad loads

CEI4: Jack up the right support
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Erection Method: Balanced cantilever using cranes
from ground
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GIRDER WEB

TAPPED BOLT WITH WASHER

GIRDER FLANGE L ! OPTIONAL THREADED STUD WITH
DOUBLE NUTS AND WASHER
OVERSIZED HOLES MAY BE USED

BEARING SOLE PLATE
2 / BEVEL AS REQUIRED

T =
?%{ fBF"DGE SEAT

36" (5 mm) THICK STAINLESS

STEEL PLATE WELDED TO
1 BOLT DIA. MINIMUM EMBEDMENT BOTTOM OF SOLE PLATE.

ELASTOMERIC BEARING WITH STEEL
OPT|ON B TOP PLATE WITH RECESSED AND
BONDED PTFE COVER. PROVIDE 1/4 "
NON-GUIDED EDGE DISTANCE BETWEEN THE EDGE
OF THE PTFE AND THE EDGE OF THE
et et ot s STEEL TOP PLATE

Top plate

Sliding plate (stainless steel)

Piston (PTFE bonded on top)
Elastomer

_|— Bottom plate

STAINLESS STEEL PLATE
WELDED ALL AROUND TO
EDGE OF SOLE PLATE (TYP)

38" (10 mm) GAP (TYP)

SEE SHEET E 4.2 FOR DETAILS STEEL KEEPER ASSEMBLY

CONCRETE KEEPER BLOCK
\ SEE SHEET E 4.1 FOR DETAILS
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I I LT | i
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0l OVERSIZED HOLES MAY BE USED

N

GUIDE DETAILS

USE EITHER KEEPER BLOCKS OR KEEPER ANGLES



Responses . | Sensors
0 X(1), x(r)
Feedback
Bridge |ws—————rd{ Control Forces | g [ Actuators | | Algorithm:
uir) Control Signals
* Block diagram of active control system
Feedforward
Exrernal S
Excitations - etk
fit)
Active bracing control for steel truss bridge.
Sensor T H Semsor
I b il i
! i I Senzor

Controller



i Sensor

" Active Mass Damper I

—anill
Controller Sensor

Base-isolated bridge with added active control system

T
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Enhamcement =3
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(a) Fracture of Corners (b) Elephant Knee Buckling
PRIORITIZATION
EATING
| ACTIVITY
| HAZARD
0% 40%

IMPACT | |\.-’ULNERABILITY




Strength of existing =
- end-diaphragms

Lateral Load

_________________ ~ Strength/threshold of

. unacceptable damage

to substructure
Device " ] ,
yielding L Strength of ductile
end-diaphragm
Bridge Drift
| |
steel beam <
=l e

steel and composite
column

additional filled
concrele

original concrete
filled for
protecnion from
car collision

(a) Cross section A=A

footing

(b) Vertical cross section

Balanced Cantilever Construction

Form Traveler

Temporary Pier
Tower with
Vertical

Prestressing




Progressive Placement Method

B

Temporary
L\ Support

Launching Girder, Placement Phase

£ g e T N e e A T

Flacement of
‘_._._-—-___
Segmenis

Launching (irder

A

Launching Girder,

Advancement Step 1

l:} Direction of

——

Advancing

Launching Girder, Advancerment Step 2

l::} Direction of
Advancing




Lannching Girder, Placement Phase

Launching Girder

...-—-—'___i U Placement of
Sogrments

Lauching Girder, Advancement |::> Diraction af
Phase Advancing

T AN N 0 i WA AW AN AW AW AN AW ™ AW
- —

Incremental Launching, Step 1
ﬂ Direction of
Advancing

Casting Yard Launching Mosa

: ; Ternporary
Support

Incremental Launching, Step 2

|::> Crieection of
Advancing

[T

N A

|




Traveling Falsework

Formwark

|—i4

[\

i
u Gg':! 1:23 u

Span-By-Span Erection

Placement of

Segments

LYMM{MIB

Temporary Loads

Form
Travelers

Segment

frf Imbalance

Wind

Causes for Cantilever Imbalance

Cause for Imbalance

Example

MNon-coincident work progress

Concreting or segment placement faster on one side

Construction inaccuracies

Weight difference between cantilever arms

Site temporary loads

Material stored on cantilever arm

Wind loads

Gales attacking the structure at an angle

Construction accidents

Falling of concreting or placement equipment




\ —-rz_' Concrete Bucket

Work Platform

AV \VAV.\V

Tremie
Pipes

Main Truss

Top Slab With
Cantilever Flanges

ottom Slab

B

Work Platform

Top Bracing

Cross Frame




1. Erection of plers and sugport spans,

2. Congtrustion of work station
on central tower,

5. Ingtallation of temporary 5ay aﬁ'l-!-_i.- in

and first srection cables.

-~

2. Carepletion of central span and
remmoval of {emporary cables.

erection cable
e _~Aemgorary forestay cable
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SPANDREL BRACED (CANTILEVER) "ARCH"

CANTILEVER THROUGH TRUSS

Jﬂﬂahﬁnu =n --r-.ﬂ’jl'!hﬂ‘h..
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CANTILEVER THROUGH TRUSS

PRATT TRUSS BALTIMORE (PRATT) TRUSS

lq SO |

PENNSYLVANIA-PETIT (PRATT) TRUSS

KNG POST QUEEN POST

' o 2N P
71\ <R

WHIPPLE TRAPEZOIDAL TRUSS WHIPPLE BOWSTRING TRUSS

FIXED (HINGELESS) ARCH ! TWO-HINGED ARCH

ONE-HINGED ARCH THREE-HINGED ARCH




CLOSED SPANDREL DECK ARCH

OPEN SPANDREL DECK ARCH

Supporing Components
Aleel eam

Tpe OF Deck.
Cast-in=place concreie sleh,
prevast conereie slab, sicel

| g, phucd speked pansls
| srgssed wood

Choseud St or Procast Lonerets
Bowes

| Casl-in-placs conarete slab

U %leel or Procest Cononse
Huoaey

Crast-in-placa corcrese sleh,

| provast cunicle ek slab

Cast-n- Place Conerete Multlesll
Bumy

| Meanodishic cencrese

Cast=un Plaoe Concrete Ter Besm

| Mbonedithis comereie

Precast Sikid, Yokded o Cellila
Comerele Bowes with Shear Kevs

Precas Sobid, Voided, or Cefluler
Conerele Box with Shear Keys and
wll on without Tramsverse Post-
lemmining

| s e CoihETi

vnrr Ly

| nnegral coneroe

T ’|'D|o|r:}|ﬁi




| Supparing Components
Precast Concrete Chapne! Setions
withi Shenr Kgve

Lype O (ack
Lasl-m-place conontie
overlay

Frocasi U onereie Ifl.'uhlu_- Teo
Seetion with Shear Keyn and with
wr withowm Transverse Poal-
Tensinming

Precos: Concretg Tee Section with
Sl Koets anal vtk o sacithoan
Transverse Post- Tensioming

Procasi Concrete | or Hulb-Tee
Becons

Integral concrete

Imegral concreie

Cast-in=place comcrete

| precast concrels

l'-]lu_'.;l' £ Py baie

Composite bridge with integral abutments (Munich), Germany




Structure deformed due to railway braking force

Block unit, long railway viaduct

pavement

in=situ
concrete

\ pre-cast element

fransverse cross bracing

(vmaiin) girder transverse stiffener

LT T TEE I IG

superstructure o
sleeper plate haunch {main) girder

approach slab abutment

wingwall

pile cap

(steel) pile



superstructure slab

formed joint with
bond breaker

Integral abutment concept

superstructure slab

formed joint with
hond breaker

elastomerich\Steel beam
bearings

piles

Semi-integral abutment concept



supersfructure slab

burried /
approach sla

drain

Abutment with hinged-piles

Sheet pile connection

Hinged connection



superstructure slab

bond breaker

temporary support for

steel girder

steel beam

superstructure slab

formed joint with f

bond breaker

tempaorary support for

stee] girder T
steel beam

pile cap
pile

—

Girder mounted on levelling bolts / pressure plate on top of a pile cap

Welded connections between piles and girders

formed joint with
bond breaker

welded connection to
bearing plate |

abutment

superstructure slab

steel beam

grouted joint

WAS4

superstructure slab

P




------

abutment -I!

steel beam
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Maicro Crack

{f

Micro Crack

Diagonal shear ‘Sissorsjack”

Cleaving boulders Fyramid of spheres Cracked ock beam

kS yo 25 930

ISO Bent PT Bent



ISO Column PT Column

SMA Column
T s — [ } 9-#4 Bars
i Nt 0z,
%, ° %, B8-#3Bars g e Section C-C
Srn
. O
& e L 9 - #4 Bars i B B o 2120 1
~ Section A-A ~ “as £
Section B-B = ECC
i n b Placement
— Built-in 9t
& Isolator L)
N ] 9#asmaBars
Post-tensioned Post-tensioned 30m 0.5"
ot —T rod “B72 g
. Section D-D
Side-view column basic details
organic
anchorage
SENSOr

launching
girder
actuator,
power pack
and control

anchorage
unbonded tendons

Actuator and organic anchorage

Lateral view of organic anchorage
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Threaded sleeve Headed bars with mating sleeves

External clamping screws Grouted splice sleeve

Bar coupler types

= Smaller Bars
in Column

Larger Bars . )
in Footing . re

Grouted Duct
Grout Bed

—_— A

Typical grouted duct
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Purpose

Methodology

Conchesion

Classification of defects in four

51 i
-__u-sellu el Classification of defects Im | Image processing, and back-propagation categories: cracks, joint
shehab-eldeen : : :
1] LEWET pipes netral netaork displacements, redaction of cToss-
iz sectionsl area, and spalling
Chas and Sanitary sewer pipsline Morphological image processing, and gﬁ?ﬂca]tmgft;uﬁzﬂluﬁﬁ
¥ it ¥ - ETles. B
Abraham [Z] condition assessment neurc-fzzy systems Pl
Abdel-Qader | Crack idensificaton in Four edge detection techniques Sor imags ziﬁﬁri’. mms & ";ﬁﬂ uI
et al. [3] bridges processing: Canny, Sobel, FHT, and FFT i r e
BCCUTACY
Abdel-Ciader | Awtomsting mcepfion of EEE Pfﬁﬂfﬁﬁi A) tfﬂeu.n.ﬁ T3% accuracy for detecting cracks
= 1 . I one g L ¥ . rse d
etal O] coucks in bridges chustars using 3 database of bridge mages by using prop method
Ttilizing two algorithms of edgs detection 2 i ’
Hutchinzon Concrete dzmsge Canmy and FHT. Using of ROC and D?Fm]::f 2 £es ?:gnn e
and Chen [§] evalnation Bayesian decision theory for salecting : a.c:m::‘.i'
OpHIII pArAmeters = i
Vamaguchi et | Awtomated crack detecdon | Image processing technique based on the More acouracy of proposed modal
al [T] for concrete surface parcolation model tham the conventbonal methods

Tamaguchi at
al. [8]

Crack detection for real
concrete surfaces

Improvemsnt of previouns percolation
method based on the shapes and brighmess
with noise reduction and binatization

Fobusmess fo notzes and highly
accurate crack detection

Tamaguchi Chak i e Percolation method for image processing, High accuracy, fast, sand mininmim
and B S = 5 E termination- and skip-added procedures to | compuiationsl costs of proposaed
Hashitoobo [9] reduce the computation time madel
'-'te:nma.l of comncrete crack Pﬂ'-:alannn :'.Lu:u:lel f-n}':.mage processing, I SR —
Zhu et al [10] properties for antomated image thinning alserithom for crack of ik S el et
X post-earthguake stucharal refmieval, Euclidean distance twansform for m'iuraﬁupzﬁ - 1’ ! =
safery evaluation caloulating the distance field ]
] . Tsing median filter and & mult-scale line
e el _:"m_ : R filter with the hessian mamix for Crack detection of noisy concrete
Hamamato fiom noisy ConcTeie ’ FErir y ; e
a5 ? preprocessing, probabilistic relaxation for | images with hizh acouracy
[11] surfaces ;
detecing cracks
Ttilizing mmldsequential image Slter
Nkt which 1z developed for detecting cracks The filter accurately detects large
;l [12] Concrese crack detecton using 8 SACTF (systam for automatic cracks and considarably reduce
R constmction of image filter) sided by the noise
(enetic programming
Developing a robotic
Walter et al. system, the damage Tsing percolation method for image i E )
[13] measring and cleaning PIOCRsEIng Tespeciing: kepe-drme o e
gystem (SVA-ES)
Detection and prem. dEP.m_PHFEFuH W cer s Detecton of cracks from non-
Jahanshabi et 3 ; : and guantify their thickness, nearal 3 s
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Weak at the junction of the deck and the abutment is reduced
Lack difficulty in erossing vehicles
Resistance to heavy loads and wheel vehicle, versus high speed and vibrations
Resistance to heavv loads and wheel vehicle. versus high speed and vibrations

Resistance versus different environmental factors

Resistance versus different environmental factors
have Appropriate drainage system and waterproof

The ease of service and maintenance

Risks of Chemical Damage

Damage of Asphalt Damage of Wall Deck

1. The lower water-cement ratio

.

The minimum fine aggregate with coarse aggregate in comparison. The minimum
amount for determined in concrete trowel proper .

Selection of good aggregate size and clean

Water-reducing additives to reduce the water-cement ratio

Low slump conerete

Proper compaction of conerete

b = O

Proper curing and surface linkage of the concrete immediately after conerete place-

ment

Damage of Superstructure



accommodate all movements of the structure, both horizontal and vertical
withstand all applied loadings

have a good riding quality without causing inconvenience or a hazard to any class of
road user (including cvelists, pedestrians and animals)

not present a skid hazard

be silent and vibration free in operation

resist corrvosion and withstand attack from grit and chemicals
require little or no maintenance

allow easy inspection, maintenance, repair or replacement

Transvemal stiffener
Longitucinel stiflener P
Ch. B u"‘} K
'“”'“-;:.""P LLLLLLLLLLLLL Dol
il miilener
e . & p =
Transversal and longitudinal stiffeners
450 3500 50
1 1 1 |
B0
| 1
12 HEMEO g B 12 HEMSD
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120 _./— 1
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- Higher load capacity;

- Reduction of the equipment weight;

- Reduction of the acquisition costs;

- Reduction of operational costs;

- Mid-span deflection confrol and ability to program
deflections;

- Continuous monitoring of the scaffolding structure,
enabling higher safety levels;

- Simplicity of steel connections (maximum tensions
substantially reduced);

- Ability to construct cast in situ concrete bridge decks
with spans ranging from 70 m to 90 m.
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Seismic Rehabilitation Projects
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Distresses

Condition Assessment Methods

Air Pockets and
Honeycombing

Alkali-Silica Reaction
Carbonation

Chloride-Induced Corrosion

Cracking

Delamination

Polishing
Popouts
Potholing
Scaling
Spalling
Sulfate Attack

Chain Drageging. Coring. Ground Penetrating Radar,
Hammer Sounding. Impact-Echo. Ultrasonics.
Visual Inspection

Coring. Petrographic Analysis. Visual Inspection
Coring, Penetration Dyes, Petrographic Analysis

Chloride Concentration Testing, Coring. Half-Cell Potential.
Rapid Chloride Permeabality, Resistivity

Impact-Echo, Penetration Dyes, Ultrasonics.
Visual Inspection

Chain Drageing. Coring, Ground Penetrating Radar.
Hammer Sounding. Impact-Echo. Infrared Thermography.
Ultrasonics

Skid Resistance Testing
Visual Inspection
Visual Inspection
Visual Inspection
Visual Inspection

Coring, Petrographic Analysis




Longitudinal view of the bridge
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1-Sukhen Chatterjee, The Design of Modern Steel Bridges, Blackwell science

2-LRFD Design Example For Steel Girder Superstructure Bridge, December 2003, FHWA
NHI-04-041

3-Steel Bridge Bearing Design and Detailing Guidelines, AASHTO/NSBA Steel Bridge
Collaboration — 2004

4-Recent Advances in Bride Engineering, JMBT Structures Research Inc.
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6-Repair and Strengthening of Railway Bridges, Sustainable Bridges, Literature and Research
ReportExtended Summary,2007

7-W. Jay Rohleder Segmental Bridge Technology —Established and Evolving, MCEER
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Taylor and Francis, 2008

11-C.Menn Pre stressed Concrete Bridges , Springer 1996

12-Guide Specifications for Design and Construction of Segmental Concrete Bridges,
AASHTO 1999

13-Guidelines for the design of foot bridges , CEB FIP

14-Hand book Design of bridges based on Euro code , 2005

15-Petros, Theory and Design of Bridges , John Wiley,1994

16-Seismic bridge design and retrofit-structural solutions ,CEB FIP State of art report may
2007

17-Bjorn Akesson understanding bridge collapse Taylor and francis 2008
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Usually the narrow bridge is cheaper in the open abutment form and the wide bridge is
cheaper in the solid abutment form

1. Vertical loads from self weight of deck.

it.  Vertical loads from live loading conditions.
iii.  Horizontal loads from temperature, creep movements etc and wind.
iv.  Horizontal loads from braking and skidding effects of vehicles.

.:.;e‘fﬁ] L i 20 8 C

Flastorseric Bearing  Frane Siding B saring Multiple Roller B earing

a. Elastomeric
The elastomeric bearing allows the deck to translate and rotate, but also resists loads
in the longitudinal, transverse and vertical directions. Loads are developed, and
movement is accommodated by distorting the elastomeric pad.

b. Plane Sliding
Sliding bearings usually consist of a low friction polymer, polytetrafluoroethylene
(PTFE), sliding against a metal plate. This bearing does not accommodate rotational
movement in the longitudinal or transverse directions and only resists loads in the
vertical direction. Longitudinal or transverse loads can be accommodated by
providing mechanical keys. The keys resist movement, and loads in a direction
perpendicular to the keyway.

c. Roller
Large longitudinal movements can be accommodated by these bearings, but vertical
loads only can generally be resisted.

+ Fixed Bearing
0 Sliding Bearing
«+-»Sliding-Guided Bearing

& & 4
i\""ﬂ_ﬁ‘_ i‘i’ °
ﬁf Q fﬁ -...F

‘ﬁ
Typical Bearing Layvyout T

a. Safety.
The ideal structure must not collapse in use. It must be capable of carrying the loading
required of it with the appropriate factor of safety. This is more significant at detailed
design stage as generally any sort of preliminary design can be made safe.

b. Serviceability.
The ideal structure must not suffer from local deterioration/failure, from excessive
deflection or vibration, and it must not interfere with sight lines on roads above or
below it. Detailed design cannot correct faults induced by bad preliminary design.



C.

Economy.

The structure must make minimal demands on labour and capital; it must cost as little
as possible to build and maintain. At preliminary design stage it means choosing the
right types of material for the major elements of the structure, and arranging these in
the right form.

Appearance.

The structure must be pleasing to look at. Decisions about form and materials are
made at preliminary design stage; the sizes of individual members are finalised at
detailed design stage. The preliminary design usually settles the appearance of the
bridge.

Constraints

11.
iii.

11.

111

Existing services (Gas, Electricity, Water, etc)
Rivers and streams (liability to flood)
Existing property and rights of way

Access to site for construction traffic

A span to depth ratio of 20 will give a starting point for estimating construction
depths.
Continuity over supports
1. Reduces number of expansion joints.
i.  Reduces maximum bending moments and hence construction depth or the
material used.
iii.  Increases sensitivity to differential settlement.
Factory made units
1. Reduces the need for soffit shuttering or scaffolding; useful when headroom is
restricted or access is difficult.
i.  Reduces site work which is weather dependent.
iii.  Dependent on delivery dates by specialist manufactures.
iv.  Specials tend to be expensive.
v.  Special permission needed to transport units of more than 29m long on the
highway.
Length of structure
1. The shortest structure is not always the cheapest. By increasing the length of
the structure the embankment, retaining wall and abutment costs may be
reduced, but the deck costs will increase.
Substructure
1. The structure should be considered as a whole, including appraisal of piers,
abutments and foundations. Alternative designs for piled foundations should
be investigated; piling can increase the cost of a structure by up to 20%.

Estimate the major quantities.

Apply unit price rates - they need not be up to date but should reflect any differential
variations.

Obtain prices for the schemes.
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i.  Pre-tensioned beams with insitu concrete.
ii.  Post-tensioned concrete.
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Cable Stayed Decks

Cable stayed bridges are generally used for bridge spans between 150m and 1000m.
They are often chosen for their aesthetics, but are generally economical for spans in

excess of 250m.

EXPANSION JOINT

ROAD SURFACIN
o —(ASPHALTIC PLUG SHOWN)

COURSE
SPRAY WATERPROOFING
TO DECK & CURTAIN WALL
RETURNED 150mm DOWN
BACK FACE OF WALL

I.I| ROAD SUB-BASE
IE \1 COURSE OF SOLID
.I CONCRETE BLOCKWORK
H HOLLOW CONCRETE
H BLOCKWORK
In| ~+——GRANULAR BACKFILL
H ; (CLASS 6N OR 6P)
iﬂ TAR OR CUT-BACK BITUMEN
E WATERPROOFING
/__INSITU POROUS NO FINES
1008 PVG CONCRETE
{ | —1500 PERFORATED PIPE
Parapet Containment Level Test Vehicle  Impact Speed
Nl 1.5t car 80 km'h
Normal Containment (Formerly P2{80})
N2 1.5t car 110 km/h
Normal Containment Level (Formerly P1, P2{113} &
P5)
H2 13t bus 70 km/'h
Higher Containment Level
H4a 30t Rigid HGV 65 km'h
Very High Containment Level (Formerly P6)
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Aluminium Steel Concrele
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Different Pier Shapes

1. Vertical loads from self weight of deck

ii.  Vertical loads from live loading conditions
iii.  Horizontal loads from temperature, creep movements etc and wind
iv.  Rotations due to deflection of the bridge deck.

Surfacing Pratective layer

Surfacing Protective layer
Nosing.material

Flexible \\ Waterproofing

Filler Fiashinaf Dﬂthif'”* Elastomeric Waterproofing
EURgrE[} s Compression seal
OSING
Surfacin Protective layer
] gFl&xihiE material e i Surfacing Protective layer
Transition strips
Waterpraofing Bedding - : Waterproof ing

Plate
ASPHALTIC PLUG

Drainage ~  Elastamer reinforced
manmrgna with metal plates

REINFORCED ELASTOMERIC




Elastmeric Transition

Surfacing elements ecurin strip Securing bolts

mb of

el ﬁ“’“"wg“ Surfacing tooth plates

L Y .
] | N
P ENV R
Flate Waterproofing
4 i
Waterproofing : Drainage Bedding
Deck Slidin Support Deck

joint gap beangg bﬁgﬁ'l membr gn& joint gap

ELASTOMERIC IN METAL RUNNERS CANTILEVER COMB OR TOOTH JOINT

e
| ] | |
Wing Wall Free Standing Strengthened/
Cantilevering Cantilever Reinforced
from Abutmeant Retaiming Wall Sail

Plan on Wing Wall

X = slope to road under bridge

Y = slope from road over bridge

L = length of sloping wall

K = length of horizontal wall

V = verge width to end of wall

2, = level at bottom of embankment

Z> = level at back of verge on road over bridge
Zy = ground level at end of wall

8 = angle of wall to road under bridge

¢p = skew angle ( -ve if < 90°)
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¢) UFrame Restraint

b) Bracing Restraint

a) Bearing Stiffener
Restraint
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K Type Bracing Channedl Bracing

R S -~

Region (i) . Region (il)
Shear failure crack | , 1 .
s ”) T T T
Region (i) | ! Region (iv) !

Region (i) fails by crushing of a compression strut running from the load to the support.

Region (ii) fails by diagonal tension causing splitting along the line from the load to the support.
Region (iii) fails when a flexural crack develops into a shear crack.

Region (iv) fails in flexure.
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Steel deck on steel girders

Steel deck on steel truss or plate girders

Concrete deck on steel box, truss or plate girders

Concrete slab or concrete deck on concrete beams or box girders



a.T,

a rT2

- Stability
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Strain
distribution

lC-

My

Zy
Bending stress  Locked in
released siresses

Stability of the abutment is determined by considering:

+ Sliding

* Overturning

+ Failure of the foundation soil

= Slip failure of the surrounding soil

Main girder
Doubler plate

Cross girder fomning
pan of U-trame

Trimmer girder

on Intpendﬂm
bearings at it ends Web stittersr faming
part of L-tame
isssociated

Trimm

bearing stiltener

ated cross-girder
ed into trimmer girder)

Trmmer girder

Interme diate bearing
(if requined for
lang trimmer)

Locked in
stresses

§£
Final locked
in stresses
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Protection of abutment critical members against excessive seismic displacements
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Width of each tire in inches
equals weight W in tons

O

W =combined weight on the first two axles.
V =variable spacing 14 to 30 ft inclusive.
Spacing to be used is that which produces maximum stresses.
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Standard HS trucks

HS20-44 truck loading for highway bridges.
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Simplified geometry of an integral abutment bridge

Bridge System

Approach System

Pavement Approach Slab Superstructure Approach Slab  Pavement

Sleeper

Slah Backiil Abutment

Backfill

Approach Slabs and
Sleeper Slabs Are

Founsiafion Optional Elements

Foundation

) Suspender
Main Cable Cables

Suspended

Piar

Cable Structure
Suspender —ae] Elevation
e —— 1 - Stiﬁen'ng
Truss
Vi
Floor Beam and _—
Sway Frame
Cross Section
Through ) ’ Subdivided

Deck Through
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APPROACH SLAB RESTRAINER

EXPANSION JOINT OPENING (2" TO 3")

Abutment with no connection <>
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INTERNAL TRANSVERSEVE PT-TENDON (TYP) —

INTERNAL CANTILEVER PT-TENDON (TYP) ——.

LONGITUDINAL
PT-TENDON
ANCHORAGE (TYP)——,

—SPAN PT-TENDOMN
ANCHORAGE BLISTER (TYP)
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i i floor
Asphalt surface /-Lammated timber \i Curb
?———- Spiking strip

r 1T i
i Stringers / L
-
~<——Floor beam ——j

Asphalt surface

n’mm;mms"ﬁ/

< Spiking strip
%\Sﬂmger

Section

Laminated floor

Timber floor for highway bridges.

Inside guard rail Running rail

\ Guard
1] 1 11 timber
| SRS | L—d

M \Track tie

B [pm=s T

[ j
(a)

|

/L“

Guard timber ‘{/Runnmg rail Track tie
M I 1

Railway bridge floors: (a) open-timber deck floor, and (b) concrete ballasted
floor.



Concrete slab

| Floor beam/ (@) Stringer

Effective width of slab |
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Shear
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Steel beam
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Traffic

Steel bar grating

T
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Special I-beam

(c)

Floors for highway bridges: (a) ordinary concrete floor, (b) composite beam
construction, and (c) special steel grating.
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Stringer
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T eSteel bar
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E.e— Stringer

(b)

Spacing

Top flange of stn’nge(-/

;
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Spacing ¢ span
Ny
i;‘b Steel bar bevel
e cut on bottom
|

Top flange of stringer/1r '
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T
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Typical shear connectors: (a) angle shear connector, (b) channel shear
connector, (c) stud shear connector, and () steel-bar shear connector, (Courtesy AISC.)

Wearing surface
/ g

/Steel plate floor
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Orthotropic plate floor for bridges.
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Skeleton of a typical through truss highway bridge.

T Fheciigh T (0 T

T (d) T

Deck
(a)

/ \ | i

Lr With counte\rs ? [,3 (f) %

()

Typical bridge trusses: (a) Warren trusses, (b) Pratt trusses, () subdivided
Warren truss, () K-truss, (¢) curved-chord Pratt truss, and (f) Pettit truss.
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e 1% turned bolts

Hinged bearing for medium spans. (Courtesy AISC.)
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Hinged bearing for short spans. (Courtesy AISC.)

¢ girder
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4 holes for
1"¢ turned bolts

\Steel plate welded
to top of steel bent

Expansion bearing for medium spans. (Courtesy AISC.)
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Expansion bearing for short spans. (Courtesy AISC.)

(a) Expansion plate

Rocker bearings
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Parallel attachment pattern

Radial attachment pattern
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Frnk Tross

g Y Kpiger

~E T

Bollman truss

Howe truss (iron & wood)

NN

Warren truss

Howe truss (iron)

£

AANANS =27\

Pratt truss (with center counter)

Whipple truss

Baltimore truss

Petit truss

¢ Strength

*  Duculity

* Fracture toughness

« Corrosion resistance
*  Weldability
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Self-weight

|Load combination

|Safety aspects

YoYg-values
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> contractor
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Confederation Bridge, New Brunswick, Canada

Behaviour Tests

Proof Tests



Ultimate Load Tests
Diagnostic Tests
Dynamic Tests

Stress History Tests
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Lateral movement of abutments
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INTERNAL CANTILEVER PT-TENDON (TYP) ——.
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Truss Bridge .. .

Rigid Frame Bridge -s. ey,

Arch Bridge s .,
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Construction
\ Joint
1" Expansion
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* Void Development e Pavement Growth Due
e Thermal Movement Due to Erosion from to Temperature Effects
of Bridges in General Water Flow and » Horizontal Pressure
and Integral Bridges Compaction from Due to Embankment
i Traffic Load
siferi i ¢ Freeze-Thaw Ice Lenses
* Small Settlement of )
Abutment by Design s Incorrect Design of
\ Approach Slab
| =TT T
o Loss of ! ) * lmpfcperly
Embankment Material » Expansive Soil Designed
Sleeper Slab
* Compression of
¢ Soil Movement of the Embankment Due to
Embankment Slope Insufficient Compaction
] L of Incorrect Materials
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i Collapsible Soil

—H 7 » Compression of
Natural Soil Due to

» Lateral Squeeze Due to Embankment Load

Lateral Stresses of — =t =
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GIRDER WEB

TAPPED BOLT WITH WASHER

GIRDER FLANGE L ! OPTIONAL THREADED STUD WITH
DOUBLE NUTS AND WASHER
OVERSIZED HOLES MAY BE USED

BEARING SOLE PLATE
2 / BEVEL AS REQUIRED

T =
?%{ fBF"DGE SEAT

36" (5 mm) THICK STAINLESS

STEEL PLATE WELDED TO
1 BOLT DIA. MINIMUM EMBEDMENT BOTTOM OF SOLE PLATE.

ELASTOMERIC BEARING WITH STEEL
OPT|ON B TOP PLATE WITH RECESSED AND
BONDED PTFE COVER. PROVIDE 1/4 "
NON-GUIDED EDGE DISTANCE BETWEEN THE EDGE
OF THE PTFE AND THE EDGE OF THE
et et ot s STEEL TOP PLATE

Top plate

Sliding plate (stainless steel)

Piston (PTFE bonded on top)
Elastomer

_|— Bottom plate

STAINLESS STEEL PLATE
WELDED ALL AROUND TO
EDGE OF SOLE PLATE (TYP)

38" (10 mm) GAP (TYP)

SEE SHEET E 4.2 FOR DETAILS STEEL KEEPER ASSEMBLY

CONCRETE KEEPER BLOCK
\ SEE SHEET E 4.1 FOR DETAILS

LT oE
I I LT | i
11 i
- A
I Il

0l OVERSIZED HOLES MAY BE USED

N

GUIDE DETAILS

USE EITHER KEEPER BLOCKS OR KEEPER ANGLES



Responses . | Sensors
0 X(1), x(r)
Feedback
Bridge |ws—————rd{ Control Forces | g [ Actuators | | Algorithm:
uir) Control Signals
* Block diagram of active control system
Feedforward
Exrernal S
Excitations - etk
fit)
Active bracing control for steel truss bridge.
Sensor T H Semsor
I b il i
! i I Senzor

Controller



i Sensor

" Active Mass Damper I

—anill
Controller Sensor

Base-isolated bridge with added active control system
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(a) Fracture of Corners (b) Elephant Knee Buckling
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Strength of existing =
- end-diaphragms

Lateral Load

_________________ ~ Strength/threshold of

. unacceptable damage

to substructure
Device " ] ,
yielding L Strength of ductile
end-diaphragm
Bridge Drift
| |
steel beam <
=l e

steel and composite
column

additional filled
concrele

original concrete
filled for
protecnion from
car collision

(a) Cross section A=A

footing

(b) Vertical cross section

Balanced Cantilever Construction

Form Traveler

Temporary Pier
Tower with
Vertical

Prestressing




Progressive Placement Method

B

Temporary
L\ Support

Launching Girder, Placement Phase

£ g e T N e e A T

Flacement of
‘_._._-—-___
Segmenis

Launching (irder

A

Launching Girder,

Advancement Step 1

l:} Direction of

——

Advancing

Launching Girder, Advancerment Step 2

l::} Direction of
Advancing




Lannching Girder, Placement Phase

Launching Girder

...-—-—'___i U Placement of
Sogrments

Lauching Girder, Advancement |::> Diraction af
Phase Advancing
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Incremental Launching, Step 1
ﬂ Direction of
Advancing

Casting Yard Launching Mosa

: ; Ternporary
Support

Incremental Launching, Step 2

|::> Crieection of
Advancing
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Traveling Falsework

Formwark

|—i4

[\

i
u Gg':! 1:23 u

Span-By-Span Erection

Placement of

Segments

LYMM{MIB

Temporary Loads

Form
Travelers

Segment

frf Imbalance

Wind

Causes for Cantilever Imbalance

Cause for Imbalance

Example

MNon-coincident work progress

Concreting or segment placement faster on one side

Construction inaccuracies

Weight difference between cantilever arms

Site temporary loads

Material stored on cantilever arm

Wind loads

Gales attacking the structure at an angle

Construction accidents

Falling of concreting or placement equipment




\ —-rz_' Concrete Bucket

Work Platform

AV \VAV.\V

Tremie
Pipes

Main Truss

Top Slab With
Cantilever Flanges

ottom Slab

B

Work Platform

Top Bracing

Cross Frame




1. Erection of plers and sugport spans,

2. Congtrustion of work station
on central tower,

5. Ingtallation of temporary 5ay aﬁ'l-!-_i.- in

and first srection cables.

-~

2. Carepletion of central span and
remmoval of {emporary cables.

erection cable
e _~Aemgorary forestay cable
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Structure deformed due to railway braking force
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Block unit, long railway viaduct

pavement
in=situ
concrete

\ pre-cast element

fransverse cross bracing

(vmaiin) girder transverse stiffener
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superstructure

sleeper plate haunch {main) girder

approach slab abutment

wingwall

pile cap

(steel) pile



superstructure slab

formed joint with
bond breaker

Integral abutment concept

superstructure slab

formed joint with
hond breaker

elastomerich\Steel beam
bearings

piles

Semi-integral abutment concept



supersfructure slab

burried /
approach sla

drain

Abutment with hinged-piles

Sheet pile connection

Hinged connection



superstructure slab

bond breaker

temporary support for

steel girder

steel beam

superstructure slab

formed joint with f

bond breaker

tempaorary support for

stee] girder T
steel beam

pile cap
pile

—

Girder mounted on levelling bolts / pressure plate on top of a pile cap

Welded connections between piles and girders

formed joint with
bond breaker

welded connection to
bearing plate |

abutment

superstructure slab

steel beam

grouted joint

WAS4

superstructure slab
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Maicro Crack

{f

Micro Crack

Diagonal shear ‘Sissorsjack”

Cleaving boulders Fyramid of spheres Cracked ock beam
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ISO Column PT Column

SMA Column
T s — [ } 9-#4 Bars
i Nt 0z,
%, ° %, B8-#3Bars g e Section C-C
Srn
. O
& e L 9 - #4 Bars i B B o 2120 1
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Section B-B = ECC
i n b Placement
— Built-in 9t
& Isolator L)
N ] 9#asmaBars
Post-tensioned Post-tensioned 30m 0.5"
ot —T rod “B72 g
. Section D-D
Side-view column basic details
organic
anchorage
SENSOr

launching
girder
actuator,
power pack
and control

anchorage
unbonded tendons

Actuator and organic anchorage

Lateral view of organic anchorage
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Threaded sleeve Headed bars with mating sleeves

External clamping screws Grouted splice sleeve

Bar coupler types

= Smaller Bars
in Column

Larger Bars . )
in Footing . re

Grouted Duct
Grout Bed

—_— A

Typical grouted duct
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Haxard Physical Assessment Social and Economic
Event Damage of Impact Consequences
Ty 9 Short Term Long Term
Building Stock Emcrgency Bhclicr, Relocation,
’ Housin %
Tempormary Housing [n=placement

/P

Dircct Damage, Price

F % iz Increases. Business
I'ransportation Interuptiod, Supply e Business Failure. Job
Systems Disruption Loss Loss, Reconstruction

Health Psychological
Dristress,

Fiscal Impacts,

Ecomnomic

Casualties. Fatalities,
Health Carc Disruption

Chronic Injury

T ?é;’ = T

Social Vulnerability

Social 2
- " = Family Stress,
Emerzency Supplies.  Disvuption 0¥ S5

Critical
Facilities

Family Separation li Disruption
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Sensors according to Channels according to
Sensor Logo Specifications Sensors
Sensors Channels
Structural temperature T 20 24
Strain gauge boltable S 10 10
Strain gauge weldable/ § 10 10
glueable
Wind sensor 3D W 1 +
Wind multi-sensor (Wind
2D direction and speed,
ambient temperature,
precipitation levels, wE ! 6
barometric pressure,
relative humidity)
3D accelerometers, cables Adw 18 54
3D accelerometer, deck & A 8 24
pylon
Seismic accelerometers As 4 12
Displacement sensor DI 4 4
Inclination, tilt 1 4 8
Corrosion C 3 6
DV Camera V 4
Traffic analyzer TA 8
Electromagnetic_sensors E 9 9
Sum 104 171
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retaining wall
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m First, approximate
dimensions are
chosen for the
retaining wall.

m  Then, stability of
wall is checked for
these dimensions.

m  Section is changed
IT Its undesirable
from the stability or
economy point of
view.
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{a) Shiding or translational failure (&) Rotation and bearing
capacity failure

-

(¢) Deep-seated failure (d) Structural failure

Failure modes for rigid retaining walls

Modes of failure

YV VVYVY

Sliding

Rotation

Bearing failure

Global failure
Excessive settlements
Excessive deformation



(a) Deep-seated failure

(¢) Rotation near base

e

(d) Failure of anchor/prop

S

(b) Rotation about the anchor/prop

—
| " F;

Yoo Wi

_.-+ sy

|

e

Define wall geometry and soal properties

Select performance criteria

Prelmunary sizing

Evaluate statie external stabaliny

e

(e) Failure by bending
Failure modes for flexible retaining walls,

Shding Creermurming Bearmng Overall slope Senlement/lateral
(eccentreity) capacity stabuliry deform
Establish remnforcement length

Check seismme stabaliy
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Guller

Imperous Fill \.‘

Lomgitudinal
grains
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Drainage blanket

Impervious fill

L}
= Longitudinal
drain

[BY Inchined drain (after Sabley, 1967

(it} Simple verfical drain
Two types of drainage system behind rigid retaining walls.
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4. Reinforcemen
5. Internal Stability
1. Tension Resistance
2. Pullout Resistance
6. External Stability
1. Overturning
2. Sliding
3. Bearing Capacity

Backfill

Reinforcing element
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