Lels silw poliog Iyl g colw (o5 Sleetby
L.LELYASIAN@GMAIL.COM o5lus o) polis )5 slonlid] by

Ol s sl slasl 51 (o 5L S g s S Sy el st g Sales la
S el SBiSls iy Ly g 00,5 Slyitew b aily g4 g b caSiiils g Lgzeils olass o)l
G355 oty @2y 50 15l Gy a0 (oSS O Mans Lyl wo o £ aS 0l gzetila VF e
S Ll sla g & gty Sl sla o 31 g S el oSS LS ety 5 S
e ¥y aali ¥ bl Sl - lely (5965 5 o s -) 31 055, 45 s 5 i
Holl e 5 (o (sl aels s Lo il =7 co b 5 (o)l -0 clo (ngi slanysbid 5 Leds) 5
OLAYYY Jlo )0 05 Cummo 690l pl 5 Bl S0 (b 00y uerls )90 50 s
S yeal oSS g 0B K5 Bl o ol (gle 0uSails 5l Sy ol pee oaSils a5 Lol suSidls
s =) G5 ¥ Jlony b o sladle 1 oS0 e & b masd lgin 13 5,y o2l 5,
O oy 8) AY e P LT o -F AVOls 2 0 -V 5o 50 VY YA VO Lo 0 -Y olo, > A LY - #4
Sy oo 555t 31 Agie 5 om0zl Jlo ¥ aalig 3 5 (el il

DO o olids allie Av a5 55 0 @il)| il it a5 o 4y JolS allie VF- g alie 008 YV S o
Sl Siglae Sl g arwgiigile polie b Lol (BaLS IS ngad wll (6 e dlis
239 SN S5 (6,545 ohg sede (i isg B 5 (25 halRails ) Sen b (s lo el
s i, o Lo sl o 455 sl 1y i) Sy o 45 o isgy 5yt 5 ol e
ol Sl ot 5 Loal, (535 4l o ool (s bams « (55lubirs & 45 (57 (sirlon WS o an
gk 09z SHlon] g (o drmgi ¢ cwdige 9 (8 (Sl Sl b g kal) S pae (I35 wle
Gl 4 (aliwd 5,588 SOl 5 ohg bl Cusdae ¢ 2byd sl ojlag Lalslil ¢ al ol
3oy Olpl 2bi)l g ead oy ol oyly Jlo Ve ClBdT L ol pl aas g ails bl 1, el
Flog 9955 5 colus ¢ b col> wlasliyal las 26 poe leollss 5 8 (goladl fluw 4> 5,k
sk 107 g 4o S35 ST b a P 05 ol ea b sl Sl (55550
0550 b kb liT b liws; ool aslS Jlim YA 5 alel, J VPO = (logi o)Lbe i Yo 35 )
Lyog dobo jo9 (S )0 e yuaghS ya slil a5 FA (SaiS1y g 003529 Glogs 0)Lles jl50 Y- -
JoS g Ojlg Ceoms (il &5 8Bl (0 @oye SeghS o Il i FA gl bl )3 ega
Coio (Siwgn 9 ST Coom 45 00l Lojged IS 9 3l 5o S 35505 5l g s,y i
J& Jo Gl 2l 6l ez 9 o @sla b Olauly o) o938l b3l 3 g J& g Jor
by jpaxe oy als 5 Sledlbl e olpbee s o (o (2L (a8l 5 (2byo 5 (b T ool
5 &S dlo s S5 o> aiejls wopd A golail ul ) (18808 b cgs ) i (9o S
Olegs ke YO« o SloS—plal jo dnwgs jo0u )5 JoSS sl Jle plgie @y 0Bl oo (555 000 pllaS



a5 S S e nn Olsd 0 &S el aels ) Sleas LSS 6l plegs 3)Lkes S50 ¥
AYlo J& 5 Jo> o o) adS o Cdgs colaid| azog eiils mlin Caw ol Larass o a4,
o Seho yoe (il g oud pled CuanS 1alS. g, i wax IS 9 659 0 b (b el B0
TAVY ps Siol 510 7000 Jow 5150 L IYYA dmoe las 15 0] [0 oo plol Gadss
Fdo 7 AN K slag 095 0,95 5 g Bolal Lo a7V VY & ylai 0,00 g Sl slallas bl
IRVPSNONPC IPULEON | ISRVAR SR ST J{ JOVA gl FAPSN PR JUST gPR VS PP T I

I o, lolgi sBiils 5l L matie gamw 258 uilalS o aS ) i Sl as oSl
Sl 58 pgw odS ol 5 g SKYPE G b 5l soldS o jsew) (S5 olKiils 51 ol aslew]
S U8 g Je g0, Oyle 5l s Sy Quake Wrap oS b pow g gj,l ol8ails auzs ;b sl
5l el S Tufts oBails 5l wbio xseSaint Marting s )le oy oKisls 5 iKily <L
oy olfadls 5l sdosly iy mSs (Jsy o5 olKails 5 uigd iS50 o0 g,ml5 g9, olKails 5l olKails
Syam g Jgoliwl sBzdls 51 pasl mSo 1oL awaige crezel g BT ol8iils 5 cemdl jiS's ¢ LILL)
abls

2 oS il g pdy Cens gl gy s O3 g 35 e 0, Shes )0 i Sl (283
9 <275 (585 Sgduame 3)llial sledy 3590 50 9 a8y (g jeend LB (Sl Sledy 3590 yo aLBIS
30 g sl aily aady e oolaiul Sl lesl b fleie 4 Ll adS sas Saie L all o e
€ ¥ ol)er 5 gumn 250 gm0 widl Gl Sl Jolas jo s dede Wilo ool
S b gwyp Jil G 50 gt A a5 W0pS ool 050 (BLTisb 4 (g (g
— 74+ JS5 Shape memory alloy S jls abbl> slaslll g9 5l boeo o 5 aien slesgels
Voo Bga 009 Ceaud ()3) 05 oo oolainl Sie OB gl Jlne lgie 4 Sop j0 a5 L) ¢ pauills
0ol 7V o2 e 9 7 VY o g TAYY e oS 5 SCo (gl adasl> 5LIT51 T (slow (oYg8 Casd ol
LBy 50 (ezm b lopl 5 @)L wilae Sl sl ST ol e 055 e
a4 JSD s o b L il UK et 5 Kbl 4ol @ 35y 51 StV
Jold dlge (S S8 s g )l JBaile 5 oled K2yt (nlpl e jho g aAS S
R N R R - N FER PO TS PR



¥
B
D E
A
E
Caiii] Sl 3 g0 108, S iyl Sl 3 5LIT

Ppate Lubg gmad Ol cldye wloSiw oS i o9 ECC cwaige Slow Cojsmals 5l oolarul
Sl USI sy o by PVA

bogie g (ISl alabl LT o ol 3 AL oYsd g 0 4 bare 5 e g9y 2l O i
SIS 2 S LV B AY SMAJECC S 55 7+ >

605 sjldolan (25 SlSz Lo A58 5 Job e YO 5 wlas T o ead sl bl

Shake table model of deconstructible bridge
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Samples of fiberglass jackets that have been used for repair
of piles 1n the last two decades.
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FRP End Termination Detai at
Deck Slab / Web Junction

FRP Splice Detail at Box Girder
Soffit /| Web Intersection

2 LAYERS OF 24007 LN-DIRECTIONAL
CF FAZAC 0 236 141K

/ L P—— Schematic of Box Girder with CF Detailing

Comer Splice Detail

Perspective of the footbridge
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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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a) actuator b) passive anchorage
Organic anchorages

Deviation shores and deviation saddles
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Elevation and plan view of double span construction

movable scaffolding system
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Paper Tube Bridge in Flaming Gor.tze National Recreation
Area Utah, United States

Zhao-Zhou Stone Bridge--A D. 590-600. Span 37.02 m,
rise 7.05m, radius 27 82m_ and ring thickness 1.0m,
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Rehabilitation Alternative 1

510

REPLACE EXISTNG TYFE nC STRINGERS -
AND GRATING WMTH NEW BOX GIRDER -+
(TYPICAL BOTH SIDE:

EXTERIOR STRINGERS ONLT)

2113

NEW COMPOSTE DECK o
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\sew ﬂfo:
BEARING !
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Fehabilitation Alternative 2 — New concrete stringers (top]
and new composite steel girders (bottom)
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Temporary W uiemng of Abutment Seat

Tnstallation of Abutment Piles



Bridge Structural System
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The Hierarchy for the Consultant Selection Problem
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South Anchor Block




North Anchor Block

Seismic performance criteria

; Service Damage
e Ground Motion
Seismic Event P Performance Performance
Return Period
Level Level
Functional
: 150 years 3 No
Evaluation (50% in 100 years) Immediate Access ———
Earthquake (FEE) = y g
Safet
Y : 1000 years i Repairable
Evaluation ; Limited Access
(10% in 100 years) Damage

Earthquake (SEE)

No Collapse
Earthquake (NCE)

2500 years
(4% in 1000 years)

Mo collapse, life safety

Damage
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Cast-in-Place- Incremental Launching

Casting ged TYRICAL COMSTRUCTION SECUENCE
CATECIIN OF LA sl Cast s=gment Ak

|—|—| o ingall launehing rose,
MeroiEnic oF Stressod Cornoction Install pulbrig units
Vertical Buaction Beanis 11 1° Smgrent

Fuling Jack
Laurching Bearings

Pyl megrnank (A} Forwnrd

using || ullineg jnchs alcacheg
e

e Construct segmant (D),

gl sl @ and @ fi
°ﬁ' T

Latera| Restar

Main Tuss Rear Upper Cross Bearm Front Upper Crass Beam
Rear Lower Cross Beam Front Lower Cross Beam
faar SupporiLeg
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Stitching Baam | #——————— Front support Leg

Closure Stibch Farmrsoe Stressing Platfonm

Segment Delivery on Compieted Deck
or at Ground Level

Pler Bracket

Direction of Erectiocn ——»

Precast Segmental — Cantilever

Upesr Creorses Bz

Hangar Boams

Pl Eina ry Liftaneg Frame

1= pai of feld Scgments
Sealets e Sapiorubed i s Eoams
OF MENG Trames when there & 3 wet joint.

Sticling Beam

Lifting Spreader Beam

gt Dy st
Ground Leval

129

Front Lower Cross Beam

Front Suppoet Leg

Segment Delivery at
Ground Level

Precast Segmental — Span-by-Span



Refucatian of Falsewark: Suppart

Span lack
X

Falsework Suppart Strassing Patform

Launching Carrier Feoen Trail
DehvevyorP«e-cast Span along Completad Deck Rear Lfting Frame: Front Lifting Frame TOrR Traler

oy Lt Gt
i

Lifting Winches

g f j

Frant Malile Support

Front Fired Leg

Precast Segmental — Full Span




RAIL BRIDGES [HS#
Segmental Construction M
SPAN-by-SPAN (Precast)
* CANTILEVER (Precast or Cast-in-Place)
> Balanced
> Uni-Directional
* INCREMENTAL LAUNCH
(Typically an Inefficient use of materials,
so Not commonly used —
need tangent or constant curvature)
« Span by Span

ot

ethods

5N

| s
CABLE STAYED BRIDGES




« Mixed Methods
 Uni-Directional Cantilever

Precast
Joints

Construction Engineering



« Camber

» Geometry Control

* Prestressing Parameters

* Erection Loads

* Erection Equipment

* Casting and Erection Manuals
* Integrated Shop Drawings

Typical Span-by-Span Erection

SECTION A-A

A<

Et‘- |L‘I'.l ;;‘mn I IA
\/ I\/ \/ \ATM\/

NIA AL A
I'AV‘.‘ TAAVAAVALY.

A
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FIGG
Precast Balanced Cantilever

- Barge-mounted cranes

- Ground based cranes

- Beam and Winch

- Overhead Gantry
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Traveler

Form
Traveler
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] STRIP
SOUTHEOUND LANES NORTHEOUND LANES
MAIN_SPAN CROSS SECTION
SHO
B
SOUTHBOUND LANES NORTHBOUND LANES
MAIN_SPAN CROSS SECTION =
AT STAY ANCHORAGES FIGG

Box-girder with braces




x\ W Connected to
- » ' the pier
e B o o e )

Lﬂi#i?ﬂ{ ﬂ;//J Twin walls

\xﬂjﬂ_\ P j
Post-tensioning
Cantilever tendons

o, A J . . o

Internal continuity tendons

- Anchor on pier  Deflection cross-beam \
L4

E | | | | | | | | 1
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E = ~ External continuity tendons W
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Cantilevers stability




Stability devices

— Temporary ties

\ertical tendons

6000 —
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Stress [MPaj

:
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() 1 2 3 i 5
Strain [%]

CFCC U  CFCCI=7 CFCC1=19 CFCC a7



| Additives | Super plasticizer |

Folyemet latex |

|
|
|
1
L

Renfoocmg fibres |

Mechanicz] Water sclubile polyme
properiies _| Mortars | | | Polymers | || (monomer)

Application
methiod

‘—I Licpuid golymet

E‘.eﬂ.l.:F ersible Pnl:lr:ru.zr

I u powreer
Environmental i
effects

-I Water to eement rabio |

| Mimtures

-—I Folymer ta ¢etent ratio |

MBC

S S S
h

™ Acramad Ghre
Carton Fibes

A

L]

| Fibre

Epaxy

L| Compesites | | | Matrin

Grid (2-300 |

Geometry

—I Wearesshesti]- 210 |

|

Rod (109 |

Mono-axial Biaxial Triax'ial Multi-axial

1 Dimensions Pultruded rod - -

2 Dimensions

Sheet

Plane Weave/grid  Triaxial Multi-axial
Weave/grid Weave/grid
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A. Warp Knitted Weft Insertion
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D. Plain weave

FRP tendon
57>

B. Short weft Warp knitted

L

-
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E.

I

Biaxial grid (to the left) and a triaxial grid (to the right)

Anchor sleeve  Anchor wedge

E. Twill weave

F. Satin weave with warp
passing over four fill yarns
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Anchor sleeve Anchor matrix

FRP tendon
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Bad workmanship
- Debonding between concrete surface and resin
- Debonding between two layers of laminates
- Debonding beween resin and lamellag
- Failure in design

In-service damage
- Shear failure
- Bending failure
- Cracking due to fatigue
- Unforeseen load effects

Environmental caused deterioration

- Spalling due to insufficient concrete cover of the reinforcement
- Cracking due to corrosion of the reinforcement
- Chloride ingress

+« Construction faults (exposed reinforcing steel, honeycombing)

+ Cracking (surface, depth, width)

= Disintegration (peeling, scaling, weathering)

= Distortion or movement (buckling, settling, tilting)

« FErosion (abrasion, cavitations)

+ Spalling (popouts, spall)

(a) Immediately after

i  Unhydrated cement particles

o Polymer particles

Apgregates

(Interstitial spaces are water)

v Mixtures of unhydrated cement
particles and cement gel

{On which polymer particles
deposit partially}

Mixturea of cement gel and
unhydrated cement particles
enveloped with a close-packed
layer of polymer particles

nn, Cement hydrates enveloped
@;’ with polymer films or
memberanes

£

a0 Entrained air
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metal cylinder  bonding agent

A
]
TR CFRP rod
.?xzzjzzzzz?fzz;_
o
a —i A section A - A

bend length

(a) resin-filled sleeve

barrel housing (chuck)

A

_ T
CFRP rod
m <)

/T

metal sleeve \ A

wedges section A - A

(b) thin tube sleeve.



IRPtendon Anchor sleeve Anchor matrix

-
-

A Tvpical stress distribution for
$ constant modulus anchor

B Improved stress distribution
with “soft cone™ concept

C  Optimized stress distribution
with continouly varying anchor
stiffness

"f

a) Shear in pin b) Bearing/crushing c) Plastic hinge  d) Tension in pin &) Pull out

Failure mechanisms in pin



Doubts

Phase |
Site visit

Study of documents

Simple check

Doubts
confimed?

Do nothing

yes

Inspector alone

Engineer alone

Phase Il
Investigations
Analysis
Simple check

(

Engineer alone

Large
CONSequUan-
ces?

increased axle loads

doubfs on construction plans
accident, deterioration,
regullar inspection

visual inspection
actual codes
Werification of plans
Simple NDT-methods

Specialized
laboratories
Specialists

Intensify ¥
monitoring /
k L '
Reduce loads strenglfen Demolish
structure structure

P

Moment, M

Repair and Strengthening in the assessment diagram, developed in

P-A Moment
Resistance

I
|
]
T

Update loads
deterministic
approach

Probahilistic
approach

A

u
Displacement, &

P-A collapse of a bridge column.
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Tendon 1in New End-Block

Galvanized
Duet

Cap beam retrofit using external prestressing.

1. BLOCK SLIDE

R iF ML T FETILRTY T LTSRS
L e R P e e

Foundation soils:
weak soft clays
or loose saturated

sand seam

2. ROTATIONAL SLUMP peotl o oy
/_;%’ / Fill
U

Foundation sails:
soft clays or
liquefied saturated
sands

3. LATERAL SPREAD o e e SR S e

I
e

Foundation soils:
liquefiable saturated
sands

Possible failure mechanisms of portions of soil at bridge abutments



Section Shapes for Concrete Superstructures

SPAN
TYPE EXAMFLE CONSTRUCTION RANGE
Solid Slab In Situ 5-15m
(15-50 f)
Veoided Slab Precast 6-15m
{20-50ft)
Inverled-Tee Precast T 12-24m
In Situ Slab {40-80ft)
I-Beam Precast | 12-35m
In Situ Slab (40-120ft)
Double-Tee In Situ 25-40m
{80-130H)
Single-Spine Precast or 30-200m
Box Girder In Situ (100-850H)
Multi-Cell Precast or 30-100m
Box Girder In Situ (100-330ft)
Twin-Spine Precast or 30-200m
Box Girder In Sitw {100-650ft)
Rectangular S f - Frecast or 30-150m
Box ] 2000600 |y sy (100-300f1)
el !

N N
A A
i # u
| ] E
T I _:l 7 . g Longitudinal Ly
/ \] Ir—-HI.._ l{ / III|',I. : E \-I:_-— T
|
=
I ’I It R = )
— \
{a} Elevation Ne N
Movement joint shear keys for transverse response. Shear Keys

(b) Partial Plan (at Least 3)
View A-A



Soft Soil Site

Rock Site

Acceleration (g)

-—
Period (sec.)
A
pac =1+ Ip
5 ﬁ i
=14 (uy—1)2
(#-"ﬁ Jﬁ; —
—| Ag |~
SEiSIIli(: lL‘ rs T R AP P rﬂl — d-‘- ---.%—-.-l
.-_-__h. _____ r T — - —
Force
At Yi At Design
Y“’"l'i\ Ultimate
,
“}q Plastic
% Hinge
7 T o -
Displacements
R O O STy
(a) Bearing Supported (b) Displacement

Superstructure Profiles



ONLSESESE,
(a) Pile Cap Abutment (b) Rigid Frame Abutment
Weak Plane

4
e
-./ o "}" U“:
(c) Seat-Type Abutment (d) Knock—off Back Wall Detail

Abutment types for longitudinal response.

2l
[ Soil
Pressure
Moment
=
Acceleration
*—

ﬁ.
Ju U

(a) Resistance by Wing Wall



= a0 Gy

(b) Back Wall with Counterforts

e v kel
a1

NSt St

umn Fized Pinned
[_ !If:lmmta l I Bm Base
{a) Single Column (b} Multiple Columns

Bridge
Axis

t--'------.-J.;.-.r.a.a.a.r:--'.;'.-'.a.a.aw.-r.r.-;:.-- FeAA
%Y H

— “¢ I

e

R

i iy

] Column
Moments

(e) Linked Columns

(d) Linked Columns in Plan
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Section D-D
(not recommended)
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b,

(a) Circular {b) Rectangular

Hollow-section options for tall columns.




Fooling

Moments

I | | |

(a} Pinned Base

Modeling Objective

Shears

{b) Fixed Base

BRIDGE

SEISMIC DEMAND

!

Model Basis

- approximate dimensions
- estimated section properties
- nominal material characteristics

3

AVAILABLE CAPACITY |

¥
- exact dimensions, details
- effective member properties
- probable or measured material
characteristics
-

COMPONENT CHARACTERIZATION

Approach GLOBALMODEL [
T TR ¥ 3 ) ¥ t R
[ : static linear linear individual p;si;-“ui::lof q:::i mc : :
Analysis : others : linear elastic elastic bridge bent )r or c}'cilc , Others :
:.. ) ;| clastic modal time-history capacities subsysleﬂ:rs :_ o
Monlinear time-history
or substitute
structure analysis
MEMBER FORCES DEFORMATION CAPACITY

Results * =
TOTAL ELASTIC SEISMIC FORCES 1 EQUIVALENT ELASTIC CAPACITIES 1

* *
EQUIVALENT DISPLACEMENTS EQUIVALENT MEMBER CAPACITIES I

Seismic bridge analysis process.



LUMPED PARAMETER STRUCTURAL COMPONENT FINITE ELEMENT
MODELS (LPM) MODELS (3CM) MODELS (FEM)
Shear Key
Transverse Jo&;n
Motion, End
l.nngirudina.l Joint Seat Gap
Motion, End @

Typical Bearing Pad

1

tension

//

J;

compression

P

p

Ar

initinl gap

@ Restrainer/Gap Model

Ful initial gap

—_r P'Hﬂk

|
By

—_—

pzl

Shear Key/Coulomb Friction

Transverse Joint
Motion, End ®

Longimdinal Joint
Motion, End &

e
-

Hay=2 to 20%

@ Bearing/Sliding Friction

Random-Transverse-Pattern-Diagonal cracking



TYPES OF BRIDGE DECK OVERLAYS

TYPE III

b)
interlayer Membran

TYPE 1I

%//ML

Wearing Course
lt a

TYPE 1
— Mortar Qverlay
hin Cooting oy ;
N AR
CONCRETE y CONCRETE CONCRETE
DECK /I DECK DECK A4
COATINGS MORTARS COMBINED SYSTEMS
TYT T T
L ] |
ST 1 7 —— =~
B £ .. — |
FLEXURAL YIELRING SHEAR FAILURE ANCHORAGE FAILUKE

ANCHORAGE FAILURE

[

CONCRETE SHEAR
FAILUEF

[

-—___-‘E.l

T 00

FLEXURAL YIELPING

I

FILE ‘EULLOUT

Pile Footing Modes of Failure



Line Load, p

Nonlinear p-y curve

Shaft Deflection, v

ELASTOMERIC BEARING Pap

DETAIL |

]

I

DETAIL 2

Fixed bearings—Iight and miermediare

DETAIL 3

DETAIL 4



DETAIL 2

DETAIL 3 Fied Bearings- heavy DETAIL 4

DETAIL 5

POURED SOINT SEALER

FREMOULDED
CAPAMSIDN JOINT FILLER

DETAIL | DETAIL 2

Simple roadway expansion joimiz

HEDPREWE SEAL

DETAIL 3



PLATE, BAM & ANSLE

DETAIL 2

PLATE & AMGLE

DETAIL 3

Sliding roadway expansion joints

STIFFENED
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The deformation of the cable bent as the abutment slid.
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Lateral view of organic anchorage
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Solid slab 45-60 kg/ms

Voided slab 110 kg/ms

Ribbed slab 120 kg/ms

Precast Tee beams 110-130 kg/ms

Concrete box girders; span < 80 m 150-180 kg/ms
Concrete box girders; span > 80 m 120-160 kg/ms
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Collar
Anchor head
Buttonheads
Block - out

BBRYV stressing anchor

Polensky and Zoellner stressing anchors

Anchor plate
Anchor head
Block -out

YSL stressing anchor

Anchor plate

Freyssinet stressing anchor



Anchor bell (saction)

\-m bell (view

— Nut
Temne— . Bar
Dywidag stressing anchor for single bars Block-out
4» Stessing cachor — Loop anchor
| ey ——p-o——  Coupler with stressing anchor
b
. el o Coupler with plate anchor
== Movable coupler
" tWearing surface
Expansion joint / /Waterproofing membrane |
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Typical shapes for towers
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Deviation collor

Stegl pipe
Grout

Neoprene damper

Anchor for parallel strand cables (VSL system)
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Tower

¥

Steel pipe cost into concrate

Sieel duct

180m | 63m |

[

Specimen under a

Total strain, €

constant load _
Unloading
€, = Immediate alastic
deformation £,5 = immedidte recovery
}I‘/ €gz
 Creep recovery

Residual strain

Time, ¢

Creep recovery versus time.



Total deformation under a
stress f; at a time 1y

Deformation

Static strain _
Stress Time
{a) ib)
Appropriate cement type:
low Cy A, Muﬂ, free lime:
low MNag0, and K50
Resistance to weathering Resistance 10 wear
and chemicals deterioration
F
A
r AN &/, .
Appropriate cement type %;'* @’ G Low wic ratig
Low w/c ratio 1:% _"@"‘_{3‘ Proper curing
Proper curing * (_?* ,;g Dense, homogeneous concrete
Alkali-resistant aggregate High strength
Suitable admixture Wear-resisting aggregate
Use of superplasticizers or Good surface texture
polymers as admixtures 3

Ajir entrainment
Ideal
durable
congrate

Strength Econamy
r . l N r
Good guality of paste Large maximum aggregate size
Low w/e ratio Efficient grading
Optimal cement content Mimimum slump
Sound aggregate, grading Minimum cement content
and vibration Optimal automated plant eperation
Low air content Admixtures and entrained air

Cuality assurance and control
Principal properties of good concrete.



(a) Strand anchor. (b) Monostrand anchor.

(c)
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€ column R. 4" x 5" x 1'—21"

for @ach 2
J‘ rod group

Ly X2 6 (2)—1%" dywdag

B I threadbars w/
by hex nuts 5
Tie rad — 1l f g E;m recast column
arm
fiod —— B \
= Ductile o S 1 =
I

A 1 ' ] B
] 1 L
Temporary _/ 13

corbel / .
112" dia. A490 bolts — 134" dia. dywdag
pretensioned to 148K each ductile rods

! 5" dia. shim L s
ELEVATION PLAN VIEW
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1w
3 & strand

Strand chuck

___ Center hole
hydraulic jack

—y
e Strand chuck

Hold-down
anchors

| Harped strand
group

Strand chuck

Strand or bars

Galvanized steel or
plastic duct
Cemeant grout

(i} Internal tendons

High-density polyethylene ducts

Plastic sheath

13mm or 15 mm
strand

Grease or wax

Cement grout

13mm or 15mm Cement grout ] Grease or wax
7-wire strand

(a) (&)

{ii} External tendans



SUPPORTING

COMPOMENTS TYPE OF DECK TYPICAL CROSS-SECTION
Closed Steal or Precast Cast-in-place concrate
Conarebs Boxes slab

| ]
I O

()

L
O

Open Sieal or Pracast
Concrete Boxes

Cast-in-place conorale
slab, precast concrete
dack slaly

[
U uu

Precast Solid, Voided or
Celular Concrete Bowes

Cast-in-place concrate
owerlay

1 |

i Sheariters C_JC_J[ 2Ielolo]
if)

Precast Sold, Voided or | Imtagral concreta

Cetular Concrete Box -

with Shear Keys and with Iil | /

or without Transverse - - - D fpcﬁ.t

Post-Tensioning tension
]

Precast Concrate
Channel Sectlons with
Shear Keys

Cast-in-placa concrede
ovarlay

[ ]
v v

th)
Precast Concrete Double | Integral concrate
Tea Section with Shear
Keye and with or without !
Transverse Post- .-"rp
Tensicning tansion
(i
Precast Concrate Tea Intagral concrala
Section with Shear Kays T — .
and with or without ‘]_l. Lll
Transversa Post- ‘post
Tansianing il tension

Precast Concsete [ o
Bulb-Tes Sections

Cast-in-place conarete,

precast concrete

i J
PSR ISR

(k)

|

In situ box girder (variable depths) |

| Cable-stayed bridges

Frecast segmenial box girders (variable depths)

Precast sagn‘l.antall box gjmler{mnst;m dapmi

T T
Launched box girders ]

In situ box girder (constant 1i:Ier\:hths:l <

Precast pre-tensioned beams

I ] T
Reinforced concrete decks
| l |

Precast post-tensioned i:neams
—

T T ]
10m 20m

60m 70m

i
80m 90m 100m 130m 250m

450m



Maximum span
length required?

Good acce:

55

required —
OK with L
difficult access —*
I
I
I
i
i
i
I
i
]
'I'
¥ ¥
Precast 'I' beams . )
or similar In situ Precast ‘Y’ i sil In situ
: multi-cell single-cell
voided slab beams or box girde box gi
similar Qirder 0x girder
Less Agsthet
+ esihelic appearance Better
Maximum span
'angth requtrad'?
Good access
required >
OKkwith  _____ >
than wom difficult access
] | 40m to 55_| | 55mta 70m ‘
I
F] Y
7 I \ h ,
_:" |' \.. \\. ™.
W\ b
s f \ W .,
£ Il L1 \ .
Iy I \ Y ™
’f ] % ) ,
! I ) b ™,
/ i \ Y N
i
\ ™, I
",- \‘L ‘\ \ k'Y in sifu
¥ ™ i kY haunched
\ \ . i
Precast 'Y or ‘U’ AN \ kY Do gindar
beams or similar 1 \\ kY Y\
I
v i RV _}‘,___ﬁ
In situ \ Precast segmental |
multi-cel In situ Maunched Precas! segmental haunched
box girdet constant depth aurched constant depth box girder
box girder box girder box girder




Galvanized steel tube
with bellmouth

=i

|
A+
(i) Concrete boam deviator

s

C-nupler

Tendon in
HDPE duct

{7} Concrete biock
A—A alternative

ESteel frame

| —— = Steel deviator tube

Coupler HDPE duect

(iii) Steel frame A SR B




Anti-spalling
reinfarcement

Equilibrium
reinforcement

Equilibrium
reinforcement to
suit force-flow into
deck section

Anti-bursting
spiral

Anti-spalling
reinforcement
Anti-bursting
spiral
Tie-hack
Fo reinforcerment
1 LY — ]

\ Links tying curved

duet into concrete

(i} Blister reinforcement
Anti-spalling
/ reinforcement
£ ) Anti-bursting
@ spiral

) 7 ;’r Equilibrium reinforcement
Tie-back

reinforcement

to suit force-flow into
deck section

(i} Anchor pockel reinforcement

Anti-bursting Corbel ‘tension’ reinforcement

Shear reinforcement ~

spiral \ / and anti-spalling reinforcement

w5 3 Tie-back
S reinforcement

Fs
e
/’

(i) External tendon on anchor block



CnsHmE*.

Minimum
tofal

costim®
of deck

Deck costim®

i Substructure costim®
i
| "\

Step in cost when
number of piles change

i
i
i
1

.

Optirmum 5i.:rar1 length Increase in span length
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¢. Progress of buckling at bortom and buckling of lateral beam d. Complete failure of column and settlement af lateral beam



Shear cracks reached
the other side because

in mountein side

O
__.—-‘{-.—-.—.. s
E""“’_-’"'\\ h

: Flexural cracks
1/3 Mainsteel Y, initiated

reinforcement

Propegation of flexurel cracks I:b
interrupted

to reduce effective concrete

Extensive diagonal cracks
section for shear force

& initiated and propagated

b. flexural crack initigtion

c. flexural and shear crecks

= ————

L e
PRACEY [ ]
- -

When columns overturned,
longitudinal reinforcement
moved outwards

S
-

Tilting increased :

5
1
1
1
i

af the tilting of columns -
=7 due to P-A effects

Failure of tie reinforcement,
rupture of longitudinal
reinforcement and rupture
of gas-pressure weld were
developed

-

&3

d. crack spreading and pier tilting e global collapse



|-  Eccentricity Resistance
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S o e |

| Unseating /R/

—— ~ =

f % / > 1

| Skew Seat |
Longitudinal \ Joint Movement
_—

| Bridge Axis |

| s Inertial Force / |

= L

Unseating due to bridge skew




Before Failure After Failure
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9.

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

10, Perform Structural Analysis

11. Unknown Load Factors Calculation

[ gt
| e

| __‘__.:_:-_.;__._n-
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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

T
=4 ILE! g =
P f gl A —
=+ =1 AR DR

|
= |




Enter general materlal properties

.

Enter time dependent material
propertlas

!

Create 8 structural model

:

Heat of Hydration Analyals
Cantrol

.

Amblent Temperature Functions
Convection Coefficlent Functions
Element Convection Boundary

]

Prescribed Tempersfure

Heat Source Functions
Asaign Heat Source

!

Pipe Cooling

Construction Stage

.

Perform analysls

|

Check analysls results




1.

2
3
4
5.
6
7
8
9

Define material and section
Structure modeling

Define Structure Group
Define Boundary Group
Define Load Group

Input Load

Arrange tendons

Prestress tendons

Define time dependent material property

10. Perform structural analysis

11. Review results

. Define material and section properties

. Define Structure Groups, Boundary Groups and Load Groups

. Define construction stages

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

. Activate the floor sections corresponding to each construction stage as per the

construction sequence for floor slab

. Review the analysis results for each construction stage




Construction Sequence
C51: Erect Pylon and Deck

a 2 4

C53: Apply pretension load to Cable 3

C55: Construct additional Deck

C57: Apply pretension load o Cable 4

C52: Remove temporary supports and apply

pretension load to Cable 2

Q

C54: Install Derick Crane and place loads o
Deck

G g
‘ e —— —

C&6: Apply pretension load to Cable 1

b=

C58: Move Derick Crane and place loads 1o

N \y




C59: Construct additional Deck
: CS11: Move Derick Crane and place loads to Deck

ZANSIANS

CS10: Apply pretension load to Cable 5
C812: Construct additional Deck

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

I_|I._,--".- T T 1 I Il ] ST ) P‘:EL T | S I 1

C514: Jack up the right support

i T7 T T T T T = T T L2 ] T T 1 4

—lt Jack up
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Hammerhead Pier Model
Cross-Section
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Longitudinal-Section

3 41, 44, 47 & 50m
e ;
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Erection Method: Span-by-span
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Ramp and Junction Superstructures

Cross Section

7.80m~1320m
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|
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|
<
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.00 |




Erection Method: Balanced cantilever using cranes
from ground
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damaged expansion joint bridge

Weak at the junction of the deck and the abutment is reduced
Lack difficulty in crossing 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 corrosion and withstand attack from grit and chemicals
require little or no maintenance
allow easy inspection, maintenance, repair or replacement
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All of Classification Cable Bridge
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All of Type Cable Bridge













Applied in-plane load

Plate withinitial

Initially ftat plate out-of-plana imperiection

Plate with initial out-of-plane
buckiing load impariection and residual siress

Buckling behaviour of thin plates.

Out-pl-plana dellection
[1] Tower
| _—— Tower - .
Cables
"_'_,--"'"_FFH_
1% Cables ~J]
I. _I | |
-\"""--..\_\_\_\_\_ = L"'---._,_|_‘_‘_ _._._._,..-o-""J
(a) Cable stays in one central plane (c) Cable stays in two vertical planes.
i Tower
|__—— Tower
Cables
-‘-'_'_._,_.-'_'-'-.-'-r
Cables
! I

Cable planes.

(b) Cable stays in one off-centra plane (d) Cable stays in two inclined planes



1.7%

Truss bridges

Rigid-frame bridges

2.0%

lab bridges

16.0%

A

1.3% :
Number of
bridges
Girder bridges
78.2%
) v =

o

N
Lrlon P 1ARY

Arch bridges

2.7%

Truss bridges
3.8%

Rigid-frame bridges

2.8

|Slab bridges
12.0%

Total bridge
length

Girder bridges

76.8%




CABLE STAYED BRIDGE



SUSPENSION BRIDGE

e
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STEEL BRIDGE WITH WIDELY SPACED GIRDERS
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TUB GIRDERS

Situation

Shrinkage cracks C>

%g Progress cracks C>

£

Punching down | f1>

‘ Countermeasure

Waterproofing

Reinforcement




Bridge deck strengthened by CF sheets

Bridge deck strengthened
by increasing deck thickness with SFRCSFR

C

AR
by LA N =
T Tt i

After repair
Deck was

overlaid

l / by SFRC.

Asphalt and
upper concrete
cover

was removed.




Casel;preventive repair (minimum life cycle costs)

Case2; repairs, when it becomes a repair limit

Health index

Casel;
Small-scale repair

Clase2:

Large- icale r¢pair

T‘l TIE

T

Evaluation period

Costs

Case2;
Large-scale repair

Sl
ﬁ'

Casel:

Snglall-scale repair

T T,

T;

Evaluation period

Life cycle costs
casel < case2
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suspension bridges

1 Akashi-Kaikyo 1991 Japan 1998
2 Great Belt East 1624 Denmark 1998
3 Runyang South 1490 China 2005
< Humber 1410 UK 1981
5 Jiangyin 1385 China 1999
6 Tsing Ma 1377 China 1997
7 Verrazano-Narrows 1298 USA 1964
8 Golden Gate 1280 USA 1937
9 Héga Kusten 1210 Sweden 1997
10 Mackinac 1158 USA 1957

http://www.howstuffworks.com/bridge.htm

http://www.pbs.org/wgbh/nova/bridge/

http://myron.sjsu.edu/romeweb/engineer/art2.htm

http://www.bardaglea.org.uk/bridges/welcome.html

http://education.sdsc.edu/enrich/downloadables/bridges.pdf

http://www.tfhrc.gov/pubrds/summer95/p95su23.htm




Cable-Stayed Bridges First German

First Modern Bridge

-

r
|
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|
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Stromsund Bridge, Sweden




Cable-Stayed Bridges _ Aerodynamically Stable Bridge

Tamar Bridge, England




Harp Type

Fan Type

Types of suspension bridges.

Two-hinged Stiffening Girder Continuous Stiffening Girder

Types of siiffening girders.

Wertical Hangers Diagonal Hangers Combined Suspension
and Cable Stayed System
Types of suspenders.

Externally-anchored Type Self-anchored Type



< Horizontal elasticity ! prolonged oscillation period =

Earthquake motion
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Confederation Bridge, Canada

He2

1] C B A

I H2 | H1
H et i = =] =
o c B A

Limitation of local failure by isolating collapsing sections

|
vy f’i/ &

£ s dmel ==

Bending rupture at cast-in-place joint

Failure progression toward pier D



manalithic connection

T & I

Final design

Insertion of hinges

Kemlaka Gede bridge after strengthening

Condet Bridge after strengthening

Bridge Forms

Structure form Amount | Percentage
Deck Box ring 50 38
arch Ribbed 2 | % g | Y
Double-curved | 13 10
Light Rigid-frame B 4
arch Truss - 0 i
Prestressed truss | 32 25
Half-through 16 12
Others 3 2
Total 131 100




[0.5-0.B)L

Hregi—joint = = Breah joint

= i

Prestressed Truss Arch Bridge
ln} j‘jl_h!.,{ |
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Rigid-frame Arch Bridge



Conerete arch bridge (span=180m)

Fly-bird-type arch

side span

arch

m

[-="

pier

s

e

pier

TFIFT

Rigid-frame tied through CFST arch bridge

No. Bridge Name Time Span(m) Structure Construction Method

1 Witixian e 1997 420 deck arch | Embedded scaffolding
River Bridge

2 Jiangjiehe bridge 1995 330 Prestress truss Cantilever
3 Yongjiang Bridge 1996 312 half-through | Embedded scaffolding
4 Xiaonanmen Bridge 1990 240 half-through | Embedded scaffolding
5 Xuguo Bridge 2001 220 deck Scaffolding
6 Xingduicha Bridge under construction 205 deck Swing
7 FuLing Bridge 1989 200 deck Swing
8 Weiping Bridge 2001 198 half-through | Embedded scaffolding
9 Liuguihe Bridge 2005 195 deck Cantilever
10 Modong Bridge 1999 180 deck Cantilever n
11 Huapichong Bridge 1999 180 deck Embedded scaffolding
12 Yanxi Bridge 2003 180 Prestress truss Cantilever
13 Shatuo Bridge 2002 180 Prestress truss Cantilever
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CFST arch bridges (span = 200m)

: : Completion Main Construction
No. Bridge name i Form
Year span(m) method
Enshi Nannidu Bridge 2002 220 Deck arch Cantilever
2 Beipanjiang Bridge 2001 236 Deck arch Swing
3 No.1 Qiadao Lake Bridge 2005 252 Deck arch
4 Meixi Bridge in Chongging 2001 288 Deck arch Cantilever
. Under s ang
5 Zhijinghe Bridge : 430 Deck arch Cantilever
g CONSruction
; ;: Through tied
Wuhan No.3 Hanjian R T
6 Biidee A 2000 280 rigid-frame Through Cantilever
& tied arch
Moon Island Bridge in ;
7 . g 2003 202 Through tied arch Other Method
Dandon
Yangtze River Railway Under 5 G i
8 ot o ? ; 264 Half-through arch Swing
Bridge in Yichang construction = =
Longtan River Bridge in : iz
0 st e S 1999 200 Half-through arch Cantilever
Zigui =
Jialing River Bridge in 5 s
10 i 2 = 2002 200 Half-through arch Cantilever
Hechuan, Chongging
Wangeun Yushal Hiver e g, Fali 5k o e gl
Riridgs kn PhansHalis 2003 2D Half-through arch Canmtilever
2 e "-‘I._'.H“S.H”'JSE i 195G 22 Half-through arch Camtilever
Liganxi =
13 s i 20101 238 Half-through arch Captilever
Fhejlang =
14 _uu_'la-_-d'tl:_lh{::.-\-_"'r Berldge in (R=]80 il Half-through arch
Fuizhow =
1% 2001 4.5 Half=through arch Camilever
e T
16 ::bl-:'ﬂ::'f Snean 2002 I48 Half-thrvugh arch Cartilever
- Jinshajiang Rongzhiou T e Ll Eailioni e ke
i Bridee in Yibin = ik i Ly T
Epiinn ST Ty Sl
18 Saran ¥ m:'il"l"'-e Bndae | s ) Half=thkroueh arch Cannilever
b s =
y Sanmenkou Martk-gate Llirsdar i S : o S
L idge i XMianeahan COME LS O & T A LA er
- enkou MMiddle-gare Lruder T AL o s e
i Bridgs in Xianealan SOMELFLETE O o Hlldlrcasgh, asch Gl berirer
o P = bl e
21 Chunan Manpu Bridge in 2003 e ¥l Half=throuwgh arch Camilever
iy
ing Foagle Brid
23 AR }"'Ibl'l e 2004 335 4 Half-through arch Captilever
i Cruamn i =
Huangshan Taiping Laka Llisdier 3 1 :
k! 11 FI 1 ] PO T j
== Bridge in Ankud LONMALPLST o e Half-through arch LA T
24 i o 2005 40 ‘Flhy=hard-type" arch Cartilever
e irn Sichisan 5 =
25 hizpalhul Seneghuninl Pl S =15 20 ‘Fly-bird-type" arnch Cartilever
i Crearnedone : 3
Mianyvang Pujiang Bridoe : .
26 = '.r%S.:-I'.:_-ui e 1957 2 ‘Fly-hird-type” arch
27 e Biridge in 1Tt 228 ‘Fly-hard-mgype" arch Cartilever
M 1Ak SO gLl 0m -
ZE b o Berldge in 2002 135 ‘Fly-kird-rype" anch Swing
Muzhou
E Haniiaro 10 L
gy |- II'_I-'.'{:;-;:_-.BLLEL = 200 2 ‘Fly-kird-type’ arch Carilever
ﬁ Dongguan Sheidao e, A » ’
]| 20S o Slyebard- b sl ey
g Bridoe in Guaredoie S ! Fy-bied-type- anch i
31 ‘:J:!:‘hl-_:' Bcidge in 200} ek ‘Fly=hird-pype" arch Swwing
Ginangzhou
. " Ha i R -
332 Iau_a.:'l_" I-Sr:|_|=|. =iy L -l.|-_;:r- i ke ¥293 ‘Fly-hard-oype" arch Cartilever
AriK Lan CONALrLEiicm
13 Mod Xiangiiang Bridge Lirsder A0 et bavirer
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(a)Single tube (b)Dumbbell (c)Truss (multi-tube type)

Cross-section type

In situ edge beam.

Longitudinal prestressing cables
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{a) Single eell box girder.
b
JL.
.
(b} Single cell boxes connected by upper slab.
b
le

i )
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(c) Two cell box girder.

Box girder cross section types.
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Travelling g:'r_"der.
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Launching nose




Casting of the bottom slab
Casting of the webs

Casting of the deck slab

Further hardening of the concrete
Tensioning of the tendons
Launching of the bridge segment
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Launching direction
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Longitudinal flexural stresses caused by the cantilever and the continuous
beam action

Vertical compressive stresses caused by the support reactions led into the
webs

Shear stress on the shear keys welded on the end nose plate

Stress due to prestressing used for anchoring the nose to the superstructure

Support B

digphrogm ~| |
Web blister N
r Permanent corrosion 2
preventing grease

_
s i |
|
_.. . |
k. A - |
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Z Web Prestressing

Flastic sheath Strand tendons
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Masonry piers
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1y Construction

2) Long-term loading

3) Transient loading 3
4) Environmental

Removal of temporary supports

_3Tm 11.6m _37m,
== o — %

B2m _

s 19.0m i
_37m 11.6m A7m,
b = = =
il
U
]
Q-Bﬁdge
. ZEE-d-Dl "
680 1500  A600 . 3600 . 3500 500 msnbssu 500 3500 . 3500 .. 1500 1500 580
“ddo 480 BOD . 450 7 ds0 : 500 ds0 3do”
Handrail Stay cable

Guardra Guardrail




" Pylan

¥ Bridge

Post-tensioning bars layout, pylon

WEARING SURFACE

.. SECONDARY MEMBER
- (DIAPHRAGM)

wa

PRIMARY MEMBEF
(STRINGER)

Length to be bridged from the start to the end of the structure
Depth of channel or ravine to be crossed
Underpass clearance required

Precipitation or snowfall
Curvature of overpass alignment

d
d
(M |
Extreme temperature conditions
(W |
d
d

Aesthetics of the surrounding environment

Hammerhead Solid Wall or Gravity | |

Column Bent Pile Bent
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_ Free Cantilever Method (FCM) Full Span Launching Method (FSLM)




. Frequent axle
Lorry silhouette Ini-ﬁ!alz;les loads [kN]
90
g 4,50 190
80
4.20 140
@ 1.30 140
90
3.20 180
5 5.20 120
yu 1.30 120
1.30 120
90
3.40 190
] 6.00 140
1.80 140
90
4.80 180
T4 L_c 3.60 120
%ﬁr - 4.40 110
1.30 110
Fatigue load model
< APPROACH &
SLAB =
5
SUPERSTRUGTURE ASUTMENT
HEEL TOE
APPROACH SLAB HEeEeL
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{a) Cantilever Substructure (b) Precast Segmental Hollow Pier

T—T =
TT T1

w

{c) Precast Frame Bent {d) Precast Bent Cap Post-Tensioned to
Casi-in-Place Columns

L s 5las T glass
(seismic Performance Criteria) gl ey 3 5las o jlaa

Sy e goban Syl Zobaus
Service Levels Damage Levels
(csole Kbl ay Jolf' oo} (5955 Jol
Immediate Minimal
b dgimes yuaxi | Ll
Limited Repairable
T (s 1 s 2 5 ] prond) (22 daro
Significant Limited Significant(no collapse)
ol e o8y e 31
Possible loss of service




La jlow L5 .95 puleal p3 53 094 b JulliT LSS

83l i, (STRUCTURAL BEHAVIOUR) il 3,30 gls LI REQUIRED ANALYSES)
apdene g pdy S L3l b pdy 3 a3l Elastic dynamic analysis
Full-Ductility or Limited-Ductility Structure Non-linear static analysis or non-linear dynamic analysis*

Loilas ol — [P
Structure with Protective Systems
ol b = e bl Lajle
Structure with Rocking Response

Elastic dynamic analysis and non-linear dynamic analysis

Elastic dynamic analysis or non-linear dynamic analysis

Bridge Anticpated
Imporance Service Life. ASL
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(e) Widening of Existing Substructure (f) Pile Cap
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