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/<§fF§§\ radial : cables connect evenly throughout the deck, but all converge
2995 :L NN on the top of the pier
///{;}:\\ harp: cables are parallel, and evenly spaced along the deck and
AR the pier
///; k\\*\ fan: a combination of radial and harp types
///iﬁ\ star-shaped : cables are connected to two opposite points
féiif~::§\ on the pier
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= (c) Epoxy application on plates

4l ¢

(f) CFRP plat mstalled.
Installation of CFRP Plates on Bridge

FRP Wraps for Culumns
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5-Hamess satin

Crowfoot satin 8-Harness satin

Basic weave types

FRP (o 4zl ogo0

Stiffening of cantilever slab with

:
4. 10..2000 carbon FRP strips: (a) during retrofit; (b) after

ing of the beam side wi shrics (Muddy Creek Bridee, West Virzinia : :
Wrapping of the beam side with CFRP fabrics (Muddy Creek Bridge, West Virginia) Corrosion Protection — Tampa, 2008).

FRP application and sealant (Source: Premier
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Composite layout for Bent #6
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(a) Installation of anchorage assembly (b) Placement of CFRP rod
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CFRP Rods on span
Photographs of the Installation of the P-T System on Bridge
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Schematic diagrams of various base
isolation systems.
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RVD Units Ready for Delivery — 100mm @ cable An All Stainfess Steel Damper Designed for Marine Environments
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4-Steel Damper
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5-Lead Rubber Bearing (LRB)
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6-High Damping Rubber Bearing (HDRB)
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TORSIONAL BEAM DEVICE LEAD EXTRUSION DEVICE

FLEXURAL PLATE DEVICE FLEXURAL BEAM DEVICE

Superstructure Anchor

FLEXURAL BEAM DEVICE LEAD - RUBBER DEVICE

Various mechanical energy dissipaters
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TOP CONNECTOR PLATE WITH DOWELS

A7 777

ISOLATION BEARING

(SUPPLIED WITH DOWEL b=

BASE PLATE WITH DOWELS

HOLES TOP AND BOTTOM)

)
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Elastomeric

Bearing

Spherical
Concave

-2

MORTAR LEVELING PAD

AT R R O MG bR
Installation using dowels
Superstructure

Pier
Anchor

Superstructure
Anchor

Pier
Anchor

Articulated
Slider

Surface

—

PTFE Bearing
M aterial

Most popular building isolation devices

(Top: the high damping rubber device; Middle: the lead-
rubber device: Bottom: the friction pendulum device).
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15- Robinson Seismic LTD

16-Goodarz Ahmadi “Over view of Base isolation, Passive and active vibration control
strategies for A seismic Design of structures” devices” published by Earthquake Engineering
Research Institute

Holmes Consulting "Base Isolation of structures ,Design Guidelines"17-Trevor E Kelly, S.E
Group LTD,Wellington New Zealand ,Revision 2001

In Structure Damping and energy Dissipation” Holmes Consulting "18- Trevor E Kelly, S.E
Group LTD,Wellington New Zealand ,Revision 2001
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Performance Based Evaluation of Buildings, Non linear Push over "19- Trevor E Kelly, S.E
and Time history analysis” Holmes Consulting Group LTD,Wellington New Zealand
,Revision 2001

20-Ghafoori Ashtiani.M, Homaioon Shad.F, 2002 “Design of Seismic Isolated Structures:
From Theory to Practice” translation of Naeim, F, Kelly, J. M in institute of earthquake
engineering and seismology(IEES)

21- Kelly, T. E, (2001), “BASE ISOLATION OF STRUCTURES”, Holmes Consulting
Group Ltd.
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( Improve Trafic Bridge rehabilitation objectives.

Condlitlons

( Malntaln Environment

Increase Load Carrying
Capaclty

" Low Cost Option

Improve
Geometry

Rehabilitation Objectives

Clearance Widening

( Correct Deﬂclenclas)

MAINTENANCE

@w_( MHlgatln ) ( Reconstruction )
Impacts

Alternam Subﬁﬂluls
Sdullurle Rmurcas

/\

(Renasiiaton) (Widoning) CragtacamenD)

Substructure &
Superstructure

(Repalr ) (Retroflt)

( Histordcal )( All )
Brldges

1. Mew Brldges on Same Allgnment
2, New Brldges on New Algnment

1. Substructure
2. Bearlng
3. Glrders
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Rehabilitation

@@ ( 2. Thumb Rules _) l: 3. Case Studles ) 4. Practleal

Experence

Selecting New Englnearing Study and Copy ( Trylng Allernates )
Materlals & Formulae Slmllar Detalls
Caslgn
Technlguas From As-Hullt
Drawlngs or Fleld
Observatlon

ED &=
Software Reflnements &
Cptlmlzatlon

* To develop low cost solutions

* To improve traffic conditions

* To increase capacity

* To improve geometry and sight distance

» To improve horizontal and vertical under clearances

* To provide for future widening.

( Public Involvement)

( Cost-Effectiveness

Quality of
Malntenance

( Constructability Innovatlon

Restheles

( Functionality )
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Management System | BMS

Inspection| MBIS

[Structural Evaluatlon] SR

Select Deflclent Select Reconstruction/
Structure Rehabllitatlon Type

5R's or' W

FA |Funding Approval

PS |F’roje~c:t Scupingl
Fg [Feaslblty Study |—|Alternatives|

Accelerated Bridge

ABC Constructlon

LCcCA |Life Cycle Cost Analysis = PBﬂ;;nEI;ary o0
_---..-'.-_

VE |Value Englneering |
| [Final Design] FD

The pre-reconstruction planning and design process.

Malntenance

Rehabillitate

Types of structural options

www.(Civil808.com



SWAY STEUT

TOP LATERAL STRUT . S
TOP LATERAL n‘.‘i’.’"
i‘v‘%;'-'-'q "
A S @
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) ‘.’f\‘ = LOWER CHORD
7 e BOTTOM LATERAL
<\ FLOOR BEAM
DIAGONAL
VERTICAL
STRINGERS
FLOORING
THROUGH HOWE TRUSS THROUGH PRATT TRUSS
THROUGH WARREN TRUSS CAMEL BACK TRUSS
THROUGH BALTIMORE TRUSS K - TRUSS

~==

b

Configuration of existing steel trusses that require rehabilitation.

—Anchor Rods Maln Band Cable Bands and Rope
Tower Stanchlon

trand Sockels Suspender Ropeas - addlas

play Saddle Cable Bant
— ﬂ L_Soft Wire Wrapping ﬂ

1 Suspender Soc Stiffening Truss or Glrder Tunnel Anchor
Gravlty Anchor

[preformed strands)
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Repair Procedures for Galvanic Technology

‘Chioride contaminated Chioride free patch
concrete ‘ -

! i | (@) accelerated corrosion

Surrounding rebar  Anode galvanically protects
‘corrosion is reduced surrounding rebar

Chioride contaminated Chioride free patch

concrete (b) ring anode corrosion

Corrosion activity of
rebar is reduced

*

Anode galvanically protects
surrounding rebar

(c) chloride accelerated corro

Accelerated corrosion due fo potential difference between
pafch and chioride contaminated concrete.

Dampening Slurry Placing

Damaged Area and Bonding — Finishing |—| Wet Curing

Patching procedure for damaged areas.

A Siome AL ;20

www.(Civil808.com



L b (Sl polo (v A5l

Properties
of Repair
Material
Low Dry Swell High Tensile
Shrinkage Deformation Strength Low Creep

Desirable basic properties of concrete repair material.

Additional
Desirable
Properties

.
' : ' :

Same Matching s Compatible
, Low Permeabili .
Color and Environmental ty With Volume
; to Prevent
Texture as Friendly and . Changes of
gy Moisture A
Existing All Weatherproof : Existing
Penetration
Concrete Concrete

Additional properties required for selection of repair materials.

AA (Silkomo AL o2l
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Patching or Partial
Concrete Replacement

( Post Tensioning Crack Sealing )

General Repair Methods

for Reinforced Concrete Grinding )

Extra Reinforcing

( Pressure Grouting

( Epoxy Injection )

Reinforced concrete material repair methods

10.2.11 Details of Reinforced Concrete Repair Methods

Reinforced concrete repair methods may differ from that of un-reinforced concrete. Com-
mon methods are:

» Sealing

* Grinding

* Flexible sealing

* Epoxy injection

* Grouting

* Reinforcing

* Stitching

» External FRP reinforcing and steel plate

* Drilling and plugging

*» Jacketing.

10.2.12 Crack Repair Methods (Table 10.1)
Steps to repairs of cracks are:

Concrete repair design
Patching and packing
Shotcrete, carbon fiber reinforcing, chloride extraction, gunite, cathodic protection

Improved repair methods using non-shrink hybrid polyurethane mixed with dry silica
sand:

* Thermal resistant
* Effective bonding
* Low surface tension.

N

www.Civil808.com



L b (Sl polo (v A5l

Deck
Repairs

1. l

Surface Spell Structural Galvanic
Repairs Repairs Repairs Technology

Type of deck repairs.

* Coarse aggregate
Epoxy bonding coat
Reinforcement steel, deformed bars

* Preparing surface

* Deck patching » Latex emulsion admixture

* Remove unsound concrete + Silica fume admixture

* Full depth patching * Quick-setting patch materials:
* Partial depth patching. * Membrane waterproofing.

1. Latex modified concrete (LMC).

2. Microsilica fume concrete.

3. Corrosion inhibitor aggregate concrete.

4. Polymer surface treatment—thin epoxy overlay.

5. Bituminous overlay with water proofing membrane.

1. Conceptual design

2. Preliminary design 1. Visualization

3. Detailed design 2. Communication

4. Final design 3. Collaboration

5. Construction phase. 4. Conflict resolution.

AA (Silkomo AL o2l
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1
USE GREATER OF; * USE 2 HORIZONTAL TO
1. WR =X + 18' + YCOT# Pier 1 VERTICAL SLOPE, IF
2,2w WALUE IS NOT KNOWN,

3. WIDTH OF SCOUR HOLE AT PIER

Minlmum slze R-6
Exlsting

Streambed

- ] ] K] i
.-.'E.-.%?:.!a
Fllter Fabric > @l= 0= 0 =8 y
(Typ.) P -l
[ o
¥ = DESIGHN DEPTH QF RIPRAP X ] 16" | ¥ COTh
&m ANGLE OF REPOSE OF SOIL { OBTAIN FROM Or
GEQ-TECHNICAL REPORT) WR

WER = WIDTH OF RIPRAR
W eWIDTH OF PIER

Substructure retrofit measures:

* Bearing strengthening—use of restrainers
* Foundation improvement

* Bearing replacement

Elastomeric bearing

Use of Isolation bearing

Seismic Retrofit
1. Seismic retrofit goals

* Minimize the risk of unacceptable damage

* Unacceptable damages

* Loss of life

* Collapse of all or part of bridge

* Loss of use of vital transportation route (essential route)
2. Seismic retrofit process

Geotextile Filter

* Evaluate and upgrade the seismic resistance of existing bridges

* Preliminary screening—inventory
* Detailed evaluation

— Vulnerability rating

— Seismic bridge ranking
* Design retrofit measures

AA (Silkomo AL o2l
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3. Retrofit measures
» Strengthening members: Bearing strengthening by restrainers
* Seat width improvement
* Column strengthening: FRP wrapping or jacketing of column
* Foundation improvement
* Bearing replacement
* Elastomeric bearing
* Isolation bearing
* Dampers
* Retrofitting for continuity.

Steel-prestressed
Girders

C Column Bent Pier Micro Piles )
( Wall Piers Strengthening Methods Pile Caps )
C Abutment Wall Extended Footings)

( Unknown Foundation )

Strengthening methods of bridge components.

1. Concrete deck repairs by patching
2. Epoxy injection
3. Deck protection by HDC

4. Silica fume

5. Waterproofing membrane, polymer surface treatment, CP system, ECE, protective sealan!
and coatings, LMC, CIA, improving skid

6. Various DOT memorandums on specialized strengthening topics.

www.Civil808.com



Bridge and Highway Structure
Rehabilitation and Repair

Mohiuddin A. Khan

2010
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Q@O

-+ Existing

Hold down j beam
e Turn down nut -|-
to induce load _1

&= [
R A | -

. —

foertressing a steel beam

~

~
-

Exisling beam

. = pPostensioning
. {
K!r\;‘?‘rpc::c‘l::por! (Provide corrosion
’ protection measures)
Provide rounded edges on botlom ol
WT wabs 10 prevent corner bearings
Existing beam

i} WT section

Post tansioning

Fig. 7.22 King-truss type prestressing
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(a) Metallic Terminal (M-S-R) (b) Metallic Terminal With (¢) Non-Metallic Terminal
Multi-Fixing (M-M-R) (N-M-S)

=nds of the “Resin Filling ™ type

Lock Nut

+ Wedge
* Sleeve

$ Grout

Leadline Sleeve Leadline

Cut-away of anchorage used for intemal post-tensioned cables.




Uarolling -’&FR.P tendons from a drum.

Preparing the anchorage (bond-type) In_] ectxon of morta.r into the tendon
mounted anchorages.

— q

S

Placement of temporary reaction
devices between girders. Jacking of tendons.

Drilling of holes into girders for the
introduction of aramid tendons.

View of anchorage block showing
position of 6 AFRP tendons.

Installation and jacking of external

Cutting of tendons between girders steel cables.
after cure of concrete in anchor blocks.

End view of anchor blocks with external 7
cables and anchorages.

Technora 9- bar tendon in a stamless steel bonded anchorage.
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Maintenance Reconstructlon/Rehabllitatlon

]

" Foot & High
Highwa 3 - - ighway
( Bngdga ¥ } Pedestrian |Rallroad Bridge Structure [ Culvert

Bridge

! \ |

Suspension Railings MNoise Sign Retalnlng
Arch| |Beam |Truss| Czeble Parapets Barriers Structure walls

A bridge structural maintenance flowchart.

- | Butterfly
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Gravity| |Bridge [ Overhead|
Iwﬂ Walls Mounted
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Uniform settlement

Uniform tilt or rotaticn

Monuniform

Regular pattern
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of settlement

Henuni farm

lrregular pattern
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cf settlement

A = Lngular Distortion

A = Difference in Settlement Between Foundations
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Typical bridge trusses: (@) Warren trusses; (b) Pratt trusses; (c)
subdivided Warren truss; (d) K truss; (e) curved-chord Pratt truss; (f) Pettit truss.
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la} Hingeless rib (b} Hingeless rib (e} 1- Hinged rib
(d) 2= Hinged rib i¢) 3- Hinged rib

Columns Wﬂ

) Sofid spandrel {g) Open spandrel (h) Braced spandrel

i) Tied arch () Tied arch k) Tied arch
(Bowstring or Langer girder)
i) Rigld frame i : : : :
(2- Hinged) im) Inclined leg frame in) Inclined leg frame

o) Canlilever arch

mlﬁ,

(p) Conventional arch with ig) Stiffened deck arch {r) Stiffened deck arch
moment-resistant rib

Types of arch bridges.
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Cracks 1n slab.

Leakage through Expansion joint. Cradksin dabi




. Wire rope cross section and side view.
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Sockets for locked coil strands.

Tower
|__— Tower L N

Cables

| Cabes |

| | | |

o T
m %& (a) Cable stays in one central plane (c) Cable stays in two vertical planes.

L Tower

| _— Tower

{b) Harp system | Cables

H%HN%“NH L £

(c) Modified fan system

Cables

(b) Cable stays in one off-centre plane ~ (d) Cable stays in two inclined planes
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Damaged concrete pedestals of Damaged soffit of the girder at
the elastomeric bearing of the New Surajbadi the span ends of the New Surajbadi Highway
Highway Bridge. Brnidge.

—
—
b

Damaged remnforced concrete

Failure of in-span stoppers showing poor bond between the epoxy-
hinge and traffic railings at Old coated rebar and the adjoining concrete at tke
Surajbadi Highway Bridge New Surajbadi Highway Bridge.

Transverse displacement of the Pounding between two adjacent
superstructure decks of the New Surajbadi bridge spans. New Surajbadi Highway Bridge.
Highway Bridge.




. . Failure of crossbeam of a
spraninion jolnt of a brad " rram - - v
Cinncdhidhinm anc 1 Bhachan bridge at the village Vondh.

Elastomeric Bearing

1

a) Corroded Expansion Joint Details b) Aged or Restrained Bearing Supports

1-Rigoberto Burgueno,Zhe Li" Identification of Causes and Development of Strategies for Relieving
Structural Distress in Bridge Abutments"Report No.CEE-RR-2008/02 , Department of Civil and
Environmental Engineering Michigan State University

2-AASHTO/NSBA steel Bridge Collaboration,2004 " Steel Bridge Design and Detailing Guidelines™
3-AASHTO/NSBA steel Bridge Collaboration,2003 "Guidelines for Design for Constructability"
4-Petros P. Xanthakos, Theory and Design of Bridges, John Wiley and Sons Press 1994

5-Sukhen Chatterjee "The Design of Modern Steel Bridges*Second Edition

6-Khaled M.Mahmoud "Innovaations in Bridge Engineering Technology"Taylor & Francis
publication

7-Bijan Khaleghi" Suitability of Bridge made with Precast Components in Areas of High or
Moderate Seismisity"

8- Mohiuddin.A.Khan”Bridge and Highway Structure Rehabilitation and Repair” McGraw Hill, 2010
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Post-tensioned CFRP Plates
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Post-tensioning with CFRP

Optimal use ot high material properties of
carbon fibers

Reduces tensile strain in existing steel
reinforcement

Increases live load capacity of member
Non-corrosive material

fic e gt Y o S




Kot [yt [ IS ConnnSas gD40

!

&>Yad o3l glradlse S SSsls -

o4l by JE - oS gl Job 3 (2 -

s y§es o -
v 5 8

bS5 J08 5 bt ol gl b byl

Sl ¢ Soligd o STl sl -
oM e gt -

OPpSe gy -

OplNg pip e -

Oslish )3 oo sln i3 p S -
(540 5 ) Shw jlome g 85 -
STk g aw Je -

ST by gl -

SBhol. -

bl Fadl,. -

S8 SN o A -
G -

b SSS -

(8 e Do gs) (F3ysb 0dslpe -
238 400 3lgo — IS bl wSgylilye -

v v
oy (sla s (993 SIS
S xSl G- - S e sl ) oS -
R &g JEBI - 038 iy Sl e b gl -
Sl s
Soleo U (oS 6 -
WRSSSUNN R U N FIPUC- SR PRI PRl - POt -
¢ lode 21k
Jalre oo Ay
S (g5 oo l
oo glag s Wil LS (g 3bw e J ol gledse -
03, Shae M slaled) aiile (B g 5lw e
oy Sl Jlid - wwsd glul -
¥ B - ooVl [ Sl polgs -
S J - S sasd GBS -
Oy i [ Dy -

CunSud sdge 41 4297 b (3850 Jalod
L

Sl bkt b -

o




Jo 50 365 ST 5l oolaul

F 0oL sleg,




0355 Lalzrg (S il P (pols o (g0 as b iy SlelaB L Loy sl o3

b sl j0 0,k (Shgy 3l eolaul

U o D Y o
e N e

P

f
',




oo
S S

e . S §
N ARt AT § ST e

R ROV VML B RO e

A Ay IR .







J osien Jpol (Sgll lam)

SRl5 g oly oyl Dlidos 550 Sl Lol (eo¥e8 sledy 3k, (2bssl 9 (o3 Y

P 9ol olol lisiod 55 50 Shlasil o b bk 3lwg,y (2Ll g (onil-Y

75 Jlo sl (b g Jodod phange oot

VYV Ao yie Can i olidls @l Liacsl ( so¥ g8 00us jim sleds Judoni g 4y ykas ool e fadlesl -0
Ol olyee 35 50 Sl FRP L ao)T 1 0l s (gloSaSS o lesldl logh-#

cojbe 2 (b b (et e hwg Olew ¢ helonl (28550 dex 5 ples (Ll (1 Gl -V

VWAV (owsh (plleal azlgs sato oBitile o Lacil

Ciglaars 5 5 oy Olislely 3, Shee 2 Ll 8B sl 03 slajlolaz b oLty olm) (sagodsm -A
WWAD- &5 5 Joo oSty glid 5 Sligiod, 3590

)-A-AS)M‘ (o oKty u‘)l.......u‘cLe,l.» ‘_g).u» WT Q)ﬂo.c gs"")j"é)ﬂ)"ﬁ u-"‘*'s“cs’l""’) La).,.Lc -9
YYAY

VWA olasls 5 =y dhodl ey o255 pmgus Yo degozme =) +




ol e 55 50 Cal "an,T % 6l o3l gjls palia (sla o], ! el -1
VWA s o5lu (55l polie 5 55kt (SLSeaSS " Ll lagl -V Y

Col " @2l Slajz 5 920 sl o3l (gl 05 )0 (iletr Ly, s G sl sl VY
Iransaze
FRP 5,5 L cosii (bg; b olidl g o)l o slo ojle (55le polie sloig," lowld] leul -V F

\VAAJLQJ /ﬁg.w O)Lo.w/ Jﬁ‘ Jl.w 03‘“" g}““""ef" 60).:)[5 _(SALC aolilasd “

e WO V) e JES IR CES { L C RPN N POV Y B T

16-John P.Busel” Composite Industry’s perspective on transportation infrastructure
opportunities” American Composites manufactures association, Virginia

17-Abbas Al Hussein, Jubin Motamed, Iman Elyasian “Bridge Design “translation of
2009 instruction for test for Iranian retrofitting center

18-Wai-Fa-Chen, Lian Duan “Bridge Engineering Seismic Design”CRC
press,Washington,2003

‘6,| . ojj):i ‘QT )'| LS)‘QJ'.’ °)-€;-.’Q-.¢->L§}L“‘-@ﬁ 6L°)l-§‘°‘)9g)i LS)L“-Q-' AYAD T e NQ_\‘\




(S ) 93 4SS b ) o S 90

o3kes 0] ol 5 ol Lo

iman.elyasian@gmail.com

1009290 Lody 51 Lol go5 A

sk

T RS I

Sl Jy e
g el Gl Gl o cl Gl Aol ailas il b 6 alas alold o b aw ol (6 odes Dol
LYer 5hosaml e oy sk il i b slajlns sosie o &Sl 5l el Ly e
o2 G T BYF)L Ve DA @00 qwgd b So oS (o 0 0sS oad 5ol (7 )
s Jeb LYo+ 55 Gl
S sleds
S 0 Lo bl g Conl 00d et il 59 (59 2 4T Canl (pSoxtene (BBl o3l S Lalil w505 b S
Lot 1098 o0 Jloel s 595 2 85 ;505 (LSl 559 455550 5 b 039 95,1 L8 b by (slel o
Ngd (oo Jooii b iy L
Hlad
Yl (A5 45 090 (0 czge 95 (ul 35l (o0 hled 0ol by adje (VL o) 093 (g lad (59
20,5 5 —oligS ad e
D9l o0 ey adye Sl B 50 (LS g Sbml s adse (VL i ) )Lad 5wl

58 ooy il i o Jsb il s 8 ol

~pSompression



mailto:iman.elyasian@gmail.com

— Roadway

Roadway
Howe Through Truss
Kingpost Deck T

SI000 Haw Stulf Warks 2200¢ Haw Stulf Waorks 2000 How Stulf Works

i Warren i i Pratt i
TN )

2,8 1 E (ol gle al) el oo O Bk j2 50 a5 opls 0 IS @ col (sl ol (od b S0
5 o Gianie 5 S5 o ol o 2 | g 58 039 o b & o S (5510 s
)lﬁ‘:&é

L ol o Coos s 5 g8 Slael jo 0 l500 (5)L08 (5950 il a8 T 8 LA Co o lgen owsd Slek

gd (o0 9)ls

9 i3 50 ol @lls g wed (Sawes ornb Cools il Sladl BB g 5zl usd SOy S
ol b iz, 00 oo (EBlS jued (pp G o l) miS S0 gl alaxdle LB jeb 4y, 90 @
b oo SRRl 0T 50 5 (20T (5958 Sl (Gosd o plhedd 03 25 55) (SaeeS s ausly oo

Compression lines

Bl &S ol 2 0 L) Aoy, e 0 (L) b lblown) L) Lo B Lawgs o5 conl (L 3lae o
90 e Ble sl b .ol oaile Blre o b pl lawgy dlie g il ool oot (il axils s9>
DS o Jem |y ool 59 i oz cplpls asS o]y ol S aS &Sls b ol oz

2

_—



GILaS (59

Sl bz 4 6)La8 (595 cnl A )3 Sl (oo oS Tie Gl S ) Blae Al e 6 L33 (555
om0y ol 5 45 bz 5l 1) (65Led (sl LS soael Glae S ol &5 Ll I Ll T e
B A oS Ll aS sl 0isS e S e a1y ol 5 .aS o 0aiSTy 0o

o’oc’os

Aid  LLiS (59 0aisS b ,yo il ad S 18 Lall 4SS i 0e5 o550 g0 gl a5 Sl LS
S 55 galS 4SS Wigdh oS Dk 4 b LIS ol 45 05 o o 0 (65, JB 5 Jom 5 i 035
0aiS Ty Lol jo 0gge (1S a5l ool dlias (ye) 4 oSowe Lla> p diiled a5 Ll 5l Jg s 2

B (5
Cables

under tonsion r _ tl“hn_l

Q2000 How Stuff Warks

Q2000 How Stuff Works

ad,5 58 b abye pj p0 AT W)l e p 5 LS “uu@}‘l@&uj‘ﬁ@&*"é%miﬁﬁ
Zlse 5 Hlws 4 ool mhaw Lled jmals g ad e i plSoiwl oge ailelw ol (Deck truss) el

Dgs (o0 (D




9

NN\
- AN AR
L S B

e

o
b
»
b
»
-
£
X
i

Y

S s5t38 e >SS oo Jy S

Tension

Compression

Forces on a cable-stayed bridge




Ulgbu (S5o3 50 ooliws] LIS™ L

Deck

Column /
7

Arch

E/ Abutment

Span

(a)
Arch

peail q
% De{ Hanger V/—

(b) Arches as bridge deck supports

"*‘N. "', - - I8 2% ".:{ Y

www.Civil808.com



| Cable )

TN
Hanger /
Deck /'
,/// \ /7
Tower
Anchor block Suspension bridge

Stays

R

L S
4— Tower Bridge

deck
Py ad ey
Cable-

Anchor . W
staved bridee
block i 8

]
]

%lm‘mm‘

| AA (Silkomo AL o2l

www.(Civil808.com



/\ i AI‘*‘

11 1l
= 301 151 —=f

(a)
:[46
_—t— 175 —--Iel—- 17— ‘é'
(b}
__ _ T
- 138 —ef— 138 —=] 'A‘
(¢
1 Pl g e
! 195 : 30 |
{d)
N 1k
|- 287 ~I{L 1;5—-4[
(e)
m%& l :I}G
258 258
I};l 210 -t 170 —= A
(9)
(AR a5 ey

www.Civil808.com



A Silomo AL ¢ (20

www.(Civil808.com




(v)

AA Sikomo A

www.Civil808.c

om

V11
() (d)

(e)

35(.9'
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() SWAGED SOCKET (b) SWAGED SOCKET
(C) CLOSED SOCKET, ZINC-POURED (d) CLOSED SOCKET, ZINC-POQURED
BEARING—>|
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(e) ZINC-POURED SOCKET (f) ZINC-PQURED SOCKET
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(9) ZINC-POURED SOCKET (h) ZINC-POURED SOCKET
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(i) CLOSED BRIDGE SOCKET (i) OPEN BRIDGE SOCKET
Types of cable fittings,
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** Cracks due to steel corrosion

(Cracks parallel to steel bars) Cracks dueto shrinkage
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Cracks due to increased load on the slab
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Sec. A-A Cracks parallel to main steel in case of corrosion

Cracks due to increased shear stress
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Cralcks due to increased bending stress

T L

Cracks due to compression failure

Cracks due to corrosion or insufficient concrete cover
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Cracks due to increased column load
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Deterioration of a concrete structure.
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Grease packing Flat duct
Cement grout

=

Sheath Strand
Monostrand system Flat duct system
(unbonded) (bonded)

Unbonded and bonded tendons

Round duct
Cement grout

Multistrand system
(bonded)

Diameter

Normal Compact
Prestressing strand
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Ya-in diameter strand
- Strand chuck

— Center hold
hydraulic jack

—— Strand chuck

Hold-down
/" anchors

(b)

First Freyssinet wedge cone for 12 wires. Freyssinet wedge cone for 12 strands.

BBRYV anchorage for buttonhead wedges.
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Dywidag threaded bar anchorage.

Inryco Cona monostrand anchorage. CCL systems multistrand anchorage.

Grouting equipment
and auxiliaries

Dead end

Active anchorages for
external prestressing

Transverse

prestressing
Active Couplers
anchorages
for internal

tendons

Stressing

equipment Sheaths and

SH ducts
External
tendons

Threading
Machine
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(a)

S T———

—— —— — ——
Balanced Cantilever Using Launching Girder. An overhead truss or
“launching girder," riding above the superstructure, places segments —
alternating from one cantilever to the other —to balance loads.

g%nrln] [11111%

(b)

——— e ———

Balanced Cantilever with Travelling Forms. Travelling forms at the tips
of the cantilevers move in opposite directions at the same rate to cast
new segments, thereby maintaining balance and stability.

spanning between piers, then post-tensioning is installed and stressed.

(c)

. &

S0 T VN O S Y O DO 5 S Y N TR OO 1

(d)

v ~ -

T Y —
———

Progressive Placement in One Direction. Segments are transported out
to the tip of the cantilever where a crane places them in position. As the
cantilever grows, additional temporary cables are installed for stability.

AOA”' - =4
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Cable (Tension)

Arc (Compression)
Deck _\l\l\
/ 0 \
Tension ‘ SUSPENSION BRIDGE
ARC BRIDGE
Compression
mw
‘. PR
Compfess'on CABLE STAYED BRIDGE
Tension

STRESS RIBBON BRIDGE SEIEARSE

(inverted suspension bridge)

UNBONDED TENDONS IN ONE- AND TWO-WAY SLAB SYSTEMS

Plastic sheathing —.
ey \~ Wire of ;
Corrosioninhibiting — Q| E
coatig b 2
(a) Extruded Strand
Coating Sheath ., Anchorage i
1} 2 E
A | =
L2 G] | 1
(b) Section
(b) Non-Corrosive Environment ‘
4 &y
gl
Stealh— Tube— g g E!ﬂj
L UL
“Strand |- Coating - i
(c) Corrosive Enviroment
(@) ®

A‘AMW'}&“
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Strand chuck

Center hole
hydraulic jack

J

~¢—————— Strand chuck

Vertical Harping Harping
bulkhead hold-up point hold-down point

/
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/////////////////////////////////////////////////////////////////////////////."///////////4///////////////
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Prestressing Precast
bed slab concrete element

Schematic of pretensioning bed.

A Soa A 720
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(a) Strand anchor. (b) Monostrand anchor.

7-Wire Strand

(c)

(d)
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Jacking Tendon

:

g

'§ After
= anchorage
3

s

Distance along tendon

Frictional force stress distribution in tendon.

(a) (b)

AA (Sikomo AL : (20
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Load+

Ultimate - = = — = = = = = = = = — —
Steel yieldingp— —— — = — = — — — ————

Service load limit p —— —— —— — — — —
including
tolerable overioad

First cracking load |- — — — %~ ——

Balanced —_———
Full dead load 7 -+
%‘ ~
/

/

= =

R [N P R Deformation A
A, .‘A-:* e kil (deflection or camber)
Bpp—>
Ap; = Initial prestress camber
R —— Ap, = Effective prestress camber
A, = Self-weight deflection

A, = Dead load deflection
4, = Live load deflection

Load-deformation curve of typical prestressed beam.

Metal bands
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Prestressing bed
(a) Applying tension to tendons

R S R S A SO s AR ROy
e R
| PEUEREEs e S0 (S B R S Bk S g BT (RIS S ] |

{(b) Casting of concrete

Cutting of tendon

(c) Transferring of prestress
Stages of pre-tensioning

Pian or Elevation Free bodies

A tension frame




Jaw assembly

Retaining ring

Harping of tendons

Ak Sikoa oA
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Ly b (S polito (Sl Ay

— 1" o srond

e Strand chuck

e . CeENLOr NOlG
hydrauic jack

g NS — Strand chuck

Hold-down
anchory

Harped strand
Qroup

The various stages of the post-tensioning operation are summarised as follows.
1) Casting of concrete.
2) Placement of the tendons.
3) Placement of the anchorage block and jack.
4) Applying tension to the tendons.
5) Seating of the wedges.
6) Cutting of the tendons.
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Casting bed

(c) Anchoring the tendon at the stretching end
Stages of post-tensioning (shown in elevation)

sheath

__—~ Strand

trumpet ]
—— wedge

N anchor head

: www C1v11808.com



o

Sa=
¢ WS ¢

|

F;iacing of anchor block and

L L G pokio S S

|
Seating of
wedges

CS trumpet

Permanent
grout cap (optional)

A'oA'“ - &)

www.Civil808.com
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anchorage DIOCK ~

\ N pressure plate
\ jack fool

Y
~ gyand

AA (Sikomo &I
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Grouting equipment

Losses

1 : 1
[ Immediate J [Tlme dependent]
| | | |
1 1 1 1 1 1
Elastic Friction || Anchorage Creep Shrinkage || Relaxation
‘shortening slip

Causes of the various losses in prestress

Tﬂ‘ -{ et

TV BN
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P, after stretching

—— P after setting
— P,beyond /g,

&

Axial force ¢

Cracking «]

) i

>

X

Tensile strengths

»

\w-—-—-——:

v

Deformation

Compressive strengths

Prestressed section
~—— Non-prestressed section
f
fou
Bo :
e
foo Losses N ;
f ___.__.] Unbonded
pe
% | _
Self Cracking = Lond
weight load
Service Ultimate
load load

Variation of stress in prestressing steel
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Moment |
Ultimate strength

\ Service load level
) Cracking load levels
- > Curvature
(4 A
Prestressed section Non-prestressed section

Moment versus curvature curves

a) Initiation of flexural cracks

) S T [ P ] S e

L/// R e \&_I

b) Growth of flexural cracks and formation of flexure shear
and web shear cracks.

A e e T I O O N R T O R T

g///////z(\r(; o e \\\\J

" Web | Flexure |  Flexural | Flexure ! Web .
shear shear cracks shear shear
cracks cracks cracks cracks

¢) Cracks before failure




1

Diagonal tension failure Shear compression failure

' /1
/R
,TM_J/___}L A

Shear tension failure

hv4

Web crushing failure

-

R A

Arch rib failure

L/4 L]2 1/4

Typical variation of spacing of stirrups
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Cross-section

Sy

sV
Elevation

Cross-section and elevation of a beam showing stirrups

Re-entrant corner P

Incorrect detailing
Cross-section of the bottom flange of a beam showing stirrups

Correct detailing

" Ultimate sbength
/ Cracking torque levels
—7 > Twist
Prestressed beam ~—— Non-prestressed beam

Torque versus twist curves
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a) Initiation of torsional cracks in longer side

b) Initiation of torsional cracks in shorter side

c) Spiral torsional cracks

Formation of cracks in a beam subjected to pure torsion
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' Blliptical indentations

1
! !
Grcular indentations
Examples of indented wires

Twisted strand Deformed bar

Indented wires, twisted strands and deformed bars

et

AN
3

L

Variation of prestress in tendon along transmission length
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Original 1
diameter »

b) Casting of concrete

Sinking of tendon

R P RS A Diameter
Original 7 | — ) after
diameter ..x.. £ stretching

¢) Transferring of prestress
Hoyer effect

PR RHIRNE, W R DA R
2 : ATp
W ALY i
it e L?.n“,‘ﬁ&‘f‘.’ﬁ |
¥ "‘“J = ?!‘” n e £
) R h‘-, :. Bt
0ae S -

| Variation of prestress in tendon at ultimate
b

*‘“ e~ =l & ‘.”
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Ly

Transverse stress in the end zone of a pre-tensioned bean

- Variation of momen
Free body diagram of at horizontal plane
zone below crack along depth

Forces in the end zone
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0.1y

T AAS

Compressive stress

Stress trajectories in the end zone

transverse
dimension of
end zone

Tensile stress
trajectories \ 7/ Wries
Nevils
Yo ) ’ 4%3’) < |yp= larger
'}6 3
Bearing plate

Stress trajectories in the end zone of a post-tensioned beam

0.9)

22

Dlsta'nce along
axis of beam

Transverse stress in the end zone
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Profile of the CGS

Linear transformation of the profile of the CGS

Additional
= tendon

= 7

e 1 T,
§ u

|"| ’)(in‘{dividual

I_—I tendon
a) With additional tendon

Coupler
/ i — —Jack
+,.—!=——M\~//I= ] {,

LY
AW
LW T . )

b) With coupling of tendons
Cast-in-place
/ Topping
S N

¢) Composite construction with continuity reinforcement

Partially continuous beams

} Cast-in-situ topping

% } Precast and prestressed
e plank

Cross-section of a composite slab

b .}Is oy % 40
4 X ."‘, v 0

.

om
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c) Two-way slab d) Waffle slab
with beams

Plans of two-way slabs

Noqnal reinforcement:

WY G W S Y

T
IS

100 % banded through 100 % banded in one direction

columns in both directions and distributed in other
direction
T
i i
HINIES H
2 552 o ;J'.x i:: &
75 % in column strip and 75 % in CS and 25 % in MS
25 % in middle strip in in one direction and
both directions distributed in other direction

Typical tendon layouts




Casting

Anchor block

Recess former

Grout tube

Flat duct

Grout tube =%

~

P-plate

Compression
fittings
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i ”

Pe Pe T e
a) Due to prestress b) Due to internal pressure

Internal forces under service conditions

Raft foundation

Cross-section of a nuclear containment structure
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Tendon for vertical
prestressin\of wall

Tendons for —
prestressing of ring
beam

Tendon for dome
prestressing

-0 ... 0. 9000000

Tendons for
prestressing of wall

Typical layout of prestressing tendons at dome and ring beam junction

(b) Circumferential prestressing (close-up)




f } Drip groove detail
8 >N
& NCEVAZOTE |
e ‘ /\_/
/"11 SIKA FLEX 1A CAULKING
OR EQUIVALENT LZ-GDFEggVEC O 50
Combination development length
I— MECHANICAL ANCHORAGE
Equivalent Embedment | Additional
" Length of Mechanical ' Embedment’
Anchorage Length
‘ HOOKED BAR
| Equivalent | Additional |
"Embedment Length'  Embedment '
of Hook Length
STRAIGHT BAR
I Development Length (1 ) |
Single cell box boamioverfay connection detall Double cell box beam/overlay connection detail

N e o Pkt ot T Pl
rg' —)(’_’TL ‘L\|< ....... ;L\ ->=_,@ _______

v v
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Additional reinforcement for haunches over 75 mm high

TOP DECK REINFORCING.

TOP LEG OF 10M SHEAR
/HE TO BE KEPT BELOW

185
MIN.
. . L] .r_!.— b2 -~
.
- — 5 *
. ! \ey
HAUNCH HEIGHT / ADDITIONAL 10M SHEAR TIES TO
GREATER THAN 75 = = REINFORCE HAUNCH REGION
o~ AGAINST SHEAR FAILURE
| o
ADDITIONAL LONGITUDINAL BARS
STIRRUP EXTENDING 600mm BEYOND
SHEAR TIE LOCATIONS

-

Additional reinforcement for haunches over 75 mm high

DECK REINFORCING

TOP LEG OF 10M SHEAR
TIE TO BE KEPT BELOW
TOP DECK REINFORCING. 185

MIN.

JEl e
/Q)—L‘ . » .

.
~ - - = .ﬁ
. .
\I
O) J
ri .
{ 7/ 4L LS

ADDITIONAL LONGITUDINAL BARS
EXTENDING 600mm BEYOND
SHEAR TIE LOCATIONS

ADDITIONAL 10M SHEAR TIES TO HAUNCH HEIGHT
REINFORCE HAUNCH REGION GREATER THAN 75
AGAINST SHEAR FAILURE
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i A 18 THK. Rl
/ i o
.

—F 249 HOLE
FOR M22 BOLTS

STRUCTURAL STEEL SECTION OR
WELDED STEEL CONNECTION R'S
(TYPICAL)

24p HOLES IN CONNECTION

PLATE. 24 x 28 SLOTTED

HOLES IN ANGLE FOR

M22 BOLTS (TYPICAL)

GIRDER

|

%
5

- o~
[ EE ]

/-

TP

~C

BACKING B ON
OUTSIDE OF EXTERIOR
GIRDER

/-DNENSION TO AVOID
DRAPED STRANDS

£ GIRDER

&3]

+4|

= Te & ¢ o
; » * ™~
o

SEE

#9>—SEE NOTE 1, TYP.

NOTE 1

——— " ———

CUT TOP & BOTTOM
FAR SIDE FLANGES
FLUSH, TYP.

¢ GIRDER

w WELDED.

SECTION 6 1 )
SCALE 1:25 \_—

1. CONNECTIONS OF DIAPHRAGM MEMBERS TO GUSSET

' lll i I T PLATES ARE SHOWN AS BOLTED BUT MAY ALSO BE

www.Civil808.com



BEAR & FITTED TO
WELDED BEAR &
WELDED
= 1 =T 1
ABUTMENT INTERIOR SUPPORT
BEARING STIFFENERS OVER 20mm THICK

Thrie beam bridge railing (box girder side-mounted)

STD. THRIE BEAM RAILING
DWG. NO. (TO COME)

760

g

" I» L - P
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Steel two-rail bridge railing (box girder side-mounted)

STD. TWO—RAIL STEEL RAILING
DWG. NO. (TO COME)
Pl=1
~~

Cast-in-place concrete bridge parapet (810 mm High)

;
STD. CONCRETE PARAPET ——

DWG. NO. 27841

PL—2 \

810

www.Civil808.com



Precast concrete bridge parapet

STD. PRECAST CONCRETE PARAPET ——
DWG. NO. (TO COME)

810

1
T

H
H

Steel three-rail bridge railing with brush curb

STD. THREE—-RAIL STEEL RAILING ON CURB
DWG. NO. (TO COME)

1 060

www.Civil808.com
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