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History of Bridge Development

Clapper Bridge

o~ [ree trunk
e~ Stone
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Great Stone Bridge in China

«Low Bridge
—~ Shallow Arch

700 A.D. Asia

Circular segment
First open-spandrel w/
two small side arches:
- lighter weight
- flood control

(1) Install forms
(2) Build tapered stones
above the forms
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History of Bridge Development
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Truss Bridges
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Bahrain’s North Manama Causeway




How Bridges Work?

“Every passing vehicle shakes the bridge up and down, making
waves that can travel at hundreds of kilometers per
hour. Luckily the bridge is designed to damp them out, just as
1t 1s designed to ignore the efforts of the wind to turn it into a
giant harp. A bridge is not a dead mass of metal and concrete:
it has a life of its own, and understanding its movements is as
Important as understanding the static forces.”
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Bearing to load of the top structure and

B aSiC StruCture acting as a retaining wall to soils

Girder, Arch, Truss, Cable to determine bridge types
bridge superstructure

o) Ty o 54 () ety
A Wing wall retains soil structure deck (surface)
(safety wall)
Top Structure railing  expansion joint
P Iaisiiiiiilasiiisiaiaiiiiiiiiiii :L:.Ez5.;:::5:E:E.§'=:E:§:I:E:Eii,:=' SRR RRHBRRR A HHEEE
Bottom — > = - Lf
Structure aI?Utment
¥ 77 )T T T T T T? YrrrrrIrT Y wing wall
pier (column) bearing
Reinforced-Concrete (! Z! ‘ )
footmg} ] . footing
I ﬂ I l z piles oundations
a) Ty 2z b) £ 2% <) BEY Ay (d) Az} vy 2%
| >|
span 7/ span

The distance b/w two bridge suppbrts whether they are columns, towers or the wall of a canyon

(e.g., two-span bridge)  pICAL BRIDGE ELEMENTS

A




Basic Structure

* Bearing @zlg|)
— 'Transit loads from the top structure to the bottom structure

— Resist to earthquake, wind (horizontal vibration), temperature changes
(expansion and deflection/displacement)

 Expansion joint (Az0|2%H|)
— Placing gaps to prepare for concrete expansion by temperature changes,

concrete creep, dry shrinkage, and live load

— Finger type and Rail type (0|2 A 12 £%h

(a) finger type (b) rail type



Basic Structure

* Drainage facility




Bridge Types

* Bridge Types Depending on Deck Positions
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Deck Bridge Half-through Bridge Lower Route Bridge Double-deck Bridge



Bridge Types

* Bridge Types Depending on Support Types

Single Span Bridge ( EFz41)

- Separated spans/decks
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— = : - Adding hinges to the continuous
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Bridge Types

* Bridge Types Depending on Deck Types

Slab bridge
- Slab top structure: short-length span

(single span: 5-15m, continuous span:

10-30m)
- Low-height top structure (1/16-1/20
RC g3 33 &8 of the bridge length)
RC Slab Bridge Hollow Slab Bridge
Should avoid long-length Reduce self-load with
due to increase self-load holes

Rahmen(Rigid-Frame) Bridge
- Connected top and bottom
structures
- Economical with low-pier-height
and short-span bridges
- No need for expansion joints till
() 7% 2z (d) Ve 2foia 50m
- Spaces under the bridge for
overpass road or river crossing
- Easy maintenance, good
appearance

(x) 2% 2toia




GIRDER BRIDGE

[ ]
B 11 d g c I yp S The weight of the girder pushes straight down on the piers

* Bridge Types Depending on Deck Types: Girder Bridge

T-Shape (T &%)

- Usually used for short spans (30m)

- Less self-load than slab bridges

- Double T-shape: 50m span with prestress,
horizontal tendons due to a big gap b/w
girders

(a) T (b) Double TYi

Plate Girder ( Z!#F &4 .id)

- Use I-shape steel girder (50m)

- Require many steel members, complicated
- Low horizontal strength = weak for curved
roads

Plate Box Girder ( Zl-AF 81 i)

- Widely used (50-60m)

- Good for curved and widened roads

- Steel box is prefabricated, bolted and
welded in the field 2 fast, easy construction

(a) XIALZtYY (b) M|t
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* Bridge Types Depending on Deck Types: Girder Bridge

Steel Plate Box Girder ( ZIAlEF 2 1)
- Steel-plate slabs 2 smaller self-load 2 longer span (70-80m)
- Expensive due to many steel members

- Complicated field welding of the steel plate, more vibration
than concrete slab

PSC Beam

- Use pre-stressed concrete girder (20-40m)

- Cheaper construction

- 2m bottom structure for 30m span = require enough bottom spaces = For
the limited spaces, use preflex bridges with | beam



TRUSS BRIDGE
Girder bridge strengthened by trusses

[ J
B r]_ d g e Typ e S Lighter than ordinary girder sections of equal length

* Bridge Types Depending on Deck Types: Truss Bridge

Top Lateral Bracing
Top Chord

Top Chord

Portal Strut

Portal Bracing Lateral Bracing

Portal Bracing

End Post
Hip Vertical Strut
Hip Vertical Biscle
Diagonal
eck
Diagonal Vertical Abutment
Bottom Chord
i Bottom Chord
Lateral Bracing > Floor Beam

End Floor Beam Floor Beam

Component parts of a typical truss bridge - Isometric View '

Parker Truss

ANXXURUADN

K Truss Baltimore Truss



ARCH BRIDGE

Instead of pushing straight down, the weight of an arch bridge is
carried outward along the curve of the arch to the supports

B ridge Typ e S (abutments) at each end

* Bridge Types Depending on Deck Types: Arch Bridge

2-Hinged Arch 3-Hinged Arch
Widely used, Good appearance and economical Possible deflection in the center hinge
Applicable to sound ground conditions Less durability, Not used that much

Applicable to over 300m with truss braced ribs

—----m_-.-

Fixed Arch Tied Arch
Most economical arch Less horizontal loads to the tie = Applicable to poor
Higher fixed moment = for sound ground conditions ground conditions
Less deflection due to higher durability Bigger loads to arch rib = Bigger rib thickness are used

Usually used for concrete bridge (difficult to apply hinges) thus less economical



Bridge Types

* Bridge Types Depending on Deck Types: Cable Stayed
Bridge (A1&m)

The cables are attached to the towers, which alone bear the load

For long-span bridges, self-load becomes bigger thus need supports by

the tower

In a radial pattern, cables extend from several points on the road to a
single point at the top of the tower

In a parallel pattern, cables are attached at different heights along the
tower, running parallel to one other.




Bridge Types

* Bridge Types Depending on Deck Types: Suspension
Bridge @4+n
— The cables ride freely across the towers, transmitting the load to the

anchorages at either end which are imbedded in either solid rock or
massive concrete blocks

— Aesthetic, light and strong, but most expensive to build

Earth-Anchored(E}f X 4))

- The cables are fixed to anchorages

- No effect to stiffening girder (&2 2/&) thus easier
structural analysis and design

- Require big mass of anchorage = less attractive, more
expensive with poor ground conditions

Self-Anchored(X} X 4)

- Directly fix cables into the stiffening girder
- Complicated structural analysis and design
- No need for the large anchorage

22, xpgA BA2(YER)



Bridge Construction

* Bottom Structure: Pier (2}

— When constructing many piers in the river, it reduces the cross section
area of the river, which increases fluid velocity and scouring. To prevent
flood, the cross section of pier needs to be designed as circular or oval

shapes

(b) 17t ZI2|E (c) ALY FA3JBE (d) @ZF AlZ 243



Bridge Construction

* Bottom Structure: Pier
— Sliding Form
* Assemble the concrete form at the bottom at the beginning and continuously lift the

form to the top without form removal by using hydraulic jacks

* Once the concrete is cured and reach the desired strength without deformation, the
form moves up to the next height

* Possible to construct 1 story each day

* Good for chimney, cooling towert, silo, pier, bridge tower, etc.

* No connection line, save form disposal, improve worker safety D 44

* No stop from the bottom to the top: 24-hour working, require
accurate skills and construction methods (no cold joint),

not economical for the short height

P
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Bridge Construction

* Climbing Form

y

JUMP FORM SEQUENCE (1)

« CLOSE FORMS

= INSTALL TIES & TEMPLATE BOLTS
* CHECK PLUMB

« POUR CONCRETE

") Movie Converter: Co.. 4 Flash

B &)~ =M 1057am




Bridge Construction

Bottom Structure: Pier

— Climbing Form

Similar concept with the sliding form, but remove forms for each story and do not use
hydraulic jacks (normally use tower crane)

Takes longer time (5-6 days for 1 story)
One form unit is about 4-6m

Uniform placement height, more traditional method that 1s more familiar with
workers=> good productivity

Equipment cost, safety risks at the high height (e.g., wind) especially for form removal
operation, falling risk of workers working in gang forms




Bridge Construction

* Top Structure: FSM (Full Staging Method, Suiz|24)
— FPor good ground strength and short height bridges
— Install supports to the entire span to bear loading of concrete, forms, and

working platform
Fixed zupports | -~ Movable Supports

7/

sl o
R~ ¥ = ~ <

Whole Support ( Z1 X X] X[ 4))
- Flat ground and smaller than 10m height

- Simple installation and easy construction
- Steel or wood supports evenly bear the distributed loads of the top structure

- Need for no concentrated loading during concrete placement




Bridge Construction

* Top Structure: FSM (Full Staging Method, Suiz|24)

Pillar Support (X[ X[ X[ 4])

- Uneven ground and obstacles on the ground
- Larger than 10m height

- For poor grounds, need to drive piles

Girder Support ( H L] X[ X[ 4])

- River having poor ground condition

- When difficult to install supports between spans
- For the cross section bridges

- When needs to use the under spaces

- For large height bridges




Bridge Construction

* Top Structure: FCM (Free Cantilever Method, 7123 2%)

— Use form traveler or
moving gantry to
balance left and right-
hand sides of the
bridge instead of
installing supports and
construct 2-5m girders
step-by-step

— When support
installation is difficult

— Used tfor PC box
girder, suspended, arch
bridges
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inserting steel strands to :
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Bridge

* Top Structure: FCM (Free Cantilever Method, 7zt 24)

Super-capital (FF5) construction: about 90 days

(a) Footing AHH 27|

(k) ZEH ngl (1) F582 AEY Al

(1K) Q1% Jack Ad%|
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Bridge Construction

* Top Structure: FCM (Free Cantilever Method, zﬂgaﬂ-g-tg)

— Segment Construction (Form Traveler Installation)

|mangnsnn:
ol

ikl L U

e

(e) Q& 7HZX] MX| (f) LHEL AHER X (8) F/T 2 =& (hMain rail 1%

Design: 1 month, Manufacturing: 3 months, Installation: 1 months



Bridge Construction

* Top Structure: FCM (Free Cantilever Method, 7123 2%)
— Segment Construction (Form Traveler)
* Normal segment span: 3-5m

* Concrete placement: low fringe through the opening of the bottom
plate = Connection b/w the low fringe and the body = Body =2

Cantilever = Top plate = Connection b/w the top plate and the
body

e Key segment: connection b/w segments




Segment Construction: form setting (2 days), rebar and formwork (3 days), concrete placement (1 day), Curing and
tensioning (4 days), Form Traveler detachment (2 days)

Side Span Structure (=4 ZFEF2): 20 days for 7m

Bridge ConStruCtion Key Segment: 20 days

* Top Structure: FCM (Free Cantilever Method, 7zt 24)

— Segment Construction (Form Traveler)

® 7] MIAHE LHHE MX|

) 7| MAHE Z32|E E}Y @ 7] MAHE AZ



Bridge Construction

* Top Structure: MSS (Movable Scaffolding System, o|£4|

H| A S &
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MOVEABLE SCAFFOLDING SYSTEM
FOR

BRIDGES TO BE CONSTRUCTED
WITH
CAST IN-SITU METHOD




Bridge Construction

* Top Structure: MSS (Movable Scaffolding System, o|sAl

H| A S &




Bridge Construction

* Top Structure: MSS (Movable Scaffolding System, o|£4|
H| A SH
— Install forms on the movable scaffolding structure and place concrete

— Above type: hang forms to the above scaffolding structure




Bridge Construction

* Top Structure: MSS (Movable Scaffolding System, o|sAl
H| A5
— Advantages
* Tast, safe, and productive construction

* Less labor input and construction under rainy weather if roof is
installed

* Reusable forms and scaffolds
— Disadvantages
* Expensive manufacturing of the system

* Difficult applicable to curved and changeable cross sections



Bridge Construction

* Top Structure: MSS (Movable Scaffolding System, o|£4|
H|H| 3 H)
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Bridge Construction

* Top Structure: MSS (Movable Scaffolding System, oS4} u|#2%)

HIHE
HIHE MOME i
u
W2 =3y
oy e
SHi2l
(a) KIAFER] 7hM (b) FHt2|of 23t 7hd (c) XIMEY olF7Hd

— Place concrete while checking the left-right balance to prevent twisting

— For 1 span: Concrete placement (1 day) = Concrete curing (3 days) =
Tensioning and detaching MSS (1 day) = Moving MSS (1 day) = Outer
form placement (2 days) = Strand, rebar, inner form placement (5 days)

— System design and manufacturing (3 months), installation at field (1.5 month)



Bridge Construction

* Top Structure: PSM (Precast Segment Method)

— Structurally same as FCM but
use precast segments and
connect them based on post
tension = faster construction

— Additional cost for segment
manufacturing sites and
storage




Bridge Construction

* Top Structure: PSM (Precast Segment Method)

— Segment Manufacturing

@ .2_3| E E(N | ® HEX SHA



Bridge Construction

* Top Structure: PSM (Precast Segment Method)

— Segment Manufacturing

* Select manufacturing and storage sites as close as to the construction field

* Do foundation construction for the manufacturing site as well to prevent segment
deformation due to settlement

* Manufacturing site: material storage, strand manufacturing site, segment manufacturing
site, concrete batch plant, segment storage for 28 days, curing/water/electricity supply,
office, etc.

* 1 pier segment per 3 days, 2 normal segments per 2.5-3 days

Long Line Method

- Set up the entire top structure on to the manufacturing facility and manufacture
segments while moving one or several forms

- Advantages for changeable bridge cross sections

- Require large spaces

- Easy and accurate manufacturing, Direct curing at the same location

Short Line Method

- Manufacture segments one by one

- Advantages for uniform cross sections

- Need for moving to storage yards, Difficult manufacturing




Bridge Construction

* Top Structure: PSM (Precast Segment Method)
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Bridge Construction

e PSM (Precast Segment Method) — 7HE! | 7}

o

Crane

Crane +
Supports

Movable Hoist
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Movable
Working Girder
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Bridge Construction

Open back supports and move precast span segment

Close back supports and open center supports

Move the span segment to the installation position

Push launching gantry by the back supports

Stop pushing and install center supports to the next spot

Install front supports to the next spot




Bridge Construction

* Top Structure: PSM (Precast Segment Method)

— Construction Risks

* Careful mixing of epoxy and hardening agents (0 ZA| =X|2t Z3}K|
=3h 1s required for connecting adhesiveness control

e (Careful deflection control of cantilevers

— Caused by (1) manufacturing errors, (2) construction errors, (3) design errors
especially (as-planned vs as-built)

— Keep 6mm or less positioning error rates with adjacent segments

— Keep 0.3% or less vertical installation degree comparing with the design






Bridge Construction

* Top Structure: ILM (Incremental Launching Method)
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Bridge Construction

Breaking Saddle
* Top Structure: ILM (Incremental Launching Method)
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Bridge Construction

* Top Structure: ILM (Incremental Launching Method)
— Advantages
* Easy project and quality control and safe
* Repeated and fast, easy material management
* No weather effects
* Continuous deck for better riding quality
— Disadvantages
* Need spaces for manufacturing facilities

* Applicable for straight or R > 450m bridges: difficult for changeable
cross sections and bridge heights

* Applicable for 60m span even considering launching nose and
temporary pier

* Expanstve first investment cost



Bridge Construction

* Top Structure: PSC Beam




Bridge Construction

* Top Structure: PSC Beam Manufacturing

(@) HIxfeH A3 (b) B2, HA x3 BETTED
Careful for Differential Strong Enough to Bear
Settlement Concrete Forces,

Carefully Locate Post
Tensioning Anchorage

(d) 232|E EAM () OFAY (f) AR ShiH|
Steam after 3-4 hours
from the placement

Post Tensioning

Tensioning from both sides but
better to use 1 hydraulic jack for
uniform force




Bridge Construction

* Top Structure: PSC Beam Placement

(a) PSC Beam 24t

e

A
\ B

LTSV (b) ZH Z2Q) A% () Z43hg M|

Fixing Beam to Pier & Bolting to Shoe & Immediate Cross Beam Installation



Bridge Construction

* Top Structure: PSC Beam

— IPC (Incremental Prestressed Concrete) Girder
- YHHOZ PSC Y2190 ZFHS U506l RE & oSS 282 7|0 2=
SASISI 1Y S te 2 T P07 HR5H0 A XAS0| S7HtE R HE 2|
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(i) IPC i Al 4=

(2) 4214 Conc' EtM



Bridge Construction

* Steel Bridges

Bent Method

- Use crane to connect the bridge structures with temporary
supports by bents

- Simple and economical

- Construction in a load-free condition, good for curved bridge

- Fast construction, not economical for high height

- Need spaces for crane operation, need for stable ground

- Careful and step-by-step removal of bents considering
structural conditions of the entire bridge span

XZE Jael

olzte HRROILT) OISA o) Cantilever Method
VANLER e g - Good in valley, river, sea requiring high height and
S —— frequent spans (difficult for bent installation)

hm&zim
:

Ay
AVAVAN

-------- - Continuously connect plate box girder

- Possible one-way or two-way construction (need to
keep balancing)

- Very difficult adjustment after placement




Bridge Construction

* Steel Bridges: Incremental Launching (@z714d2a9)

Nose
dl g
| | | ] |
Roller
Roller Saddle Saddle
Trolle
v sman (U, e
o | EREEN -
j“’!: "'l'!l.q"“h eehteeeeemmm N\ [l_Bent ]
NN~ o 7 : y E
M’ £} o Trolley f
s ¥ Rail OIS Trolley

WEI2H

Saddle 2& Rope
=
é{\ ,&, Trolle

[ \ HiXlH

Launching Nose

Movable Bent Trolley
Require rail

Barge
No rail requirement
Use guide rope for alignment



Bridge Construction

° CF
* Steel Bridges AL O E 7] 4
Ao|54 FE B
- Advantages to river, valley,
sea
- Expansive, long preparation
time
- Separate towers for bearing
and cranes
/- .', a ‘ back-stay cable _ track cable
o ! carrier
_’4 ;_t’[ Y1/ 5[- 7/ ,_(’[ \ erection tower
Main rope 2 7} &8 B E/0| 23 & 141 ' P
N .2 0j014 FE(014]
E/2d 50 H2)
lEANd EEp|
Pontoon Method ( &/ 27} A1 2 &)
I~ - KIM=gE Manufacture whole structure = Transportation = Installation
I ] N Ay
e |
\Beam(=)

Temporary Girder Method (7} & 7 L/ £ &)
HX 7O E A0 FfE8fE B E X/ 7H0/
2B IfEH 7 30 Zf A A o] A A B /S

(a) Floating crane g (b) CHA offe} (cEZ|Y o|g sy



Bridge Construction

* Steel Bridges: Pontoon Method (2Z71424)

Floating Crane (Cranes set up on the barge)
Deliver the bridge span using the float crane

Floating Crane
Wire rope

Arch 2240

A [N

P T w2t
|

-

(b) ofI%} (c) 7tA, 7%

____________ [l iff_
fton A el ot i i Lift-up Barge

[ Ladder(AICt2]) HCH(Beam) i Set up lifting systems on the barge bents
! / ; som

e e i £ I

- - = - a

< 7z —

=20



Bridge Construction

* Cable Stayed Bridge (Atztm)




Bridge Construction

* Cable Stayed Bridge

- FE olol w2t Y] U9 AO| 22 FS ot RxBolo) Aol eig
H

O 1
ZYSON 2 PEETYO| IS FSOHH LH{SL0] ARUES XA
UxA7|22 470 2l nB S AHH O

Single Cable

- Better appearance, narrow width, good view opening
- Need a median strip

- Need protection for twisting forces

Double Cable

(a) 19 #Ho|= (b) 284 7o} - Wide width, Better for twisting forces = long span

(a) HAFG A (b) THEHA| (c) BLEGIA]
=
(@) 123 H4 (b) A%Y A (a) 22F P4 b) 2HYA (c) A% YA
(1) 190 #lolg ¥4 (2) 211 Hlolg At




Bridge Construction

* Cable Stayed Bridge

Crawler Crane

g sld el

Unreeler XoI4CH
a3, FHERH 2 Cable Reel
Girder
Better stability : Y _
Easier construction (M ; !
23, o 390 2%t bi A, @A 39l0) 23t Hi

Other: catwalk + winch (will be explained for suspension bridges)

T, WAAE(FY) WA 3y



Bridge Construction

* Cable Stayed Bridge: Cable Installation

(a) HDPE Ito|Z HiQJ (b) G Xfc Mx (c) ZE0| WHRYALT AX| (d) DECK 4#{XjAt3 MX|

g N

N b
9 %
)

e

< b < e
(k) 298 7H(cap) 4| (1) AX| QBEl #lojg Rty

(i) AR 24N Al



Bridge Construction

* Suspension Bridge #4m)

el




Bridge Construction

* Suspension Bridge &4a)

& 201D ME
cable BHE ZEl(tower)

= towering ’ hanger
1 i e
.4!'“ - Illllllllnllllll“lll lnqu “lli..
” >

i P2 (EA) D2 IHI |
%. :

AT0l MSE

AT 0|5

23, EPg HAR(FOMHD) 23, Ay Ba(YFT)

Earth-anchored: Self-anchored:
Main tower = main cable = hanger = girders Main tower, temporary piers = girders = main
cable 2 hanger 2 remove temporary piers



Bridge Construction

* Suspension Bridge &4a)
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catwalk rope

@ &7 2% 9 catwalk rope 7}4

catwalk
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®) Catwalk B}FE % storm rope 74
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Pilot rope: Temporary rope to guide cable
installation processes

Catwalk: Temporary working platform for main
cable installation processes

Storm rope: Wind protection for the catwalk,
can be eliminated with high technology



