LA CONSTRUCCION DEL PUENTE SOBRE EL CANAL EN EL LADO
ATLANTICO




PUENTE SOBRE EL CANAL EN EL LADO ATLANTICO

OBJETIVOS — MARCO LEGAL & SOCIAL



Puente sobre el Canal en el Atlantico

* OBIJETIVO DEL PROYECTO:

Cumplir con la Ley 28, del 17 de julio del 2006,
gque aprueba la propuesta de construccion del
Tercer Juego de Esclusas en el Canal de Panam3,
y dispone que la ACP debe desarrollar los
estudios necesarios para identificar la opcion
mas conveniente, a fin de establecer un cruce
vehicular, ya sea puente o tunel, en el extremo
Atlantico del Canal de Panamd, que la
construccion debe iniciarse, a mas tardar,
inmediatamente después de concluido el Tercer
Juego de Esclusas, y que el costo de la obra
debera ser cubierto por la ACP.




MARCO LEGAL-SOCIAL

(La Autoridad del Canal de Panama incorpora en su
vision corporativa: Constituirse en piedra angular e
impulsora del progreso, desarrollo y crecimiento de
Panama

(La Autoridad del Canal de Panama incorpora en su
mision corporativa: Aportar riqueza a Panama vy
contribuir con su gestion al bienestar, desarrollo,
progreso y mejoramiento de la calidad de vida de todos
los panameiios



OBJETIVOS DEL PROYECTO

Permitir un cruce ininterrumpido, rapido y seguro entre el sector Este y Oeste
de la Provincia de Colon

Reducir los tiempos de viaje existentes

Limitar la interferencia con las operaciones del Canal a minimas o
inexistentes

Permitir el transito de buques post-panamax en ambos sentidos

Considerar y permitir futuras expansiones del Canal (cuarto juego de
esclusas)

Considerar el diseno del trafico para futuros desarrollos



PUENTE SOBRE EL CANAL EN EL LADO ATLANTICO

ESTUDIOS



ESTUDIO DE FACTIBILIDAD

Puente 4% Puente 5%

i =

Tunel 5%



ESTUDIO DE FACTIBILIDAD

Alineamientos

Recomendados

Alineamiento B

® Puente con pendiente de 4%

® Tunel con pendiente de 4%

Alineamiento H

® Puente con pendiente de 5%

Gatun Locks = ;' I(
\ L




PUENTE SOBRE EL CANAL EN EL LADO ATLANTICO

FASE DE DISENO



SOLUCION TECNICA (DISENO)

PROYECTO DE TERCER PUENTE SOBRE EL CANAL DE PANAMA

El proyecto consiste en el diseio y construccidn de un puente vehicular doble atirantado de concreto y sus accesos, ubicado sobre el Canal en el Atlantico, provincia de Calon. Contempla la
conexidn de la aproximacion oeste del puente con |a carretera existente hacia la costa abajo de Coldn e incluye un puente sobre el rio Chagres, aguas abajo del vertedero de Gatdn.

FECHAS RELEVANTES
Inicio del disefio: 2 de junia de 20I1
Ao prayectado de terminacian; 2015

Morto del contrate: $6,496,598.53

Servicios do ingenizna para ¢l disefio final de un puente sobre el Canal en ¢l Atténfica

Contratista. CCCC-LBG CONSORTIUM

10
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Configuracion General

Puente Principal 1050m
Viaducto Oeste ' 906m
Viaducto Este | | 1125m
~Carreteras 1400m




Requirimientos de Disenho

Parametros geométricos

TYPE OF MAIN BRIDGE

Concrete Cable Stayed Bridge

TRAFFIC LANE

Dual 2-lane

CROSS SECTION

20.8m Width

DESIGN LIFE

. 100 yrs for Main Bridge

DESIGN SPEED

. 90 km/h for Main Bridge

VERTICAL CLEARANCE

75m (MHW: 0.30m PLD)

VERTICAL GRADE

5%




DEMANDA

DETERMINACION DE NUMERO DE CARRILES

Traflco diario estimado (10% de camlones)

70,000

Mayor que 36,700 vpd requiere 6 carriles

60,000

Mayor que 16,500 vpd require 4 carriles
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Parametros de Diseino

Velocidad del viento (100-year return period)

Elevation 1-hr Avg. 10-min Avg. 3-sec Gust
(m) (m/s) (m/s) (m/s)

as | ws | we

Analisis y Evaluacion de riesgo sismico

Seismic Hazard Return ) o .
. Basic Performance Criteria
Level Period

o No damage to primary structural

elements
Minimal damage to other components
Full access to normal trafficimmediately

Functional 10% in 50yrs.
Evaluation . Occurrence

Earthquake(FEE) Probability

No collapse, repairable damage

Safety Evaluation o .
2,475yrs | Occurrence Limited access for emergency traffic in 48 h

Earthquake(SEE) -
Probability

2% in 50yrs. | °®

Full service within month(s)




Design Parameters

AM-Atlantic Muck
Much higher ground PGA
Larger Foundation

CHAGRES
FORMATION

ALUVIAL
DEPOSIT

RESIDUAL HIDRAULIC
SOIL FILL
ATLANTIC GATUN
MUCK
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PUENTE SOBRE EL CANAL EN EL LADO ATLANTICO

OTRAS CONSIDERACIONES



Bridge Proposals Studied

Composite vs Concrete

Relevant Experiences

Overall Evaluation
Durability

Seismic Behavior
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Costs

Potential Risks



Ereccion del Puente no debe interrumpir el trafico de
buqgues en el cauce

)



Solucidon Técnica

Puente Principal — Ereccion de la Cubierta




Bridge Proposal Studied

Concrete Deck

Aeroelastic
Stability

Poor

Good

Best

Structural
Rationality

Fair

Better

Better

Segment
WT.(8m)

378 T

326T

332T

Erection

Simple Formwork

Moderate

Complex

Conclusion

X

Recommended

X




Bridge Proposals

Iy

WL . L

'Hm

Option 3
PT Bar
(Design)

f # 0 B B AR B AR R R B EE




Technical Solution

256 Stay Cables

steel anchorage tube




Special Studies Performed

Seismic Hazard Assessment & Seismic Analysis

Solution: Viscous Damper




Special Studies Performed

Seismic Hazard Assessment & Seismic Analysis

Solution: Double Concave Friction Pendulum Bearings

Pivot Point

DCFP Bearings
Stages of Movement
Viaduct Piers

DCFP Bearings at Various




Technical Solucion Técnica

m Configuracion
General

= Puente principal

= Viaducto de
aproximacion




Technical Solution

General layout

<= BOLIVAR ROAD PRECAST SEGMENT IN-SITU SEGMENT GATUN ROAD =—>>
BOX GIRDER 3150 BALANCED CANTILEVER
6X45 : 6X45 | T4+125+74 : 4X78 MAIN SPAN L=1050 4X78 | 3X78 F_TQ_[__ 4X45 : 4X45
PRECAST SEGMENT IN-SITU SEGMENT e 0 8L PRECASTSEGMENT  PRECAST SEGMENT

BOX GIRDER BOX GIRDER

BOX GIRDER ~ BALANCED CANTILEVER

RAILWAY  PCRC PARCEL2 EAST TOWER WEST TOWER
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CABLE-STAYED BRIDGE

Technical Solution
Main Bridge




Puente Principal — Torre

15



Technical Solution

Main Bridge

8m Segments in Main Span
7m & 8m Segments in Side Span
Typical Segment Wt: 300T

W

124+2X36+12=9.6m . 12+2X36+12=9.6m
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Technical Solution

:

A
12 NOS. 6" HIGH VOLTAGE E
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ECNICOS

TOS

SPEC

SIMANG, SEE UL AL

CARLE STRAND

SHEATH PROTECTION

247815 _DWG_VF_1392_ 129 130

ICTURE

SUPFRSTI

Fuente: Extracto de plano 05292

M.TS)

STRAND

247815 _DWG_VF_1392_129_27

Fuente: Extracto de plano 05292



echnical Solution

Approach Viaduct




Viaductos de acceso del Oeste

78m span viaduct L =546 m

45 m span viaduct L =360m

L =984m
Western Access Viaduct

- b OF BRWGE
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20,80 m

45 m span deck 78 m span deck




Viaductos de acceso del Este

Special bridge

78m span viaduct L =312 m 74Am+125m+ 74 m

45 m span viaduct L = 540m

_‘j’_—‘ﬂ—%_ﬁw—'_____—'ﬁﬂ_ T Tm_ﬁ_ﬁ_ﬁ——iﬁm

Railway
= ; = T - ) = (5 B
& @ ® 2 A & o »® 6 e e ® 6 & @ ®

L=1125m

Eastern Access Viaduct

Construction methods for the access viaducts :
« 45 m span viaduct : launched box girder
« 78 m span viaduct : cast in place cantilever construction

« Special bridge : cast in place cantilever construction




Technical Solution

Approach Viaduct

Typical Cross Section of Piers Location



Technical Solution

Approach Viaduct

4.4m Depth of Girder, 9 D1.8m Bored Piles
2.5m Depth of Girder, 5or 6 D1.8m Bored Piles
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Puente Principal — Fundacion de la Torre

Este: 35D 2.5m
Oeste: 45 D 1.8m

Relleno

I

Formacion tipo
Atlantic Muck

Suelo Residual
Roca Meteorizag
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Formacion tipo
Gatun

| o -52.000




PUENTE SOBRE EL CANAL EN EL LADO ATLANTICO

OTROS ESTUDIOS Y VERIFICACIONES



Special Studies Performed

Wind Tunnel Tests & Aerodynamic Stability

The Bridge Posses Enough Aeroelastic Stability
- — T

Numerical Analysis




Special Studies Performed

Wind Tunnel Tests & Aerodynamic Stability

| |
|
2 | A

Sectional Model of the
Construction State

Sectional Model of the
Service State

Smooth flow Turbulence flow

_. Il . \\

Aerodynamic Analysis of the Construction

State

|




Special Studies Performed

12,400TEU Container Vessel with Laden Draft 15m, Displacement

165,000t Ballast Draft 8m, Displacement 90,000t

o Porasl -Panamax

-Panamax Vessel: 366m ———»|

T b on
|«— Length of Panamax Vessel: 204m —|

Post-Panamax
Beam: 49m

|+—— Length of Post-Panamax Vessel: 366m ———|

Panamax
Beam: 32m

|+— Length of Panamax Vesse!: 294m —+

FULL
CONTAINER
VESSEL

15.2m (50 ft}

Maximum capacity.
12,400 TEUs

Capacity:

4500 12,000
. .
CEETI =nw)  om) The Grounding Speed: 8 knot, i.e. 4.11m/s

Length 294m (865) 366m (1,200)

CE 12m (395)  15m(50)



Special Studies Performed




Special Studies Performed

LS-DYNA keyword deck by LS-Prepost

MEF spatial view



Special Studies Performed

West Tower
Ladden vessel
draft 15m



Special Studies Performed

West Tower
Ballast vessel
Draft 8m



Special Studies Performed

Finite Element Methods Analysis

S8 k=l o 2

-ﬂlWM’AM‘l---

Max. Sliding Dist. Min. Dist. to the Pile Group Max.Horiz.

/Resistance Pressure (kPa) Footing (m) Force (MN) (MN)
ECEELTT ET R R DR
N I 2 R R




Special Studies Performed

®» Vessel Grounding Study

For East Pylon: The errant vessel at the design

condition will not impact and contact the east main
pier directly.

For West Pylon: The errant vessel in ballast condition
will impact and touch the piles-cap with the speed of
1.5m/s after grounding energy consumption. In this

case, the foundation is still safe with reasonable
margin.
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METODOS CONSTRUCTIVOS



PUENTE SOBRE EL CANAL EN EL LADO ATLANTICO

CONSTRUCCION DE PILOTES






Metodo Constructivo - Estructuras

IN SITU BALANCED IN SITU BALANCED '
<= BOLIVAR ROAD CANTILEVER » CANTILEVER GATUN ROAD —]

6X45 6X45 74+125+74 4X78 MAIN SPAN L=1050 4X78 3X78 78, 4X45 . 4X45

LAUNCHED IN SITU BALANCED .. 18] 530 181 _ 79 IN SITU BALANCED LAUNCHED -
SEGMENTS CANTILEVER } CANTILEVER SEGMENTS
B, ey i I O R

Ml \‘<\z -
| T T I
| I I O O e e = o s
I (l

RAILWAY  PCRC PARCEL2 EAST TOWER ST TOWEN




VIADUCTOS TRAMOS DE 45M — METODO DE LANZADO

Construction cycle

Cast segment {A),
Typical Construction Cycle Duration: 7-Day Cycle [days) install launching nose,

install pulling units
Description 1|(z[a|s+]5 6|7 1]

Launch Segment

Strip and Clean Forms
Pull segment (A) forward
Install Base and Web Rebar using pulling jacks attached

b reaction beam
Install Web Forms I

Concrete Base and Webs

Install Inner Forms
Construct segment (B),
repeat stage 2 and 3 for
FEMAINingG segments

Install Top Slab Rebar

Concrete Top Slab a
Curing
Stress BT,

Situational diagram

Casting Bed
|

Maenolithic or Stressed Connection

ical ti
Vertical Reaction Beams Pulling Jack to 15t Segment

Direction of Launch ——»

Launching Nose

Launching Bearings

Lateral Restraink

Fuente: http://en.vsl.cz/incremental-launching-method/



VIADUCTOS TRAMOS DE 45M — METODO DE LANZADO

SECUENCIA DE CONSTRUCCION




Viaductos tramos de 45m — Meéetodo de lanzado



http://www.youtube.com/watch?v=S3Kf9e6JgF4&feature=player_detailpage

VIADUCTOS - METODO EN CANTO LIBRE BALANCEADO

SECUENCIA DE CONSTRUCCION




VIADUCTOS - METODO EN CANTO LIBRE BALANCEADO

FORMALETA

Extemal fommwork

Longludinal groer
III Front girder
gEEaEYy

Botiom siad fommwork

Eattom slab formwork



PUENTE SOBRE EL CANAL EN EL LADO ATLANTICO

METODO CONSTRUCTIVO
TRAMO ATIRANTADO



CABLE STAY BRIDGE
OR
MAIN BRIDGE

L ELEELEE L LR : 8 | " N RAMBERER®ND

WEST APPROACH VIADUCT e AST APPROACH VIADLCT


































in piers
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Shaft current lift construct




Main piers
Shaft last lift construction
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Main piers

Cable stay installation

TION WHEEL
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Atlantic Bridge, Panama

Main Bridge
Form Traveler




Acps’s General Layout

150 )
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Isometric view ( 1 : 150 ) . \ Side view £1 :
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Face view (1:150)
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= Deck Width : 23.60m
= Segments : Height : 2.834m

Weight : 300 tons

Lenght : 12m (SOP), 7&8m (Standard) and 6m (Stich)

Total Nb : 133 Segments




AP’z Overview of Rubrica FT

e Main structure

IN TRANSFERSAL FRAME

TRAYELLER LALMCHI MG RAILS

TERAL LONGITUDINAL GIRDER

FREMT TRUSS TRANSYERGE GIRDER
TRAMSIERSE KEAR GIROER
LATERAL LONGITUDIMAL GIRDER

REAR TRUSSS TRAMSVERSE GIRDER
TRAMSVERSAL BEAMS

EMTREAL LDMGITUDIMAL GIRDE R

= 4 longitudinal beams for
stability & Lightness




P’z Overview of Rubrica FT

e Main Structure with Panels & Anchoring




P’z Overview of Rubrica FT

e Sliding of precast elements

DETALLE B~

o
-

DETALLE A

= Sliding of precast elements once TF is in place &
strenghtened.

= Safer & More reliable proposition HVDRAULIC CVLIFDERS



General View




AcPslz  Safety & Accesses

{ 1 I 1 I el | L !
71— ] i —1
I LT o T8 - NLCN m— - O T
I |
| ] |

LATERAL LONGITUDINALI— yd
GIRDER

/ TERAL LONGITUDINAL
%( f;’ { GIRDER
MAIN TRANSVERSAL FRAM ~ V7
L

TRANSVERSAL REAR G!RDER—/ \ANTRAL LONGITUDINAL GIRDERS - Different Catwalks

= Safety net/ Tarpaulin under
FT to avoid falling objects




i 12000

See Detail 1

B5m

STEFO:

- PLACE THE HOISTING FRAME

= ASSEMBLY OF THE FROMNTAL FART OF THE FT
O THE FALS'WORE [GROUND LEVEL)

/S

N\ N7

STEF 1:

- HOISTING OF THE FT APROX. 65 m 'WITH
4 STRAMND JACES (2 JACKS OVER THE HOISTING
STRUCTURE AND 2 JACKS OVER THE DECK)

STEF 2

- PLACE THE RAILS AND LAY THE SKIDDING SHOES
OWVER THE RAILS

- REMOVE HOQISTING CABLES SUSPENDED FROM THE DECK)
- MOVE THE FT 0.7 m BACK'WARD TO THE FYLOM

STEF 3:

- QMCE TF 15 POSITIOMED, ANCHOR THE FT TO THE DECK
AT THE € FRAME
- CAMBER THE STRUCTURE
- FLACE REIMNFORCEMENT
- CAST 5507 SEGMENT

- MEANWHILE THE SECOMD HALF OF THE FORMORE MAY
BE ASSEMELED QM THE GROUMD LEVEL
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= Assembly of Front & Rear parts on
ground for safety and efficiency



ACP% Lifting Structure

= Detail 1:

—CABLE ADJUSTMENT

TRANSLATION BARS e =2 = A=\ [ SYSTEM
"[_ _ // / "W“::h—““‘;:% e / [TO BE INCLUDED BY
| == — 1 e
—

— 2
/I __.,'F:——-:‘_’._::; |\ W e .-".’ CABLE SUPPLIER)
— = W

—BRACING

"—LO MGITUDINAL
GIRDER

\\—FRONTAL TRAMSVERSAL GIRDER
*—FT TRANSLATION GIRDER
SUSPEMSION BARS
P " \HG STING CAELE
= Lifting structure developped by Rubrica

y i :
\ I
VN
M_/ d |
LATERAL PLATFOR )

TRANSLATION HYDRAULIC CYLINDER:

o

Coordination by BIM
= Lifting equipment developped by BIM + SARENS



i —— | = Reuse of HEB1000 (hoisting structure)

"
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DURABILIDAD



RECUBRIMIENTO

Recubrimiento minimo depende Contenido de Cloruro (%) vs. Recubrimiento
de muchos factores: Difusion del (mm)

ion cloruro, umbral de corrosion, 4
vida de servicio esperada, y

| —— Vida Util -
ambiente o exposicion. | —— Vida Util - 75
[
I

100 afos

0.500 afnos

\ A
0.400

Concentracio
n

de clgruros

[al

|
]
|
0.300 J
\l\ cl Umbral
de

Cx (Cl % de Mat. Cementicio)

Zone de diffusion

Corrosion
CI'N i S Uy, TR T Ay O 41 S NI iy R
;| 0.200 : 03
4 %o} X\ .
| =Y %
3! ”Osl aﬁo \N\
O |1 e —
; > 0.100 |
= N Acero |
; 0.000
< ECLENZ0 0 20 40 60 80 100 120 140 160
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RECUBRIMIENTO

Level of Deterioration

A Initiation Period | Propagation Period @
| by
ff

©_ %
EEEE RS

Condilion canbe  pataripration recognizable through non-

comprehended  segtn ctive measuring methods
by menitoring

) Time of Exposure [years)

@ Depassivation of the reinforcement Initiation Period
o Formations of cracks
Limit States )
@ Spalling of the concrete cover Propagation
@ Collapse of the structure through Period

bond failure or reduction of the cross
section of the load bearing reinforceme

Crit Cl/Cement

uncarbonated
concrete
0.4%
carbonated
I concrete
i
" >
50%1h. 85%rh. 100%rh.  Environment
constant changing constant
(low corrosion risk; (high corrosion risk)  {low corrosion risk,
electrolytic process lack of oxygen)
impeded)
Cover

Quality
\

Curing
Permeability <
wlc

Cement Content




Temperatura  maxima  del
hormigdbn en el punto de
vertido deberd ser<32° C

Para concreto masivo:
Temperatura maxima interna
del hormigon debera ser <
75° C

Maximo gradiente de
temperatura entre el nucleo y
la superficie del hormigdn
debera ser < 25° C.

Resultados del modelo térmico para: Temperatura
de vertido =32° C, espesor de capa = 1.20m,
mezcla de concreto 8 (relacion w/mc=0.37,
mc=350+2*20+0.25*50=402.5kg)

Temperatures for 1,20m layer CON MIX 8 Pile Cap

80

70 &

60
:L-f 50
5
5 40 =——Tmax (h=0,60m)
® ‘
5 30 Tmin (h=1,15m)
o _ ATmax = 24°C
£ — —T
]
= 20

10

0

0 50 100 150 200 250 300

Time(h)

Fuente: Submittal 34 90 08-122 Thermal Concrete Study P22/P23 Pile caps — 1st Layer
(RPT-GEN-LAB-G-V(CS-09700)



CONTROL DE CALIDAD

Temperature profile l

clL al midezection | | >H ;I
| s e
+— Thermacouple \ |

\1 —I__ locations

=

Temperature contours Téfz::}/\' ‘

\
I

. Run cables along rebar
‘Surface’ to edge of pour

Isolate

thermocouple

"‘"".‘ bar lo : Fix vertical bar to
avoid electrical : support mid height
Lk thgr.mal thermocouple
cannection S b e i B

Mid height
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PUENTE SOBRE EL CANAL EN EL LADO ATLANTICO

TRABAJOS REALIZADOS



West Side — Temporary platforms and roads




P23 Island




East Side — Temporary platforms and roads




Osterberg Test P23

Se realizaron 6 ensayos de pilotes de prueba con sistema
de celdas osterberg



Progreso de la Construccion — Enero 2015

N e il
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aciliades Tporales — Lado Este



Progreso de la Construccion — Enero 2015

Facilidades Temporales — Lado Oeste




Construccion de pilotes

distribuidos asi:

— Puente Principal: se completaron (5.2Km) 144 pilotes entre las Pilas P20,
P21, P22, P23, P24 y P25 los cuales representan el 100% de los pilotes

del puente principal atirantado.

— Viaducto Oeste: se completaron (2.2Km) los 105 pilotes culminando la
totalidad de los pilotes del viaducto oeste, distribuidos entre pilas P26

@ P40 y A41(estribo).

— Viaducto Este: se inicid la construccion de pilotes en el Al.



Progreso de la Construccion

LEGEND

| [notrormeD

REBAR INSTALLED

CONCRETE POURED










Progreso de la Construccion

LEGEND

| [notrormeD

REBAR INSTALLED
CONCRETE POURED







Avances del cabezal de la pila P23

U PMIMA3-ENE/RY /20155
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Progre_so de Ia "nstruccic')n_f Enero 2015




Progreso de la Construccion — Enero 2015




Progreso de la Construccion — Enero 2015




Progreso de la Construccion — Enero 2015




Progreso de la Construccion — Enero 2015

596000 Pa00




Progreso de la Construccion — Enero 2015
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CANAL DE PANAMA

10 de marzo de 2015
Mario Montemayor
Mmontemayor@pancanal.com
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