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PIANC Workshop 13-14th September

Workshop Part 1 – The Post-Panamax Locks

The Design of the Panama Canal Third Set of Locks

M. Newbery, Design Manager - CICP, and Vice President - MWH

J. Augustijn, Rotterdam Design Center Engineer- CICP, and 

Project Manager – Iv-Infra

CMC-221427

PIANC WORKSHOP "Lock Design” New Orleans Sept 2011 

Presentation

1. Introduction and Tender Design

2. Final Design

3. Lock Rolling Gates Design

4. Next Steps
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Introduction and Tender Design

A

LEGEND

A Temporary Dock Atlantic Lock

Complex - Gatun side.

B Temporary Dock Pacific Lock

Complex - Centenary Bridge.
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Introduction and Tender Design

GUPC 

Sacyr y Vallehermoso SA, Spain

Impregilo, Italy

Jan de Nul, Belgium

Constructoras Urbanas SA (CUSA), Panama

CICP (Project Designer)

MWH

Tetra Tech 

Iv Groep b.v., Netherlands

Others(Sembenelli, INA, Glosten)
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Introduction and Tender Design

• Overall Execution Plan (400 Points)

• Key Personnel (250 Points)

• Design-Build Execution Methodology (700 Points)

• Design Plan (2,500 Points)

• Construction Plan (1,150 Points)

• Maintenance Services (400 Points)

• Training of ACP Personnel (100 Points).

• Price Proposal (4,500 Points)

TOTAL 10,000 Points

PIANC WORKSHOP "Lock Design” New Orleans Sept 2011 

Introduction and Tender Design

Hydraulic modifications

Concept Filling and Emptying System 
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Introduction and Tender Design

Hydraulic modifications

View of Middle Chamber 
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Introduction and Tender Design

Tender Lock Wall Design, Atlantic
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Introduction and Tender Design

• Tender Design, Pacific Locks Complex, Upper Chamber Wall
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Final Design - Hydraulics

Connection to Secondary –

Tender Design
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Final Design -Hydraulics

Connection to Secondary –

Final Design – Alt F.
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Final Design – Hydraulics
Central Connection

Final Design – Alt F.
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Final Design - Hydraulic
Hydraulic Model of Post Panamax Locks
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Final Design - Structural

Time

A
c
c
el
e
ra

tio
n

Time

A
c
c
el
e
ra

tio
n

Time

A
c
c
el
e
ra

tio
n

Time

A
c
c
el
e
ra

tio
n

Tim e

A
c

c
el

er
a

ti
o

n

Tim e

A
c
c
e
le

ra
ti
o
n

Tim e

A
c
c
el
e
ra
ti
o
n

Tim e

A
c

c
el

er
a

ti
o

n

Tim e

A
c

c
el

er
a

ti
o

n

Tim e

A
c

c
el

er
a

ti
o

n

• Traditional Stability Analysis
• Analyzed with Finite Element Method 
• Used Abaqus Non-linear
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Final Design – Structural

Lock Head
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Final Design

• Link to Lock Wall and Lock Head video

•Lock Wall – Overall
•Lock Wall - Detail

•Lock Head with Gate, Plan
•Lock Head with Gate, Iso
•Lock Head - Stresses

•Videos
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Final Design – Revit Model

Lower Chamber
LH4

Upper Chamber

Middle Chamber

LH1

LH2

LH3
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Final Design – Revit Model
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Final Design

Revit Model, Atlantic Lock Complex 
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Final Design
Revit Model, Atlantic Lock Complex 
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Final Design
Image of Pacific Lock Middle and Lower Chambers 
superimposed on aerial photograph
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Lock Rolling Gate Design

22

• 2 Complexes; 8 gates each; 6 different types

• Rolling gates

– wheelbarrow type

– Structural weight – operational weight: buoyancy chambers

– Sealing against concrete lock head

•Drive mechanism –ropes & winches

• Bridge function
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Lock Rolling Gate Design
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Lock Rolling Gate Design – Special?

SIZE

SEISMIC

FATIGUE

DIFFERENTIAL 

HEAD

DRY 

OUTAGE

FLOATING
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Lock Rolling Gate Design

Higher loads/higher temperatures

•UHMWPE  (creep) tests
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Lock Rolling Gate Design

•Differential head / Fatigue

�Gatun Lake Pacific �

Uplockage (Ocean � Lake)

G1       G2

Lock Head 1

G3       G4

Lock Head 2

G5       G6

Lock Head 3

G7       G8

Lock Head 4

250.000 cycles of operation
Limitation allowable operational stresses
Requirements details
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Lock Rolling Gate Design

• Seismic

Rolling Gate only model, Response Spectra Analysis

Design of the skin plate: Displacements

1st eigenmode used nine eigenmodes used
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Lock Rolling Gate Design
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Lock Rolling Gate Design

• Seismic ctd.

•M: gate mass + water added     

Mass – Archimedes

•KLW: nonlinear spring modeling 

lower wagon stiffness + 

LLD

•KUW: nonlinear spring modeling 

upper wagon stiffness + 

LLD

•Glw/uw: Gap wagons to rail

•GB: Gap bearings (60 mm)

•C:  piston effect at the bottom of 

the gate
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• Seismic lab.tests

Lock Rolling Gate DesignLock Rolling Gate Design
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Lock Rolling Gate Design

• Gate drive mechanism
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Lock Rolling Gate Design

• Gate drive mechanism
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Lock Rolling Gate Design

• Gate drive mechanism
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Lock Rolling Gate Design
Load limiting device arr.top of the lower wagon column. 
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Lock Rolling Gate Design

•Operational weight control
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Lock Rolling Gate Design
• Floating
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Lock Rolling Gate Design
Longitudinal section of a lock rolling gate showing buoyancy 
chambers, trusses and the upper support bracket.  Tekla 3-D model
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Next Steps

Design

• Buildings and Infrastructure

•Water Saving Basins

• Fenders

• Borinquen Dams 

• Approach Structures

• Electrical and Controls Systems

•Mechanical Systems

• RAM and Maintenance Manual
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Next Steps

Construction

(QA by CICP)

• Concrete Placement Ramping Up

• Excavation Continuing

• Lock Gate Fabrication

• Valve Fabrication

• Procurement
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Next Steps - Atlantic
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Next Steps - Atlantic
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Next Steps - Pacific
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Next Steps - Pacific
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Next Steps

QUESTIONS ???


