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Panama Canal Concept Design of New Third Lane Main Report

US Army Corps of Engineers 23 July 2003

1. EXECUTIVE SUMMARY

1.1.

Background

This Report presents the Concept Level Design for a double-lift single-lock structure at the
Atlantic Ocean side of the Canal with water saving basins. When the basins are used in
operations, they would save 50% of the water required for normal lock operations. The locks
and water saving system were designed to be operated with or without using the water
saving basins.

The Notice To Proceed for this work was received on 25 February 2002 with an eight-month
delivery date for this first configuration. Work initiated with meetings in Panama and
Pittsburgh, PA, USA, that were attended by ACP staff as well as a large number of
experienced Corps staff in multiple disciplines from numerous Corps District and Division
Offices and research facilities.

1.2. Overview

This Report presents the concept level design for a double-lift single structure lock
configuration through narratives, drawings, design calculations and cost computations.
While it is complete and suits present site conditions and criteria as stated in the Scope of
Work, changes in criteria can have significant effects on the presented design. The Report
also presents the estimated construction cost as well as costs for continuing engineering
and design and construction management. This design shows that the locks are
constructible at the adjusted A-2 Gatun site, adjacent to the existing locks at an angle of
9.75 degrees, generally using conventional construction techniques. Special construction
techniques would be needed to construct the entrance walls in the most efficient manner.
The siting of the locks has been adjusted to provide safe and efficient traffic management.
The estimated first-cost for the construction of the lock is approximately $820,000,000.
Additionally, recommended items of work needed to proceed into the final design have also
been identified and an estimate has been provided. A time schedule for accomplishing the
design and construction is also presented. The estimated construction time for the
completion of all features is five years. This can be reduced as discussed below.

A design criteria report was prepared in accordance with the requirements of the Scope of
Work and was expanded as design development proceeded. The criteria is in accordance
with Corps of Engineers criteria and would result in a structure that is expected to be as
reliable and time durable as the existing Panama Canal Locks, while minimizing risk of
operation and maintenance. In preparing the final criteria for preparation of plans and
specifications for construction, the criteria should be standardized for the locks construction
at both ends of the Canal.

1.3. Project Features

This is a brief overview of the evaluation, conclusions reached, and the recommendations
for the major project features. The Main Report and Appendices present the detailed work
along with supporting calculations and written description of methodology and procedures
used. A summary of the main features is as follows:
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1.3.1. Lock Gates

Using a pre-screening process to establish evaluation criteria, the possible gate types
and configurations were evaluated with a minimum of design effort but using experience
and engineering judgment. The initial screening was performed at the Panama Project
Initial Team Meeting held in Pittsburgh Pennsylvania on April 2002. The initial screening
effort identified gates to carry forward as alternatives in the gate selection study. This
initial screening process showed that the rolling and miter gates were the most favorable
gate types for use in the Canal double-lift structure. Because of recent design
information available from a current Corps project, it was decided to also advance the
evaluation of the sector type gate along with the other two gate types.

A separate detailed gate selection study has been performed and is included with the
main report as Appendix B — Gate Selection Study. The significance of the lock gate
selection required that these three gate types be developed to a nearly equal level of
design to provide a true comparison of the types and to make a justifiable
recommendation of the gate type. In order to identify costs associated with each
structure type the following analysis were perform:

1. Structural design of each gate type was performed using STAADPro, a general
purpose structural analysis and design software package. CMITER, a computer
program developed by USACE to design and analyze miter gates was used to
design the mitering lock gates. Separate finite element analysis was performed
to investigate the performance of the rolling gate and the miter gates. The gate
designs resulted in an estimated cost for each gate type including appurtenant
features.

2. Installation plans were developed by the Corps Marine Design Center. Where
appropriate, the costs for additional features (ballast, cranes, etc) required to
install and remove gates was identified and included in the gate alternative cost
summary.

3. The rock excavation required to construct each of the proposed gate type was
computed and priced.

4. The lock masonry features were proportioned for each gate type. The quantity of
concrete and reinforcing steel was estimated and priced for each option.

5. Mechanical equipment was sized and priced for each gate type.

The following table gives the summary of the gate weights and total construction costs
for the respective gate type features.
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Sector Gate Alternative

Sector Gates with Operating Equipment Gate Weight = 4,400 MT $156,616,482]
Construction of Gate Bays and Recesses (Includes| Complex Geometry, Large, $184,065,500
Reinforcement and Excavation) Result in Excess Water Use S
Long Span Bridge
Associated Features Structures, Maintenance $9,792,514|
Facilty

Total  $350,474,435

Rolling Gate Alternative

)

$187,378,304]

mient -
Gate Weight = 5,100 MT

Rolling ates wit patng quipment
Construction of Gate Bays and Recesses (Includes

‘Reinforcement and Excavation) Easily Constructed but Large{ $162,902,845)
Moderate Span Bridges,
Associated Features Does not include separate $3,852,975)

maintenance facility

Total  $354,134,125

Miter Gate Alternative

Miter Gates with Operating Equipment Gate Weight = 3,500 MT $137,822,838]
Co.nstructlon of Gate Bays a.nd Recesses (Includes Minimal Size Recess $64.644,085
Reinforcement and Excavation)

12 Bridges, Maintenance
Associated Features Facility Infrastructure, Titan $6,732,51

used to set gates

Total  $209,199,436

Figure 1-1 Comparative Gate Costs

The comparative cost table shows that the miter gates are significantly lower in gate
weight, having a total weight of 3500 t compared to 4400 t for the sector gates and 5100
t for the rolling gates. The miter gates are also significantly lower in total feature
construction cost for the gates and associated costs (gate bays, recesses and bridges,
and maintenance facility infrastructure) with a total cost of $209,200,000, compared to
$350,500,000 for the sector gates and $354,100,000 for the rolling gates. The lower
weight of the miter gate would also provide a gate that would also be easier to handle.
As expected, the cost of the gates and the recesses for the rolling gate and sector gate
are significantly higher because of the recess size in comparison to the extra wall length
requirements for the miter gate. The water use for the miter gate is somewhat less
(0.6%) than that required for the rolling gate. The sector gate would require 12% more
water than for a rolling gate. All three gate types were evaluated against the evaluation
criteria stated in Appendix B - Gate Selection Study, and, as shown in the following
table, the miter gate has the most favorable rating.
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Evaluation Criteria and Rating
4
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ClwE|IEOB| <« [Ta|lonuw S| 2
Miter Gates 31 3 3 2 3 3 3| 2.86
Rolling Gate 11 2 2 3 3 3 3] 243
Sector Gates 2 1 2 1 1 2 1] 143
Procedure included ranking the individual alternative by individual criteria to consider
relative comparison. 3 is the highest, 1 is the lowest

Figure 1-2 Evaluation Criteria and Rating

In summary, the miter gate has a significantly lower cost, is about equal in water usage,
has a proven reliability, provides the filling and emptying system layout and conduit
configuration most compatible with the project, has the lowest risk for operation and
maintenance and can be the most easily maintained especially with the ACP experience
from the existing Canal locks. The miter gate is the recommended gate type for use in
the Atlantic Locks. Operation of the gates would be accomplished using direct-connect
hydraulic cylinders similar to those being installed on the existing locks. Three methods
for handling the gates for maintenance were developed and presented in the Main
Report. A complete discussion on the evaluation of gate alternatives is presented in
Appendix B — Gate Section Study.

An emergency closure system capable of closing open channel flow from Gatun Lake
through the new Third Lane Locks is recommended as a project feature. This structure
would be located upstream of the Gatun Lock Gates. The use of single gate at the
Gatun entrance as opposed to double lock gates may be justified as an additional cost
saving measure in consideration of the protection offered by an emergency closure
system. Cost reduction could be realized in gate fabrication, masonry construction,
operating equipment, and reduced length of in-the-wet entrance wall construction.

1.3.2. Locks Structure Alignment

The double-lift lock structure alignment was optimized both longitudinally and
transversely through a progressive process of studying various alignments and angled
possibilities within the corridor specified in the Scope of Work. It is at the best-fit location
to use the geologic stratigraphy of the Gatun site. The location avoids problems with the
existence of the Atlantic “muck” while placing the structures on rock foundations to
minimize construction costs. The recommended alignment is at an angle of 9.75
degrees from the north navigation channel line into the existing Gatun Locks. As such, it
places the locks structure at a near continuous straight line from the Atlantic entrance
channel and provides only a minor deviation from the navigation channel entrance in
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Gatun Lake. It has only a minor impact on the Gatun Lake mooring facility while
maintaining three ship lengths as a straight line for lock entry. The offset of the
alignment with the addition of water saving basins provides sufficient distance to the side
of the channel entry from the Atlantic Ocean and Gatun Lake to safely manage ships
entering and exiting the existing and new locks.

1.3.3. Filling and Emptying System

A number of possible filling and emptying system types were screened to select the
most favorable type of system for use in these large locks. Evaluations centered around
filling/emptying times with water saving basins, rates of water transfer, ship handling
characteristics and hawser loads, compatibility with other project features,
cost/constructibility, and integration of water saving basins. Two designs are provided
as required by the Scope of Work: an interlaced bottom lateral filllempty system similar
to the existing locks system, and an in chamber longitudinal culvert system (ILCS). The
interlaced bottom lateral system utilizes side wall culverts while the ILCS system has the
culverts located longitudinally along the lock floor. The systems were designed to
provide the required fill/lempty time of about 12-15 minutes when equalizing with water
saving basins and to minimize impacts for operations without water saving basins and
under maintenance conditions. Filling and emptying through the sills of the gates was
investigated for this lock and lift configuration but discarded due to maintenance
considerations. The interlaced bottom lateral filling and emptying system is similar to the
existing locks and its performance is proven. The system provides average equalization
times between 10.8 and 12.9 minutes for operations without water saving basins. When
using water saving basins, average equalization times are expected to range between
13.4 and 15.1 minutes. Hawser forces would be within reasonable levels throughout the
equalization cycle. The ILCS design provides similar equalization times ranging
between 9.2 and 11.8 minutes for operations without water saving basins. Equalization
times for the bottom longitudinal system with use of water saving basins are expected to
range between 13.3 and 14.9 minutes. Hawser forces would be higher with the ILCS
compared to the interlaced bottom lateral but would be within acceptable limits. Both
systems are expected to perform well for the double-lift configuration and are compatible
with other recommended design features. The systems have been designed to operate
safely and efficiently with water saving basins during normal operation. The interlaced
bottom lateral system will perform well when equalizing without water saving basins and
under maintenance conditions. Hydraulic performance could be slightly degraded for the
ILCS when operating without water saving basins or under maintenance conditions.

1.3.4. Water Saving Basins

Water saving basins were integrated into the use of the filling/emptying system to
provide 50% water savings as required. These consist of two lateral basins located to
the west side of the locks for each lock level. The Moffatt & Nichol reports, previously
prepared to investigate the potential use of the water saving basins systems, were used
as a starting point for the design. For reasons of economy, the basins were integrated
into the back of the lock walls. This minimizes lateral space requirements as well as
basin conduit excavation. The basins were designed to provide a reasonable and
reliable system performance time based on technology in use today. This produced a
total filllempty time with water saving basins of approximately 13-15 minutes, as
requested by the ACP. Hydraulic modeling is recommended in future studies to further
refine design parameters and operating conditions.

Page 5



Panama Canal Concept Design of New Third Lane Main Report

US Army Corps of Engineers 23 July 2003

With water saving basins, the third lane locks will be more efficient than the existing
locks in their use of water. A summary of projected water requirements is presented in
Table 1-1. Both the double- and triple-lift configurations with water saving basins require
less water than the existing locks for each container shipped.

Table 1-1 Comparison of Water Requirements

Total Water Average Water Increase/Decrease
Configuration Used Per Used (Liters Per Compared to Existing
Lockage (Liters) Container Shipped) Gatun Locks
Exustmg Gatun Locks 104 MI||I0n 23 100 Basellne

Double Llft Wlthout WSBs 41 8 Mllllon 33 500 +45%
Double-Llft Wath WSBs 209 M:Ihon 16 750 ~27%
Trlple Llft Wlthout WSBs 280 Mllllon 22 400 -3%

Trlple Lift W|th WSBs 140 MI||I0n 11 200 -52%

1.3.5. Lock Walls

The lock walls have been designed considering the related features, with space provided
for locomotives as the ship-positioning system, and provide the most economical
solution for the integration of the project features. The water saving basins are located
on the west side of the lock and are integrated spatially (non-structural) into the back of
the walls. The valve operation monoliths are incorporated into the walls and basins.
The lock walls include the lock filling/emptying culverts and are gravity monoliths
founded on a rock foundation. The monoliths utilize a stub toe at the base to increase
stability, to reduce bearing pressures and to eliminate the need for a concrete bearing
base slab. Roller compacted concrete is used extensively for economy of construction
of the lock walls; conventional concrete is used in the areas of culverts, galleries and the
lock chamber face.

Table 1-2 Summary of Concrete Volumes?

Roller-Compacted | Cast in Place
Concrete Concrete
Interlaced Bottom Lateral 1,117,000 m® 852,000 m® | 1,969,000 m®

Filling System Total

In Chamber Longitudinal Culvert | 1,870,000 m® 562,000 m*® | 2,432,000 m*

1 - Includes lock chamber walls, gate monoliths, floor paving, and gate sills
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Applicable loads were applied with the controlling loads being for the dewatered
condition and the earthquake event. Space has been allowed at the top of walls to
include a ship positioning system similar to the existing locks. The lock gate monoliths
would be constructed as conventional gravity structures founded on a rock foundation.
Approximately 40% of this construction would be of cast-in-place construction.

1.3.6. Entrance Walls

These walls present a special condition because of the size of the impact loads that
would be transmitted by the large Post-Panamax ships. Loads deveioped based on
discussion with the Canal pilots were considered and found to be excessively high.
Criteria for ship impact was developed based on consultation with fender manufactures
and PIANC design recommendations. However, a detailed investigation should be
performed before final design to define the necessity and size of these loads. The wall
length represents one and one-half ship length as requested by the Canal Capacity
Projects Office. The Atlantic entrance walls would be constructed of roller compacted
concrete and the Gatun entrance walls would be cast-in-place concrete cap walls
founded on a drilled shaft foundations and would be constructed for the most part in the
wet using specialized construction techniques. If tugs are used to manage the ships in
lock entry, these walls could be reduced in length and size and have a significant
savings in project cost.

1.3.7. Seismic Design

In selecting the design level for the earthquake event, existing reports, seismicity of the
region, and studies for the existing lock system were examined and analyzed. |t was
determined that a mean value of 0.31g as the maximum credible earthquake (MCE)
would be used for this concept level design. It has a return period of between 300 and
1,000 years. Additional studies are currently being conducted by the USGS and this
value should be reevaluated upon completion of their studies, which are due at the end
of 2002. More sophisticated analyses need to be conducted to verify performance under
seismic events following Corps standard practices for seismically active regions.

1.4. Recommendations

In proceeding with this design process, it is recommended that Feature Design
Memorandum Reports be prepared concurrently with physical modeling for the major
features of work before proceeding into the design-for-construction and preparation of the
construction plans and specifications. This report would provide a final evaluation of the
options available for the specific site conditions, select the most appropriate features,
optimize the design, and establish the design parameters. Using this document, final
construction plans and specifications would be prepared. While the concept level design
report presents the design for various features for the specific site, it does not optimize the
design nor consider possible ongoing changes. Changes could include the method of
handling the ships that would change the dimensions of the locks and reduce wali loads by
eliminating the loads transmitted to the walls with the use of locomotives. Selection of
emergency closure systems should be considered with development of any project specific
security considerations. Also, decisions need to be made on methods of maintaining the
locks and gates, and these could change certain presented designs of the features. Life
cycle economic cost analysis should be performed to assess viability of purchasing a high
capacity gate lifter crane to serve in emergency response scenarios and support other canal
system maintenance activities. The use of a single lock gate at the Gatun Entrance should
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be re-evaluated in conjunction with an emergency closure system as a potential cost saving
measure.

1.5. Opportunities

Other decisions that need to be made relate to funding flows and opportunities for
economies of construction. If tugboats are used to handle the ships into and through the
locks, the entrance walls could be reduced in length or eliminated to using short stub walls
similar to those commonly used in large locks in Europe. Advance work that could be taken
out of the main construction contract could include separate purchase of the lock gates (cost
of $120,000,000) and/or performing the in-the-dry lock excavation (cost of $82,000,000) first
as self-funded items of work. This would delay the date that borrowed money is started and
reduce the period of accruing interest, thus lowering the investment cost. Another item for
consideration involves the timing for providing the water saving basins. This is a costly item
at $72,000,000 and may not be needed until some point in the future, after the locks are
opened. Provisions could be made for including them into the lock construction but they
would not be constructed until after the lock is operationally producing income and they are
needed. All of these items relate to lowering the investment. Also, seismic design
parameters need to be standardized and sized in accordance to the risk level acceptable to
the ACP considering the associated costs for each level of design earthquake. These
designs need to be prepared in order to evaluate risk and ACP needs to participate in these
discussions to balance level of risk with the associated cost.
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2. INTRODUCTION

This Concept Design study represents one sub-set of efforts by the Panama Canal Authority
(ACP) to supplement capacity of the existing Panama Canal system.

The 82.5-km-long Panama Canal has operated since its opening to shipping in 1914, using two
lanes for ships to travel between the Atlantic and Pacific Oceans. During the past 88 years,
three developments have brought the Canal to its present near-capacity condition.

1. Traffic volume has likewise steadily increased, nearing canal capacity.

2. The existing water supply has become insufficient in dry years to reliably
accommodate the number of lockages each year.

3. The vessel size has grown steadily and surpassed the maximum size able to pass
the current locks, known as Panamax.

Routine maintenance on the nearly nine-decade old lock structures forces closures that result in
traffic delays. Studies are underway to determine the most effective and efficient measures to
address these concerns. The 13.7 km Gaillard Cut is being widened from 152.4 mto a
maximum of 222.5 m to allow two-way passage of the larger Panamax-size ships, and to
decrease the greater than 30-hour total Canal water time to provide better customer service.
With the completion of the cut-widening project, the entire reach of the canal will now
accommodate two-way traffic. This provides an increase in capacity, and outages, whether
planned or unplanned, have a lesser impact on Canal service. As demand increases, the Canal
risks losing traffic to other ocean routes or alternative means of ground-based, cross-
continental, transportation. Due to these developments, the ACP created the Canal Capacity
Projects Office (IPC) to oversee canal capacity studies. The IPC began studying expansion of
Canal capacity with a reconnaissance study to recommend location and capacity of potential
Canal water supply projects or improved management of Canal resources. Additional water
supply is a key factor to Canal expansion since each passage of a ship through the canal
discharges approximately 208 200 m® of fresh water into the sea. Current studies show that
water supply will soon become the limiting factor in increasing canal capacity.

This report presents the general concept level design for a Double-Lift Lock on the Atlantic
Ocean side of the Canal with water saving basins having a 50% savings of the water used in
performing a lockage. The Third Lane would accommodate the next generation of ships, known
as post-Panamax and include provisions for ships that have not yet been designed. This would
provide room for ship growth without near- to mid-term restrictions. This double-lift lock
structure is designed to a concept level for the purpose of establishing basic configuration layout
and project costing. Two alternate filling and emptying systems are presented for this lock
configuration. The concept design is based on the design criteria established and contained
within an earlier report entitled “Project Design Criteria”, dated 12 April 2002, expanded and
completed and described in Appendix A - Project Design Criteria.
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3. WORK PLAN AND QUALITY CONTROL PLAN

3.1. Work Plan

The Work Plan for the concept design Task Order consists of a detailed schedule prepared
using Primavera Systems Inc. Software. The schedule has time lines, durations, milestones
and costs for all activities. Resources and staffing are listed in a tabular form on a
spreadsheet and are summarized in a Primavera Project Planner report. The spreadsheet
contains coded resources (with index), hours, and subtotals for all activities. The Work Plan
integrates work plans from all engineering elements. The principal technical elements
included are Structural, Geotechnical, Concrete Materials, Civil, Hydraulics, Electrical and
Mechanical, CADD, Geographic Information System (GIS) and Cost Engineering. A detailed
staffing plan is also provided that identifies key personnel, their qualifications, and their roles
in execution of the work. The schedule and resourcing and staffing spreadsheet are
included in Appendix I, Work Plan.

3.2. Quality Control Plan.
3.2.1. General

The Quality Control Plan (QCP) for the concept design Task Order details the procedures
for reviewing and checking the contents of the products to be provided the ACP under
this proposal. In general, the QCP includes coverage in the following areas:

a. Management Philosophy related to Quality Control.
Quality Control Structure

Proposed Quality Control Approach

Quality Management Procedures

Staff Qualifications

Procedures for Quality Control Documentation

Quality Control Scheduling (i.e. order of reviews, checks, etc.)

Te ™ 0o a0 o

Procedures for communications, including internal communication,
communication with consultants, and communication with the ACP

The Quality Control Plan is included in Appendix P, Quality Control Plan
3.2.2. Quality Control Organization

The Quality Control organization consists of an Independent Technical Review (ITR) and
a Management Oversight/Quality Assurance (MO/QA) team. The ITR team consists of
personnel from Corps of Engineers Districts and Divisions who have expertise in the
various technical specialties involved. The members of the Independent Technical
Review Team are shown in Table 2 of Appendix P, Quality Control Plan. Resumes of
the Independent Technical Review Team men:bers are included in the Appendix O,
Work Plan.

The MO/QA team consists of three technical matter experts from Corps of Engineers
divisions and Headquarters. The purpose of this team is to provide quality assurance
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review of the quality control process. This team has access to all engineering products,
review comments, and responses throughout the design process to ensure that the
quality control process is functioning as planned and that the requirements of the ACP
are met during all phases of work.

3.2.3. Quality Control Process

The Quality Control process consists of design checks, independent technical review
and quality assurance reviews. Frequent discussions between discipline lead designers
and ITR members via email and telephone was used at significant decision points to
resolve potential study issues in a timely manner.

The Quality Control process utilizes a seamiess ITR process concurrent with the design
process throughout the project duration. During the development process, engineering
products are periodically posted to a secure web site (Bentley Viecon), where they are
available for review by the members of the ITR and MO/QA teams. ITR and MO/QA
team members access the web site at regular intervals and review and comment on the
designs as they are developed. The seamless review utilizes e-mail for communication
between the design team and the reviewers. At specific intervals throughout the design
process, the documents will be furnished to the reviewers for a formal review, at which
time the comments from reviewers and responses from designers will be entered into
the Dr. Checks system. Dr. Checks is a web-based database system designed
specifically for quality review documentation. The review documentation is included in
Appendix Q, Quality Control Certification and Documentation
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4. DESIGN CRITERIA

The concept design is being performed in accordance with Corps of Engineers criteria
contained in engineering regulations, manuals, and other guidance documents, commercial
standards and ACP requirements. The technical criteria is outlined in the Design Criteria
Report that is included in Appendix A, Project Design Criteria. The following is a summary

of the final design parameters:

Table 4-1 Summary of Final Design Parameters

Parameter Dimension Comment/Source

2

I.é.l Controlling Datum PLD Scope of Work

w

o

r Vessel Dimensions Length x Draft x Beam

u Panamax 294mx120mx32.3m

g Post-Panamax ACP Correspondence

g Container 385.7mx15.2mx54.9m

E Bulk Carrier 365.8mx15.2mx56.4m

a Design Vessel 385.7mx152mx54.9m | Scope of Work
Entrance Channel 137.5m Confirmed at Jan. 2003
Bottom Width 2.5 beam width minimum ,:A(;:tﬁoordmatlon

‘,2 from face of entrance wall g

Z

g 140.5 m provided (1/2 lock

w chamber width plus 2-55 m

% beam widths m)

o Channel Depth 18.29 m Scope of Work

(14

2 Gatun Lake 23.93 m PLD (min.) Scope of Work

'C:D Controlling Water 25.91 m PLD (mean)

< Elevation '

‘-s" 26.67 m PLD (max)

<2t Atlantic Entrance -0.38 m PLD (Low Tide) Scope of Work
Controlling Water . .
Elevation +0.56 m PLD (High Tide)

Page 12



Panama Canal Concept Design of New Third Lane Main Report
US Army Corps of Engineers 23 July 2003
Parameter Dimension Comment/Source
Atlantic Entrance -18.67 m PLD
Channel Bottom
Elevation
g Atlantic Muck 1v:8h Developed by COE and
£ | Random Fil 1v:6h > 10 m Supplemented by PCC
of Studies
a % 1v:i4h<10m
E b Gatun Overburden | 1v:2h
o .
o Rock 8v:1h

DOUBLE-LIFT
LOCK

Lock Dimensions
(Design Lock)

Between Inner
Lock Gates

Maximum Usable
Lock

Length x Depth over sill x
Width

426.8mx18.3mx61m

4573 mx18.3mx61m

Scope of Work

WATER
SAVING
BASINS

Target

50%

Scope of Work

Location

One Side Adjacent to
Existing Locks

Scope of Work

FILLING AND
EMPTYING
SYSTEM

Filling and Emptying
Time

12-15 min. with WSB

Coordination with ACP
& Scope of Work

Hawser Force

Existing locks and
international criteria

Scope of Work
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5. PROJECT FEATURES

5.1. Lock Siting And Layout
5.1.1. Alignment Optimization

A Draft Alignment Optimization Report, dated June 14, 2002, was submitted to the ACP
for comments. The Draft Report was identified as an “Interim Report” and presented an
array of alternatives based on project feature development at that time. The Draft
Report was a “first cut” at alignment optimization. The principal alignment was identified
by the Canal Capacity Projects Office, based on prior alignment evaluations. Based on
ACP guidance and examination of several screening alternatives, the Draft Report made

the recommendation to proceed with project development, based on construction along
the 9-degree Baseline.

ACP comments were received and incorporated to guide the development of this Report.
The Final Report addressing the Double-Lift Lock Alignment is included at Appendix D,
Alignment Optimization Report. The Final Report finalizes the screening process and
makes a recommendation, based on the criteria contained within the Scope of Work,
and all available ACP-supplied data.

Alignment optimization is an iterative process, dynamic in nature, which changes as
feature refinement becomes available. Navigational safety is the primary factor driving
lock alignment. All prudent alternatives must elevate the safety of traversing vessels as
the key driver in alignment decision-making. Ship collision risks are not tolerable.

5.1.2. Previous Studies

The Harza Report (“Evaluation of Lock Channel Alignments”, August 2000) initiated the
alignment optimization process. Twenty-four Third Lane alignment alternatives, some
on the Atlantic side and some on the Pacific side, were evaluated, scored and ranked.
The recommended alignments were the highest ranked, based on economics
(excavation costs), navigational safety and lockage requirements, navigation channel
characteristics and operational characteristics. The Third Lane alignments were planned
assuming one-way traffic for the approach channels. The assumption was made that
approach widening could be implemented at a future date, as traffic demand reached
and exceeded capacity, to allow two-way traffic. Overall rankings for the Atlantic
entrance (Harza Report, Section 5.0 “Conclusions”, page 20) listed eight alternatives,
three of which warrant further evaluation. Two of these were positioned on the east side
of Gatun Locks. Alignments A1 and A2 were ranked the two top Atlantic entrance
alignments, because they combine good operational qualities and ease of construction.
Alignment A-1 is positioned along the 1939 excavation and Alignment A-2 is positioned
to the east and immediately adjacent to the Gatun LLock east wall.

5.1.3. Optimization Process

Optimization of the lock alignment began by “building upon” Harza’s A-2 alignment.
Given the growing volume of traffic and delay time as vessels await lock entry
permissions, maintaining Gatun lock operations is essential. Even though Alignment A-2
was one of the two recommended Harza alignments east of the Gatun Locks, it is not
the optimum alignment because it interferes with Gatun lock operations. Water savings
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is also a crucial element in lock alignment optimization since geometric and excavation
requirements of the water saving basins must be considered. Atlantic muck is prevalent
along the eastern edge of the Atlantic entrance. Material properties of the muck require
an extremely flat cut slope of 8:1. Positioning the water saving basins between the
existing Gatun Locks and the proposed Third Lane locks, however, presents some
challenges. Basin geometric requirements forces the A-2 alignment to “push” eastward,
allowing for basin construction and avoiding excavation adjacent to the Gatun Lock east
wall, especially along the northern end. Any unloading of this east wall could introduce
east wall stability problems, thereby negating benefits of such alignment. Alignment A-2’
(A-2 prime) was optimized/developed, to take advantage of utilizing the existing Middle
wall Pl as the rotation point. This alignment accrued several benefits:

1. Gatun Locks could safely remain fully operational for all phases of construction
as the new lock approaches would be at a sufficient distance to safely manage the
vessels.

2. Alignment rotation counter-clockwise from the existing locks improves ship
entry/exit by reducing the turn angle to 2.2 degrees.

4. Alignment A-2’ positions the Third Lane corridor primarily within the Gatun Lock
land mass cut such that cofferdam cells, needed for the entrance wall construction
can be positioned without encroaching on the shipping lane approach.

The Gatun site terrain was modeled with use of InRoads software, a state-of-the-art, -
commercially-available, MicroStation-based, civil engineering software package
(SelectCAD V8.2). InRoads is designed for civil/site development applications, although
it has many other capabilities. Modeling runs produce excavation volume reports given
input parameters. The ACP furnished a digital terrain model (DTM) of the existing Gatun
Locks site topography, extending from the Atlantic approach to Gatun Lake and
extending from the existing locks eastward across the 1939 excavated areas and up the
hillside to Gatun. This DTM established the three-dimensional (3-D) topography surface
of the Gatun site, and was imported into InRoads. Core boring logs were also provided
by the ACP, from which coordinates and elevations of the rock layer were taken to
create a digital rock profile (rock DTM). The rock DTM established the 3-D “top of rock”
surface along the Gatun site, and was also imported as an ASCII file into InRoads. This
top of rock surface is the surface, below which rock removal techniques would be
required for excavation. Once these 3-D surfaces were imported (defined), the modeling
process began. Site modeling was an iterative process to establish horizontal and
vertical alignments along the site topography, to establish a “best fit” between the rock
line and the proposed Third Lane construction. The InRoads software stored both
DTM's, and was used for all corridor-modeling runs. Horizontal alignments, vertical
profiles and templates were defined and identified for each modeling run. Templates
were defined for each change in cross-section. As the lock wall design advanced,
establishing footing widths and thicknesses for differing monolith loadings (gate
monoliths, valve monoliths, typical interior monoliths, entrance walls, etc), additional
templates were defined to capture geometric changes in excavation limits (widths and
elevations). Once the alignments and numerous templates were defined, the software
was used to “push” each successive template along the profile, from the beginning to
ending station of each geometricaily defined template, along the alignment. Pushing the
template from point of beginning to end, along the defined vertical alignment (profile)
constitutes a modeling run for that defined corridor. For each corridor-modeling run, the
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software generated plan views, profiles and cross-sections for the defined range of
stations, at the defined interval (100 m). Reports were created to depict excavation and
embankment volumes, by station, that distinguish between material layers of rock and
overburden.

Corridor-modeling was considered to be complete when the lock footprint was positioned
along the alignment such that the “best fit” position of the iock had been determined.
Modeling site topography to optimize lock alignment required engineering judgment in
conjunction with trial-and-error processing in order to weigh all variables that contributed
to this decision. Excavation requirements for the rock and overburden cuts contribute
significantly to the economics of making this Third Lane cut, however, excavation
volumes were only one facet of this equation. Site conditions; type, size and locations of
the water saving basins and filling and emptying culverts; gate type; lock wall type and
dimensions; location of competent rock integrated with the lock wall foundation loading
and design; overburden variations; and other factors play an equally important role in the
decision-making process for screening alternatives and arriving at the most prudent and
desired alternative. Close coordination with the ACP has been an integral part of the
optimization process as project development advances. Once the mathematical model
was created within InRoads, excavation volumes for both rock and overburden were
generated. Excavation quantity accuracy is limited only by the accuracy of the input
data. One-meter topography was used to create the existing ground DTM. Rock
location was defined by the subsurface core borings taken, both the pre-World War |l era
data along the 1939 cut, and more recent data adjacent to the existing locks.

5.1.4. Recommendation

This Alignment Optimization Report, Appendix D, is a refinement of the Draft Report.
The optimization study was based on the Harza Report alternatives, available
geotechnical data, ' irveying and mapping data, topographic data, and input from the
ACP and all Producion, ITR, and Oversight Committee Teams. Several alignment
options were screened and a preliminary recommendation was made based on the
various InRoads modeling runs made to date. The 9.75-degree baseline corridor
appears to be the best overall horizontal alignment option, considering the above
criteria. This recommendation is a change from the 9-degree Baseline recommended in
the Draft Report.

Although several factors drove the need for this alignment shift, the primary factors were
entrance wall geometry (navigation safety), cofferdam layout requirements, and
determination of the water saving basins geometry and lock wall footing locations and
dimensions. The recommended Double-Lift Site Plan is shown in Figure 5.1-1.

The Alignment Optimization Report, Appendix D, includes the InRoads-generated
horizontal and vertical alignment and cross-sections for the 9.75-degree alignment.
Although horizontal alignments may involve tangent or curved sections, curvature in the
alignment is undesirable for navigation traffic. Ships must be able to traverse both the
existing Gatun Locks and the proposed Third Lane, once available. The alignment of
the existing Gatun Middle Wall is along an azimuth of approximately 187 degrees. The
Atlantic shipping lane is aligned due north and south so that southbound traffic entering
the north approach to Gatun Locks would be traveling along an azimuth of 180 degrees.
Entry into Gatun Locks from the Atlantic approach requires traffic to make westward
turn of approximately 7 degrees (187 — 180 degrees). Using the Point of Intersection as
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Figure 5.1-1 Proposed Double-Lift Lock Site
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the point about which to turn a counterclockwise angle for the proposed Third Lane
baseline is helpful that the 7 degree westward turn is diminished. Defining the Third
Lane alignment along the 9.75- degree baseline eliminates any westward turn, but
creates a smaller, eastward turn of 2.2 degrees, measured from the south (187.6
degrees — 9.75 degrees — 177.9 degrees). This baseline would reduce the required
traffic turn (from 7 degrees westward to 2.2 degrees eastward), and hence facilitate
traffic movements to and from the locks.

5.2. Lock Walls
5.2.1. Lock Wall Study
5.2.1.1. Development Of Alternatives

The Structural/Geotechnical Lock Wall Team met on 17-19 April 2002 to develop a
list of the potential types of lock walls that may be used for the Third Lane, to identify
the characteristics, advantages and disadvantages for each wall type, to establish
evaluation criteria for the lock wall types, to conduct a first level screening and to
rank the wall types according to the developed evaluation criteria. The material
strength and properties of the foundation rock were not part of the evaluation criteria;
this type of evaluation was deferred to the study phase. The types of lock walls
developed for the screening and ranking process are as follows:

e Gravity/Perched Gravity e Mechanically Stabilized Earth

¢ Tie-Back Thin Wall — Slurry Trench e Concrete Bin Wall (CIP or Precast)

e Concrete Shell In-Filled with Concrete o Counterfort Wall

e RCC o Grout Stone Mass w/CIP Face/Recycle

. UF d Stone Excavation (Option w/ Precast
-Frame Face)

The concrete shell (in-filled with concrete) and mechanically stabilized earth (MSE)
walls were eliminated from the study during an initial screening. An MSE wall is not
applicable for lock walls due to the following reasons:

e washing of backfill due to fluctuating water levels

e problem with replacing damaged panels

e questionable performance during an earthquake event

¢ settlement potential, and

¢ no precedence for the use of this type of wall for locks

The in-filled concrete shell wall was eliminated from the study since this type of wall
is more applicable for in-the-wet construction. The roller compacted concrete (RCC)
wall was reclassified as a gravity wall since it is relevant to construction type, not wall
type.

5.2.1.2. Lock Wall Characteristics and Evaluation

The team extensively discussed the characteristics of each wall type, including
constructibility and performance issues, as well as their advantages and
disadvantages and precedence for use as a lock wall. The advantages and
disadvantages for each wall type are provided in Table 5.2-1.
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After the advantages and disadvantages were established for each wall type, the
team developed the following criteria in order to evaluate and rank the wall types.

e Impact to Navigation due to O&M

+ Reliability/Service Life

o Compatible with Soil/Geology

o Compatible with F&E

¢ Compatible with Ship Positioning System
¢ Compatible with Gates

o Compatible with WSB

s Construction Duration

e Construction Cost

The use of permanent rock anchors to stabilize the lock walls for both static and
seismic design load cases was discussed. Although rock anchors are used in
numerous Corps projects, several concerns were raised in their use for stabilizing
the lock walls. The first was the requirement of long-term monitoring of the rock
anchors during the life of the structure. Ideally, the rock anchors for this application
should be fitted with re-stressable anchor heads to the anchor load to be measured
by lift-off checking. The rock anchor loads may be adjusted with the use of shims. As
a result, each anchor would require an access panel and a recess with proper
clearances for a hydraulic ram, jacking chair and a stressing coupler assembly. The
second concern was the long-term corrosion protection of the rock anchors. The use
of epoxy-coated strand, corrugated sheath and grout would provide adequate
protection, but particular attention and detail would be required at the anchorage to
prevent corrosion. The last concern was the need to temporarily close the lock to
conduct the periodic lift-off tests for anchor force verification. The time period to close
the lock and conduct lift-off tests on all of the rock anchors could take a significant
amount of time, considering the number of rock anchors that wouid be required.

Table 5.2-1 Wall Type Advantages/Disadvantages.

Gravity/Perched Gravity

Advantages Disadvantages
o Dependability * Large Amount of Excavated Material
e Longevity/Maintenance Free (Except Perched)
e Support Large Vertical Load *  Slow to Construct
e Simple Structure » Heat Generation/Thermal Cracking Similar
e Simple Design to Conventional Gravity Wall
e  Similar to Existing
e QC Less Complicated
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RCC

Advantages

Disadvantages

Similar to Conventional Gravity Wall
Reduced Cost

e Material Demands More Strict
Complicates Wall Culvert Placement

» Faster Construction e Frequent Rains Cause Paste
e Can be Easier to Construct Erosion/Strength Loss
* Facing Can be Precast e Embedded ltems Are Complicated
* Methods of Placement e Two Batch Plants Are Required
Tie-Back Thin Wall
Advantages Disadvantages

Cost Effective for High Rock Excavation
Minimizes Soil and Rock Excavation

Large Number of Methods of
Construction

Minimizes Concrete Volumes

o Joint Leakage

¢ Long-Term Monitoring Required of Rock
Anchors to Ensure Safety

» Complicated Design/Seismic .

¢ Anchor Proof Tests & QC More Extensive

* Design Life Approximates Service Life

e Anchor Corrosion

¢ Adaptable to Fewer Rock Types

e Specialty Contractors

U-Frame Walls

Advantages

Disadvantages

Applicable for MG Monoliths

Applicable for High-Seismic Areas

Applicable for Poor Foundations & Piles

U-Frame construction provided sufficient
strength and deflection control to allow

future adjacent excavation for a 4™
Lane Lock

* Inefficient Design for this Application
e Extensive, Deep Excavation
 Expensive

Counterfort Walls

Advantages

Disadvantages

Minimize Concrete Material
Efficient Utilization of Concrete and
Reinforcing for Certain Heights
Applicable for Significant Portion of

Lock Wallls

e Extensive Formwork

e Compatibility Problems Within the Wall
Culverts and Ship Positioning
System

* Extensive Excavation

 Complicates Backfilling

e Low Structural Internal Redundancy

+ Significant Amount of Reinforcement

* Higher Design Effort
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Concrete Bin Wall

Advantages ' Disadvantages
e Cheaper Fill Possible — Excavated * Specialized Construction
Rock/Grout e Still Require CIP for Recesses, Voids,
o Fastto Build and Reinforced Cap for Line Pull

e Less Concrete

¢ Non-Linear Construction
Dependencies

¢ Rapid Prefabrication and Fast Track

During the meeting with ACP personnel on 19 April 2002, the use of rock anchors to
stabilize the walls and to reduce the concrete and excavation quantities was
discussed. After a lengthy discussion of the aforementioned concerns, the general
consensus of the Design and ITR Team and ACP personnel was-to eliminate rock
anchors as a primary structural element in the stability of the lock monoliths.

5.2.1.3. Lock Wall Evaluation and Ranking

The team assigned a weight for each of the evaluation criterion according to degree
of importance. Each wall type was then evaluated for each criterion on a scale from 1
to 10. The results of the evaluation are provided in Table 5.2-2.

Based on the results of the evaluation, three lock wall types recommended for further
study were the conventional gravity wall, the perched gravity wall and the RCC
gravity wall with cast-in-place concrete face. The perched gravity wall was eliminated
from further study due to the following reasons:

1) The COE Geology Section and the Seismic Analysis Team raised
concern that the weak tuffaceous sandstone unit would fail during a
seismic event,

2) Long-term stability of the tuffaceuos sandstone in the vicinity where
' the cast-in-place concrete facing (rock cut subjacent to monolith base
requires facing to prevent deterioration of rock) is anchored to weak
rock,

3) The rock bench does not have the bearing strength and the shear
strength to support the monoliths during a seismic event, and

4) The low bearing capacity and shear strength of the tuffaceous
sandstone would necessitate additional rock support for an
earthquake.
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Table 5.2-2 Lock Wall Evaluation and Weights

g’ & = =
] J =
§3/F5 [FuolFu
= & ) 2 § °8
Feature Alternative zq § § £ 5 g : s
=5 [§9/§S/F9/F
g s /3 £35/ & g/ &
is/5 /5% 5%/
‘5 w /& Q Q Q
Weighting Factor 0.1 0.1 | 0.1 | 0.05]| 0.05
Gravity Wall: -
Conventional Gravity Wall 9 9 9 9 8 9 9 8 5 5 8 7.00
Concrete Bin Wall w/ grouted recycled stonej 5 5 8 8 2 6 5 8 7 8 6 6.15
Perched Gravity Wall 8 9 8 9 3 8 7 8 e S
RCC Gravity Wall w/ CIP Face 8 7 8 9 4 9 5 6 9 9 8 7.60
RCC Gravity Wall w/ Precast Face 2 5 8 9 4 9 5 6 9 9 8 6.80
Grout Stone Mass w/ CIP Face 4 5 8 8 4 8 4 6 8 9 6 6.55
Grout Stone Mass w/ Precast Face 2 4 8 8 4 8 4 8 9 9 6 6.35
Counterfort Wall 7 7 6 9 4 8 T 5 7 5 2 .75
Anchored Wall (thin wall) 2 4 8 9 4 6 7 5 5 6 2 | 5.00
U-Framed @ 9 EREEENE 9 9 | 8| 5 |s5] s [680
Notes:
1: The consensus of the team was that the lockwall placement method should be consistent with in-the-dry methods of construction. This is within a
dewatered cofferdam or other means.
2: U-Frame compatible with Miter Gate monoliths.
3: Perched Gravity Wall may be constructed with RCC.
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Gravity lock wall monoliths shall be used for the Third Lane Lock as a result of their
durability, reliability and compatibility with the culverts, conduits, galleries, and
recesses required for the locks. To capture economy offered by a typical perched
wall, the walls would be partially stepped (perched) to reduce excavation and
concrete costs while satisfying concerns mentioned above. Typical wall sections are
shown on report drawing ACP-20/14 and ACP-20/15. The lock walls will be
constructed using roller-compacted concrete (RCC) with cast-in-place concrete used
for the chamber face and in areas of the culverts, galleries, laterals, and concrete
reinforcement.

5.2.2. Gravity Wall Design
5.2.2.1. Design Considerations

The top of wall elevation varies with the lift requirement, gate alternative based on
the required structural depth of bridges provided over the gates for ship positioning
equipment and clearance and access o operating equipment. The width of the wall
varies to accommodate access to machinery and valves, the ship positioning system
and recess openings for the gates, valves, galleries, electrical equipment and
machinery. The wall geometry and gate spacing are also based on consideration of
operating mechanisms, gate anchorage, and minimum wall thickness adjacent to
filling and emptying culverts, filling and emptying conduits, and water saving basin
conduits.

The concept and preliminary design and analysis of lock wall monoliths are based on
the load cases and stability requirements prescribed in the Design Criteria Report,
loadings (dead, live, and seismic) and operational and structural performance
requirements, and dead, live and seismic loading. Essential requirements for
operational and structural performance of the lock wall monoliths include:

e Limiting global displacements and deflections to a tolerable range.

e Minimizing interference with the lock's inlet opening.

¢ Providing for the ease and economy of construction and maintenance.
e Economy of structural and functional monitoring and inspections.

e Durability of materials and hydraulic performance of the structure.

¢ Providing for an appropriate level of ultimate structural strength exceeding the
factored capacity-demand.

» Ability to survive unusual and extreme events such as OBE, MDE, and impact by a
vessel.

The design of the gravity lock wall monoliths is predominately based on the stability
analyses that are conducted to assure that the hydraulic concrete structures meet
minimum safety and performance requirements. The overall design and stability of
the structures is assessed in terms of overturning, sliding and bearing. The objective
of a stability analysis is to maintain horizontal, vertical and rotational equilibrium of
the structure. Geotechnical information is established for the rock and engineering
backfill and is provided in Table 5.2-3. Possible failure modes and planes of
weakness are determined from onsite conditions, material strengths and uplift forces.
Stability is ensured by providing:

1) adequate factor of safety against sliding at all possible failure planes
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2) specific limitations on the magnitude of the foundation bearing
pressure, and

3) constraints on the permissible location of the resultant force on any
plane.

Table 5.2-3 Geotechnical Properties.

%V:,::i?f Shear Strength gearir!?
Material aFg city
Ymoist Ysat (b c b
kN/m® | KN/m’® deg kPa kPa
Structural
Backfill 19.0 | 20.0 35 N/A N/A
Random
Rockfill 18.0 | 19.0 33 N/A N/A
Random
Backfill 15.0 | 17.0 31 N/A N/A
Tuffaceous
Sandstone | 10:¢ | 186 31 69.0 1915

5.2.2.2. Seismic Loadings

The criticality of the new Third Lane dictates the need for very severe
performance criteria under seismic loading. The current USACE regulation (ER
1110-2-1806) establishes two levels of seismic loadings and corresponding
performance conditions: Maximum Design Earthquake (MDE) and Operating
Basis Earthquake (OBE). The MDE represents the maximum level of ground
motion for which a structure must be designed to perform without catastrophic
failure, although severe damage or economic loss may be tolerated. However,
the new Third Lane differs from the typical Corps experience with locks since it is
categorized as a critical project from an economic point of view. Because of the
exceptional circumstances around this project, loss of operation for an extended
period of time is economically equivalent to catastrophic structural failure.
Therefore, the MDE level of seismic demand is set

equal to the corresponding Maximum Credible Earthquake (MCE) level for those
project components and subsystems that are essential for continuity of operation.
For critical features, the MDE is set equal to the MCE, defined as the greatest
earthquake that can be generated by a specific source. The OBE represents an
earthquake that can reasonably be expected to occur within the service life of the
structure, which is expected to exhibit little or no damage, and no operational
interruption. Typically, critical projects are those whose failure during or
immediately following an earthquake could result in loss of life.

The seismic analysis team determined an appropriate value of the peak ground
acceleration (PGA) to be used in preliminary design and feasibility studies for the
MDE and OBE. The values for MCE and OBE selected for preliminary design are
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0.313g and 0.14g, respectively. As recommended for the preliminary stability
evaluations of existing concrete structures not in contact with earth, a seismic
coefficient equal to 2/3 of the PGA is used for this type of concrete structures. In
addition, vertical accelerations are considered in seismic stability evaluations.
However, for the simplified conservative engineering procedures that are used in
preliminary analyses, vertical accelerations are not required in the preliminary
calculations. When the seismic engineering evaluations proceed to the final
design stage, a more sophisticated modal response- or time history-based
engineering procedure will be used to assess the potential for damage to the lock
features. The use of elastic design methodologies and a mean plus one
standard deviation earthquake event for concept design woulid result in an over
estimation of the required size of structural features for this study. However,
investigation of higher seismic loadings associated with a mean plus one
standard deviation earthquake would be performed with time-history analysis to
assess damage and establish the owners true limits on tolerable damage.

5.2.2.3. Design Approaches: Yielding Versus Non-Yielding Backfill

The design of the lock walls may follow three approaches. The first is to design
the walls to be so rigid that the backfill cannot yield and mobilize full active
pressure. For this case, the lock walls are designed for the at-rest earth
pressures for both static and earthquake conditions. The second case is when a
wall deflects sufficiently for the backfill to yield and full active pressure is
mobilized. For this case, the lock walls may be designed for active earth
pressures for both static and seismic loadings. The third case is when the lock
wall (earth retaining structure) is permitted to experience some movement during
the earthquake. For this case, the lock wall is designed for at-rest or active earth
pressure for the static condition (depending on the flexibility of the lock wall), and
for the earthquake condition, the displacement-controlied approach is used
(USACE Technical Report ITL No. =92-11). The displacement-controlled
approach incorporates wall movements explicitly in the stability analysis of earth
retaining structures. The displacement-controlled approach is a procedure for
choosing a seismic coefficient based on upon an explicit choice of an allowable
permanent displacement.

The displacement-controlled approach was considered initially as a means of
reducing the size of the lock walls for the seismic loading condition. However, the
use of this procedure requires the lock walils to move during an earthquake. The
risk is that the lock wall monoliths may move relative to one another, especially in
the area of the miter gates and valve (WSB) monoliths. This relative movement
could shear hydraulic lines, bind machinery, and disrupt navigation due to
misalignment of the rail for the ship positioning system. As a result, this
procedure was not used to design the lock wall monoliths. The monoliths are
rigid and are designed to resist at-rest earth pressures for both static and
earthquake conditions.

5.2.2.4. Factors of Safety
5.2.2.4.1. Overturning Stability
The following criteria for overturning is used for the new gravity structures:

» Usual loading condition: Resultant within the kern.
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¢ Unusual loading condition: Resultant outside kern but should fall within
the middie half.
¢ Extreme loading condition: Resultant within the base.

5.2.2.4.2. Sliding Stability
The following factors of safety for sliding are used:

e Usual loading condition: FS=17

e Unusual loading condition: FS=13

e Extreme loading condition: FS=1.1
5.2.2.4.3. Bearing

The allowable bearing capacity of the tuffaceous sandstone was established
during the geotechnical investigation. However, the allowable bearing pressures
are increased for the following loading conditions:

¢ Unusual loading condition: 15% increase
e Extreme loading condition: 50% increase

5.2.2.5. Description of Gravity Lock Wall Monoliths

Nine typical gravity-type lock wall monoliths and three miter gate monoliths are
proportioned in accordance with the stability criteria and load cases prescribed in the
Project Design Criteria (Paragraph 5.2.4 Masonry Features). The monoliths selected
for the study are located on the west side and east side of the Third Lane Lock,
between stationing STA 13+700 and STA 12+580 (Table 5.2-4). The cross sections
for the typical and miter gate monoliths are provided in the Project Drawings, Double-
Lift Configuration, Sections. All of the monoliths are founded on rock and are
provided with toe stubs. The purposes of providing toe stubs for the monoliths are to
increase the stability of the monoliths, to distribute the resultant net vertical forces of
the monoliths that would reduce the resultant bearing pressures applied to the weak
tuffaceous sandstone (Table 5.2-3). The monoliths for the Third Lane Lock Walls
located on the east and west sides are proportioned to function as pure gravity
structures and to satisfy all stability requirements for all static and seismic loading
conditions. The controlling load case for the design of the lock monoliths is the
seismic load (MCE) condition (Load Case 2G). The base of the monoliths and
subsequently the weight must be increased for this load case to prevent a bearing
failure of the reinforced concrete foundation. The internal stability of the monoliths
was also checked at critical sections to determine concrete reinforcement
requirements.

5.2.2.6. Shrinkage and Temperature Reinforcement

The shrinkage and temperature steel requirements for structural concrete is based
on higher temperature changes in the U.S. than is experienced in Panama. ACI
318M-99 and the COE (EM 1110-2-2104) require the ratio of reinforcement area, A,,
to gross concrete area to be greater than 0.0018 and 0.0028, respectively. The COE
places an upper limit on the shrinkage and temperature steel requirement of No. 29
at 300 mm. Figure 6.4 of ACI Manual of Concrete Practice 1998, Part 1, Section
207.2R-95 provides the required steel ratio for design temperature fluctuation and
base length for a prescribed allowable crack width equal to 0.33 mm. For an
average monolith length (expansion joint spacing) equal to approximately 14 m for
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the lock wall monolith concept design, the temperature fluctuations corresponding to
ACI and COE steel ratio requirements are 16 C and 23 C, respectively. This is
significantly higher than the temperature fluctuations expected for Panama that
range from 4 C to 10 C. Considering the lower temperature fluctuations for Panama,
the steel ratios required from Figure 6.4 (ACI) are 0 to 0.0001. For a monolith length
equal to 14 m, the required upper limit for shrinkage and temperature steel
reinforcement in each face is 420 mm?, or a spacing of 300 mm for No. 25 rebar.
This deviates from the requirement of EM 1110-2-2104 would have to be finalized
during the feasibility or final design phase.

For mass concrete, the COE (EM 1110-2-2602) does not require shrinkage and
temperature steel to control cracking. As a result, shrinkage and temperature steel
will not be placed in the lock wall faces and surface, except in the areas of culverts,
laterals and galleries. According to the requirements of EM 1110-2-2602 and EM
1110-2-2104, No. 29 at 300 mm spacing will be used for the shrinkage and
temperature steel requirement in the areas of the culverts, laterals and gaileries.

The recommendation is made that during the feasibility or final design phase, a
thermal study (NISA) be conducted to verify the required shrinkage and temperature
steel for specific concrete mix designs and laboratory tests to establish the thermal
and mechanical properties for each mix design.

Table 5.2-4 Stability Criteria and Results

Stability Criteria and Resulits
. Load - Overturning .
Location Case Sliding Base Compression Bearing (MPa)
Actual T Required Actual I Required Actual |  Required
Lock Wall Monoliths
East & West o
STA 124300 2G 1.16 >1.1 24.0% >0% 242 <2.88
East )
STA 124580 2G 1.42 >1.1 30.0% >0% 2.70 <2.88
STA 13+010
West
STA 12+582 26 1.89 >1.1 34.7% >0% 2.79 <2.88
STA 13+006
East
STA 12+950 STA 26 1.47 >1.1 41.2% >0% 2.79 <2.88
13+006
West
STA 13+460 STA 2G 214 >1.1 76.7% >0% 1.67 <2.88
13+525
East
STA 13+460 STA 2G 1.14 >1.1 38.5% >0% 2.85 <2.88
13+525
West
STA 13+100 STA 2G 1.74 >1.1 30.4% >0% 2.89 <2.88
13+520
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Stability Criteria and Results
Location Load Sliding Overturning Bearing (MPa)
Case Base Compression
Actual Required Actual Required Actual Required
East
STA 13+100 STA 2G 1.17 >1.1 35.6% >0% 2.82 <2.88
13+520
East 2G 1.47 1.4 23.2% >0% 2.62 <2.88
STA 13+700 ’ ' : : :
Miter Gate Monoliths
East& West
Atlantic MG 26V 1.44 >1.1 53.3% >0% 2.04 <2.88
STA 124513
East & West
Center MG 26V 1.13 >1.1 38.6% >0% 235 <2.88
STA 13+015
East & West
Gatun MG 2G 1.17 >1.1 59.8% >0% 1.18 <2.88
STA 13+533
Notes:
The maximum design seismic loading is the controlling load case for all lock wall monoliths analyzed for stability. The
stability results reflect the size of the gravity wall required to satisfy the stability requirements for Load Case 2G.

5.2.3. Roller Compacted Concrete Option
5.2.3.1. Introduction

This section of the report proposes the use of Roller Compacted Concrete (RCC) for
certain features of the Panama Canal Atlantic Locks. In addition to identifying the
location and quantity of RCC to be used it provides a brief description of the RCC
process that would be envisioned for the lock structures and addresses key issues in
the use of RCC.

The concrete structures are estimated to consist of 3 000 000 m® of concrete. There
are several structures or portions of structures associated with the Atlantic lock that
could be readily constructed with RCC. These are:

East & West Lock Walls 2 144 000 m®
Lock Chamber Floor 136 000 m®
Totals 2280000 m*

These listed structures would provide large placement areas that do not include
significant obstacles and embedded features. These areas would be large enough
to accommodate an RCC placement operation and would proceed at a relatively high
production rate. By the proper selection of materials, design features, and
production and placement methods, the quality of the RCC would be at least equal to
that of the conventional concrete that would otherwise be used for this application.
Drawing ACP-R-20/17 shows the plan and sections of locations identified as
appropriate for RCC construction.
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There are several major advantages that would result from using RCC in the
identified locations. The cost of in-place RCC for these structures is estimated to be
at least 2/3 of the cost of in-place conventional concrete. RCC can be used without
sacrificing the benefits of using conventional cast-in-place concrete. Greater cost
reductions would depend on the specific features and requirements. A related
advantage would be that the production rate of RCC placement is significantly higher
than that of conventional concrete. It is estimated that RCC placement rates of 400-
600 m* per hour would be a minimum for this project and up to 900 m® per hour
achievable. This resuits in very rapid construction of the RCC structures. This could
result in a major reduction in construction time and investment cost and an early
operational date for the lock.

Because of the nature of RCC materials and mix proportions, the material properties
of RCC are often more favorable for mass concrete construction when compared to
most conventional mass concrete mixtures, without sacrificing the quality of the
structure. The resulting mixture would exhibit less shrinkage and consequently less
cracking distress. This would result in fewer joints in the structure. Strength
properties of RCC are achieved with less costly mixtures than conventional concrete.
This is primarily because RCC mixtures have lower cementitious material contents
and higher aggregate proportions.

The successful placement of a major RCC structure requires careful coordination of
many processes. Failure of any part of the process can result in work interruptions.
More effort in advance of the start of an RCC operation is necessary and close
controls are required during the placement operation. Conventional concrete
placements, on the other hand, are a series of distinct placements that include
numerous interruptions. As a result RCC can achieve high production rates so long
as the process can operate at a continuous rate.

Typically RCC placement operations expose a large area of fresh RCC during
placement. This is of concern in locations of extreme heat or high or intensive
rainfall when exposed RCC can be damaged by those conditions. Conventional
concrete construction exposes smaller areas to these damaging conditions. Recent
RCC placement procedures have been developed that reduce the area of exposure
while maintaining high production rates (See the discussion below on the sloping
layer method).

5.2.3.2. Design Approach

The design of the lock structures is practically the same regardless of whether the
mass concrete is constructed using RCC or conventional cast-in-place concrete. The
selection of some of the features or orientation of some of the features may be
changed to increase the benefits of using RCC.

The lock structures consist of many formed vertical faces and stepped surfaces. The
construction of these features would require the use of a conventional concrete
forming system. The formed surfaces of RCC structures would be constructed to
look and perform like conventional concrete surfaces. The process of constructing
these surfaces for an RCC structure would be done with either a conventional
concrete mixture or an RCC mixture modified with the addition of cementitious grout.
Except for possible minor color shade variations, the final concrete surfaces would
look and perform identical to the surfaces achieved with conventional concrete.
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The double-lift lock system incorporates filling and emptying cuiverts in the lock wall
monoliths. While RCC is advantageous for monoliths that do and do not include the
culverts, greater advantages can be realized if the culverts are located below the

chamber floor. This allows a greater volume of the monoliths to be constructed of
RCC.

5.2.3.3. RCC Features
5.2.3.3.1. RCC Mixture

Materials properties for the RCC and conventional concrete would be based on
the testing of aggregate and on subsequent mixture proportioning studies. As
done for conventional concrete, aggregate sources would be investigated to
assure adequate quality and long-term performance. A wide range of RCC
mixtures would be evaluated to assure quality and economy. The following
properties are the more common properties to be determined during this testing
phase. ltis anticipated that a normal range of material properties will be
necessary for the lock structures.

» Compressive strength.
¢ Cohesion.
e Angle of internal friction ().
¢ Tensile strength.
e Unit weight.
e Thermal properties.
¢ Creep and shrinkage.
5.2.3.3.2. RCC Production Facility
a Aggregate Handling

Because RCC is capable of high production rates, a large percentage of the
aggregate would be stockpiled on site to be used for continuous placements
on site and in advance of placement. It is not uncommon to require 50-100%
of the aggregate to be pre-stockpiled. The actual percentage would depend
on the rate and reliability of the aggregate processing and delivery system to
supply aggregates as required. The land area required for stockpiles can be
significant. Land areas located adjacent to the placement area are suitable
for stockpile locations.

Because there would be concurrent stockpiling of RCC and conventional
concrete aggregates, aggregates that are jointly used by RCC and
conventional concrete would allow a reduction in the number of stockpiles.
Aggregate grading adjustments that reduce the number of stockpiles would
further reduce stockpile area requirements.

Barge and rail delivery of aggregates is anticipated for this project. The use
of a combination of bottom dump hopper cars, side discharge cars, conveyor
systems, and wheeled loaders would be necessary to handle the aggregate.
Stockpiles would supply the batching and mixing plants using reclaim tunnels,
supplemented with direct charging wheeled foaders. An evaluation of the
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b

delivery system may provide a basis to reduce the volume of stockpiled
material if “just-in-time” delivery processes are reliable for the project.

RCC Batching/Mixing Plant Requirements

For the rapid and successful construction of the lock walls, the batching and
mixing equipment must produce consistent, high quality RCC in the desired
quantities. The assumed target minimum required RCC production rate is
estimated to be 400 m®per hour. However higher production rates may be
more appropriate. The actual rate would depend on a detailed evaluation of
construction sequences and resulting lift surface exposures. The use of
single or multiple plants would be a factor in the final determination of
production rates. Some plant configurations are capable of mixing all the
RCC, conventional concrete, and other concretes rather than having separate
plant operations.

Various types of mixers are suitable for the production of RCC and
conventional concrete for this job. Drum mixers are acceptable for
conventional concrete. Horizontal shaft mixers, known as pugmills are
suitable for both RCC and conventional concrete. Horizontal shaft mixers
have become the preferred type of mixing plant for high production RCC.
These mixers can be configured as continuous or batch-type systems.

Mixture Cooling

Cooling systems for concrete are a major feature of concrete plants in hot
climates. The use of wet bins, wet belts, air chillers, water chillers, or ice
plants would be considered for this project. Detailed evaluation of ambient
conditions, material properties, and placing schedules would be necessary to
determine the cooling requirements for specific monolith geometry. RCC
mixtures tend to have less cooling requirements than conventional concrete
because mixtures generate less heat.

5.2.3.3.3. RCC Conveyance

a

Conveyance of RCC to Placement Siding

For the long and relatively narrow placement configuration and the multipie
concurrent work activities, work site congestion may be a problem. The
transportation of RCC from the plant to the placement siding would be done
by conveyor, truck haul, or a combination of conveyor system with haul
trucks. The most likely system for RCC would be one that can also support
the placement of conventional concrete at other locations. The determining
factor would be whether those placements will need to be done concurrently
with the placement of RCC. Drawing ACP-R-20/20 depicts a system for
transport of the RCC from the batch plant directly to the placement site.

Conveyance of RCC from Placement Siding to Placement Surface

RCC would not be transported onto the RCC placement surface area using
trucks or other wheeled vehicles. The impacts of tire damage, contamination,
and traffic flow are extremely detrimental to RCC quality. The RCC would be
transferred by a conveyor system to the lock surface placement area.
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¢ Conveyance on the RCC Surface

On

the placement surface, RCC would likely be transferred to its final

placement location either by secondary conveyors, or by end dump trucks.

Trucks

Numerous projects have maintained relatively high production rates using
trucks to distribute the RCC on the placement area. Such a system can
be economical since appropriate trucks are readily available to
contractors. However quality impacts from truck traffic must be
considered. An evaluation of the placing sequence at the various phases
of construction would be necessary to determine if truck operations are
practical from space constraints and RCC quality constraints. Because of
space limitations, use of trucks for conveyance of all RCC on the
placement site would be difficult. Supplemental placing systems may be
needed.

Conveyor

Extensive use of conveyor systems for placement of RCC would free up
work areas for other construction activities and allow much greater
flexibility for movement of equipment and materials. Conveyors would
move the concrete on the placement site in a fast, clean and efficient
manner with the least amount of rehandling and segregation.

The Table 5.2-5 identifies the range of options available for each of the
phases of RCC transportation. Options from columns A, B, and C can be
intermixed to form a complete system. Another key factor in selection of
various components would be the fiexibility of the system for the various RCC
and conventional concrete placements.

Table 5.2-5 RCC Transportation Methods

A B C
Transport From Plant Transport From Transport On RCC
To Placement Siding | Placement Siding Onto Surface

(Staging Area)

RCC Placement

trucks

Surface
Trucks Stationary conveyor Truck(s)
Stationary conveyor Conveyor system Conveyor system
Partial conveyor to Mobile conveyor Mobile conveyor

Trucks to partial
conveyor
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5.2.3.3.4. Spreading RCC

RCC is typically spread in single layers compacted to a 0.3 m thickness.
Spreading is done using a tracked dozer. The size and number of dozers
depends on the required production rate. Dozers are usually equipped with 6-
way hydraulic adjustment on the blade position. Horizontal level would be
maintained using a laser leveling system with the receiver and controls mounted
on the dozer. The RCC would be placed continuously, and proceed in one
direction full width of the lock wall surface from one end of the designated
placement to the other end.

a

Horizontal Layer Method

Placement of the RCC would include depositing, spreading and remixing.
After the RCC has been conveyed to the placement site, the RCC would be
spread into a uniform 0.3 m thick lift after compaction. Depending upon
placement rate requirements, the contractor would need one or two dozers
for spreading (typically a D-6 or D-7 for most applications and a smaller D-4
or D-5 for tight or confined areas or when initiating placement at the start of a
lift). Where the RCC is spread onto or into the conventional concrete facing,
spreading would be accomplished before the conventional concrete has
begun to set. By spreading the RCC and building the 0.3 m lift thickness,
tracking of the dozer on the RCC surfaces would provide most of the
necessary consolidation for the RCC. Specifications would be very specific in
detailing procedures to assure proper RCC spreading and consolidation.

Sloping Layer Method

A more recent modification of constructing lifts of horizontal layers is the
sloping layer method. In the sloping layer method RCC is placed in layers
approximately 200 to 300 mm in thickness for a total thickness of 3 to 4 m.
Instead of each layer placed in a horizontal orientation, each layer is placed
on an approximate 1:10 to 1:20 slope. The length of the slope depends on
the plant capacity and production rate. The goal is to minimize the exposure
of fresh RCC until the next sloping layer can cover it. Typical slope lengths
are 20-40 m. The sloping layer, 3 to 4 m in height and 20-40 m in length, is
placed for the full width of the placement and progresses the full length of the
placement. Prior to placing the next 3 to 4 m lift, bedding mortar would be
placed on the mature RCC surface.

Monolith Method

For certain placements it is advantageous to subdivide the placement area
into monoliths and limit placement to a specific monolith. RCC can be placed
by the horizontal layer method or the sloping layer method. Generally
placements are in layers totaling more than 1 m in height and as high as 20
m. Climbing forms are required for the taller placements to form the monolith
joint.

5.2.3.3.5. Lift Joint Preparation

Ali surfaces on which RCC and conventional concrete are to be placed would be
prepared to insure adequate bonding and continuity so that the entire mass acts
as a monolith without discrete joints or discontinuities. As with conventional
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concrete, the bond between lifts decreases as the maturity of the joint and the
elapsed time from final setting of the underlying concrete lift increases. As a
minimum, two generalized joint treatment processes, regular and cold joint,
would be specified in order to address the range of varying field conditions that
exist.

5.2.3.3.6. Compaction

After spreading, all surfaces of each RCC lift would be compacted with a self-
propelled double drum vibratory roller or an equivalent single drum vibratory
roller. The vibratory roller would be used to primarily to compact the top RCC
surface, to seal the lift surface, to prevent undue moisture evaporation during hot
weather periods, and to prevent unacceptable absorption of rain or other water
prior to RCC set. It also would provide a relatively smooth surface that can be
easily cleaned of any contaminants that may. occur between placements. The
vibratory roller would have a gross weight of not less than 9 525 kg and would
produce a dynamic force of about 80 kg per lineal centimeter of drum width at a
frequency of 2200 cycles per minute. Compaction and density control would be
done using nuclear density meters.

5.2.3.3.7. Curing and Protection

Moist curing would be required on the exposed horizontal surfaces of the RCC.
A continuous application of moisture would be required on the exposed top
surfaces of the RCC during construction. While this provides adequate curing,
the primary benefit is to promote lift joint bonding. Formed surfaces such as
vertical and faces would require membrane curing compound seal where moist
curing is not practical. The backfilled surfaces of the RCC would receive a
continuous application of moisture until the time of backfilling.

The application of water could be done in several ways. One of the best methods
to cure fresh RCC is the manual application of spray water from hoses attached
to a water distribution system. Completed sections can be cured by uniform
coverage using sprinkler systems.

5.2.3.3.8. Weather Conditions.

RCC can be placed during the entire year in Panama. However, there would be
periods where placement restrictions would be necessary to protect against
excessive temperatures and excessive precipitation. Placements during hot
weather would require controls to limit placement temperatures during critical
periods. The specification would require RCC as temperature delivered to the
placement, to be controlled.

Rainfall in this basin averages 4 m per year. The heaviest accumulation occurs
in the rainy season during the months of October and November. RCC would
not be placed when rainfall exceeds 1 mm per hour. When RCC placement
resumes following a rain stoppage, lift surfaces would require either regular or
cold joint surface treatments depending on the extent of the interruption and the
effects of the rainfall. Treatments range from the removal of loose contaminants
and ponded water to an application of bedding mortar. The impacts of rainfali at
the site should be minimized because of the consistent occurrences of rain. The
work would be sequenced to minimize exposure to rainfall during threatening
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time periods and use tarps to cover RCC placements when rain falls on fresh
RCC.

5.2.3.3.9. Vertical Facing Options

On many past RCC projects the formed faces of the RCC structure were
constructed of conventional concrete (facing concrete). The placement of RCC
was done concurrently with facing concrete. Facing concrete was deposited
against the forms minutes in advance of the RCC placement. The RCC was
compacted with the vibratory rollers and the facing concrete consolidated with
internal vibrators. The facing concrete may be conveyed/hauled to the
placement site in trucks, by conveyor, or be deposited from buckets from a crane
located adjacent to the RCC placement.

Precast concrete wall panels could be placed to proper alignment prior to placing
roller compacted. These panels would serve as the completed wall face and
form for the RCC placement. Mechanical anchor (dowels) would be provided to
achieve an adequate bond across the material interface. This construction
process would speed construction and offer controlled quality control measures
similar to plant manufacture conditions on the completed panelized lock face
concrete.

A recent innovation in RCC technology is the use of grout-enriched RCC
(GERCC). This is a process where a small volume of grout is applied to fresh
RCC. It can be applied just in advance of the RCC or on top of the fresh RCC or
a combination of both. The two materials are then vibrated together using
conventional internal vibrators forming a conventional concrete. This system
transforms an RCC material into a conventional concrete. It is used extensively
at formed surfaces and at foundation interfaces. It allows the continuous
placement of RCC in a structure with only supplemental additions of grout and
vibration at perimeter areas. This is well suited for tropical areas, such as
Panama, where freeze-thaw performance of exposed surfaces is not required.
This material would be evaluated for this project. RCC production is maintained
at a constant high level and the costly placement of conventional concrete facing
is eliminated.

5.2.3.4. Summary
e RCC can be used for a significant portion of the lock structures
e Significant cost saving can be realized by using RCC
» Significant reduction in project construction time is likely

» Combining production and transportation systems with conventional concrete
is advantageous

e Rainfall can be handled by schedule, placement methods, and protection
measures

e Positioning culvert under chamber floor increases RCC quantity

+ GERCC facing system provides excellent formed surfaces with minimal RCC
placement impacts
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» Sloping layer placement method is a tool to limit exposure of surfaces to
adverse weather conditions

5.3. Hydraulic Features

The following paragraphs provide a brief overview and summary of hydraulic features for the
third lane lock design. Additional details are provided in Appendix E, Hydraulic Analyses
and Designs.

5.3.1. Design Considerations
5.3.1.1. Lock Profile

The profile of the third lane is dependent on several factors. A primary consideration
in the selection of a lock profile is the potential range of water surface elevations in
Gatun Lake and Limon Bay. Another important consideration is the amount of
source water required per lockage. Additional factors to be considered include the
required minimum sill clearance and hydraulic freeboard requirements.

5.3.1.2. Water Saving Basins

The volume of water used during a lockage can be reduced with a system of water
saving basins. The basins provide a means for recovery, temporary storage and
reuse of water during operation of the locks. When a lock is emptied, a portion of the
water is transferred to the water saving basins. The water can then be stored in the
basin until it is ready to be reused during the next lock filling operation. The net
effect is a reduction in the amount of source water required during each lockage.

The water saving basin designs are based on a configuration of two water saving
basins per lock located to one side with a target water savings of 50%.

5.3.1.3. Design Ships

An important consideration in the design of the third lane is the type and size of the
ships expected to utilize the locks. The two design ship types specified by ACP are
the bulk carrier and container ship. Ships of the bulk carrier variety are typically
designed to carry dry cargo (e.g. coal, iron ore, grain). Ships designed for liquid
cargo (e.g. crude oil) are usually referred to as tankers, but they can be grouped with
bulk carriers for purposes of selecting the design ship. Container ships are designed
to carry cargo in standard carrying boxes. A standard measure of the cargo capacity
for this type of ship is a container that is 20 feet long by 8.5 feet square. The unit of
measure for this container is the twenty-foot equivalent unit (TEU).

Selection of the design ship is based on the sizes and types provided in the terms of
reference.

5.3.1.4. Lock Filling and Emptying Systems

The primary goal in design of the filling and emptying systems is to safely equalize
within the specified target times with the use of water saving basins. For operation
without water saving basins, hydraulic features are designed to minimize potential
impacts to equalization times while maintaining a safe operation. The target
equalization times for a double-lift configuration were determined by proportioning
the target range of 8-10 minutes for a single lift of a triple-lift configuration as
specified in the terms of reference. The triple-lift target range was increased by a
ratio of 3/2 to provide comparable time targets for the double-lift configuration.
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Based upon input from ACP, filling and emptying systems were designed to meet
target times for operations without water saving basins. As requested by ACP,
connections to water saving basins were designed to meet target equalization times
for operations with water saving basins. End to end (longitudinal) water surface
slopes in the locks were used as an indicator of hawser forces and safe
performance. Computed water surface slopes for the proposed filling and emptying
system were compared with existing systems and international criteria to evaluate
lock performance. Additional factors considered in the design of filling and emptying
systems for the third lane include maintenance conditions and the effects of salinity
on lock performance.

5.3.2. Alternatives Considered
5.3.2.1. Lock Profile

The locks were evaluated between Gatun Lake levels of 26.670 and 23.927 m PLD
and Atlantic Ocean levels of 0.564 and —0.381 m PLD. Lock profiles configured from
a relatively high lake and tide elevation reduce water consumption by increasing wall
heights that reduces spillage of water. A relatively low lake and tide configuration
would have lower lock walls and increased water consumption due to spillage and
would require design of a system to manage the spilled water. Once the lock
configuration has been established, a high lake elevation will generally require more
water than a low lake elevation due to the higher lift.

Sili elevations were evaluated for a minimum clearance of 18.288 m. Gatun Lake
and Atlantic Ocean levels within the range presented in the previous paragraph were
considered in the evaluation of sill clearance requirements.

Hydraulic freeboard requirements are based on an evaluation of existing lock
structures, predicted ship induces surges, and overtravel during equalization
operations.

5.3.2.2. Water Saving Basins

The range of possible water saving basin floor elevations and average water
consumption was evaluated by performing a duration analysis across the range of
Gatun Lake and Atlantic Ocean levels. The analysis showed that there was a narrow
range of possible water saving basin floor elevations with resulting narrow ranges of
water saving percentages and amount of water taken from the lake. Two basin floor
configurations were evaluated for the design.

5.3.2.3. Design Ships

Post-Panamax container vessels with a cargo capacity of 6,600 TEU exist today with
a length of 347.0 m, a beam of 42.8 m, and a draft of 14.5 m. Large bulk carriers
have a length of 343.0 m, a beam of 63.0 m, and a draft of 23.0 m. Current trends in
Post-Panamax container vessels seem to be leading towards a projection of 10,000-
12,500 TEU capacity vessels being built within 10 years. These vessels would have
a length of 350-400 m, a beam of 50-54 m, and a draft of 14-15 m. Definitive future
trends in the size of bulk carriers could not be determined. To be consistent with the
terms of reference, a capsize bulk carrier was assumed with a length of 290.0 m, a
beam of 45.0 m, and a draft of 15.2 m.
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5.3.2.4. Lock Filling and Emptying Systems

Filling and emptying systems can be grouped into three general classes. The first
class is designated as end filling. In this type of system, water enters the lock only at
the upstream end of the chamber. The second class includes systems that use
longitudinal culverts in the lock walls or along the chamber floor to distribute flow
more evenly into the lock chamber. The third class is a hybrid that incorporates
elements of both the end filling and culvert systems.

In general, end-filling systems can be designed to perform efficiently and safely for

lifts that are less than 3 m. For lifts greater than 3 m, these systems usually cannot
safely meet performance requirements for equalization time. Connections with the

water saving basins could require additional culverts to pass water to and from the

locks.

Culvert system types considered include side port, in chamber longitudinal, bottom
lateral, and bottom longitudinal. The side port type of system wouid be acceptable
for the double-lift configuration of the third lane. For equalizations with water saving
basins, the side port would provide acceptable performance. Hydraulic performance
when equalizing without water saving basins could be degraded due to the higher lift.
Under certain maintenance conditions, hydraulic performance could be degraded
due to the loss of symmetry. Connection to the water saving basins could be
achieved by direct connection to the lock culverts. The in chamber longitudinal
system would be acceptable for the double-lift configuration of the third lane. For
equalizations with water saving basins, the in chamber system would provide
acceptable performance. Hydraulic performance when equalizing without water
saving basins could be degraded due to the higher lift. Under certain maintenance
conditions, hydraulic performance could be degraded due to the loss of symmetry.
Connection to the water saving basins would require conduits from the basin to enter
the lock chamber and connect to the longitudinal lock culverts. The bottom lateral
system would be acceptable for the double-lift configuration of the third lane. Using
an interlaced arrangement, hydraulic performance wouid be good for equalizations
with or without water saving basins under both normal and maintenance conditions.
Connection to the water saving basins could be achieved by direct connection to the
lock culverts. The bottom longitudinal system would be acceptabie for the double-lift
configuration of the third lane given its ability to perform quickly and safely under all
operating conditions. Direct connection could be made between the water saving
basins and the lock wall culverts.

Hybrid filling and emptying systems were not considered due to the concerns
associated with end filling systems at the design lift.

5.3.3. Recommended Plan
5.3.3.1. Lock Profile

The lock wall elevations were selected based on high lake and ocean levels and the
resultant equalizing elevations in the locks. This eliminates the need to spill water
when the locks would equalize at a high level.

The lake level used was 26.670 m PLD and the ocean level was 0.564 m PLD. The
1.311 m of freeboard would be used to set the minimum top of wall and gate
elevations for hydraulic design concerns. This freeboard should be applied above
the maximum operating elevation so that there will always be 1.311 m or more of
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freeboard. Figure 5.3-1 summarizes the recommended lock profile for operations
without water saving basins.

A duration analysis, which considered the entire range of possible lake and ocean
elevation combinations, was conducted to determine the average amount of water
required for a single downbound lockage without water saving basins. The average
amount of water required in terms of a water column was computed as 13.041 m.
The total volume of water required can be computed by multiplying the water column
by the surface area of the lock.

5.3.3.2. Water Saving Basins

The basin wall elevations were selected based on high lake and ocean levels and
the resultant equalizing elevations in the water saving basins. This eliminates the

need to spill water during high water periods when the locks and basins will equalize
at a high level.

The 1 m of freeboard would be used to set the minimum top of wall elevations for
hydraulic design concerns. This freeboard should be applied above the maximum
operating elevation so that there will always be 1 m or more of freeboard.

The lake level used was 26.670 m PLD and the ocean level was 0.564 m PLD.
Figure 5.3-2 summarized the recommended lock profile for operations with water
saving basins.
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5.3.3.3. Design Ships

The 12,500 TEU container ship and the capsize bulk carrier are assumed for use in
the concept level design. The ships were selected because they are consistent with
the deadweights specified by ACP in the terms of reference. A summary of the
design ships is presented in Table 5.3-1.

Table 5.3-1 Recommended Design Ships

Vessel Length Beam | Draft Block Deadweight :| Displacement

Type 4 (m) (m) | (m) | Coefficient (t) (t)
Container | 3857 | 54.9 | 15.2 065 | 125000 | 209000
Bulk Carrier 2900 @ 450 | 15.2 0.85 135 000 169 000

5.3.3.4. Lock Filling and Emptying Systems

Based on hydraulic performance, the bottom longitudinal and interlaced bottom
lateral systems with water saving basins on both sides of the lock would be the best
alternatives for the double-lift configuration of the third lane locks. In consideration of
operational advantages, water saving basins could be located on one side of the lock
with minimal impact on hydraulic performance.

Based on an evaluation of the overall project, ACP selected the in chamber
longitudinal culvert system (ILCS) and interlaced bottom lateral system with water
saving basins on one side of the lock. The ILCS system would provide good
performance when equalizing with water saving basins. Acceptable performance
would be achieved for operations without water saving basins or under certain
maintenance conditions; however, hydraulic performance could be degraded due to
the higher head or loss of symmetry associated with these operations. The
interlaced bottom lateral system would perform well for equalizations with or without
water saving basins under both normal and maintenance conditions.

The ILCS system would have conventional intake and outlet manifolds in the lock
walls. The main lock culverts would be 8 m wide and 7 m high with bifurcated valves
that would be 4 m wide and 7 m high. Water would be transferred from the
longitudinal culverts to the lock though a series of ports. There would be 64 ports
along each culvert with each port being 0.6 m wide and 2 m high. Connection to the
water saving basins is achieved though a set of four conduits and valves per basin
that would be 6 m wide and 7 m high.

The interlaced bottom lateral system operates with a conventional intake and outlet
manifold. Lock culverts would be 6 m wide by 8 m high with valves of the same size.
Water would be transferred from the culverts to the lock through connections to an
alternating set of laterals along the lock chamber floor. Ports in the laterals allow
water to enter or exit the lock chamber. Connection to the water saving basins is
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achieved though a set of four conduits and valves per basin with the same
dimensions as the lock culverts and valves. Two of the conduits per basin connect
directly to the west wall lock culvert. The other two conduits per basin connect to
crossover conduits that pass under the lock chamber.

A summary of equalization times for the selected systems for normal operation at the
average lift is presented in Table 5.3-2. A summary of maximum end-to-end water
surface slopes and estimated hawser forces are presented in Tables 5.3-3 and 5.3-4.
The forces are less than the recommended maximum of 209 t.

Equalization times will generally be longer for operations with water saving basins
due to the additional valve operations and lower driving head. Equalization without
basins requires a total valve operation time of 2 minutes, which consists of a single
2-minute vaive opening of the lock culvert valves. Equalization with basins requires
a total valve operation time of 5 minutes, which consists of a 1-minute valve opening
and closing of each basin valve (4 minutes total for the basins) and a 1-minute
opening of the lock culvert valves. The additional valve operations add time to the
cycle because the discharge in the culverts is not fully developed during opening and
closing of the valves. In addition, the water surface differential that drives the lock to
fill or empty by gravity is 50% less when equalizing with basins. This is because the
lock is filled in three stages with basins versus one stage without basins. Since
discharge is approximately proportional to the square root of the driving head, a 50%
reduction in head will produce a 30% reduction in discharge. The reduction in
discharge will translate into a longer equalization time.

Careful consideration was given in the design to minimize increases in equalization
for operations with water saving basins. The flow area of the basin conduits was
increased to facilitate a faster transfer of water from basin to lock. The design
incorporates four conduits per basin with crossovers to increase discharge capacity.
Other features such as laterals and ports were also sized to improve performance for
equalizations with basins. Additional time saving was achieved by utilizing an
overlapping valve scheduie when equalizing with basins. Sequential operations
were overlapped by approximately 2 minute.

Maximum longitudinal water surface slopes and the associated hawser forces will
generally be greater for operations with water saving basins due to superposition.
The initial valve operation for the first basin will set up a longitudinal water surface
differential in the lock chamber. These initial slopes tend to be relatively small due to
the lower initial driving head. Subsequent valve operations, however, can add to
these existing longitudinal waves and produce a higher maximum hawser force.
Since equalization without basins only has one valve operation, superposition does
not occur and the maximum hawser forces were generally lower.
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Table 5.3-2 Summary of Equalization Times

Interlaced Bottom ILCS
L. Lateral
Equalization . .
Without With | Without With
WSBs | WSBs | WSBs | WSBs
df Gatun Lake to
Upper Lock 12.7 14.6 11.6 14.6
Upper Lock to t
Lower Lock 10.8 13.5 9.2 13.7
Lower Lock to
Atlantic Ocean 12.8 15.1 11.7 15.3

Table 5.3-3 Estimated Maximum Longitudinal Hawsers for Design Container
Ship (Interlaced Bottom Lateral with Downstream Inner Gates Open using
LOCKSIM Beta Version - Ship Effect Included)

Operation Without WSBs Operation With WSBs
Equalization Maximum | Estimated | Maximum | Estimated '
Slope Hawser Slope 1 Hawser
(1/1000) (3] (111000) (t)
| Lake Gatun to Upper Lock 075 157 0.77 161
Upper Lock to Lower Lock 0.59 123 0.74 155
Lower Lock to Atlantic Ocean , 0.21 44 0.57 119
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Table 5.3-4 Estimated Maximum Longitudinal Hawsers for Design Container
Ship (ILCS with Downstream Inner Gates Open using LOCKSIM Beta Version -

Ship Effect Included)

Operation Without WSBs | Operation With WSBs
Equalization Maximum || Estimated | Maximum | Estimated
Slope Hawser Slope | Hawser
(1/1000) 0) (111000) ®
Lake Gatun to Upper Lock ' 0.67 140 0.82 171
Upper Lock to Lower Lock 0.59 123 0.70 ; 146
Lower Lock to Atlantic Ocean 0.30 63 0.73 153

5.3.4. Recommended Modeling

Filling and emptying systems for the double-lift lock configuration have been designed
using existing Corps criteria to safely meet target equalization times between 12 and 15
minutes for operations with use of water saving basins. At the average lift of
approximately 12.9 m, more than 400 000 000 L of water is transferred in 15 minutes or
less for each equalization operation. Considering the size of the locks and the
complexity of the filling and emptying system design, physical hydraulic modeling is
recommended in future studies. Physical modeling prior to final design would be part of
the normal design process used by the Corps for a project of this scope. Physical
modeling would provide the opportunity to validate and make refinements to the design
that would enhance the overall performance of the system.

A physical model of the complete filling and emptying system at an approximate scale of
1:25 is recommended to evaluate overall system performance. Typical parameters to be
measured in the lock chamber with this model would include equalization times, hawser
forces (longitudinal and transverse), surface turbulence, loads on lock gates, and ship
effects. Pressures and discharges at various key locations (e.g. transitions, junctions,
valves) within the culverts and conduits would also be measured and evaluated. The
valves would be evaluated for design loads and cavitation potential for varying operating
schedules. Performance of the intakes for both the lock culverts and WSB conduits
should be evaluated for vortex formation. Additional parameters may be determined as
needed to make improvements to the design.

Operation of the miter gates would be modeled to validate the assumptions and
computations used to predict the interaction of the gate with the surrounding water
during operation. This testing could be incorporated into the filling and emptying system
model described in the preceding paragraph.

Culvert and conduit valve testing would require a separate model at an approximate
scale of 1:10 to optimize their performance. Goals would be to minimize vibration
potential and evaluate performance of the conduit configuration. Model testing would
facilitate optimization of the edge and recess slot geometry to minimize vibration
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potential. Results would validate performance of the system to ensure reliability and
long-term durability of the valves.

5.4. Lock Gates
5.4.1. Description.

The proposed 61 m wide lock double-iift lock concept design would have three gate bays
referred to as the north, center, and south gate bay structures. The north gates are
located at the entrance to the Atlantic Ocean, the center gates separate the upper and
lower lock chambers, and the south gates are the lock gates at Gatun Lake. Double
sets of gates (four individual gate leafs) would be provided at each gate bay. A vehicular
bridge would be provided in proximity to the northern most gates to provide access
across the lock chamber. The double gate arrangement would allow a measure of
protection against loss of lake storage resulting from potential ship impacts and allows
for continuing service during periodic maintenance cycles. The proposed lock gates are
shown on report drawings ACP-R-21/1 through 21/20.

A Gate Selection Study was performed to determine the most advantageous lock gate
system for the double-lift locks. This study is attached to the Main Report as Appendix
B, Lock Gates Analyses and Designs. The Gate Selection Study shows that mitering
locks gates offer a unique mesh of attributes with benefits over other alternatives in initial
investment cost, reliability of continued operation, installation and removal, and ease of
maintenance. The design considers hydrodynamic loads during earthquake events,
expected range of Gatun Lake pool elevations, Atlantic Ocean tidal variations, torsional
deflection and stresses during operational movements in water, machinery stall loads
applied to a gate while motion is inhibited by an object on the sill, and installation and
removal methods. Each of these issues is addressed in Appendix B.

Two miter gate designs have been considered, a single skin plate design with gate
diagonals and a double skin plate design. These two types of miter gates were
developed to demonstrate their costs and advantages and disadvantages. A double
skin plate design is recommended for the following reasons:

* The primary advantage of single skin plate design is a built in capability to adjust
the twist angle between the miter and quoin ends. However, considering the
history of performance of the existing Canal gates and built-in torsional
resistance of the double skin plate gate, this ability has not been required and
would place additional periodic maintenance attention for the gates.

* Double skin plate design significantly reduces lifting requirements for routine
installation with a ballasting installation procedure and these gates can be
transported to a maintenance facility by floatation in a horizontal position like a
barge.

» Both gate types have similar weights and would have similar handling
requirements in an emergency response scenario.

» Single skin plate miter gates have a history of fatigue and fractural failures.
Double skin plate gates are inherently more efficient in resisting torsional loads.

5.4.2. Geometry and Fabrication

The gate height selection considered variations of Gatun Lake operating pool elevations,
tidal variation of the Atlantic Ocean, and operations with water saving basins. Table 5.4-

Page 46



Panama Canal Concept Design of New Third Lane Main Report

US Army Corps of Engineers 23 July 2003

1 lists the gate and sill elevations and height of gates considered. The gate sill on the
north gates was lowered approximately 0.25 m to allow the same gates to be used in

- both the north and center gate bays. The use of common gates is beneficial from an
operational and maintenance perspective. :

Table 5.4-1 Gate Heights

Gate Bay ’Top of Gate Elevation | Sill Elevation | Gate Height
North Gates 14.93 | -19.57 34.50
Center Gates 27.98 -6.52 34.50
South Gates 27.98 5.64 22.34

The minimum clearance over the gate sill would be 18.3 m. All gates would extend 1.3
m above maximum operating pool elevations to provide freeboard and prevent
overtopping from wind and ship induced waves. The top of lock wall would be 3.62 m
above the damming height of the lock gates (top of skin plate). The physical top of gate-
mounted accessories extends above the top of skin plate for attachment of a walkway
and connection of the hydraulic cylinder. The spacing between gate bays provides a
clear usable lock dimension of 426.7 m when using double gate lockages (both gates in
a gate bay). The usable chamber length would be increased to a maximum of 475.0 m
by using single gate lockages (one gate in a gate bay). The adjacent pintle-to-pintle
spacing within each gate bay is 45.5 m.

The gate leafs would be approximately 35.5 m long from the miter contact to the quoin
contact. The angle that the gate leaf makes with the lock centerline when the gate is in
the fully mitered position is 1 on 3. The gates would be straight horizontally framed,
welded steel construction with the skin plate located on the upstream and downstream
side to form buoyancy chambers to augment installation, transportation, and reduce
operating loads. Bolted connections would be provided for removable features such as
the pintle base. Riveted construction was considered and dismissed for the following
reasons:

Riveted construction is slow and labor intensive.
Riveted construction is no longer a common fabrication process.

Welded construction is anticipated to be the standard fabrication process
used by potential gate fabricators.

o Less material.is needed to form joints made by welding when compared
to either bolted or riveted connections which results in lower costs and
less demand operating equipment and support structures.

o Structural toughness associated with riveted structures can be achieved
by welding with proper quality assurance, proper joint selection, material
- selection, and post fabrication stress relieving.

o Water tightness is more difficult to achieve with either bolted or riveted
construction.
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The girder web and flanges, diaphragms, and miscellaneous plates would be ASTM
A572M GR 345 steel. The skin plate and intercostals would be ASTM A572M GR 450
steel. The gates would be supported by and swing on 0.60 m radius hemispherical
pintles. The pintles would be designed to limit movement in the pintle base. The gates .
would be operated with direct connect hydraulic cylinders. The top of the gates would
be hinged to the top of wall by means of an anchorage arrangement incorporating a
turnbuckle type adjustment for leveling the gate. A gate latch system would be included
within the gate recess to limit drift while the gates are in a recessed position.

Adjustable stainless steel miter and quoin contact blocks would be provided at the miter
and quoin ends of the gates to seal water and transmit the thrust loads imposed on the
gates through the gate framing into the concrete lock wall. Adjustable contact blocks are
shown in Figure 5.4-1 and 2.

Adjustment
Bolts

Figure 5.4-2 Adjustable Contacts

A vertical rubber to metal seal would be provided at the pintle and across the bottom of
the gate between the bottom girder and the sill. The bottom seal would be located on
the gate to minimize hydrostatic uplift with differential head on the gate. The gates
would be equipped with mitering devices to aid in accomplishing correct mitering.
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Several alternatives have been developed to install and remove the gates. The gates
could be installed in a similar manner to the existing Canal gates. The existing ACP
Titan crane, with a rated capacity of 350 t would be used to augment a simple ballast
procedure. As a provision for future maintenance flexibility, the gates would also be
designed to be lifted for maintenance or emergency conditions by a gate-lifting crane.
Jacking supports would be provided on the bottom girder to allow the gates to be jacked
from below in the dry. A 4 m wide bridge would cross the top of the miter gates and be
designed to support needs of lock personal and maintenance activities.

5.4.3. Design Criteria

A complete description of the design criteria is listed in Appendix A, Design Criteria
Report. In general, the design complies with the standards of the Corps of Engineers.
Usual design conditions are described in Appendix A. In consideration of the initial
expense and importance of continuing operation of the locks on the economic benefits of
a new locks system, several variations to established criteria for typical navigation locks
are recommended and presented below.

5.4.3.1. Seismic Design

Standard criteria of the Corps of Engineers only require that gates be designed to
support an Operational Basis Earthquake (OBE). However, considering that the lock
gates are a critical structure and that they would need to retain Gatun Lake level,
which may take up to two years to refill if lost, this may not be appropriate as site
specific criteria.  The gates are supported by rock founded concrete gravity
structures that are extremely stiff in the longitudinal axis of the lock. For this reason,
2/3 of the MCE earthquake was used to design the gates. The elastic analysis
shows that no members have an interaction ratio above 1.0. The design presented
in this report is based on a seismic coefficient of 0.21g (MCE=0.313). Evaluation for
higher seismic loading would consider and permit some level of inelastic behavior
that is not detrimental to structural and operational performance.

5.4.3.2. Pintle and Pintle Bushing

The pintle and pintle bushing were designed assuming that the gate self weight is
reduced 60% by buoyancy. The allowable contact pressures used for the condition
was limited to 10.0 MPa. The contact pressures were limited to 20.0 MPa for
operation in the dry or with loss of buoyancy. Conventional bronzes bushing with
typical lubrication systems are recommended until further research and performance
evaluation of self-lubricating bushings are conducted in following engineering
studies.

5.5. Culvert and Conduit Valves

The filling and emptying valves controlling the flow in the culverts and conduits are of the
wheel gate type of welded steel construction. Reverse tainter valves were considered and
dismissed due to limitations on space needed for the redundant valve and required
separation transition zone. The valves would be horizontally framed with skin plating
provided on both the upstream and downstream sides. The top and side seals of the valves
would be molded rubber J-seals and would seal against a metal frame embedded at the
culvert perimeter. The bottom lip would be a metal-to-metal seal. The culvert valve design
would be based on the loading criteria and allowable stresses as provided in EM 1110-1-
2105, Design of Hydraulic Steel Structures. The culvert valves proposed with Alternative 1
- Bottom Interlaced Lateral filling and emptying system would control flow through 6x8 m

Page 49



Panama Canal Concept Design of New Third Lane Main Report

US Army Corps of Engineers 23 July 2003

culvert; filling from either lock wall culvert is acceptable during maintenance conditions. In
Alternative 2 — In-chamber longitudinal Culvert filling and Emptying system the 8x7 m
culverts are bifurcated to 4x7 culverts at valve stations; one of the opposition 4x7 m valves
in the opposite lock wall would need to shut down during maintenance periods to maintain
symmetry required for smooth lock performance i.e. equal flow in each lock wall culvert is
required during normal and maintenance operation.

5.6. Electrical and Mechanical Operating Systems

At a partnering meeting in Pittsburgh on 4 and 5 December 2002 with the ACP and USACE,
opportunities were discussed for redesign of the Double-Lift configuration to reduce costs. It
was agreed to perform a screening study of four cost-saving alternatives (included in this
report as Appendix J Filling and Emptying System Screening Study).

At the meeting the group recognized that there were no apparent cost saving options in the
electrical and mechanical features of the concept design that was submitted on 25 October
2002. Therefore, design of the electrical and mechanical features was not advanced with
this resubmittal. Resources that would have been expended in the revision of the electrical
and mechanical features was redirected to structural and hydraulic design features that
offered much higher potential for cost savings.

The mechanical and electrical features are included in this report in Appendix H Electrical
and Mechanical Lock Operating Systems and Appendix | Electrical and Mechanical
Reference Drawings. The electrical and mechanical feature designs in these appendices
still represent an appropriate cost level for this concept design. The appendices also
contain relevant design features for a lock structure of this size for a Double-Lift
configuration and can also be extrapolated for a Triple-Lift configuration.

5.7. Entrance Walls
5.7.1. Introduction

The Atlantic Locks Third Lane Project is designed to permit transit of vessels
significantly larger than those vessels utilizing the Panama Canal at this time. The
Entrance Walls are the locations where the vessels first encounter the new Locks, either
by connecting with the Ship Positioning System, or by physically impacting or rubbing
against the walls. The geometry, displacement and handling characteristics of these
Post-Panamax ships will be the primary drivers for the design of the Entrance Walls. In
Appendix F, Lock Masonry Analyses and Designs, there is an extensive discussion of
these vessels and the resulting impact forces that must be mitigated. At this Concept
design level, two main long and two short stub Entrance Walls are planned. The Corps
Design Team optimized wall lengths after consuitation with ACP Canal Piiots. The
lengths of the walls are provided in Appendix F.

The two east Entrance Walls would be oriented parallel to the lock chamber walls, and
flush with the lock chamber face. A significant reach of the Gatun Lake entrance wall
would be built in-the wet and would be set back from the chamber wall faces, to permit
space for installation of the selected fender system. A tapered sacrificial fixed end pier
would be located at the ends of each wall most remote from the Locks, to protect the
Entrance Walls from direct “head-on” impacts. These end sections are referred to herein
as Nose Piers. The Nose Piers would be protected with fenders.

The top-of-wall elevations have been selected to permit installation of a continuous high-
capacity fender system, such that maintenance of the fenders and access to anchor
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bolts can be accomplished entirely above the “normal” water line. The fenders are a
critical component of the Gatun Lake entrance wall design and dynamic response of the
walls. The energy absorbing capacity of the fenders, combined with the stiffness of the
wall structures and the assumed vessel hull stiffness, would all contribute to the Gatun
Lake Entrance Wall's system response in the event of a vessel impact.

5.7.2. Entrance Wall Alternatives Considered
5.7.2.1. Gravity Monoliths

Gravity Monoliths similar to those recommended for the lock chambers were
evaluated in areas of in-the-dry construction. Preliminary stability analyses were
performed for typical sections along the wall alignments. These wall sections would
be backfilled to buttress the wall for the extreme vessel impact case. Preliminary
screening found gravity entrance walls to be feasible and cost effective.

5.7.2.2. Floating Walls

Floating walls were considered but eliminated for a number of reasons. Ideal
applications for floating walls occur at sites where the water is too deep for
conventional foundations, or if the walls are subjected to widely varying water
elevations. Neither case is applicable at the Third Lane Atlantic Locks site. The high
expense of the construction of pontoons is not justified considering the minimal
Gatun Lake and Atlantic Ocean tidal variations. Additionally the very large vessel
impact forces would have resulted in very wide and expensive walls because the
punching shear in the walls on the impact walls would have required very thick, and
thus very heavy, side walls. As the side walls grow thicker, the overall pontoon width
must increase. For example, the Olmsted Locks Approach Walls on the Ohio River,
U.S.A. are up to 13 m wide for a maximum design vessel impact force of 4448 kN.
By comparison, the maximum design vessel impact force imparted to the structure at
Panama will be approximately 116 880 kN. If floating Entrance Walls were
constructed, the high block coefficients of the Post-Panamax vessels would have
been problematic in the case of two vessels passing in the adjacent channels without
an intermediate wall to stop flow.

5.7.2.3. Walls Mounted on Sheet Pile Cells

This option was briefly considered but eliminated due to the great channel depths of
as much as 30 m. The tallest sheet pile cells of which the Corps is aware were
approximately 25 m in height above the mud line. Currently there is a practical limit
of sheet pile length to consider as well, although more research needs to be
accomplished in this regard. Although it is certainly possible to construct taller cells,
the potential driving problems frequently associated with construction of sheet pile
cells are exaggerated as cell height increases. Additionally the large lateral forces
imposed by the extreme impact load case would have resulted in cellular structures
with diameters greater than 25 m, and concrete costs would likely have been
excessive.

5.7.2.4. Walls Mounted on Drilled shafts

It is recommended that the Entrance Walls to be constructed in-the-wet be mounted
on 2.44 m diameter drilled shafts spaced at 30 m center-to-center, each having

permanent steel casings. Drilled shafts are recommended because they are clean,
relatively simple to construct, and the technology offers a high level of confidence in

Page 51



Panama Canal Concept Design of New Third Lane Main Report
US Army Corps of Engineers 23 July 2003

their integrity upon completion. They can carry extremely high axial and lateral
loads. One large-diameter drilled shaft can replace large numbers of piles. Perhaps
most critical to Panama, drilled shafts are seismically desirable and desirable for
vessel impacts because of their high lateral load capacity.

For the Gatun Lake Entrance Wall, the installation of these foundation elements can
be accomplished “in the wet” out in Gatun Lake, utilizing barge-mounted equipment.
The foundation elements would support conventional cast-in-place or precast
concrete Cap Beams that would span between the shafts. These rectangular cross-
section beams would support the Ship Positioning Locomotives, and would accept
and distribute the vessel impact reaction loads that are transmitted from the
continuous fender system. A continuous fender system would be mounted on the
face of all of the flexible Entrance Walls to absorb impact energy. The fenders have
been designed to absorb nearly all of the impact energy from collisions that can be
expected to occur within the lifetime of the structures.

5.8. Maintenance and Emergency Closures
5.8.1. Maintenance Bulkheads

Design of maintenance closures are beyond the scope of the Concept Design Contract.
However, the lock has been designed to accommodate placement of a caisson or
bulkheads at the Atlantic and Gatun Lake entrances. Work to the lock floors or gate sills
could also be accomplished locally in a box caisson.

5.8.2. Culvert And Conduit Bulkheads

Culvert bulkheads would be provided to dewater the culvert and conduit valves. The
bulkheads would be approximately the same dimensions as the valves for which they
are intended to service. Two sets of culvert bulkheads would be provided to service the
six culvert valve locations. One set of conduit bulkheads would be provided to service
the two water saving basin hydraulic systems. The bulkheads would be of welded steel
construction, horizontally framed with the skin plate on the sealing side. The bulkheads
would be stored in the culvert and conduit bulkhead slots. A portable "A-frame" and
power winch would be provided to aid in placement and removal of bulkheads.

5.8.3. Emergency Closure

Several alternatives for emergency closure systems have been reviewed. These
include:

e Dumping rock.

¢ Sinking barges.

* Rising bulkhead or caisson structure
o  Wicket systems

e Emergency bulkheads

In evaluating these alternatives, only the structural feature solutions seem reliable.

Placement of rock would require floating plant and may wash away unless adequately sized
or restrained by netting anchorage to a pile head. The required rock size would make
placement difficult. Placement of bulkheads or dumped stone with floating plant is not a safe
operation since this would place the crane in proximity to very turbulent waters. Access to
these operations by land-based equipment may be a feasible alternative. A transfer structure
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on the east wall may be used to set stacking bulkheads. Viable options lead to using a rising
caisson, transfer bulkhead arrangement, or wicket systems.

A rising caisson structure would be constructed and stored in a pit located below the
approach floor elevation. This option would be expensive to build in consideration of the
extensive rock excavation. Transfer systems for launch across the top of lock walls can be
used to move bulkheads from a storage pit to a powered slot system in the iock wall. The
bulkheads would stack and have end rollers to allow installation in flowing water. This
arrangement, although smaller, is in service on the Bonneville Lock.

A wicket system would minimize excavation and would appear to be the most economical
solution. Wicket systems of the size required for the Third Lane project do not exist.
Emergency bulkhead systems and the wicket system are recommended for additional
evaluation in future studies. A cost for emergency closure systems is included in the cost
estimate. Scaling a system developed for the Markland Lock and Dam project on the Ohio
River derived this cost.

5.9. Operating Structures

Locking operations include activities such as opening and closing of the lock gates and
controlling water level within the new Third Lane Lock chambers. These operations would
be closely controlled using state of the art electronic equipment such as cameras, monitor
displays, and “touch screen” technology to activate lock operating systems. The new facility
can also serve as the “hub” and communications control center for all daily activities
occurring at the Canal's Atlantic side locking operations. This includes such activities as;
directing all shipboard movement in proximity to the locks and directing all personnel
activities and security within the cantonment area. This facility would function similar to an
airport control tower.

Conceptual plans for a new lock operations communications center have been prepared and
are included. The functional layout and vertical configuration is based on an ACP
communications and model command structure shown as Figure 5.9-1. Using this model
command structure, the new lock operations center span of control can be comprehensive
and include all personnel movement, ground based activities, and water borne activity within
the three locks’ sphere of influence.

The communications center floor plan layout (sheet ACP-R-70/1) is divided into functional
levels. Together, the levels contain approximately 155 m? of useable interior floor area. The
middle level contains shared common functions. The functional activities within the spaces
are not yet firmly established. Level 1, for example might be used as a security control
center, or as a remote alternate site for operating existing locks 1 and 2 should the need
arise.

Exterior finishes are compatible with locally available materials that have proven to require
minimal maintenance cost and upkeep.

This submittal has been assembled as a tool to facilitate required follow-on design effort. It
is intended the plans and the questionnaire that follows be used as tools by the ACP for the
following:

a. Highlight types of questions that will provide critical information affecting the
design process and final product for each function and facility.
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b. Help the ACP identify those strategic personnel that can participate as technical
team members of the design team and offer input during the programming and
design development processes.

c. Promote dialogue and information sharing and enhance teamwork.

Technical team members established by ACP will be needed as information is collected
during the design process. ACP team members would complete an “Information Index,
Needs Assessment inventory”, collect and organize field data and investigate current
operating processes. This information was requested from the ACP, however, the Locks
Team deferred additional design efforts to following engineering studies. Other facilities will
be required to support the new lock. Such functions as equipment maintenance, storage
facilities, warehousing space, etc., have not been evaluated. To identify needs, condition
and adequacy of all existing facilities should also be assessed for remaining useful life,
spatial adequacy, and functional adaptability. Upon completing this inventory and analysis,
a comprehensive list of needs and resuiting building program will emerge.

Facilities associated with new lock construction would not be operational until lock
construction is complete, which is well into the future. Thus, design of new lock related
facilities could be delayed for several years without any operational impact.

However, there appears to be one immediate opportunity for design and construction
consideration. It is important to highlight that ACP has embarked upon an innovative and
comprehensive planning and design program to insure a healthy future for the Panama
Canal. A high quality presentation focused toward educating visitors can effectively
communicate and explain this dynamic long-range initiative. An educational exhibition that
explains the need for expansion, the engineering challenges, the alternatives being
developed, the timeline, and identifies individual projects would be of significant interest to
canal users, the country, employees, and the international tourist industry. The presentation
could be placed in a new high-quality exhibition facility with other exhibits, describing the
long and rich history of the canal, showing “how locks work,” and describing the canal’s
current limitations. A new building containing all types of presentations and interactive
learning tools could also incorporate retail space for cultural and local merchandise and offer
local excursions. If carefully positioned, such a facility could also act as the “magnet” for
local development or historical revitalization based on tourist related business expansion.
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5.10. Existing Roadways

Numerous existing roadways occupy the Third Lane Gatun site, east of the existing Gatun
Locks. These roadways will be removed or relocated prior to construction of the new locks
as shown on report drawing ACP-R-68/1. The roads to the remaining portions of the town
of Gatun will be temporarily relocated around the southern end of the lock excavation and
tied into existing roads on the eastern side of the construction site. On the east side of the
existing locks, new roads would be constructed to provide access to the new locks and the
Water Saving Basins. Permanent access across the new lock would be provided at a point
just north of the lower lock gates to serve the existing canal facilities and lands to the west.
A swing type bridge similar to the existing bridge would be located on an alignment with
linkage to the existing roadway across the existing locks. The roadway will pass through a
tunnel in the lock wall and across a bridge spanning the approach to the lock. This roadway
will continue westward and connect with the existing roadways. These relocated roadways
will be completed prior to removing the berm and temporary roadway on the southern end of
the construction site in order to maintain uninterrupted access to the remaining portions of
Gatun.

5.11. Construction Plan And Schedule

The construction schedules included within this report are based upon the assumption that
the work will all be included in one construction contract. This assumption was used so that
the construction schedules are based upon the same criteria as the cost estimates.
Construction of the concept level designs for the double-lift locks structure would have a
length of approximately 5.0 years. The critical path is dependent on the rock excavation and
concrete placement. Fabrication and delivery of the Miter Gates is not on the critical path,
but due to its long lead-time a higher risk is associated with this item. The water savings
basins are not on the critical path and eliminating them from the project would probably not
result in a time saving.

Multiple construction contracts, broken down by major features of work, could be used for
this work to help assure that the project is completed in a cost effective, timely fashion. By
splitting the work into smaller packages, the ACP would allow more companies the
opportunity to bid on the work. This would effectively increase competition and should drive
down costs. Also, once a contractor is on site, he is more likely to bid on subsequent
packages. Therefore, more packages issued should translate into more available
competition. Other opportunities for cost and time saving are listed in Appendix L, Project
Construction Schedules as well as more detailed information on the construction schedules.

5.12. Quantities And Cost Estimates

The total first construction cost including contingencies for Option 1, Modified Interlaced
Bottom Lateral Filling and Emptying System is estimated to be $820,000,000 (October 2002
price level) and the total project cost for this option, including engineering, design and
construction management is estimated to be $886,125,000. The total first construction cost
including contingencies for Option 2, In-Chamber Longitudinai Filling and Emptying System
is estimated to be $816,000,000 and the total project cost for this option, including
engineering, design and construction management is estimated to be $882,125,000.
Appendix L, Project Construction Schedule contains a detailed project schedule for this
contract and some recommendations for breaking this work into separate contracts that
would potentially reduce construction costs and time. These estimates contain the costs for
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preparing separate Feature Design Memorandum reports, hydraulic and physical modeling,
subsurface investigations, preparation of plans and specifications and construction
management.
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This document identifies all the major design criteria to be applied in the development of the
concept design of the Atlantic Lock Project. The original Panama Canal design presented
criteria that was later used or modified to be used in many navigational projects throughout the
United States by the Corps of Engineers. The application of the criteria has resulted in robust
and safe designs. This document presents the Corps of Engineers design criteria for many
features of the “Concept Design of the Atlantic Lock”. The application of this criterion will fulfill
expectations of high quality, durability, consistent operability, predictable performance, reduced

- scheduled maintenance, extended project longevity, and safety. This same philosophy was
applied in the design of the original Panama Canal system and the benefits are readily
apparent. The Panama Canal was named as one of the “Seven Wonders of the Modern World”
by the American Society of Civil Engineers (ASCE) in its January 1997 issue. A quote from the
article; “The society sought nominations from the civil engineering experts from around the
globe. From their consensus emerged The Seven Wonders which were judged on such factors
as pioneering of design and construction contributions to humanity and engineering challenges
overcome”. Although the existing lock structures are 88 years old, they are in good condition
and will likely remain in service well into the twenty-first century. It is expected that the “state-of-
art” criteria contained herein will result in equal or even improved performance for the Post
Panamax Atlantic Lock.

These criteria have also been refined to reflect economic pressures to reduce initial project
costs for major civil works projects without affecting the “built to last” philosophy. Recently, the
Corps of Engineers experienced external pressure to reduce project costs for navigational
projects. In response, several notable developments have emerged in the area of innovative
design and construction. Resources were dedicated to develop and advance emerging
technology and provide new engineering guidance. Specific work included research activities
at laboratories (Innovative Navigation Projects), formation of special teams (Regional Navigation
Design Team), and fast track development of design criteria. These coordinated advancements
specifically address known maintenance and operability issues and resulting cost savings and
have been incorporated into the proposed criteria for this project.

There is an increased risk that commercial and/or industrial criteria alone will not result in a
product equal to the standards of high quality, durability, maintainability, operability, and safety
set by the existing Panama Canal. Application of commercial and/or industrial criteria can result
in a lower first cost, however the consequences will likely be significantly higher life cycle costs.
Trading for low first costs, by accepting higher life cycle costs, is generally unacceptable for
business with long-term perspectives.

In conclusion, the criteria presented herein is best suited for a civil works project that will be in
service for a long time, a project similar to the existing Panama Canal Locks. We sincerely
believe this to be consistent with ACP interests and are presenting that criteria herein.
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1. INTRODUCTION

1.1. Purpose

The purpose of this report is to summarize the design criteria and methodology for the
design of the Third Lane for the Panama Canal.

1.2. Project Description

This study represents a sub-set of efforts by the Panama Canal Authority (ACP) to
supplement capacity of the existing Panama Canal system. This report is focused on
general concept level design for two lock configurations at the Atlantic Ocean side of the
Panama Canal. The two lock systems considered in this report include a new Triple-Lift
single lock structure and a new Double-Lift lock structure. These two locks structures are
designed to a concept level for the purpose of establishing basic configuration and
budgetary funding needs. Two alternate filling and emptying systems are presented for
each lock configuration. Water saving basins are provided for each design arrangement to
conserve water use. Provisions for a Fourth Lane to the east of the Third Lane will be
considered when developing concepts for the Third Lane as stated in the scope of work.
The concept designs are based on the design criteria contained within this report.

1.3. Scope of Analyses and Design

The design criteria presented in this report will be applied to the design of the following
features and study tasks:

¢ Alignment Studies

e Site Usage and Development
» Filling and Emptying Systems
e Water Saving Features

¢ Masonry Structures

» Lock Gates

¢ Valves and Bulkheads

s Cofferdams

* Mechanical Operating Equipment
¢ Electrical and Control Systems
e Operations Building

1.4. Related Documents

The following materials were used to obtain information on the project features:
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Table A-1-1 Project Feature Document/References

{ Document/Reference

! Avallable survey and geotechnlcal data

l Harza Allgnment Report mcludlng electron version of site maps

ALY

A

Coordlnatlon with appropriate Panamanian agencies and other
assocxated Contract work as necessary

! Site geotechmcal data and test results

3‘

i Locatlons of preferred allgnments

l Moffat & Nlchol Water Savmg Basm report and/or mformatlon

! Texas A & M Vessel Posutlonmg Report

S S

! Trde and Gatun Lake data

i 1940 report of new Iock hydraullc model study

i Report on Locks pressure testing and wave run-up

l List of Gate Types (PIANC)

l Electromc Mapplng of A-2 Allgnment

l ACP Post—Panamax Workshop Documentatlon

i Geologic Mapplng

Requested ltems: Drawmg Border Electronlc CAD flles of Plan with
4 modified A-2 alignment, Electronic CAD files of Geologic Mapping, :

Lock Profiles with 50% WSB
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2. HYDRAULIC DESIGN

2.1. References

Navigation locks will be designed in accordance with the criteria and guidance furnished in
portions of the Corps of Engineers manuals for engineering and design, industry standards
and in consideration of recent advancements and technology. A partial list of technical

references follows.

Engineering Manuals:

Engineering Regulations:

Technical Publications:

EM 1110-2-1602

EM 1110-2-1604
EM 1110-2-1610

EM 1110-2-1611

EM 1110-2-1613

EM 1110-2-2602

EM 1110-2-2701
EM 1110-2-2702
EM 1110-2-2703
EM 1110-2-2902

ER 1110-2-1150

ER 1110-2-1200

ER 1110-2-1404

ER 1110-2-1458

Hydraulic Design of Reservoir Outlet Works, 15 October
1980.

Hydraulic Design of Navigation Locks, 30 June 1995.

Hydraulic Design of Lock Culvert Valves, 15 August
1975.

Layout and Design of Shallow-Draft Waterways, 31
December 1980.

Hydraulic Design Guidance for Deep-Draft Navigation
Projects, 8 April 1983.

Planning and Design of Navigation Locks, 30 September
1995.

Vertical Lift Gates, 30 November 1997.

Design of Spillway Tainter Gates, 1 January 2000.
Lock Gates and Operating Equipment, 30 June 1994.
Conduits, Culverts, and Pipes, 31 March 1998.

Engineering and Design for Civil Works Projects, 31
August 1999.

Plans and Specifications for Civil Works Projects, 30
October 1993.

Hydraulic Design of Deep-Draft Navigation Projects, 31
January 1996.

Hydraulic Design of Shallow-Draft Navigation Projects, 30
April 1998.

e Hydraulic Design Criteria — Volumes 1 and 2, USACE, November 1987.
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e Conceptual Design Study of Locks Water Saving Basins for Proposed Post-
Panamax Locks at the Panama Canal, Moffatt & Nichols Engineers, undated.

o “Measurement of Pressures Related to Vessel Movement within Miraflores
Upper West Lock”, Pittsburgh District, USACE, 30 June 1999.

» Technical Note, “In-Chamber Longitudinal Culvert Design for Lock Filling and
Emptying Systems”, Preliminary Design Guidance, John E. Hite, ERDC,
USACE, undated.

e Miscellaneous Paper H-75-7, “Lock Design, Sidewall Port Filling and
Emptying System”, Waterways Experiment Station, USACE, July 1975.

e Miscellaneous Paper H-76-13, “Lock Filling and Emptying — Symmetrical
Systems”, Waterways Experiment Station, USACE, 1976.

* Technical Note, “Modeling Surges in Navigation Lock Approaches”, Richard
Stockstill, ERDC/CHL CHETN-IX-2, USACE, 2000.

* Technical Note, “Simulation of Flow In Hydraulic Structures using ADH”,
Stockstill and Berger, ERDC/CHL CHETN-IX-4, USACE, 2000.

» Technical Note, “Modeling Navigation Conditions at Lock Approaches”,
Richard Stockstill, ERDC/CHL CHETN-IX-6, USACE, 2001.

e Technical Report INP-CHL-1, “Innovative Lock Design”, Waterways
Experiment Station, USACE, 1998.

* Technical Report ERDC/CHL TR-00-24, “New McAlpine Lock Filling and
Emptying System, Ohio River, Kentucky”, Engineer Research and
Development Center, USACE, 2000.

* Technical Report ERDC/CHL TR, “Inner Harbor Navigation Canal
Replacement Lock Filling and Emptying System, Louisiana”, Engineer
Research and Development Center, USACE, In Preparation.

e Technical Report HL-87-3, “Safe Navigation Speeds and Clearance at Lower
Sill, Temporary Lock 52, Ohio River”, Waterways Experiment Station,
USACE, 1987.

e Technical Report HL-96-13, “Navigation Lock for Bonneville Dam, Columbia
River, Oregon”, Waterways Experiment Station, USACE, 1996.

e Technical Report ERDC/CHL TR-00-13, “Effects of Lock Sill and Chamber
Depths on Transit Time of Shallow Draft Navigation”, Engineer Research and
Development Center, USACE, 2000.

Miscellaneous References:

» Concrete Pipe Handbook, American Concrete Pipe Association, Vienna, Virginia,
1981.
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Concrete Pipe Design Manual, American Concrete Pipe Association, Vienna,
Virginia, 1980.

Handbook of Hydraulics, Brater, E.F. et al, McGraw-Hill Book Company, 1996.
Open-Channel Hydraulics, Chow, V.T., McGraw-Hill Book Company, 1959.
Hydraulic Design of Navigation Locks, Davis, J.P., USACE, September 1989.

ETL 1110-2-223, Navigation Lock Sill Depths and Hydraulic Loads on Gates,
USACE, 1977.

Navigation Locks for Push Tows, Kooman, C., Government Printing Office, The
Hague-Netherlands, 1973.

Internal Flow Systems, Milier, D.S., British Hydromechanics Research
Association, 1978.

The Locking of Ships with High Blockage Factors, Report to the National Ports
Councit by the British Transport Docks Board Research Station, National Ports
Council, Southail, Middiesex, 1980.

Final Report of the International Commission for the Study of Locks, Permanent
International Association of Navigation Congresses, Brussels, 1986.

User's Manual for LOCKSIM: Hydraulic Simulation of Navigation Lock Filling and
Emptying Systems, Schohl, G.A., USACE, January 1999.

Swirling Flow Problems at Intakes, Hydraulic Structures Design Manual, Knauss,
J. (Ed.), International Association for Hydraulic Research, Rotterdam,
Netherlands, 1987

2.2. Design Parameters

2.2.1. Design Ships

The design ships presented in Table A-2-1 were selected to be consistent with the
deadweight specified in the terms of reference.

Table A-2-1 Design Ships

O

Vessel | Length | Beam | Draft Block Deadweight | Displacement
Type [m] | [m] [m] | Coefficient [t] 5 [t]
! Container | 3857 | 549 | 152 | 065 125000 | 209000 |
! Bulk Carrier | 290.0 450 | 152 | 085 135000 | 169000 -
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2.2.2. Design Water Surface Elevations

The design water surface elevations presented in Table A-2-2 were selected to be
consistent with the range specified in the terms of reference.

Table A-2-2 Pool Operating Range

i Gatun Lake Atlantic Ocean
. Range :
(m PLD) (m PLD)
i Minimum | 26.670 0.564
Average 25908 0.061
i Maximum | 23.927 -0.381

2.2.3. Properties of Water

The properties of water presented in Table A-2-3 were selected based upon data
published in previous studies prepared by Moffatt and Nichol Engineers for ACP.

Table A-2-3 Properties of Water

: . .. | Density | Unit Dynamic | Kinematic Temperature§
' Salinity | .| Weight | Viscosity | Viscosity H
Location .| Class | (kg/m?) | 'ght | Viscosily . y °C)
(PPT) (N/m?) | (N-sim?) | (m%s)
A Gatun
ba"e and | presh 0 997.3 | 97835 | 9.16x10* | 9.19x107 24
| Upper ,
1 Lock :
1 middie Lower . o
1 Lok oot 1 998.1 | 97909 | 9.18x10" | 92010 24
{ Lower . Low 4 . 7 ’
l Lowe | Brogken | 45 10007 | 98171 | 9.26x10% | 9.26x 10 24
Lower , ’ 4 107
;:;l Approach | Brackish | 10 10049 | 98584 | 9.39x10° | 9.34x10 24 r
| Sllantic Salt 33 1022.9 | 100345 | 9.92x 10 | 9.70x 107 24 *
L cean
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2.3. Project Features

2.3.1.

2.3.2.

Lock Chambers

Lock dimensions: 60.960 m wide, 426.720 m useable chamber length between inner
gates, 457.200 m effective maximum useable chamber length, length between gates to
be determined based upon type of gate

Minimum operating sill clearance: 18.288 m
Minimum hydraulic freeboard: 1.311 m

Top of walls: Minimum hydraulic freeboard will be applied to the maximum operating
water surface. Additional wall height may be required to accommodate structural and/or
mechanical requirements.

Filling and Emptying Systems

Target equalization time: 8-10 minutes for single lift of Triple-Lift configuration.
Proportioned to 12-15 minutes for single lift of Double-Lift configuration.

Culverts: Sized to meet target equalization times with use of water saving basins.

Conduits: Sized to meet target equalization times with use of water saving basins. Size
and number of conduits to be determined based upon compatibility with lock culverts,
equalization times, and symmetry of filling and emptying system.

Culvert valves: In general, same total area as lock culverts. Bifurcation of lock culvert
valves may be recommended for certain filling and emptying systems.

Conduit valves: Same size as water saving basin conduits

Valve Loads: Hydrostatic head under normal conditions. Factor of 1.5 applied to static
head to account for hydrodynamic effects under unusual conditions. The proposed
valve loads are presented in Table A-2-4.
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Table A-2-4 Valve Design Head Differential

“ Maximum Head Differentials -
Valve Location Nérmél Qge(ajﬁ_i_ﬁg Conditions [ml
Hydrodynamic " Hydrostatlc

I Upper lock fill valves : | 20.288 1 13.525 B
! Valveé SefQ;eén Ioéké A40 576 | .27 051 o s
Lower lock empty valves | 20.288 - 13. 525 ]
Water savmg basin valves T 10144 | ~ B 10. 1447

» Valve Schedule: Selected to meet target equalization times while satisfying hawser

force criteria and mechanical requirements. In general, the valve schedule presented in
Table A-2-5 will be used.

Table A-2-5 Valve Schedule

?;; Operating Time | Operating Time

¥ Valve Location | Without WSBs With WSBs ;f
(minute) {minute)

f;'%?ﬁpper Lock Fill Valves 2 1

l Valves Between Locks : 4 ; 2

! Lower Lock Empty Valves : 2 1

Water Savmg Basin ’ n/a 1 .

& Valves . »

s Valve control: Lock culvert valves will provide one-way flow control. Water saving basin
conduit valves will provide two-way flow control.

» Hawser forces: Consideration of existing conditions for Miraflores Locks and

international criteria. Maximum allowable end-to-end water surface slope predicted by
Locksim with an unoccupied chamber of 0.5/1000.

» Recycling: Provide provisions for recycling water from lower lock to upper lock.
* Redundancy, Lock Gates: Provide double set downstream

¢ Redundancy, Culvert Valves: Provide slots for future installation of backup valves
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2.3.3. Water Saving Basins

Configuration: Two basins per lock, two compartments per basin with closable
connection

Target water savings: 50%

Target equalization time: 8-10 minutes for single lift of Triple-Lift configuration.
Proportioned to 12-15 minutes for single lift of Double-Lift configuration.

Surface area: Approximately equal to surface area of lock
Floor elevations: To be determined based upon water savings and cost
Minimum hydraulic freeboard: 1.000 m

Minimum top of walls: Minimum hydraulic freeboard will be applied to the maximum
operating water surface. Additional wall height may be required to accommodate
structural and/or mechanical requirements.
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3. GEOTECHNICAL FEATURES

3.1. References

The Geotechnical and Soil Mechanics features of this project shall be designed in
accordance with the criteria and guidance furnished in portions of the Corps of Engineers
manuals for engineering and design, industry standards and other technical references as

follows:

Engineering Manuals:

EM 1110-1-1804
EM-1110-1-1904
EM-1110-1-1905
EM 1110-1-2907
EM 1110-1-2908
EM 1110-1-3500
EM 1110-2-1421
EM-1110-2-1901
EM-1110-2-1902
EM-1110-2-1906
EM-1110-2-1908

EM-1110-2-2200
EM 1110-2-2301
EM 1110-2-2302
EM-1110-2-2502
EM 1110-2-2602

EM 1110-2-2901
EM 1110-2-2906
EM 1110-2-3506
EM 1110-2-3800

EM 1110-2-6000

Geotechnical Investigations, 1 January 2001
Settlement Analysis, 30 September 1990

Bearing Capacity of Soils, 30 October 1992

Rock Reinforcement, 15 February 1980

Rock Foundations, 30 November 1994

Chemical Grouting, 31 January 1995

Groundwater Hydrology, 28 February 1999

Seepage Analysis and Control for Dams, 30 April 1993
Stability of Earth and Rock Fill Dams, 1 April 1970
Laboratory Soils Testing, 20 April 1986

Instrumentation of Embankment Dams and Levees, 30
June 1995

Gravity Dam Design, 30 June 1995

Test Quarries and Test Fills, 30 September 1994
Construction With Large Stone, 20 October 1990
Floodwalls and Retaining Walls, 29 September 1989

Planning and Design of Navigation Locks, 30 September
1995

Tunnels and Shafts in Rock, 30 May 1997
Design of Pile Foundations, 15 January 1991
Grouting Technology, 30 January 1984

Systematic Drilling and Blasting for Surface Excavations,
1 March 1972

Selection of Design Earthquake and Ground Motions,
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Engineering Technical Letters:

e ETL 1110-2-282 Rock Mass Classification Data Requirements for
Rippability, 30 June 1983

o ETL 1110-2-286 Use of Geotextiles under RipRap, 25 July 1984

e ETL 1110-2-310 Stability Criteria for Existing Concrete Navigation
Structures on Rock Foundations, 17 December 1987

e ETL 1110-2-334 Design and Construction of Grouted RipRap, 21 August
1992

o ETL 1110-2-544 Geotechnical Analysis by the Finite Element Method, 31
July 1995

Engineering Regulations:

¢ ER1110-2-1150 Engineering and Design for Civil Works Projects, 31
August 1999

e ER 1110-2-1802 Reporting Earthquake Effects, 25 July 1979

e ER 1110-2-1806 Earthquake Design & Evaluation of Civil Works Projects,
31 July 1995

Technical Publications:

e ASTM D420, Site Characterization for Engineering Design and Construction
Purposes

» ASTM D653, Standard Terminology Relating to Soil, Rock and Contained Fluids
» TM5-818-1, Soil & Geology Procedures for Foundation Design of Structures
¢ TM 5-818-4, Backfill for Subsurface Structures

Miscellaneous References:

e NAVFAC U.S. Naval Facilities Design Memorandum (DM-7)
e Historical data Construction of Gatun Locks and Dam
e Technical data 1940’s Third Lock Project

3.2. Methodology

Geotechnical design analyses are based on the proposed project features, and the following
design methodology.

3.2.1. Site Characterization

The engineering properties of the overburden and rock strata within the areas of the
proposed third lock area shall be determined from interpretation and correlation of
existing subsurface boring logs and testing data provided by the ACP.
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3.2.2. Geotechnical Features

Geotechnical design features and technical requirements such as instrumentation,
seepage cut-offs, granular filters, stability berms, and erosion and scour protection, shall
be identified during the concept study.

3.2.3. Conceptual Design

Engineering analysis of stability, settlement, seepage, seismic loadings, foundation
requirements, and the proposed geotechnical features, will be based on existing data,
and available information. Presumptive values will be derived from empirical data when
actual site data is not available. Engineering analyses shall be performed using detailed
computations, computer aided design software, and shall be in accordance with the
aforementioned Corps of Engineers design standards. References and sources of all
geotechnical data used to assign soil and rock properties in this conceptual design study
will be identified.

3.2.4. Final Design Requirements

Recommendations for the verification or collection of additional geotechnical data and
laboratory testing which may be required to support the final design effort will be
identified in the concept study, in addition to any reanalyses of project features that may
be required.

3.3. Design Aids:

The concept design shall utilize the following Corps of Engineers (COE) proprietary
software, in addition to commercially owned software* which is licensed to the Pittsburgh
District.

Geotechnical Design Feature Proposed COE Software
Slope Stability Analysis UTEXAS4, STABL6
Seepage Analysis CSEEP, CFRAG(W)
Settlement Analysis CSET(W), CSANDSET(W)
Consolidation FD31
Bearing Capacity Analysis CBEAR
Pile Analysis COM624G, CPGA, FB-Pier
Soil-Structure Interaction CWALSSI(W)

Design Computations Excel, MathCAD

e Golden Software Surfer Program — To be used for contouring and 3d mapping,
incorporating data from Gemcom and gINT programs as
provided by the ACP.

+ Golden Software Grapher Program — To be used to produce working copies of
geologic profiles for later refinement with Insitu CADD
package

Appendix A, Page 13



Panama Canal Concept Design of New Third Lane Appendix A- Project Design Criteria

US Army Corps of Engineers 23 July 2003

¢ Insitu Geologic CADD Drawing Software — Used to incorporate CADD files from the
other CADD software into the format used by
Microstation.
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4. CONCRETE MATERIALS

4.1.

References

Concrete will be designed to meet the project requirements, maximize service life, control
thermail effects, optimize economy, and facilitate constructability. Concrete materials will be

selected to achieve these objectives.

Concrete and concrete material recommendations will

be in accordance with the criteria and guidance furnished in portions of the Corps of
Engineers publications, industry standards and other technical references as listed below.
Corps of Engineers Engineering Manuals will provide basic guidance. Various sections of
the American Concrete Institute "Manual of Concrete Practice”, and Portland Cement
Association "Design and Control of Concrete Mixtures" will also be utilized for guidance as
appropriate. The primary sections for consideration are shown below. In addition, current
state-of-the-art practices will be utilized.

Engineering Manuals:

e EM1110-2-2000

e EM 1110-2-2006
e EM 1110-2-2102

Engineering Technical Letters:

o ETL 1110-2-365

o ETL 1110-2-542

Engineering Regulations :
¢ ER 1110-1-2002

Technical Publications:

o ACI201.2R-01
e ACI207.1R-96
* ACI207.2R-95

e ACI 207.5R-99
¢ ACI 209R-92

Standard Practice for Concrete for Civil Works
Structures, 1 February 1994, Rev. 31 March 2001

Roller-Compacted Concrete, 15 January 2000

Waterstops and Other Preformed Joint Materials for Civil
Works Structures, 30 September 1995

Nonlinear Incremental Structural Analysis of Massive
Concrete Structures, 31 August 1994

Thermal Studies of Mass Concrete Structures, 30 May
1997

Cement, Slag, and Pozzolan Acceptance Testing, 30
September 1998

Guide to Durable Concrete
Mass Concrete

Effect of Restraint, Volume Change, and Reinforcement
on Cracking of Mass Concrete

Roller Compacted Mass Concrete

Prediction of Creep, Shrinkage, and Temperature Effects
in Concrete Structures (Reapproved 1997)
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ACI 211.1-91

ACI 212.3R-91
ACl 212.4R-93

ACI 229R-99
ACI 318R-02
ACI 336.1R-01

ACI 336.3R-93
ACI 504R-90

ADSC

ASTM S169C
PCA

Standard Practice for Selecting Proportions for Normal,
Heavyweight, and Mass Concrete (Reapproved 1997)

Chemical Admixtures for Concrete

Guide for the Use of High-Range Water-Reducing
Admixtures (Superplasticizers) in Concrete

Controlled Low Strength Materials (CLSM)
Building Code Requirements for Structural Concrete

Standard Specifications for the Construction of Drilled
Piers

Design and Construction of Drilled Piers

Guide to Sealing Joints in Concrete Structure
(Reapproved 1997)

ADSC Standards and Specifications for the Foundation
Drilling Industry (1999)

Concrete and Concrete-Making Materials (1994)
Design and Control of Concrete Mixtures (13th Ed.)

Concrete material considerations will be reviewed based on available information from
previous Third Lock Studies, current industry information, and information provided by the
Panama Canal Authority (ACP). Points of contact in the ACP organization, as well as local
contacts will be the basis for this review. These items include:

Discussion of potential sources of cement and coarse and fine aggregate.

Quality of canal water and groundwater with respect to concrete exposure.

Water quality for concrete mixing and curing.

Cement, pozzolan and ground-granulated blast-furnace slag restrictions based on
material properties and availability.

Aggregate restrictions based on reactivity, durability, quality and availability.

Auvailability of chemical admixtures.

Availability and quality of mineral admixtures.

Concrete mixture designs, required properties and material information on existing

structures.
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5. STRUCTURAL FEATURES

5.1. References

The structures are designed in accordance with the criteria and guidance furnished in
portions of the Corps of Engineers manuals for engineering and design standards, industry
standards and other technical references as follows:

Engineering Manuals:

EM 385-1-1

EM 1110-1-1905
EM 1110-1-2907
EM 1110-1-2908
EM 1110-2-1604
EM 1110-2-1610

EM 1110-2-1611

EM 1110-2-2000

EM 1110-2-2100

EM 1110-2-2102

EM 1110-2-2104

EM 1110-2-2105
EM 1110-2-2200
EM 1110-2-2502
EM 1110-2-2503

EM 1110-2-2504
EM 1110-2-2602

EM 1110-2-2608

Safety and Health Requirements Manual, 3 September
1996

Bearing Capacity of Soil, 30 October 1992.

Rock Reinforcement, 15 February 1980.

Rock Foundations, 30 November 1994,

Hydraulic Design of Navigation Locks, 30 June 1995.

Hydraulic Design of Lock Culvert Valves, 15 August
1975.

Layout and Design of Shallow-Draft Waterways, 31
December 1980.

Standard Practice for Concrete for Civil Works
Structures, 1 February 1994, Rev. 31 March 2001

Draft - Stability Analysis of Concrete Structures, May
2001

Waterstops and Other Preformed Joint Materials, 30
September 1995.

Strength Design for Reinforced Concrete Hydraulic
Structures, 30 June 1992,

Design of Hydraulic Steel Structures, 31 May 1994,
Gravity Dam Design, 30 June 1995.
Retaining and Flood Walls, 29 September 1989.

Design of Sheet Pile Cellular Structures, Cofferdams and
Retaining Structures, 29 September 1989.

Design of Sheet Pile Walls, 31 March 1994.

Planning and Design of Navigation Locks, 30 September
1995.

Navigation Locks Fire Protection Provisions, 28 February
1994,
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£EM 1110-2-2703
EM 1110-2-2902

EM 1110-2-2906
EM 1110-2-3001

EM 1110-2-3400

Lock Gates and Operating Equipment, 30 June 1994,

Conduits, Culverts and Pipes, 31 October 1997, Rev. 31
March 1998.

Design of Pile Foundations, 15 January 1991.

Planning and Design of Hydroelectric Power Plant
Structures, 30 April 1995.

Painting: New Construction and Maintenance, 30 April
1995.

Engineering Technical Letters:

Engineering Circulars:

Engineering Regulations:

ETL 1110-2-256
ETL 1110-2-307

ETL 1110-2-310

ETL 1110-2-338
ETL 1110-2-343

ETL 1110-2-365

EC 1110-2-291

EC 1110-2-6052

ER 1110-2-1150

ER 1110-2-1200

ER 1110-2-1458

ER 1110-2-1806

ER 1110-2-8152

Sliding Stability for Concrete Structures, June 1981.

Flotation Stability Criteria for Concrete Hydraulic
Structures, 20 August 1987.

Stability Criteria for Existing Concrete Navigation
Structures on Rock Foundations, 17 December 1987.

Barge Impact Analysis, 30 April 1993.

Structural Design Using the Roller-Compacted Concrete
Construction Process, 31 May 1993.

Nonlinear, Incremental Structural Analysis of Massive
Concrete Structures, 31 August 1994.

Stability Analysis of Concrete Structures, 31 October
1997.

Structural Design of Precast and Prestressed Concrete
for Offsite Prefabricated Construction of Hydraulic
Structures, 1 January 2001

Engineering and Design of Civil Works Projects, 31
August 1999.

Plans and Specifications for Civil Works Projects, 30
October 1993.

Hydraulic Design of Shallow Draft Navigation Projects, 30
April 1998.

Earthquake Design and Evaluation for Civil Works
Projects, 31 July 1995.

Planning and Design of Temporary Cofferdams and
Braced Excavations, 31 August 1994.

Appendix A, Page 18



Panama Canal Concept Design of New Third Lane Appendix A- Project Design Criteria

US Army Corps of Engineers

23 July 2003

e ER 1110-2-8157

Responsibility for Hydraulic Steel Structures, 31 January
1997.

Industry Codes and Recommendations:

e AASHTO

e AASHTO

e ACI 318M-99.

e ACI 224R-90

* ACI 350R-89

e AISC ASD

e AISCLRFD

e ANSI/ASCE 7-95

e AWS-D 1.1-98

e PTI

e PTI

Miscellaneous References:

American Association of State Highway and
Transportation Officials, Guide Specification and
Commentary for Vessel Collision Design of Highway
Bridges, 16" Ed., Interim 1998.

American Association of State Highway and
Transportation Officials, Standard Specifications for
Highway Bridges, 16" Edition, Interim 1998.

American Concrete Institute, Building Code
Requirements for Reinforced Concrete.

American Concrete Institute, Contro! of Cracking in
Concrete Structures.

American Concrete Institute, Environmental Engineering
Concrete Structures.

American Institute of Steel Construction, Manual of Steel
Construction, Allowable Stress Design, 9" Edition, 1989.

American Institute of Steel Construction, Manual of Steel
Construction, Load & Resistance Factor Design, 1994,

American Society of Civil Engineers, Minimum Design
Loads for Buildings and Other Structures.

American Welding Society, Structural Welding Code,
Steel.

Post-Tensioning Institute, Post Tensioning Manual, 5th
Edition.

Post-Tensioning Institute, Recommendations for
Prestressed Rock and Soil Anchors, 1996.

¢ Technical Manual TM-5-809-1 Structural Design Criteria for Loads, June

1992.

e REMR-CS-41Comparison of Cast-in-Place Concrete Versus Precast Stay-in-
Place Forming Systems for Lock Wall Rehabilitation, October 1993.

e ERDC/ITL TR-01-6, Tri-Service CADD/GIS Standards, Release 2.0

e Abrego, A. A. and DePuy, M., “Preliminary report on the seismic adequacy of
the Gatun Spillway (Gatun Dam, Panama Canal)”, Draft Technical Report,
Geotechnical Branch, Panama Canal Authority, June 2000.
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e Abrego, A., “Preliminary report on the seismic adequacy of the Madden
Dam”, Draft Technical Report, Geotechnical Branch, Panama Canal
Authority, June 2000.

e Abrego, A., “Preliminary report on the seismic adequacy of the Miraflores
Spillway (Miraflores Locks, Panama Canal)’, Draft Technical Report,
Geotechnical Branch, Panama Canal Authority, June 2000.

e Camacho E., Lindholm, C., Dahle, A., and Bungum, H., “Seismic Hazard of
Panama,” University of Panama and NORSAR The Research Council of
Norway, 1994.

e Camacho E., Lindholm, C., Dahle, A., and Bungum, H., “Seismic Hazard in
Panama,” Engineering Geology, Vol. 48. Elsevier Science, 1997.

e Chopra, A. K. and Tan, H., “Simplified earthquake analysis of gated spiliway
monoliths of concrete gravity dams”, WES Technical Report SL-89-4,
Structures Laboratory, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS, March 1989.

e Ebeling, R. M. and Morrison, E. E., “The seismic design of waterfront
retaining structures”, WES Technical Report ITL-92-11, Information
Technology Laboratory, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS, November 1992.

e Joyner, W. B, “Design ground motions for seismic evaluation of the Gatun
Dam”, USGS Draft Report, March 1999,

e Rojas, W., Cowan, H., Lindholm, C., Dahle, A., and Bungum, H., “Regional
Seismic Zonation for Central America A Preliminary Model,” NORSAR — The
Research Council of Norway, 1993.

e Schweig, E., Cowan, H., Gomberg, J., Pratt, T., and TenBrink, A., “Design
Earthquakes for the Evaluation of Seismic Hazard at the Gatun Dam and
Vicinity,” USGS Preliminary Report — 10 July 1998.

e Yule, D. E,, “Geophysical site investigation for Gatun Dam, Panama Canal,
Republic of Panama”, WES Technical Report GL-96, Geotechnical
Laboratory, U.S. Army Engineer Waterways Experiment Station, Vicksburg,
MS, December 1996.

5.2. Project Features

5.2.1. Lock Gates

An initial screening of various gate types will be performed based on the referenced
design criteria, engineering judgment, and adoption of features from similar projects. A
separate design report will be developed to summarize findings. Specific
recommendations will be presented and coordinated with the ACP to define the direction
of following study efforts. Upon completion and concurrence from the ACP on the gate
selection study the narrative discussions provided in this section will be replaced with
project specific design criteria.

Appendix A, Page 20



Panama Canal Concept Design of New Third Lane Appendix A- Project Design Criteria

US Army Corps of Engineers 23 July 2003

The basic considerations to be applied in the gate selection process include:

Continuity of service — Gates with the least amount of underwater mechanical
roller systems are desirable. Where underwater mechanical systems are used
the degree of effort to perform service must be minimized. They must be
serviceable for maintenance and repair from damage and easily replaced or
changed out within a reasonable period of time. Due to the size and mass of the
gates, handling and transport to maintenance facilities should be minimized.

Preserving Gatun Lake storage — Although not as critical at other locations within
the system, the Lake gates must be able to maintain lake levels under all
conditions. They should be able to close under full discharge through the lock
unless other emergency closure systems or double gate operations are provided.
Gates at the Atlantic Ocean side should tolerate reverse loading from tidal
variations.

Reliability and durability — As discussed in the Scope of Work, an evaluation of
fabrication processes will be performed to determine if welded, bolted, or riveted
construction is preferred.

Integration with lock masonry features — Each gate type has a determinable
ineffective length, that is, clear operational chamber space where vessels can not
occupy and required gate arrangement features that include gate sills, monolith or
housing structures. Cursory cost estimating will be performed on lock closure
structures, operating equipment, concrete and excavation to evaluate the
implication of gate type on overall economy. Impacts to water demands will be
addressed through narrative discussions.

A cursory level of design and analysis will be performed in the gate selection study.
However, primary members will be sized to prove feasibility of concepts. The basic
sources of loading will include the following for strength and serviceability analysis:

Hydraulic Loads
Gravity Loads
Operating Loads
Ship Impact
Earthquake

5.2.1.1. Miter Gates Load And Resistance Factor Design Criteria

This section presents the criteria used in the concept design of the mitering lock
gates proposed for the Panama Locks Third Lane Concept Design for the Atlantic
Ocean Side Locks. The basic structural systems of the lock gates are shown
schematically on Report Drawings Series ACP-R-21. The criteria include
specifications of applied loads, load cases, load combinations, and analysis methods
used in the design process. Design methods described herein are in accordance
with those given in references. The design equations presented are in English
Units. Conversion to Metric Units was avoided for maintain consistency with
establish Corps criteria which exists only in English Units. Minimum plate width and
thickness have been converted to metric.
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5.2.1.1.1. Design Basis

Load and Resistance Factor Design (LRFD) is a method of proportioning
structures in such a manner that no applicable limit state is exceeded when the
structure is subjected to all appropriate design load combinations. The basic
safety check in LRFD may be expressed mathematically as £7:Qy < oL 9 R,

where Q,; represents nominal (code-specified) load effects, and y; denotes the
load factors that account for variability in the loads to which they are assigned.
The expression Zv;Qy; is the required strength. Load factors and load

combinations for miter gate design are listed later in this chapter. R, is the
nominal resistance, and ¢ is a resistance factor that reflects the uncertainty in

the resistance for the particular limit state and, in a relative sense, the
consequence of attaining the limit state. The factor a is a reliability factor of 0.9
for Hydraulic Steel Structures (HSS).

5.2.1.1.2. Gate Properties
a General Geometry

The general geometry of the proposed horizontally framed miter gates is
divided into two groups: basic structural elements that include the skin plate,
intercostals, and plate girders that comprise the majority of the weight in the
gate; and detailed structural elements that include the tapered end section,
end diaphragms, quoin post, thrust diaphragm, and diagonals (function of
diagonals is replaced with plating in the case of the double skin gate
alternative).

b  Structural Steel

The lock gates would be constructed of low-alloy steels with a yield points of
345 and 450 MPa.

5.2.1.1.3. Loads And Reactions

The principal loads applicable to the Panama miter gate design would be gravity,
hydraulic, operating, ship impact, and earthquake loads. Reactions and load
cases are generally considered in two categories: gate in the open or
intermediate position with no pool differential; and with leaves mitered and
supporting the full hydrostatic load.

a Vertical loads

Vertical loads consist of the dead load of the gate, live loads applied to the
walkway or bridge at the top of gate and an allowance for mud or excess
water in buoyancy chambers.

b  Hydraulic loads

Hydraulic loads consist of static water load on the gate produced by the pool
differential or temporal hydraulic loads (see Report Drawings ACP-R-21/1 to
3). The effect of temporal loads due to waves, surges, etc., on the gate has
been evaluated with appropriate conditions selected. A minimum temporal
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hydraulic load of 0.23 m acting from the full submergence elevation down to
the sill, with a period exceeding thirty seconds (thus considered static), is
specified for the gate structural systems, temporal hydraulic loads for gate
operating equipment is address in Mechanic Section.

¢ Operating loads

Q is the maximum load exerted by the operating machinery (obtained from
the mechanical design calculations) and is considered for cases in which the
gate is held by a submerged obstruction.

d Ship impact loads

Ship impact load is a dynamic load applied to the gate when struck by a
vessel. The impact load is usually specified as a point load and it is applied to
the girders above the pool level in the downstream direction at the miter point
(symmetrical impact);, and anywhere in the girder span at which an impact is
possible (unsymmetrical impact). This location is anywhere in the span as
defined for possible impact conditions. The impact load is for this project is
unknown, therefore, back calculations are have been performed to determine
the maximum impact force associated with the design shown.

The equations used to find the axial and flexure loads are:

i. Symmetrical impact

57
P=—;

J10
M =-Pe

ii. Unsymmetrical impact

p_(x+a)l

Vi a

M= [Ix(a—x)}_Pe

a

Where:

P = Axial loads
M = Flexure load
I = Impact load

x = Distance between the quoin contact point and the unsymmetrical
impact load position.

a = Distance between quoin contact point and miter contact.
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e

f

e = Distance between work line and neutral axis of the girder.
Earthquake loads

Design loads are specified based on an operational basis earthquake (OBE)
having 50 percent chance of being exceeded in 100 years. This translates to
a probability of annual exceedance of 0.0069, or approximately 145 years
mean recurrence interval. The earthquake load is based on inertial
hydrodynamic effects of water moving with the structure. This is determined
based on Westergaard's equation:

7
ngywac\/}{;

Where p is the lateral pressure at a distance y below the pool surface, v, is
the unit weight of water, H is the pool depth, and a. (expressed as a fraction
of gravitational acceleration g) is the maximum acceleration of the supporting
lock wall due to the selected ground motion. For typical Corps projects, an
Operational Basis Earthquake is usually used. However, because of
concerns with continuing operating of the lock following a major earthquake,
a Maximum Design Earthquake has been adopted for the concept design.
The lock wall is assumed to be rigid in determination of a., and the assumed
direction of a. is parallel to the lock centerline. The inertia forces resulting
from the mass due to structural weight are not included in the earthquake
load because the magnitudes of these loads are insignificant compared to the
hydrodynamic loads obtained from Westergaard's equation.

Load Combinations

The miter gates are proportioned to have design strengths at all sections
at least equal to the required strengths calculated for the factored loads
and forces in the following load combinations:

141, +1.01
145, +1.0H,
1.2D+1.6M +1.0H,

1.2D+1.6M +1.20

1.2H . +1.0E
where:
D = dead loads

Q = maximum operating load
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E = earthquake load

I = impact load

M = mud load
H, = hydrostatic loads

H¢ = temporal hydraulic load

g Load Cases

The following load cases are used with the appropriate loading combinations:

Case 1: Mitered Condition

Loads include hydrostatic loads due to upper and lower pools and impact
or temporal hydraulic loads. Loads D, and M act when the gate is in the
mitered position. However, in the mitered position the effects of D, and M
will not control the member sizes. Loads D, and M are accounted for in
load Case 2 in which they may be controlling.

(a) Above Pool. The first load combination is applicable to the girders
located above pool (upper pool elevation for the upper gate and lower
pool for the lower gate) where minor impact may occur. The skin plate
and intercostals are not design for ship impact. For design of skin plate
and intercostals located above pool, a minimum hydrostatic head of 2 m
is assumed.

(b) Below Pool. The upper gate is designed assuming that the lock is
dewatered. Loads include hydrostatic loads due to upper pool only (load
case 2 with H, = 0). The lower gate is designed considering normal upper
and lower pool elevations including temporal hydraulic load H,. H,is
applicable only to the submerged part of the gate.

Case 2: Gate Torsion

Loads include gravity loads (M, and D) and operating equipment load Q
or temporal hydraulic load H, . In this condition there are no differential
hydrostatic loads.

(a) Temporal Condition. The third load combination is applied to
consider gate leaf torsion with the temporal hydraulic load acting on the
submerged part of leaf (the temporal hydraulic load may act in either
direction).

(b) Submerged Obstruction. The fourth load combination is applied to
consider leaf torsion that may be caused by a submerged obstruction.
For this case, it is assumed that the bottom of the leaf is held stationary
by a submerged obstruction while Q is applied causing the gate leaf to
twist.
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iii. Case 3: Earthquake

The last load combination is applied if the gate is mitered and hydrostatic
loads due to upper and lower pools are acting. The earthquake accel-
eration is to be applied in the direction parallel to the lock centerline.
Elastic structural analysis is performed with no allowance for ductility.
The maximum design earthquake should be investigated for inelastic
behavior in following studies where some piastic deformation is tolerable
provided it is localized and does not result in failure of the gate systems.

5.2.1.1.4. Analysis Procedure

The Corps of Engineer’s proprietary lock gate design software, CMITER-LRFD
was used in the design of the lock gates. Several modifications were made to
accommodate various aspects of this project. The structural design
specifications, analysis assumptions, and procedures used to analyze and
investigate the major structural elements of a horizontally framed miter gate are
as follows:

Skin plate

Skin plate is analyzed as a rectangular flat plate with all edges fixed. A
uniform load equal to the water pressure at the center of the panel under
consideration is assumed to act over the entire surface.

The skin plate is to be sized using: (1) the yield stress criteria, where the
maximum calculated stress should be less than the yield limit state of o® ,F,
(where a is a reliability factor for HSS and has a value of 0.9 as defined
earlier, @, is the bending resistance factor equal to 0.9 as defined earlier,
and F, is the yield stress); (2) deflection criteria, where the maximum
deflection allowable is 0.4t, where t is the skin plate thickness; and (3) fatigue
criteria, where the maximum calculated stress range shall be less than the
fatigue limit Fr. The stress and deflection are calculated using the following
equations:

0.5W p?
Fn= Y
12|:I+.623(—j ]
a
0.0284 wp*

resas2)er
a

where Fy is the nominal stress (< o® ,F, for yield stress criteria and Fy < F,
for fatigue criteria), W is the factored uniform load (W,) for yield stress criteria
and unfactored uniform hydrostatic loads (W) for fatigue criteria, t is the plate
thickness, a is the larger plate dimension, b is the smaller plate dimension, E
is the modulus of elasticity, and & is the deflection ({6 max=0.4t). The mini-
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mum size of the skin plate above the pool level should be determined using
an assumed hydrostatic head of 2 m.

b Intercostals

Intercostals wouid be flat plates or T sections, sized in such a manner that
the maximum calculated moment is less than the nominal bending strength
od ,M,. Intercostals are configured as vertical fixed-end beams with
supports at the centerline of girder webs. The intercostals may be designed
as simple or fixed-end beams. An effective width of the skin plate is assumed
to act with the intercostal plate or T section, producing a T section when
interacting with a plate and an | section when interacting with a T section.
The effective width of the skin plate on each side of the plate or T section is

9
calculated using the width-to-thickness ratio of \/i . The loading, assuming
F,

average water pressure, begins at the edge of the girder flange or a
maximum of 6 in. from the centerline of the girder web. The assumed loading
is applied over an area with the boundary lines being 45 degrees from the
point at the edge of the flange (or 6 in.), and half the distance between inter-
costals. These boundary lines intersect with the load line boundaries from
adjacent panels at a point midway between intercostals, thereby forming an
effective load area of two triangular areas, one at each end, usually with a
rectangular section in the center. The bending strength of the intercostals is
the plastic moment for a simply supported beam since the skin plate supports
the compression flange continuously. For fixed and pin ends, the bending
strength can be found by use of the following equations:

a. For T beams loaded in the plane of symmetry and bending about
the major axis, with flange and web slenderness ratios less than the
corresponding values of A...

Mn= M. =M,

_enfFL |y,
Ly

where

B= i23(iJ L
Ly )V J

Cy = Bending coefficient dependent upon moment gradient. A unit
value is used for intercostal design to represent the most severe
loading case.

E = Modulus of elasticity of steel (29,000 ksi)
Iy = Moment of inertia about y-axis, in.*
G = Shear modulus of elasticity of steel, ksi

J = Torsional constant, in.*
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Ly, = Laterally unbraced length
M, = Initial yield bending moment, kip-in.
d = stem height

The plus sign for B applies when the stem is in tension, and the minus
sign applies when the stem is in compression.

b. For doubly and singly symmetrical I-shaped beams bending about
the major axis, the nominal flexure strength M, is the lowest value

obtained according to the limit state of: (a) lateral torsional buckling (LTB);
(b) flange local buckling (FLB); and (c) web local buckling (WLB).

The nominal flexural strength shall be calculated using the criteria
discussed earlier.

Horizontal Girders

The horizontal girders are, in effect, a series of three hinged arches that
transmit the water pressures to the lock walls through the quoin blocks.
Because they are subject to combined bending and axial loads, they should
be designed through use of the beam-column criteria.

The following is a list of criteria and assumptions that are used in the design
of horizontal girders:

i Girder Analysis. The basic procedure for girder analysis is to assume
that each girder is isolated as an individual member. Each member is
designed as beam-column elements using the criteria discussed in this
chapter.

il. Axial, flexure, and shear strength. The axial, flexure, and shear
strengths are calculated using the criteria discussed in this chapter with the
following assumptions:

(a) Upstream and downstream girder flanges are braced continuously
by skin plate.
(b) The length of girders considering buckling about the major axis (in

the plane of the web) is the distance between the quoin block and miter
block (l;). The ends are assumed pinned, and the value of K is 1.0.

(c) The length of girders considering buckling about the minor axis is
the distance between intermediate diaphragms (l,). The ends are assumed
fixed with K=0.65.

(d) The design strength of compression members whose elements
have width-to-thickness ratios less than A, of Table A-5-1 is o® P,

Appendix A, Page 28

Appendix A- Project Design Criteria
23 July 2003



Panama Canal Concept Design of New Third Lane Appendix A- Project Design Criteria

US Army Corps of Engineers 23 July 2003

Table A-5-1 Width to Thickness Ratios

Compact Noncompact :
Member Section Section Slender Section
b 65 b 106 £> 106
Flanges| -~ Tk, | 1= JF,-165 |t JFn-165
W h. 253 N licabl he ., 253
eb - ot applicable - —
tw Fy pp tW Fy
Skin b 65 b 106 £> 106
plate t~ /Fy t” \JF,,-16.5 t F,.-16.5
o, = 0.85
Pn = AgFer
for 4. <1.5

Fo=(0.658%)F,
for A1.5

0.877
Fcr= lz Fy

where:

@, = resistance factor for compression, ¢ =0.85

P. = nominal compressive strength, kips
F., = critical stress, ksi.
A = gross area of member, in.?

F, = specified yield stress, ksi

_KiI |F,
Ae rz \ E

where
E = modulus of elasticity, ksi
K = effective length factor
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= unbraced length of member, in.
r = governing radius of gyration about plane of buckling, in.

(e) The nominal flexure strength M, is the lowest value obtained
according to the limit state of lateral torsional buckling (LTB), flange local
buckling (FLB) and web local buckling (WLB). The flexure design strength
is a® ,M,, and the nominal flexural strength M, shall be determined as

follows for each limit state:
for A<),:
M., =M,

For A»(A < A, (for limit state of lateral torsional buckling)

A2
M,= Cb[Mp( M, M,)( ) /{; H <M,

(for limit state of flange and web local buckling)

AA
M,= M, (M, M, ) —2
PR (mj

for A, :
M,= M= SF.

Where:
=L

ry

(for lateral torsional buckling)

A= ? (for flange local buckling)

A= L (for web local buckling)
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X 2
Ar=———— I+ 1+ X (F,.F, or LTB
(F_,,WF,)\[ VI*XAF )

_ 7 |EGJA

! SX 2

196 or FLB

A= JF,.16.5

M, =(FuF,)8«<FySy for LTB
Mr = (waFr)ch for FLB

M,=R.F S, forWLB

R.=1.0 0.1(1.3+q,)(0.81 m)<1.0

2
Fo= C”SX’f 1+ /g’;}:z for LTB

= 11,200 for FLB

or 2’2

The terms used in the above equations are:

M, = nominal flexural strength, kip-in.

M, = plastic moment, kip-in.
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M. = buckling moment, kip-in.
M; = limiting buckling moment, kip-in.
A = controlling slenderness parameters

A» = largest value of A for which M, = M,

Ar = largest value of A for which buckling is inelastic

C, = bending coefficient dependent upon moment gradient. (A unit value
is used for girders designed to represent the most severe loading case.)

S = section modulus, in®.

L, = laterally unbraced length, in.

ry = radius of gyration about minor axis, in.

A = cross section area, in®.

F. = compressive residual stress in flange, ksi.

F, = specified minimum yield strength, ksi.

F,¢ = yield strength of the flange, ksi.

Fyw = yield strength of the web, ksi.

J = torsional constant, in®.

S\ = section modulus of the outside fiber of the compression flange, in®.
S« = section modulus of the outside fiber of the tension flange, in>.
b = flange width, in.

d = overall depth, in.

h. = twice the distance from the neutral axis to the inside face of the
compression flange less the fillet or corner radius, in.

{; = flange thickness, in.

tw = web thickness, in.

R = hybrid girder factor.

a, = ratio of web area to compression flange area.

m = ratio of web yield stress to flange yield stress or F;

H The interaction of flexure and compression in symmetrical shapes
shall be limited by the following formulas:

P

——<(.2
o P,

for
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Pu +§ Mux + Mny S]O
g P, 9\ QP Mn OO, M,
for—R‘— 20.2
ap.p,
Po [ _Me , Mo |,
2a¢cP" a¢bM’lX a¢bM"Y

where:

where:

(9)

P. = required compressive strength, kips
M, = required flexural strength, Kip-in.
Mu = B1 Mnt

M, = required flexural strength in member assuming there
is no lateral translation of the frame, kip-in.

M, = nominal flexural strength, Kip-in.
&, = resistance factor for flexure = 0.90

o = reliability factor for HSS

B =-Sn_>]
7]
P.
Pe__ Ag}jy
Ae
Co = 1.0

A, = gross area of member, in.2

A ¢ = as defined in section to calculate axial strength of
compression members.

The design shear strength for webs is a® \V,, where o =0.9,

@, = 0.9, and the nominal shear strength V, is determined as follows:
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h K
for —< 187 |—
tw Fyw
Vn = 0' 6 wa AW

for | K P cn3q | K
Fy ZM’ Ev

187 | X
Fy

Vn = 0‘6wa Aw h
tw
fori >234 £S
1, F,
26,400K

Vn AWW
tw

The web plate buckling coefficient K is given by

K=5+ 52

a

h

except that K shall be taken as 5 if a’h exceeds 3 or [260/(h/t,)]>. When
stiffeners are not required, K=5. In unstiffened girders, h/t shall not
exceed 260

where:
A, = cross section area of the web, in’.
F,w = yield strength of the web, ksi.
ty = web thickness, in.
h = clear distance between flanges, in.
a = clear distance between transverse stiffeners.

iii.  Equations to find the axial, flexure, and reaction ioads are:

P2=wt
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P=Pl+P2

Pl =%cot o

M. = %/— [LxLacot8 + (ta )2 a’x’

n="L
2

where:
P1 = axial loads due to the reaction at the lock wall
P2 = axial loads due to the uniform load
W = uniform loads
L = girder length
0 = miter angle

t = distance between work line and the outside face of the upstream
flanges

P = maximum resultant compression load
a = distance between the work line and the neutral axis
M, = flexure load at distance x from the miter contact point

N = girder reaction perpendicular to the girder axial axis (maximum shear
load)

iv.  The minimum flange widths are to be 200 mm for upstream flanges and
300 mm for downstream flanges. The minimum thickness as are specified as
10 mm for webs and 13 mm for flanges.

V. The downstream flanges are limited to 610 mm or 24t; (t; is the flange
thickness), reducing the possibility of the flange being undesirably wide and
thin. The maximum change in flange width on the same edge of a girder web
is 150 mm, with a 75 mm differential on each edge of the flange except for
the downstream flange of the bottom girder, where the total 150 mm of
differential may be on the upper edge of the flange. This applies between the
sections at the centerline of a girder, where the upstream flange is maximum
width and the downstream flange is minimum width. This also applies at a
section at the end of the girder where the upstream flange is a minimum
width and the downstream flange is a maximum width. The bottom girder is a
special case in which the downstream flange is a maximum of 300 mm and a
minimum of 220 mm, with an extension below the centerline of the web of 75
mm to provide additional clearance between the bottom girder and the sill.
For the end section of the bottom girder, where the downstream flange is
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heavier, the upper portion of the flange is a maximum of 15t; above the
centerline of the girder web.

vi.  The upstream flange of the bottom girder should extend 150 mm below
the center line of the girder web, from end to end of the girder, with the skin
plate 13 mm above the lower edge of the flange. A minimum of 100 mm
should be used above the center line of the web, thus making a minimum
width of 250 mm for the upstream flange of the lower girder.

vii.  The maximum extension of the skin plate above the centerline of the
top girder web is 200 mm, to prevent interference with the operating strut.
The maximum extension of the skin plate above the top flange is 13mm,
limiting the maximum width of the upstream flange of the top girder to 300
mm,

viii.  An effective portion of the skin plate is assumed to act with the
upstream flange. The effective width of skin plate next to each edge of the
upstream girder flange is based on a width-to-thickness ratio consistent with
design assumptions (assumption of compact or noncompact section).

iX.  Webs are designed using requirements for uniformly compressed
stiffened elements. The use of slenderness parameters for webs in combined
flexure and axial compression elements should be avoided since these
criteria were developed for rolled shape beam columns and may not apply for
deep girder sections.

x.The ratio values for compact, noncompact, and slender sections are shown
in Table A-5-1.

d Tapered End Section

The tapered end sections of girders are analyzed in a manner different from
that used to analyze girder sections with full web depths. The moment is
determined assuming a cantilever section of length Z' with a uniform water
load plus the moment created by the girder reaction being eccentric from the
centroid of the section.

The critical point is at a distance Z' from the end of the web. Z' is equal to
one half the smaller span between adjacent girders (above and below) to the
web under consideration minus eight times the thrust diaphragm thickness. If
eight times the thrust diaphragm thickness is greater than one half the small-
er adjacent span, the value of Z' becomes negative, and the minimum section
for the tapered web is taken as the web width at the end of the web, with one
half the height of the trust diaphragm and the appropriate upstream and
downstream girder flanges. The maximum width of flanges shall be 24t;,
reducing the possibility of the flange being undesirably wide and thin,

e End Diaphragm

End diaphragms, often called quoin and miter diaphragms, are designed as a
panel acting as a skin plate, with the effective panel being between the
stiffener angie and the next lower girder. The stiffener is at midpoint between
girders. Design loads are the hydrostatic head at the center of the effective
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panel and the reactions produced by the diagonal prestress loads. Each end
diaphragm, between girders, is divided into four panels subjected to the water
pressure. The girder webs, vertical flange at the skin plate, the thrust dia-
phragm, and the horizontal end diaphragm stiffener surround four panels.
The panels are assumed fixed on all four edges and designed by the same
formulas as applied to the skin plate. The end diaphragm stiffeners are
assumed fixed at the upstream end and at the centerline of the thrust
diaphragm. The diaphragm load is triangular on the ends, with the boundary
lines at 45 degrees from the vertical at the point of the triangle, this point be-
ing the center line of the thrust diaphragm and the upstream ends of the
stiffener. A part of the end diaphragm shall be assumed effective with the

stiffener, with the effective width equal to on each side of the angle.

Fy
f Thrust Diaphragm

The thrust diaphragm is tangent to the thrust curve of the gate at the contact
points and is approximately in line with the thrust curve between the contact
points and the end diaphragm, which is the limit of the thrust diaphragm. The
thrust diaphragms will distribute the reactions of the girder web into the quoin
block and also serve as a damming surface between the end plate and the
end diaphragm. Part of the thrust diaphragm is also considered effective in
the quoin post, making it subject to bearing, skin plate, and column action
stresses. Shear stress is to be checked also, but is not combined with the
listed forces. The analysis is based on combined axial load from the girder
reaction and bending from water damming pressure, which has to be less
than or equal to the lesser value of the yield stress or the elastic limit stress.
The flexure stress produced by the damming water pressure can be deter-
mined using the skin plate equations, and the axial load is determined as

follows:
i Determine V,.
0 =zeta
V.=W,Lcos@
ii. Determine H,using summation of moments in contact point equal
(ZM¢,=0).
2
V.Lcos HM—
H. = 2
¢ Lcosé

il . Determine axial load (R)
R=y,si260+ 1, cos28

The elastic limit can be found by assuming that the panel under consider-
ation is clamped on all edges and that equal uniform compression exists
on two opposite edges, with the critical stress equal to
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E 2
2(tJ

where:

a = longer dimension of panel
b = shorter dimension of panel
p = Poisson's ratio
ty = thrust diaphragm thickness
K=7.7whena/b=1.0
K =6.7 when a/b=2.0
K =6.4 when a/b =3.0
g Quoin Post
A section of the thrust diaphragms, vertically from top to bottom girders and
95
JF,
diaphragm stiffener plate, forms a column to support the dead weight of the
leaf plus any live loads. The end plate and two vertical stiffeners form one

flange of the column. A plate perpendicular to the thrust diaphragm forms the
other flange, with vertical stiffeners on the outside edges.

horizontally from the contact plate to a point beyond the thrust

The axial load of the quoin post consists of the dead weight of the leaf plus

the ice and mud load. Due to the eccentricity of the pintle and gudgeon pin
with respect to the centroid of the quoin post, the quoin post is subjected to

axial and bending loads and to the skin plate action of the thrust diaphragm.
The following symbols and formulas are used to find the combined loads in

the quoin post:

M .= Pe,

M, = Pe,

0'=£+M"Cy+Mny
I I,

P = total axial load (dead weight)

ex, ey, ez = eccentricity distance from centroid of entire quoin post cross
section to (inclined) action line of pintle reaction Cx and Cy = extreme fiber
distance
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h Diagonals

This section is only applicable to single skin plate miter gate design. For
double skin gates torsion is generally not a significant design consideration
due to the inherent torsional resistance provided by the multi-closed cell
construction. Finite element analysis should be performed to verify adequate
strength and serviceability of double skin gates. The primary load cases that
would be considered are normal operation of the gate (partially submerged in
water) and with the stall force of operating equipment applied when the gate
is lodged on an obstruction at the sill.

A gate is a deep cantilever girder with a relatively short span. The skin plate
is the web of the girder. If the ordinary formulas for the vertical deflection of a
cantilever submitted to shearing and bending stresses are applied, the values
obtained will be low. This happens because the skin plate imparts such a
great vertical stiffness to the leaf.

For single skin plate gates, diagonals are provided to function with the skin
plate for torsional resistance to applied forces. For double skin plate gates,
the torque tubes formed by the horizontal girders and skin plate offer
significant resistance to torsional loads. The discussion that follows
described the diagonal system used for the single skin plate gate alternative.

The stresses in the diagonals are a function of only the torsional (twisting)
forces acting upon the leaf. These forces produce a considerable torsional
deflection when the gate is being opened or closed.

The shape of the twisted leaf is found geometrically. Then the work done by
the loads is equated to the internal work realized by the structure. From this,
the resistance offered by each diagonal to twisting of the leaf is calculated as
a function of the torsional deflection of the leaf and the dimensions of the
structure.

The procedure and equations required to design the diagonal elements are
as follow:

i Evaluate the stiffness of the leaf in deforming the diagonal (A").
Until more test data are available, it is suggested that A' be taken as the
sum of the average cross sectional areas of the two vertical and
horizontal girders which bound a panel times 1/8 for welded horizontally
framed leaves with skin of flat plates.

ii. Evaluate the elasticity constant of the leaf without diagonals (Q,).
J J
=4E 2| —+—
0,453 2+2]
where:
Es = shearing modulus of elasticity

J = modified polar moment of inertia of the horizontal and vertical
members of the leaf
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iv.

V.

H = distance between top and bottom girder

v = distance from center line of the pintle to extreme miter end of the
leaf

Location of shear center

b
X=72ayyn

y = 2Ly
21,

where:

b = distance from the center line of the skin plate to the downstream
flange of a horizontal girder

I = moment of inertia of the gate leaf about the vertical axis

I, = moment of inertia of any horizontal girder about its vertical centroid
axis

a = cross section area of that part of the horizontal girder that lies
outside the midpoint between the skin plate and the downstream
flange

y = distance to any horizontal girder from the horizontal centroid axis of
a vertical section through the leaf

yn = distance to any horizontal girder from the horizontal shear center
axis of a vertical section through a leaf

Load torque areas.

Calculate the ratio of change in length R, of diagonal to deflection

of leaf when diagonal offers no resistance. R, is positive for positive
diagonals and negative for negative diagonals.

R.= 2wt
’ vWiw' +n’)
where:
w = width of the panel inclosing diagonals
t = distance from center line of skin plate to center line of diagonal

v = distance from center line of the pintle to extreme miter end of the
leaf

h = height of panel inclosing diagonals
Appendix A, Page 40



Panama Canal Concept Design of New Third Lane Appendix A- Project Design Criteria

US Army Corps of Endineers 23 July 2003
vi. Required size of diagonals.
Z Tz
A=
sR  hv
where:

A = cross section area of diagonal

Tz = torque area (product of the torque, T, of an applied load and the
distance, z, to the load from the pintle; z is measured horizontally
along the leaf. Tz is positive if the load produces a positive deflection).

s = design strength for tension members (s=a®Pn), which is the lower
value of the following:

1. Foryield in the cross section, a=0.9 and ©®=0.9
Pn = F/Aq

2. For fracture in the net section, a=0.9 and ®=0.75
Pn = F,A. = Fy(UAy)

vii. Evaluate the ratio (R) of the actual change in length of diagonal to
deflection of the leaf. R is positive for positive diagonals and negative for
negative diagonals.
AI
R= R,
A+ A

viii.  Evaluate the elasticity constant of a diagonal (Q).

_ RR,EAhv

Q L

where:

E = bending modulus of elasticity

L = length of a diagonal, center to center of pins

iX. Deflection of leaf.
A= 271z
Q,t2Q
X. Prestress deflection in diagonals (D). D is the deflection of the

leaf required to reduce the stress in a diagonal to zero. D is always
positive for positive diagonals and negative for negative diagonals.

RE
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RE
s =——(DA
I (DA)
Xi. Stresses during normal operation of the gate. The value of D must
be between the minimum and maximum value.
RE
s=—(D-A)

5.2.2. Culvert Valves

Wheel gate valves have been selected for use with both filling and emptying systems for the
Double-Lift Lock Concept Design. The valves have been designed using the Allowable
Stress Design (Type-A structure) criteria presented in EM 1110-2-2105, Design of Hydraulic
Steel Structures. Allowable stresses will be 0.75 times those permitted by AISC (1989).
Valves will be designed to resist 1.5 times the normal operational head. See Appendix G —
Valve and Valve Bulkheads for additional information.

5.2.3. Bulkheads

Bulkheads would be designed in accordance with EM 1110-2-2105, Design of Hydraulic
Steel Structures. Allowable stresses will be 1.1 times those permitted by AISC (1989).
Bulkheads will be designed to resist expected pool elevations for dewatering
applications. See Appendix G — Valve and Valve Bulkheads for additional information.

5.2.4. Masonry Features

The purpose of these standards is to provide guidance for the preliminary design and
analysis of lock masonry structures. These standards establish and standardize the
stability criteria for use in the preliminary design and evaluation of the lock masonry
structures according to common Corps of Engineers civil works projects. The term
“stability” used in this document applies to external global stability of the structures —
sliding, rotation, and bearing. Guidance is provided on load classification, loadings,
design and analysis computations, earth pressure computations for both static and
earthquake conditions, hydrostatic and hydrodynamic forces, strength design for
reinforced concrete hydraulic structures, and drafting standards.

The following criteria will be applied to general investigations of lock walls, water saving
basins, and entrance wall selection. This criteria will tailored throughout the study to
reflect the selection of features.

Essential requirements for operational and structural performance of the lock and
entrance walls include:

e Limiting global displacements and deflections to a tolerable range.
¢ Minimizing interference with the lock's inlet opening.
+ Limiting misalignments and tolerances satisfying the navigational purpose.

* Providing for the ease and economy of construction.
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e Economy of structural and functional monitoring and inspections.
o Durability of materials and hydraulic performance of the structure.

e Providing for an appropriate level of ultimate structural strength exceeding the
factored capacity-demand.

» Ability to survive unusual and extreme events such as OBE, MDE, and impact by
a vessel.

5.2.4.1. Scope

The design and analysis of the lock masonry structures and the preparation of drawings
shall conform in general to the requirements set forth by these standards and all
subsequent revisions. Industry and COE design standards, manuals and
recommendations shall be referenced and followed in the course of analyzing, designing
and preparing drawings for the lock masonry structures. For special features,
supplementary design standards shall be developed and included as an appendix to this
document.

5.2.4.2. Applicability

These standards shall apply to the preliminary design and analyses of all lock masonry
structures for the Third Lane Atlantic Locks. Discretion and judgment must be applied in
the use, interpretation, and applicability of the guidance provided within this document.
Consideration should be given to unusual conditions or service not addressed in this
document. When a significant departure is required or the need arises for specific
guidance not covered by these standards, the project manager must be notified for
guidance. The project manager will notify the responsible design team member(s) for
guidance. The independent technical review team (ITRT) will determine the adequacy of
the guidance developed by the responsible design team member(s). The developed
design guidance shall be incorporated into this document for future reference and use.

5.2.4.3. Structural Computations

Concept designs shall be developed for the following representative lock walls and
entrance walls: valve monolith, miter gate monolith, typical lock monoliths for the upper
and lower chambers and the Atlantic Ocean and Gatun Lake entrance wall monoliths.
For the concept design of the fock monoliths, stability analyses and reinforced concrete
design shall be provided in the computations. For the purpose of consistency and
uniformity in the presentation, arrangement and filing of computations, the foliowing
instructions are to be used.

5.2.4.3.1. Stability Analysis

Stability analyses for the lock masonry structures at the foundation-structure
interface shall be conducted according to the recommendations and provision
provided in EM 1110-2-2100, Draft Manual - Stability Analysis of Concrete
Structures. Stability shall also be assessed on selected surfaces within the
structure in accordance with the methods presented in EM 1110-2-2200, Gravity
Dam Design. The stability analyses are conducted to assure that the hydraulic
concrete structures meet minimum safety and performance objectives. The
stability of the structures is assessed in terms of overturning, sliding and bearing.
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If the stability requirements of the draft manual conflict with those in other COE
Engineering Manuals (EM) or Engineering Technical Letters (ETL), the
requirements of the draft manual shall govern. The draft manual defines the
types and combination of applied loads, including uplift forces due to hydrostatic
pressures in the foundation material.

The objective of a stability analysis is to maintain horizontal, vertical and
rotational equilibrium of the structure. Geotechnical information is needed to
properly define and perform a realistic stability analysis. Possible failure modes
and planes of weakness must be determined from onsite conditions, material
strengths and uplift forces. Stability is ensured by:

¢ Providing an adequate factor of safety against sliding at all possible failure
planes.

» Providing specific limitations on the magnitude of the foundation bearing
pressure.

» Providing constraints on the permissible location of the resultant force on any
plane.

Satisfying the above provisions does not ensure stability if the structure
experiences significant loss of foundation material due to erosion or piping, or if
there is an internal failure due to inadequate strength of the structural materials.
Stability is just one of the requirements necessary to ensure adequate structural
performance.

a Sliding Stability

Sliding stability shall be assessed at/or near the foundation-structure
interface. Where a shallow weak seam exists below a structure's contact
with the foundation, deep-seated sliding may occur. The lock monolith shall
be evaluated for both modes of failure, if applicable.

b  Overturning Stability

The assessment of overturning stability shall be based on the resultant
location of the effective normal force on the base of the structure.
Conformance with the resultant location requirements ensures that the
structure is safe from rotational failure. For some load condition categories,
the resultant is allowed to fall outside the middle-third of the base (kern). in
these instances, it is assumed that the structure-foundation interface has no
capability for.resisting tensile stresses; therefore, part of the structure’s base
is assumed to lose contact with the foundation resulting in changes to the
uplift pressure acting on the base. For a monolith base not in 100 percent
compression, the uplift pressure for the portion of the base not in
compression will equal to the maximum pressure head at the base of the heel
of the monolith.

¢ Bearing

Safety against a foundation bearing failure shall be based on the foundation
bearing pressure and bearing capacity. The effective normal force on the
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base of the structure and its resultant location are used to determine the
foundation bearing pressure. The allowable bearing capacity is defined as the
maximum pressure that can be permitted on a foundation soil or rock mass
giving consideration to all pertinent factors, with adequate safety against
rupture of the soil or rock mass, or settliement of the foundation of such
magnitude as to jeopardize the performance and safety of the structure.
Increases in allowable bearing capacity are permitted for unusual and
extreme load conditions over those required for usual load conditions.

5.2.4.4. Allowable Stresses for Concrete
5.2.4.4.1. Mass Concrete

Mass concrete monoliths must meet the allowable stress requirements of EM
1110-2-2200 as shown for the following load conditions:

a Allowable Compressive Stress

Usual 03°f,
Unusual 057,
‘Extreme 0.9,

b Aliowable Tensile Stress (psi)

Usual 0
Unusual 0.6 fc??
Extreme 1.5 fc?®

5.2.4.5. Compressive Strength

5.2.4.5.1. Mass Concrete
f. =18 MPa at 90 days

5.2.4.5.2. Tremie Concrete
f. =28 MPa at 90 days

5.2.4.5.3. Precast Concrete
f. = 35 MPa at 28 days

5.2.4.5.4. Cast-In-Place and Structural Concrete:
f. = 28 MPa at 28 days 7
Non-Shrink Grout f'. = 35 MPa

5.2.4.5.5. Reinforcement:
Reinforcement Bars (fy = 420 MPa):
Welded ASTM A-706M, Not Welded ASTM A-615M
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5.2.4.5.6. Post-Tension/Pre-stress Tendons and Bars:

Tendon ASTM A-416M, Grade 1860, 15.2-mm diameter, Stress Relieved, Low
Relaxation (f,, = 1861 MPa):

Threaded Bars ASTM A-722M, Grade 1030 (fpu = 1030 MPa)

5.2.4.6. Concrete Strength Design

The masonry lock structures are considered mass concrete structures. However,
when a section (construction joint) of a monolith does not satisfy the internal stability
requirements of EM 1110-2-2200 and reinforcement is required, or a portion of the
monolith carries significant load (such as the toe stub of a monolith or a concrete
slab overlying a large recess area) and concrete reinforcement is required, the
structures will be treated as a reinforced-concrete hydraulic structures and shall be
designed according to the requirements of EM 1110-2-2104, Strength Design for
Reinforced-Concrete Hydraulic Structures and ACI 318M-99, Building Code
Requirements for Reinforced Concrete. The lock walls shall be designed according
to the strength design method, using appropriate load factors, hydraulic load factor,
and strength reduction factors when appropriate. The concept design computations
will provide the size, spacing and location of the principal concrete reinforcement,
shrinkage and temperature steel, and the location of expansion and construction
joints.

Reinforced concrete hydraulic structures shall be designed using the strength design
method in accordance with ACI 318 except as specified in EM 1110-2-2104.

5.2.4.6.1. Hydraulic Factor, H,

In the strength design method the hydraulic factor is applied to the overall load
factor equations for obtaining the required nominal strength. The hydraulic factor
is used to improve crack control in hydraulic structures by increasing
reinforcement requirements, thereby reducing steel stresses at service load
conditions. This is similar to the approach taken in ACI 350R-89. According to
ACI Codes for hydraulic structures in a state of flexure.

H¢ equals 1.3, except for members in direct tension Hr equals 1.65.

This factor is applied for the determination of required nominal strength for all
combinations of axial load and moment as well as for shear.

ACI 350R-89 recommends applying the Hy on the excess shear that must be
carried by the shear steel. This application will be modified to the entire shear
demand.

For earthquake effects, H¢ will not be applied in the case of OBE and MDE.

With respect to the application of the hydraulic factor, Hy, and using the
nomenclature of the EM 1110-2-2104 noted previously, the load combination for
the ultimate state design will take the form: U = H¢ (1.4D + 1.7L), where Hyequals
1.3 for application under the Usual Condition.
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5.2.4.6.2. Demand Reduction Factor

When resistance to wind or other forces that constitute short duration loads with
low probability of occurrence are considered, then a reduction in the factored
load combination may be utilized. The reduction factor has been termed the
Demand Reduction Factor and is applied to the unusual load combinations. The
factor is not applied to the extreme load combinations since the basic ultimate
load factors for this condition equal 1.0 and should not be reduced further.

5.2.4.6.3. Basic Ultimate Factors

Two methods are provided for by ACI 318 and EM 1110-2-2104 codes for
determining the factored moments, shear, and thrusts for designing hydraulic
structures by the strength method. They are the single load factor method and
the method based on the ACI 318 Code. The ACI 318 method will be adopted.

The load factors prescribed in ACI 318 are applied with two modifications. First,
the load factor for lateral fluid pressure is taken as 1.7, and second, the factored
load combination shall be further multiplied by the hydraulic factor H;. When dead
or live loads have a relieving effect on the factored load combination, the
combination of factored loads shall be investigated using an ultimate factor of
0.90 toward either the dead or live loads.

5.2.4.6.4. Minimum Clear Cover

The minimum concrete clear cover as outlined in EM 1110-2-2104 will be used to
increase corrosion protection. The cover is correlated to susceptibility of
corrosion or erosion as determined by its exposure rating.

5.2.4.6.5. Temperature and Shrinkage Reinforcement

in concrete slabs and walls where the main reinforcement extends in one
direction only, reinforcement in the direction normal to the main reinforcement is
provided to minimize the effect of cracking due to temperature and shrinkage.
The main reinforcement is at least the amount required for temperature and
shrinkage control. Temperature and shrinkage reinforcement is provided in
accordance with EM 1110-2-2602, with limits established by EM 1110-2-2104.

5.2.4.7. Design Loads

The masonry lock structures shall be designed to carry the maximum dead, live, impact,
ship-positioning, construction and earthquake loads to which the structures may be
subject. The lock structures shall also be designed for special loads envisioned for the
structures and the loadings from appurtenance structures. The development of the dead,
live and construction loads shall be based on EM 1110-2-2602, Planning and Design of
Navigation Locks and where applicable, ANSI/ASCE 7-95, Minimum Design Loads for
Buildings and Other Structures. Impact and ship-positioning loads shall be deveioped by
COE and provided to the appropriate designers. The earthquake loads shall be
developed by the COE Seismic Analysis Team (SAT), ERDC and will be provided to the
designers.
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5.2.4.7.1. Load Definitions

Dead Loads

Dead loads are produced by the weight of building construction materials and
fixed equipments.

Live Loads

Live loads are produced by occupancy of buiic igs, construction and
maintenance loads, moving equipment such as cranes and locomotives of
the ship positioning system and impact loads.

Seismic Loads

Forces on the structure are caused by earthquake motion at the base of the
structure. The resultant earthquake forces represent the inertial affects that
are attributed to the lock wall mass, surrounding soil (increased earth
pressure) and the water in the chamber (hydrodynamic force). The following
design earthquakes shall be considered in the preliminary design of the lock
walls:

- Operational basis earthquake (OBE). The OBE is considered to be an
earthquake that has a 50 percent chance of being exceeded in 100 years
(or a 144-year return period).

- Maximum design earthquake (MDE). The MDE is the maximum level of
ground motion for which a structure is designed or evaluated. Generally,
the probabilistically determined MDE for normal structures is an
earthquake that has a 10 percent chance of being exceeded in a 100-
year period (or a 950-year return period). For critical structures the MDE
is the same as the maximum credible earthquake (MCE).

- Maximum Credible Earthquake. The MCE is defined as the greatest
earthquake that can reasonably be expected to be generated on a
specific source, on the basis of seismological and geological evidence.
The MCE is based on a deterministic site hazard analysis.

The seismic coefficient method shall be used in the preliminary analysis and
design of the lock and entrance walls. Although it fails to account for the true
dynamic characteristics of the soil-water-structure interaction, it is an
acceptable method for evaluating structural stability and conducting
preliminary designs. The seismic coefficient used for the preliminary seismic
stability evaluation of critical concrete hydraulic structures should be equal to
the effective peak ground acceleration (EPGA) expressed as a decimal
fraction of the acceleration of gravity. For non-critical structures, seismic
coefficient used for the preliminary seismic stability evaluation of critical
concrete hydraulic structures should be equal to 2/3 times the effective peak
ground acceleration.
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5.2.4.7.2. Loading Conditions
a Usual (Service) condition

Constitutes the structural performance and adequacy of the structure for the
intended use. This condition is associated with the ordinary operation of the
facility. The design objective is to preclude all but minor damage (for
example, loss of concrete cover in the confined area of the impact) to the
structure in this performance category. This is the normal operating condition
and accounts for the most severe loads during a complete lockage cycle and
for the most severe stability requirements experienced during normal
conditions.

b Unusual Condition

Refers to structural performance under severe environmental loads or forces
whose magnitude is substantially higher than loads associated with the
normal operation of the facility. The design objective is to preclude major
damage to the structure in this performance category. The conceded damage
should be repairable without substantial interference (short construction-
periods) with the operations of the facility.

Under these conditions, the design should account for unusual loads that can
occur at normal lock sites, such as vessel impact, unusual saturation levels,
scheduled pool drawdowns, low-water levels and operating basis
earthquakes (OBE). The dewatered condition of the lock is aiso considered in
this case with loads corresponding with expected water levels and uplift
conditions. Construction conditions are also considered as an unusual load
case. Under these conditions, full earth load, moist or saturated, with or
without uplift, according to construction plans, possible use as part of a
cofferdam, and all construction surcharge loads should be considered.

¢ Extreme Condition

Denotes the structural performance during and after uncommon and severe
occurrences such as a maximum credible earthquake (MCE) event, an
impact by an uncontrolled vessel.

5.2.4.7.3. Load Cases

After the individual loads acting on the representative lock walls and entrance
walls are determined, the possible combinations of such loads that will determine
the most adverse condition needs to be established. Conditions and
combinations of loadings that require consideration are provided in the following
tables. The individual loads should be combined appropriately to determine the
critical conditions for global and internal stability and internal wall stresses. An
independent check is also required for each monolith to determine whether these
conditions are adequate for determination of the most critical loading. Table A-5-
2 presents the load cases that shall be considered in the stability analyses and
walls. For (4) categories of loading are considered: construction, normal
operation, maintenance and earthquake.
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Table A-5-2 Load Combinations for Lock and Entrance Wall Monoliths

Load
Case

Description

Load Type

Requirements

Lock

Chamber East Wall

Monoliths

Case 1

Normal Operating Condition

Usual

(1) Backfill to a predetermined height.
(2) Saturation line to an assumed level.
(3) Surcharge due to sloped fill.

(4) Loading surcharge if any.

(5) Ship-positioning loads.

(6) Lower pool in lock chamber.

(7) Uplift as defined by water elevations.

Case
2A

Normal Operating Condition

Unusual

The same requirements as for Case 1
except for the condition that the water
saving basins leak and the saturation
elevation of the backiill is equivalent to the
maximum pool elevation of the water saving
basin.

Case

Maintenance Condition

Unusual

The same requirements as for Case 1 are
included except for the following conditions:

(1) Lock chamber dewatered to a
predetermined level.

(2) No ship-positioning load.

Case
2D

Normal Operation with OBE

Unusual

The same requirements as for Case 1
except for the condition of an operating
basis earthquake (OBE) load added in the
most critical direction.

Case
2G

Normal Operation with
MCE

Extreme

The same requirements as for Case 1
except for the condition of a maximum
credible earthquake (MCE) load added in
the most critical direction

Case
3A

Construction Condition

Unusual

The requirements include:

(1) Moist backfill to a predetermined height.
(2) Permanent or construction surcharge.
(3) Wind as applicable.

(4) No uplift.

Case
3B

Construction Condition with
Cofferdam

Unusual

The same requirements as for Case 3 A are
included except for the condition that
hydrostatic forces are active instead of
moist earth in accordance with construction
and cofferdam plans.
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Load
Case

Description

Load Type

Requirements

Miter Gate Bay

Case
1A

Normal Operating Condition

Usual

The requirements are as follows:

(1) Gates mitered.

(2) Upper pool upstream of gates.
(3) Lower pool downstream of gates.

(4) Applicable wall loadings as defined in
paragraphs C-3, C-4, and C-5.

Case
1B

Normal Operating Condition

Usual

The requirements are as follows:

(1) Gates swinging free in approximate
mitered position.

(2) For upper gate bay, upper pool in gate
bay.

(3) For lower gate bay, lower pool in lock
chamber.

(4) Applicable wall loadings as defined in
paragraphs C-3, C-4, and C-5.

Case
2E

Maintenance Condition

Unusual

The same requirements as for Case 1 B are
included except for the following conditions:

(1) Lock chamber unwatered to a
predetermined level.

{(2) Uplift as defined by water elevations
added in most critical direction.

Cases
2F &
2A

Normal Operating Condition
with OBE

Unusual

The same requirements as for Cases 1 A
and 1 B are included except for the
condition of OBE earthquake {oads added in
most critical direction.

Case
2G

Normal Operation with
MDE

Extreme

The same requirements as for Cases 1 A
and 1 B are included except for the
condition of MDE earthquake loads added
in most critical direction

Case

Construction Condition

Usual

The requirements are as follows:

(1) Moist backfill to a predetermined height.
(2) Permanent or construction surcharge.
(3) Wind as applicable.

(4) No upilift.

(5) Gates swinging free in appropriate
mitered position.

Case

Construction Condition with
Cofferdam

Unusual

The same requirements as for Case 3 A are
included except for the condition that
hydrostatic forces are active instead of
moist earth in accordance with construction
and cofferdam plans.
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Load Description Load Type Requirements
Case

Upper and Lower Entrance Walls

Case 1 | Normal Operating Condition Usual The requirements are as follows:

(1) Upper or lower pool on face of wall as
applicable.

(2) Saturated fill.

(3) Upper or lower pool on back face of wall
as applicable.

(4) Boat impact on face of wall at most
critical angle of incidence and force.

(5) Ship-positioning pull force away from
face of wall as appilicable.

Case Normal Operating Condition Unusual The same requirements as Case 1 are

2D with OBE included except for the following conditions:
(1) OBE Earthquake in most critical
direction.

(2) No impact or ship-positioning forces.

Case Normal Operating Condition Extreme The same requirements as Case 1 are

2G with MDEE included except for the following conditions:
(1) MDE Earthquake in most crifical
direction.

(2) No impact or ship-positioning forces.

Case 3 | Construction Condition Unusual The requirements are as follows:

(1) Moist backfill.

(2) Permanent or construction surcharge.
(3) Wind as applicable.

{(4) No uplift.

(4) Applicable gate loads for vertically
framed miter gates and rolling gates.

(5) Uplift and vertical water loading as
defined by water elevations.

Culvert Valve Monoliths

Load cases the same as with the Chamber Monoliths, except with differential head loads from culvert
valves added.

Culvert Bulkhead Monoliths

Load cases the same as with the Chamber Monoliths, except with differential head on the culvert
butkhead added in the Maintenance Condition.

5.2.4.7.4. Loads
a Unit weights

The assumed average values for weights of materials are as follows:
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Table A-5-3 Project Feature Document/References

ITEM Weight (kg/m®) Unit Weight (Ib/ft’)
Water 1000 62.5
Reinforced 2400 150.0
Concrete

Steel 7850 490.0
Backfil, 2020 126.0 (moist)
existing

2080 130.0 (saturated)
Rock 1925 120.0

b Equipment Loads

C

The loads from operating machinery are determined following computational
procedures prescribed in EM 1110-2-2703, “Lock Gates and Operating
Equipment”. Operating loads and support structures consider gates
movement through water, self weight, stall loads, closure against obstacles,
and wave and surge effects of water on gates.

Operating loads for valves include self weight and friction from wheels and
rollers.

Loads from ship positioning equipment is described in Section 5.2.4.8.4 f.

Hydrostatic Loads

Lateral and Uplift Hydrostatic Forces

Lateral and uplift hydrostatic forces on the structure are determined
according to the pool levels in the given load case. Uplift forces on the
structure base are in accordance with EM 1110-2-2602. Concrete
internal hydrostatic pore pressure is also in accordance with EM 1110-2-
2602. Note that this applies to the RCC, GRF and the conventional
concrete. However, for the GRF, internal planes will also be checked for
internal hydrostatic pore pressures varying linearly from 100% of the head
on the high water side to 100% of the head on the low water side. The
results of these analyses will be compared to extreme load case
allowable valves.

Saturation Level of Soil Behind Lock Wall

The saturation level of the soil behind the wall will be determined for
Normal, Seismic, and Maintenance Conditions:

d Lateral Earth Loads

Lateral earth pressures on the structure are calculated in accordance with EM
1110-2-2502. At-rest lateral earth pressures are used.
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e Vessel Load

Impact loads for the lock and entrance walls are established from the ship
impact study. The impact energies were calculated based on the ship weight,
velocity and angle of approach. The results are presented in the ship
collision study section.

f  Ship Positioning System Loads

The vertical and lateral loads for the new the ship positioning system is based the
current requirement of a 203 000 t ship and scaling the loads for the current ship
positioning system and ship size. For the current 140 000 t ship, the locomotive
weight is 490 kN and the total line pull is 312 kN. The resultant lateral and
vertical loads that shall be considered in the stability analysis of the lock and
entrance walls are:

o | ateral force: 0.486 MN / Winch
o Vertical force: 1.530 MN
g Wind Load

Wind loads are usually small in comparison to other forces which act on civil
works structures, and shall not be considered in the preliminary lock and
entrance wall monolith design

h Construction Load

A uniform load equal to 9.58 kPa shall be applied to the tops of the monoliths for the
construction load case.

i Debris and Ice Loads
Not Applicable
i  Wave Hindcasting

The wave field develops over time, and is dependent on the water depth,
fetch geometry, air-water temperature difference and the strength and
duration of the wind. The wave height and period can be hindcast if these
variables are known or estimated.

k Seismic Loads

The following table provides the design seismic coefficients and velocities that shall be in the
seismic stability analyses and design of the lock and entrance wall monoliths. The values
provided are to be used for both yielding and non-yielding backfill conditions. The OBE values
will be provided by the Seismic Analysis Team (SAT), ERDC, COE when the United States
Geologic Survey (USGS) study is completed for the Gatun area. For the preliminary design and
stability analyses, the vertical acceleration and vertical seismic coefficient kv shall be assumed
equal to zero. Normally, vertical accelerations are considered in seismic stability evaluations.
However, since simplified conservative engineering procedures will be used in the preliminary
analyses, vertical accelerations do not be included in these preliminary calculations. When the
seismic engineering evaluations proceed to the final design stage, more sophisticated modal
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response- or time history-based engineering procedures will be used to assess the potential for
damage to the lock features. In addition, when the USGS site-specific earthquake hazard
results become available, vertical accelerations shall be recommended for the final design and

stability analyses.

Table A-5-4 Design Seismic Coefficients and Velocities

Seismic Coefficient k;,

OBE 0.140

MDE 0.313

Acceleration Coefficient

Acceleration coefficients will be determined for the operating basis
earthquake (OBE) and maximum design earthquake (MDE) in
accordance with new guidelines for the earthquake design and evaluation
for civil works projects (ER1110-2-1806) using the information in the
seismic studies provided by the ACP. Under the level of the OBE ground
motion, the structure is expected to remain functional with little or no
damage, and without interruption of function. The maximum design
earthquake (MDE) is the maximum level of the ground motion for which a
structure is designed or evaluated. The associated performance
requirement is that the project performs without catastrophic failure,
although severe damage or economic loss may be tolerated: For critical
features, the MDE shall be the same as the maximum credible
earthquake (MCE). For all other features, the MDE shall be selected as a
lesser earthquake than the MCE that provides economic designs meeting
appropriate safety standards.

Inertia Forces

The magnitude of the inertia forces is the product of the structural mass
and seismic coefficient. In accordance with EM 1110-2-2200, the
following formula is used to compute the inertia force for the structure:

Pe= o W
where P. = horizontal or vertical force
o = seismic coefficient
and W = weight of structure

The resultant forces are assumed to act at their respective centers of
gravity.
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iii. Static Earth Pressure

In the seismic load cases, the static earth pressure may be calculated in
accordance with the General Wedge Method in EM 1110-2-2502, using a
strength mobilization factor (SMF). The SMF used shall be as follows:

OBE Condition 1/1.7
MCE Condition 1/1.3
I Dynamic Earth Pressure

The dynamic earth pressure may be calculated in accordance with the
General Wedge Method in EM 1110-2-2502, using an SMF as shown above.

m Hydrodynamic Forces

Hydrodynamic forces are determined using the Westergaard formula as given
in EM 1110-2-2200.

n Sloshing Effect

Sloshing effects are determined and applied by the Housner’'s method as
cited in a paper by Epstein (1976).

o Thermal Loads

A nonlinear, incremental structural analysis (NISA) is beyond the scope of
work.

5.2.4.7.5. Site Condition

A stability analysis typically requires the following information: the potential
planes of weakness beneath the structure (deep-seated sliding), the strength
of the materials along potential planes of weakness, uplift forces that occur at
the foundation or within the structure, the backfill material properties, and all
loads and load conditions to which the structure may be subjected. Geologic
information is important in defining seepage conditions and uplift pressures
within the foundation rock mass. The stability safety factors shall be applied
for the case where the soil and rock properties are well defined. The reasons
for this decision is as follows:

* Available records of construction, operation, and maintenance are
available for Gatun Locks.

e Foundation strengths will be established with a high level of
confidence.

* The governing load conditions can be established with a high level of
confidence.

o Uplift pressures will be controlled with a planned seepage cutoff wall.

The material properties that shall be used for the rock, soil and engineering
backfill are provided in the geotechnical section of the report.
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5.2.4.8. Stability Safety Factors And Criteria

The lock walls and a portion of the entrance walls are to be considered as critical
structures; the outer reaches of the entrance walls that may displace laterally a
significant amount during an earthquake and only temporarily disrupt navigation are
to be considered normal structures. The definition of critical structure for the
preliminary design of the typical lock and entrance wall monoliths is that the failure
(greater than no lateral displacement or a small pre-selected lateral displacement) of
any of these monoliths during an earthquake would prevent the use of the Third Lane
for an extended period of time and would result in severe economic loss. The
definition of normal structure is that the failure (large displacement) of any of these
monoliths during an earthquake would only temporarily disrupt the use of the Third
Lane and the economic impact would be minor. The safety factors provided in these
standards are based on the assumption that for critical and normal structures, the
strength of the materials of the foundation and structures has been conservatively
established through explorations and testing. The monoliths are checked for global
stability and internal stability. For global stability, the requirements of EM 1110-2-
2100 are used. For internal stability, sliding stability must be assessed on selected
surfaces within the structure in accordance with the methods presented in EM 1110-
2-2200

5.2.4.8.1. Sliding Factor of Safety

A factor of safety is required in sliding analyses to provide a suitable margin of
safety between the loads that can cause instability and the strength of the
materials along potential failure planes that can be mobilized to prevent
instability. The factor of safety for sliding is defined by the following equation:

pg, = N fangtc-L ™)
T
where N' = effective force acting normal to the sliding failure plane under the
structural wedge,
¢ = angle of internal friction of the foundation material under the
structural wedge,
¢ = cohesive strength of the foundation material under the structural
wedge,
L = length (effective base) of the structural wedge in contact with the
foundation
and T = shear force acting parallel to the base of the structural wedge.

The required factors of safety for sliding stability for the critical structures are:

- Usual Load Condition; 1.7
- Unusual Load Condition: 1.3
- Extreme Load Condition 1.1
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5.2.4.8.2. Overturning Stability — Limits on Resultant Location Xz

Overturning stability is evaluated by determining the location of the resultant of all
applied forces (including uplift) with respect to the potential failure plane. This
location can be determined through static equilibrium analysis. Limits on the
location of the resultant are provided in the following table and are applicable for
both normal and critical structures. The entire base must be in compression for
the usual load condition, to maintain full contact between the structure and the
foundation, so there is no chance for higher uplift pressures to develop in a
crack. This helps ensure linear behavior for common loading conditions. For the
unusual load case, higher uplift pressures may develop in a relatively short crack,
but this would cause only minor nonlinear behavior. For extreme load conditions
on typical civil works projects, a shear or bearing failure will occur before
overturning could occur. Therefore, the resultant is permitted to be anywhere
within the base, and safety is ensured by the safety factor requirements for
sliding and by the limits on allowable bearing stresses.

Table A-5-5 Limits on Resultant Location

Usual Unusual Extreme

100% of Base 75% of Base in | Resultant
in Compression | Compression Within Base

The equation for determining the resultant location X of the effective normal
force N'is

¥ (Mg -M,
Xg = 208 ~Mo) @

where Mg = the resisting moment, MN-m/m,
and Mo = the overturning moment, MN-m/m.
5.2.4.8.3. Uplift Effects on the Resultant Location

The resultant location X is dependent on the uplift force due to hydrostatic
pressure acting on the base of the monolith. The uplift pressure acting on the
base will be assumed a straight-line distribution for a base in 100 percent
compression (Xg is within the middle third of the base [kern]). The water pressure
at the toe of a monolith will be equal to the chamber pool pressure head; the
water pressure at the heel will be-equal to the ground water pressure head. For
the case where Xy is outside the kern, a crack will form at the heel of the
monolith and the water pressure in the crack region is assumed to equal the
pressure head at the heel. As a result, the uplift force increases in proportion to
the width of the base not in compression. The effective base in compression and
the uplift may be solved for simultaneously using a closed-form solution. The
closed-form solution for the effective base in compression B, is a function of the
overturning and resisting moments, uplift pressures at the toe and heel and the
resultant effective vertical load. The effective base in compression is calculated
using the equation
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B.. = 3'(ZMR _ZMO ~Pw 'B/2) (3)
e =
: 2Fy —py B
where Fg= the vertical force, MN/m,

and p, = the water pressure at the heel of the monolith, kPa.

If Bog is greater than or equal to the monolith base width B, then B.q is equal to B.
Once B, is established, the uplift force and overturning moment due to
hydrostatic uplift pressure may be calculated and the resultant location and
stability analyses may be completed.

5.2.4.8.4. Allowable Bearing Capacity

The allowable bearing capacity value is defined as the maximum pressure that
can be permitted on the soil or rock giving consideration to all pertinent factors
with adequate safety against rupture of the soil or rock mass, or movement of the
foundation of such magnitude that the structure is impaired. Bearing failure is
related to the relative compressibility of the foundation materials, the loading
conditions, the geometry of the structure base, and the strength of the foundation
and concrete at the structure-foundation interface. Bearing capacity may be
related to the shear capacity of the foundation materials or to the deformability of
the foundation. Information on foundation bearing analysis can be found in EM
1110-1-1905 for soils, and EM 1110-1-2908 for rock. Safety against bearing
failure is generally expressed in terms of an allowable compressive stress for
concrete and an allowable bearing capacity for foundation materials. These
allowable values include an adjustment that represents a factor of safety. The
allowable compressive stress and allowable bearing capacity values are
established by testing performed by materials engineers and geotechnical
engineers. The allowable compressive stress and bearing capacity values
established for usual load conditions can be increased for the unusual and
extreme load conditions. A 15% increase is permitted for unusual loading
conditions and a 50% increase is permitted for extreme loading conditions.

The following equations provide the peak base bearing pressure for the resultant
location Xg located within the middle third of the base

Qmax,min = (%’) . (l + égc—) 4)
and outside the middle third of the base
4 N .
Qmax-‘-[gj'[B_z.eJ ()
where e = the distance of the resultant location X from the base
centerline, m,
and B = base width, m.
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5.2.4.8.5. Seismic Stability

The seismic coefficient method will be used to evaluate the preliminary design
and stability of the lock and entrance walls subjected to earthquake ground
motions. The preliminary seismic design of the lock and entrance walls shall
follow the recommendations of ITL-92-11, The Seismic Design of Waterfront
Retaining Structures, February 1992. In order to achieve economy of design,
small displacements of the structures will be established to permit the use of
active earth pressure coefficients during an earthquake loading.

5.2.4.9. Static And Dynamic Force Computations

The magnitude of the static and dynamic earth pressures acting on a wall is
dependent on the amount of lateral and/or rotation movement of the wall during
loading. The interdependence between wall deformation and the static and dynamic
earth pressure forces acting on a wall is well established and the Table A-5-6
provides the wall movement required for active or passive earth pressures to be
mobilized for various densities of cohesionless material.

The term “yielding backfill” will be used for walls that undergoing sufficient
displacement to permit active or passive soil pressure to be mobilized. The term
“non-yielding backfill” will be used for walls that are not permitted to displace or their
displacement is insufficient for active or passive soil pressure to be mobilized. For
the non-yielding backfill condition, at-rest soil pressures will be used. For the case of
yielding backfill, active or passive soil pressure will be used.

Table A-5-6 provides guidance to the type of earth pressure analysis that will be
conducted for yielding and non-yielding backfill for the cases of both static and
earthquake loads.

5.2.49.1. Static Active Earth Pressure and Force

The lock and entrance walls shall be designed using conservative criteria. The
monoliths will be stiff, monolithic structures. In addition, they will be founded
predominantly on rock or possibly on drilled shafts for deep soil deposits. As a
result, the monoliths that will not yield sufficiently to develop active pressures
since the shear strength of the soil is not fully mobilized. However, for an
earthquake, the monoliths may be designed for a predetermined movement, due
to sliding along the monolith-rock interface or displacement of the monoliths
founded on drilled shafts. For this case, the predetermined movement should
exceed the movement required for the minimum active earth pressure to
mobilize. The amount of movement required is dependent on the height of the
backfill retained by a monolith. For active earth pressure computation, Coulomb's
equation will be used.
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Table A-5-6 Approximate Magnitudes of Wall Movement for Active/Passive
Pressure Condition to Mobilize (From Clough & Duncan, 1991)

Values of Y/H'
Type of Backdil Active Pressure Passive
Pressure
Dense Sand 0.001 0.01
Medium-Dense Sand 0.002 0.02
Loose Sand 0.004 0.04

' Y is equal to the amount of lateral and or tilting movement of
the wall at the soil surface elevation to reach a minimum active
or maximum passive pressure.

H is equal to the height of the retained soil.

Table A-5-7 Stability Analysis Guidance for Static and Seismic Cases.

Load Case
Static Seismic
_ 1. At-Rest Soil Pressure:
1. AtRest Sol I’Dressu]:e. * Use Jaky’s eq. for level backfill
backf.illuse Jaky's Eq. for level * Use the Danish Code Eq. for sioped
Backfill Non- Use the Danish Eq. f backfill
Yielding sene Lanish kq.tor ) 5 Downdrag — account for backfill
sloped backfill
2 D ) ‘ settlement
. Downdrag - account for N
backfill settlement 3. Lateral Seismic Force
Use Wood’s simplified procedure
1. Active Soil Pressure
. Use Coulomb’s Eq. with angle of
interface friction
2. Lateral Seismic Force
Yielding 1. Active Soil Pressure: a. Use one of the following:
Backfill _* Use Coulomb’s Eq. +  Horizontal seismic coefficients
with angle of interface friction | yajues provided for OBE and MDE
. Displacement Controlled Approach
— seismic coefficient based upon allowable
permanent horizontal wall displacement.
b. Use Mononobe-Okabe Eqg.
Hydrostatic . .
Forces 1. Assume Static Pressure 1. Assume Static Pressure
Hydrodynamic ,
Forces m———— 1. Use Westergard's Eq.
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K = cosz(¢—0) (6)

A 2
cos28- cos(@ + J) .[1 +\/ sin(¢ + J) - sin(g - f) :l
cos(d +6) - cos(B - 6)

where ¢ = soil internal friction parameter,
6 = angle of interface friction,

and B = top surface slope angle, positive when slope is upward when
moving away from the structure.

The active earth pressure force Py is computed using the following equation and
is oriented at an angle 6 to the normal along the back of the wall at a height equal
to H/3 above the heel for soil without the presence of groundwater (Figure A-5-1);

1
P, =P, co{5+6) (8)

Pyy =Py Sin(8+6) 9)

where vy moist or saturated soil density, kg/m®,

1}

gs = acceleration due to gravity, 9.80665 m/s?,

and H

height moist or saturated backfill.
5.2.4.9.2. Surcharge Loadings

To approximate the additional lateral earth pressure on a wall due to surface
loading such as strip loads, line loads, and ramp loads, use the elastic solutions
provided in ITL-92-11, p. 45-46. For uniform surcharge loading, apply an effective
vertical soil pressure equal to the magnitude of the surcharge.

Figure A-5-1 Coulomb active earth pressure for inclined backfills and walls.
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5.2.4.9.3. Static At-Rest Pressure

Jaky’s equation and the Danish Code equation will be used to calculate the at
rest pressure coefficient K, for both the driving side and resisting side of the
backfill. For horizontal and sloped backfill, the following equation may be used,

respectively:
_|1-sind 10
| (t-sing)-(1+sinp) (10)

The at-rest earth pressure force P, is computed using the following equation at a
height equal to H/3 above the heel for soil without the presence of a water table
(Figure A-5-1):

1

5 oygSIHz e (11_)

5.2.4.9.4. Groundwater within Backfill — Static Case

For the case where groundwater is within the retained backfill,-the soil is
partitioned into two zones — moist or saturated soil above the water table and the
submerged soil. The followmg equation provides the total soil force exerted on
the wall (Figure A-5- 2)

P +P +P ,
P= Lx. h ‘. . IK( ) 2 (12)
VEg P TRT gSI b sty ~Q/S'at—y\.)v “Bsr s
where K = KjorK,,
Ysat = moist or saturated soil density, kg/m?,
hm = height moist or saturated backfill, m,
and hs = height moist or saturated backfill, m.
The resultant location of the total soil earth force is:
CKoygg b th + Kygg b n2+[ LK g b2
. s g1 4250 s e ™ Vsat " Tw/ 81 (13)

P

The equations are valid for the static at-rest and active so:l loading conditions.
For more lnformat|on refer to Draft EM 1110-2-2100 and ITL-91-11.
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Figure A-5-2 Horizontal earth pressure and force diagram for groundwater case.

5.2.4.9.5. Seismic Active Earth Force

The Mononobe-Okabe theory is an extension of Coulomb’s theory of static active
and passive earth pressures and includes the effects of dynamic earth pressures
on earth retaining structures. The theory accounts for the effects of vertical and
horizontal earthquake motion through the use of vertical and horizontal
acceleration coefficients - ky and ks, respectively. The inertial forces of the
vertical and horizontal ground accelerations (opposite in direction of the ground
motion direction) are equal to k,W and k,'W, respectively, were W is the weight
of the structure

The Mononobe-Okabe theory provides both the static and dynamic earth forces.
The Mononobe-Okabe equation for dynamic earth force of backfill without the
presence of groundwater is

_1 -k ).-H2
PAE—?KAE-}"(I k )-H (14)

and acts at an angle & from the normal to the back of the wall of ground height H.
The back the wall may be sloped an angle of 6 from a vertical plane, as shown in
Figure A-5-1. The resultant forces in the x-y plane are provided by equations 4
and 5. The equation for the dynamic earth pressure coefficient is

cos2(p—y—6) (15)

2
[sin(¢ + ) sin(@—y— B)
Vcos(5+y/+ 8)-cos(S—6)

KAE=

cosy/-cosza-cos(y/+€+5)-[l+
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Figure A-5-3 Seismic wedge and force.

and the seismic inertial angle is equal to

k
-1 h
=t . 16
¥ =tan L } (16)

The earth pressure force PAE provides both the dynamic active earth pressure
force and the static earth pressure force. As a result, PAE is equal to
P g =P, +AP (17)

A AE

The resultant location of APae is 0.6-H, where H is the total height of the backfill.
The resultant location of Pxg is

Py, +APAE-(O.6~H) (18)
AE ™ P
AE

Y

5.2.4.9.6. Displacement Controlled Method

For the displacement controlled method, pre-selected wall movements are used
in the seismic stability analysis of an earth retaining structure. The seismic
coefficient k;, is calculated from the pre-selected lateral displacement d, for the
monolith. Once the seismic coefficient is established, the stability of the monolith
is calculated using the Mononobe-Okabe equations. A factor of safety is based
on the lateral displacement selected for the structure versus the predicted
displacement; the factor of safety is not based on the ratio of the structure’s
shear capacity and the resultant shear force. The maximum transmissible
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acceleration N* that may be applied to the structure by the earthquake ground
motion is used to estimate the seismic coefficient k,. The maximum
transmissible ratio is provided by the equation

d (A-g
N*=A- 0.66——-1—‘ln L_) (19)
94 v2
where A-g = base acceleration, in/sec? (equation is derived using U.S.
customary units),
V = Dbase velocity , in/s,
d. = the pre-selected displacement, in,
and g = acceleration due to gravity, 386 in/s’.

The factor of safety for sliding FSg is used to calculate a new maximum
transmissible ratio N*e, using the equation

N*new = l:SS N*old (20)

The new value for the maximum transmissible ratio N* ., is used to calculate a
new lateral displacement value for the monolith using the equation

*

—-9.4.DEW

{495-\12} [ A
= -exp

r-new | (A-g)

21)

The new value is substituted into equation 15 to calculate a new estimate for
maximum transmissible ratio N* and the process is repeated until d, converges.

52.4.9.7. Groundwater Within the Backfill - Seismic Case

For the preliminary design and stability analyses of the lock and entrance walls,
the assumption shall be made that the pore water pressure does not change
during an earthquake and that an excess pore water condition does not exist.
The seismic angle to be used for partially submerged backfill is

-k
'//e1=tan—1{7° h} (22)
"
where Yo = (Ysat-Yw)
2 2
h h
and N 1] (23)
ye_(hJ n+* ! [hJ Ysat

Equation 16 should be substituted into equation 11 for the case of a partially
submerged backfill (Figure A-5-4)
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5.2.4.9.8. Seismic At-Rest Earth Force

A monolith that is massive and stiff does not move (rotational and/or lateral) a
sufficient amount for the shear strength of the backfill to fully mobilize. As a
result, the earth pressures are at the at-rest condition. For the seismic case,
Wood’s equation shall be used to calculate the seismic at-rest earth force. The
equation is

Fer = kny'H? (24)

where Y = v¥n, Ysat OF e (depending on the presence of groundwater), kg/m?,
and H

total height of the backfill, m.

The resultant force acts at a height equal to 0.63-H above the back of the wall.
Equation 20 does not account foe the static at-rest earth force. The at-rest earth
force must be applied to the structure in the stability analysis in addition to the
seismic at-rest earth force.

5.2.4.9.9. Structural Inertial Force

The inertial force for the lock and entrance wall monoliths is provided by the
equation:

F=kyW. (25)

The inertial force is assumed to act in a horizontal direction at the center of mass
of the structure, and in the opposite direction of the ground motion.

5.2.4.9.10. Hydrodynamic Water Pressure

Water that is above the ground surface and adjacent to a structure will increase
the inertial forces that the structure will experience during an earthquake. As the
structure is displaced during an earthquake, it moves through the surrounding
water. This movement causes hydrodynamic forces to occur on the structure.

Figure A-5-4 Effective unit weight for partially submerged backfills
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The water inside (culvert) and surrounding the structure (lock chamber and water
saving basin) is a source of hydrodynamic forces. The hydrodynamic force of the
water during an earthquake shall be calculated using the following Westergaard

formula:

PE = (7/12) kn Y Gs: h (26)
where PE = hydrodynamic force per unit length,
and h = rdepth of water in culvert, lock chamber and/or stilling basin.

The hydrodynamic force can either increase or decrease the water force and is
added to or subtracted from the static water pressure force to get the total water
force on the structure. The hydrodynamic force acts in the opposite direction of
the earthquake ground motion. The line of action for the force PE is 0.4 h above
the ground surface.

5.2.4.10. Spreadsheet Calculations

Spreadsheet calculations demonstrating the use of the equations in calculating
static and dynamic earth forces and water forces and conducting the stability
analyses with respect to sliding, overturning and bearing are provided in
Appendix A. Two examples are provided. The first provides the seismic stability
analysis for a non-yielding structure. The second provides a seismic stability
analysis for a yielding structure undergoing a predetermined lateral
displacement.

5.2.4.11.Rock/Soil Anchors:
5.2.4.11.1. Rock and Soil Anchors

Tie-backs will be designed according to the recommendations of the Post
Tensioning Institute, “Recommendations for Prestressed Rock and Soil Anchors,
1996".

5.2.4.11.2. Cement Grout for Bond Zone:

Cement: Cement grout shall be made from either Type I, i1, IlIl, or V Portiand
cement conforming to ASTM C 150 specification.

Grout Mix Design: A neat cement grout made with a w/c ratio of 0.4 to 0.45 by
weight and Type | cement.

5.2.4.11.3. Bond:

Length: The bond length is not less than 4.6 m for ASTM A 416M strand and 3.0
m for ASTM A722M Type Il bars.

Ultimate Bond Stress: The ultimate bond stress between the rock and the
anchor grout can be approximated by using the value of 10% of the unconfined
compressive strength of the rock, up to a maximum value of 3.1MPa.
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5.2.4.11.4. Free Stressing Length:

The free stressing length for rock and soil anchors shall not be less than 4.6 m
for strand tendons and 3 m for bar tendons. The minimum stressing length
recommended is to prevent significant subsequent reductions in transfer load
due to seating losses. Since wedges on epoxy coated strand cannot be
powerseated and must bite through the epoxy coating, they have significantly
higher seating losses than wedges on bare strand.

5.2.4.11.5. Anchor Spacing in Bond Length:

Center-to-center spacing between bond lengths shall be at least 4 times their
nominal diameter and normally should be greater than 1.2 m. The intent of the
minimum separation of bond length is to prevent both anchor interaction and
intersection due to drilling deviations.

5.2.4.11.6. Drill Hole Diameter:

The drill hole diameter for multiple-element tendons shall be large enough so that
the area of prestressing strand within the drill hole does not exceed 15% of the
total area of the hole. The drill hole shall be sized to provide a minimum of 13
mm grout cover over the tendon. For bar anchors, the grout cover requirement
only governs.

5.2.4.11.7. Dirilling:

The drill bit or casing crown shall not be less than 3 mm smaller than the
specified hole diameter.

5.2.4.11.8. Hole Alignment and Tolerances:

The anchor hole may be located within 300 mm (either direction) of its plan
location. The deviation of the hole's entry angle from its specified inclination shall
be no more than +3 degrees.

5.2.5. Water Saving Basin Walls, and Entrance Walls

5.2.5.1. Introduction

A multidisciplinary seismic analysis team of Corps of Engineers (COE) technical
personnel was assembled to specify appropriate values of seismic coefficients for
the Atlantic Third Lane Locks and appurtenant structures, and to provide technical
assistance in the concept design of the lock walls, entrance walls, and WSB walls.
The seismic analysis team consists of Robert M. Ebeling, Robert L. Hall, Enrique E.
Matheu, and Donald E. Yule, Engineering Research and Development Center
(ERDC).

In preparing these recommendations the team reviewed the state-of-the-knowledge
regarding the seismic hazard for Panama and more specifically the Gatun Lock
vicinity, the recent seismic evaluation studies of the Canal’s existing structures, and
the proposed structural performance goals. Additionally, as a frame of reference,
COE policy was assumed as the model basis for these initial recommendations.
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5.2.5.2. Review of Seismic Hazard for Panama

There are two efforts that have significantly contributed to the state-of-the-knowledge
of regional seismicity of the Republic of Panama. These are studies performed by
the U.S. Geological Survey (USGS) for support of the analysis of existing Panama
Canal structures and regional seismic hazard studies performed jointly by the
University of Panama and the Research Council of Norway (NORSAR) in support of
national seismic hazard mitigation initiatives. These studies are cited in the
Reference section.

5.2.5.2.1. Background

The general seismic setting for the region that includes the Republic of Panama
is a moderately active seismic region controlled by the close proximity to a
complicated set of tectonic plate boundaries. Panama, itself, is located on the
Panama Block microplate surrounded by four major plates which are in the
process of accommodating their relative individual driving forces and resulting
deformations. It is interesting to note that one of the reasons supporting
selection of the canal's location was the region’s apparent a-seismicity. Current
technical opinion now recognizes Panama as a more seismically active region.
Although, recent seismicity is concentrated on the borders with Costa Rica and
Columbia there is evidence for consideration of seismicity closer to the canal
based on a significant historical earthquake in 1882 offshore, northeast of Colon,
with a 7.7 estimated magnitude. This earthquake is associated with the North
Panama Deformed Belt (NPDB) seismotectonic province that parallels the
Caribbean coast, offshore of Panama (Camacho et al, 1994). The recent 1991
Limon earthquake offshore of Costa Rica, with a 7.5 magnitude, represents a
significant earthquake associated with the NPDB that demonstrates this source’s
seismic capacity. Therefore, considering the current state-of-knowledge of the
region’s seismic setting and historical and instrumental seismic data, credible
and significant seismic hazards should be considered in any engineering design.

5.2.5.2.2. Regional Seismic Hazard Studies

There has been considerable effort to develop seismic hazard maps for the
region. These regional studies have culminated in the ‘NORSAR'’ probabilistic
seismic hazard curves for selected major cities and national maps of peak
ground accelerations (PGA) for a suite of return periods (Rojas et al, 1993,
Camacho et al, 1994). The resuits of these studies are presented in Table A-5-8
and Figure A-5-5 for Colon, Panama, which is near the Gatun site. The table and
accompanying figure also compare the Colon PGA hazard curve with the
Maximum Credible Earthquake (MCE) determined by the USGS for the Gatun
vicinity from source #1. The MCE is discussed in the next Section. The
comparison of the return periods for the MCE level PGA is also shown for these
two studies. For example, a PGA for a return period of 1,000 years is 0.232g
from NORSAR hazard curve. If we extrapolate the median MCE PGA of 0.313g
on this hazard curve it corresponds to a 2,700-year return period.

5.2.5.2.3. Site-Specific Seismic Hazard for Gatun Dam and Vicinity

In support of the seismic stability analysis of Gatun Lock and Dam the ACP
contracted the USGS to conduct seismic hazard assessment studies and then
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develop earthquake ground motions for design (Schweig et al, 1998; Joyner,
1998). This effort continues in that currently the USGS is developing equal
hazard spectra for use in analysis of the existing Canal structures to augment
their deterministic results and the probabilistic PGA maps developed by
NORSAR.

The USGS study presented three earthquake sources that comprise the seismic
hazard for the Gatun vicinity (Schweig, 1998). Source #1, associated with the
NPDB, was determined to be the most critical for seismic safety analysis. This
source provided an MCE event with a magnitude 7.7 at a closest distance of 35
km with an estimate of recurrence from 330 to 1,000 years. This recurrence
estimate is based on assigning a slip rate from a general relationship between
earthquake magnitude and slip and then using the convergence rate of the
regional plates to arrive at a recurrence interval. The other zones were less well
constrained with one zone having an estimated recurrence of 10,000 — 20,000
years and the third source was derived from some evidence that small
earthquakes (magnitude 5 to 6) were possible within 2 km of the site. This study
was reviewed during the 8" Meeting of the Geotechnical Advisory Board (GAB),
which recommended use of a MCE from source #1, and to investigate in a
probabilistic context consideration of earthquakes from sources #2 and #3.
Based on these peer-reviewed seismic sources, the USGS developed design
ground motions for an MCE for source #1 (Joyner, 1999), with resulting mean
and mean plus one standard deviation PGA values of 0.313g and 0.544g. The
design ground motions are further discussed in the next section.

It appears that comparison of the USGS deterministically derived design ground
motions and the NORSAR probabilistic derived hazard maps produce
inconsistent hazard estimates. However, some very important points must be
considered. Both approaches recognize a maximum magnitude of 7.7 for the
sources. However, the NORSAR probabilistic hazard estimate shows the
seismic hazard to be higher on the west and east boundaries of Panama. This is
a result of the current earthquake catalog that shows increased seismicity in
these two areas with respect to central Panama. Also, their seismic source
zonation for Panama provides for a single zone with a resultant uniform hazard
for a region that contains the Canal. The MCE deterministic scenario approach
used for the analysis of the existing Gatun Locks recognizes the continuity of the
structural geologic setting which places the seismic source capability evidenced
by recent seismicity, the magnitude 7.5 Limon Earthquake at the western end of
the NPDB to be possible along the entire length of this structure. This geologic-
based source continuity and seismic capacity of the NPDB is further supported
by the magnitude 7.7 1882 earthquake located near the midpoint of this
structure. The deterministic approach considered the reasonable upper bound
hazard at the closest distance, whereas the probabilistic approach is based on
regionally convolved recent patterns of seismicity and provides a mean estimate
of the seismic hazard. To keep these hazard estimates in the right perspective,
one should note that the ground motion attenuation relationship used for these
studies contains a factor of two for one standard deviation from the mean
estimate, which provides some measure of the uncertainty in the results.
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5.2.5.3. Previous Seismic Evaluation Studies for Existing Canal Structures

The increased concerns about the seismicity of the region motivated the initiation of
a comprehensive evaiuation of the Gatun Dam, Spillway and Locks to investigate the
response of these structures under seismic loading. Initial efforts focused on the
Gatun Dam System, aimed to control the water of the Chagres, Trinidad, and Gatun
Rivers to form the Gatun Lake. This lake serves a most critical function since it
provides all the water needed for operations of the Panama Canal. Additional
seismic evaluation studies were also performed for the Madden Dam, a 223-ft high
concrete gravity dam located 19.3 km upstream from the Panama Canal on the
Chagres River, and the Miraflores Spillway, near the Pacific end of the Canal.

Technical personnel of the Geotechnical Branch of the Panama Canal Authority
carried out the seismic evaluation studies, which were initially focused on the Gatun
concrete spillway. Dr. Robert L. Hall (ERDC-GSL) provided overall technical
assistance for this effort. Prof. Anil K. Chopra (University of California, Berkeley)
was part of the review process, which included a meeting in January 1999 at the
Waterways Experiment Station with participation of technical staff from Panama.
The preliminary evaluation studies were completed in June 2000 in the form of a
series of technical reports (Abrego and DePuy, 2000; Abrego, 2000a; Abrego,
2000b). A general review meeting was held in July 2001 at the University of
California, Berkeley, and in addition to Prof. Chopra and Dr. Hall, the ad-hoc review
team included Dr. Yusof Ghanaat (Quest Structures), and Dr. Enrique Matheu and
Mr. Don Yule (ERDC-GSL).

As presented in the previous section, the earthquake source zones capable of
affecting the Gatun Dam System were discussed at the 8" Meeting of the
Geotechnical Advisory Board in July 1998. The Geotechnical Advisory Board
consisted of the following members: Drs. James M. Duncan, Robert L. Schuster,
Norbert R. Morgenstern, Robert L. Wesson and William F. Marcuson 1li. The Board
anticipated that the analyses would be dominated by ground motions associated with
source #1, corresponding to a magnitude 7.7 at a distance of 35 km with a
recurrence interval of 330~1,000 years. The final definition of the seismic loading
used for the seismic evaluation studies was based on the recommendations from Dr.
William B. Joyner (Joyner, 1999). The design ground motion was selected based on
data from the 1985 Chile earthquake, and mean and mean plus one standard
deviation values of 0.313g and 0.544g were recommended, respectively, for the
peak ground acceleration (PGA). These were specified as rock motions. These
values were reviewed and accepted by the Geotechnical Advisory Board during the
9™ Meeting in September 1999. The Board also accepted the Pichilemu record
(1985 Chile earthquake) suggested by Joyner to be used as input in the seismic
evaluations. The Board, however, suggested the additional inclusion of the Siquirres
record (1991 Limon, Costa Rica, earthquake) among the records used in the
analyses. The records were scaled to a PGA level of 0.544g, which corresponds to
the mean plus one standard deviation value and it is representative of the MCE.

Seismic stability analyses were carried out to evaluate the dynamic performance of
the Gatun concrete spillway using a simplified procedure for the monolith section,
and a finite element procedure for the analysis of the piers. The simplified procedure
used for these studies yields lateral forces associated with the fundamental vibration
mode of the monoliths, according to the methodology described in the WES
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Technical Report SL-89-4. The finite element analyses were carried out using the
finite-element software SAP2000.

Core samples were obtained to characterize the material properties of the concrete
for both Gatun and Miraflores Spillways. No concrete material testing was performed
for the Madden Dam and existing information was used to estimate the values of the
corresponding material parameters. Available results from extensive previous
studies performed by the technical personnel from the Waterways Experiment
Station were used to determine some of the foundation parameters for the evaluation
of the Gatun Spillway (Yule 1996).

The dynamic stresses computed for the Gatun Spillway were below the dynamic
tensile strength of the concrete, and therefore it was concluded that the main cross-
section of the spillway has sufficient capacity to withstand the design ground
motions. Global stability analyses (overturning and sliding) were also performed
using the traditional pseudo-static approach based on a seismic coefficient value of
1/3 of the PGA. In the analysis a range of conditions was assumed to represent the
shear strength characteristics of the interface between the concrete section and the
foundation. In addition, sliding block analyses were also performed to estimate the
magnitude of the resulting displacement. The results indicated that the spillway is
structurally stable against overturning and sliding along the base.

The seismic analyses performed for spillway and non-overflow sections of the
Madden Dam revealed stresses below the estimated tensile strength of the concrete
material. It was concluded that the dam has sufficient capacity to withstand the
design ground motion at a 0.544g level, even under the conservative assumption of
a rigid foundation. Global stability analyses (overturning and sliding) were also
performed using the traditional pseudo-static approach based on a seismic
coefficient value of 1/3 of the PGA. For the condition in which no cohesion is
assumed at the dam-rock interface, the sliding safety factors are below the minimum
values required by Corps of Engineers guidance documents. However, it is noted
that, based on 10-year data, the level assumed for the Alajuela Lake was overly
conservative. Consideration of the normal operating conditions for this lake reveals
safety factors that are above the minimum threshold most of the time.

The conclusions for the stress analyses of the main section of the Miraflores Spillway
were similar to those for the Gatun case, and it was estimated that the spillway would
perform satisfactorily under the specified seismic loading. A global stability
evaluation was also performed following the same methodology used for the other
analyses. The results indicated that the spillway is structurally stable against
overturning and sliding along the base.

At its July 2001 meeting (University of California, Berkeley), the ad-hoc technical
review team agreed with the basic methodology used for the dynamic stress
analyses and the interpretation of their results. However, specific recommendations
were made towards the need to use a generalized (smooth) design spectrum for
further studies. These smooth spectra are developed from large data sets that are
analogous for specific seismic settings and provide more robustness in estimating
spectra. The review team indicated that there are several peer-reviewed earthquake
strong motion spectral attenuation relationships that could be used to generate these
spectra. In addition, since a site specific PGA had been already determined, it was
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suggested to use this design parameter to anchor the spectra developed from the
selected attenuation relationships. The review team also provided specific
recommendations regarding the global stability evaluations. In particular, it was
recommended that additional stability analyses should be carried out with an
increased value of seismic coefficient, equal to 2/3 of the PGA selected for the MCE.
This value should be used in the additional studies to be added to the other load
cases presented in the reports. It should be noted that no substantial change in the
nature of the conclusions was expected for this new load case if the stabilizing
effects provided by downstream structures such as aprons were included in the
calculations. Further studies were recommended to establish the dynamic
performance of the piers in both the Gatun and Miraflores Spillways.

5.2.5.4. Recommendations for preliminary seismic design of the new structures

The unprecedented criticality of the new lock system translates in the need for very
severe performance criteria under seismic loading. The current COE regulation (ER
1110-2-1806) establishes two levels of seismic loadings and corresponding
performance conditions: Maximum Design Earthquake (MDE) and Operating Basis
Earthquake (OBE). The MDE represents the maximum level of ground motion for
which a structure must be designed to perform without catastrophic failure, although
severe damage or economic loss may be tolerated. For critical features, the MDE is
set equal to the Maximum Credible Earthquake (MCE), defined as the greatest
earthquake that can be generated by a specific source. For all other features, the
MDE is typically selected as a lesser earthquake than the MCE; this provides more
economical designs and still meets appropriate safety standards. The OBE
represents an earthquake that can reasonably be expected to occur within the
service life of the structure, which is expected to exhibit littie or no damage, and no
operational interruption. Typically, critical projects are those whose failure during or
immediately following an earthquake could result in loss of life.

The new Panama locks will differ from the typical Corps of Engineers experience
with locks because it could be categorized as a critical project from an economic
point of view. Because of the exceptional circumstances around this project, loss of
operation for an extended period of time is economically equivalent to catastrophic
structural failure. Therefore, the MDE level of seismic demand should be set equal
to the corresponding MCE level for those project components and subsystems that
are essential for continuity of operation.

In addition, the unparallel importance of the new locks in Panama’s economic
structure reduces drastically the amount of damage that can be tolerated under
extreme seismic loading conditions. Any damage expected under these conditions
should not cause long-term loss of operation and should be rapidly repairable.
Damage levels severe enough to cause loss of operation for an extended or
indefinite period of time should not be accepted, even if the global structural integrity
is preserved. Therefore, any damage that is considered during the MDE event (that
for the critical structural/operational components of the project should be set equal to
the corresponding MCE level, as discussed before) should be carefully assessed for
its impact on impeding operations of the new lock system.

The seismic analysis team determined an appropriate value of the peak ground
acceleration (PGA) to be used in preliminary design and feasibility studies. Since the
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existing Gatun locks and other structural features have been recently subject of
seismic evaluation studies, it is reasonable to consider the use of the same ground
motions for the preliminary analyses associated with the concept design of the new
lock system. These ground motions for the Gatin site were based on a deterministic
approach for a MCE, as the Gatun locks constitute a critical structure. These ground
motions were developed by the USGS, with a MCE characterized by a magnitude
Mw = 7.7 at a distance d = 35 km. The corresponding PGA value considered for
these seismic evaluation studies is 0.544g, which represents a mean plus one
standard deviation level for the MCE event. The PGA value for the corresponding
mean value for this same earthquake and return period is 0.313g.

The team members are aware that the USGS will be under contract in the near
future to perform a probabilistic study that will enable developing equal hazard
spectra. This complete definition of the seismic ground motions is critical before
addressing a detailed structural design. The critical nature of the new Panama
Canal Locks, the information from past seismic studies, and the estimated return
period of 330~1,000 years (Schweig, 1998) would seem to support the use of the
0.544g mean plus one standard deviation. However, the estimate of the
corresponding return period based on previous studies by Camacho raises some
doubt about the use of a mean plus one standard deviation value. The adoption of
such a severe ground motion will require the use of detailed analysis procedures and
well-defined performance criteria. The Corps of Engineers guidance (ER 1110-2-
1806) allows for the selection of the mean ground motion for the MDE. Since
detailed performance criteria have not developed and the efforts required for detailed
analysis using refined numerical procedures would be excessive at this stage, this
team supports the use of a mean ground motion of 0.31g. This level of ground
motion can be used with simplified tools and assuming mostly elastic response of the
structure. The use of 0.31g mean values should be reevaluated when the resuits of
current and future seismic ground investigations are available.

The OBE conditions represent an earthquake that can reasonably be expected to
occur within the service life of the project, that is, with a 50-percent probability of
exceedence during the service life. This corresponds to a return period of 144 years
for a project with a service life of 100 years. For the new lock system, a service life
equal to 100 years is recommended. The team will recommend an OBE event
based on a service life of 100 years. A final estimate for the OBE can be determined
once the USGS probabilistic studies are concluded and their results are provided.
Until this study is complete, using the existing data, Camacho 1997 study, an
extrapolation of their seismic hazard curve to a return period of 144 yrs yields
approximately 0.14g's for a rock site.

As recommended for the preliminary stability evaluations of existing concrete
structures not in contact with earth, a seismic coefficient equal to 2/3 of the PGA
could be used for this type of concrete structures. However, in the case of earth
retaining structures that are allowed to experience some movement during the
earthquake, the displacement-controlled approach incorporates wall movements
explicitly in the stability analysis of earth retaining structures (Ebeling and Morrison,
1992). ltis, in effect, a procedure for choosing a seismic coefficient based on upon
an explicit choice of an allowable permanent displacement. Having selected the
seismic coefficient, the usual stability analysis against sliding is performed, including
the use of Mononobe-Okabe equations. No safety factor is applied to the required
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weight of wall evaluated by this approach; the appropriate level of safety is
incorporated into the step used to calculate the horizontal seismic coefficient.

Normally, vertical accelerations are considered in seismic stability evaluations.
However, so long as simplified conservative engineering procedures are used in
preliminary analyses, vertical accelerations need not be included in these preliminary
calculations. When the seismic engineering evaluations proceed to the design
memorandum stage and more sophisticated modal response- or time history-based
engineering procedures are used to assess the potential for damage to the lock
features and the USGS site-specific earthquake hazard results become available,
vertical accelerations shall be included in the analyses. The multidisciplinary seismic
analysis team at ERDC can provide assistance in the determination of an
appropriate vertical PGA values as well as the selection of horizontal and vertical
time histories to be used for time history-based seismic analyses.

5.2.5.5. Recommendations

1) A design service life for the lock equal to 100 years is recommended.
The impact of a 100-year versus a 50-year life is that the seismic loading
design requirement for an OBE event will increase.

2) A PGA value of 0.31g is supported for the preliminary design of the new
lock system for the MDE event.

3) A PGA value of 0.14g is recommended for the preliminary design of the
new lock system for the OBE event. This current recommendation should
be reviewed based on future results of ongoing studies in Panama by the
USGS.

4) The corresponding seismic coefficient should be determined based on the
choice of an allowable permanent displacement. For typical values of
displacement, the seismic coefficient is normally about 2/3 of the PGA.
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Table A-5-8 PGA Seismic Hazard Curve for Gatun Locks and Comparison to

MCE
Probabilistic Seismic Hazard Curves
ocation Longitude Latitude
lon -79.901 9.355
Camacho et al: 1997
Extrapolated Reported
L Mean values
eturn Period (years) 31 63 125 250 500 1000

PGA (g) soi‘ 0.123 0.148 0.177 0.212 0.256 0.305
rock|] 0.094 0.112 0.135 0.161 0.194 0.232

Camacho et al: 1994

330 to 1,000

Eouroe #1 0.313 0.544

eturn Period (vears) 2 10 50 100 250 500 1000
PGA (g) soi
roc 0.031 0.061 0.107 0.127 0.168 0.209 0.250
MCE (USGS)
Mean M+1<trdav Racurrence 1ISGS
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Figure A-5-5 Probabilistic Seismic Hazard Curve

5.2.6. Cofferdams

Layout and design of temporary cofferdam structures will developed to dewater the
construction site to build portions or the entire Third Lane Lock structure. A cellular
cofferdam was anticipated as a required project feature. However, it was determined
that earthen dam construction would be used for the Double-Lift Configuration. The
criteria presented would be modified as required to reflect the actual cofferdam
arrangement selected for implementation.

Sheet pile cells will be analyzed with the program CCELL. The program CCELL is
based on EM 1120-2-2503, Design of Sheet Pile Cellular Structures. For a coffer cell on
a rock or soil foundation, the program analyzes six modes of failure: sliding stability;
shear failure along the center line of the cell; horizontal shear (Cummings Method);
interlock failure; pullout of outboard sheeting and bearing capacity of the rock
foundation. Seismic loading conditions will be developed to reflect the risk of damage
and the temporary nature of the cofferdam. Factors of Safety based on EM 1120-2-2503
will be followed as a guide with justification provided for any recommended deviations.
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Table A-5-9 Cofferdam Required Factor of Safety

Loading Conditions

{PRIVATE } Normal Temporary Seismic
Bursting (interlock Tension) 2.00 1.50 1.3
Slip Failure along Vertical 1.50 1.25 1.1
Center Plane

Horizontal Shear 1.50 1.25 1.1
(Cumming's Method)

Pultout of Outboard Sheeting 1.50 1.25 1.1
Bearing Failure of the 3.00 3.00 1.5
Foundation

Sliding on the Base 1.50 1.50 1.3

5.2.6.1. Loading Conditions

Several loading conditions will be developed and evaluated for cofferdam
construction and temporary use. The limit states identified above will be checked.
The design will consider excavation, filling condition, drain construction, normal
conditions, tidal and lake elevation variations, and seismic events.

5.2.6.2. Steel Sheet Pile

Material selections will be based on market availability, environment conditions, and
site-specific conditions such as drivability.

5.2.6.3. Allowable Foundation Bearing Capacity

The foundation bearing pressure will be estimated based on requirements of EM
1110-2-2200.

5.2.6.4. Steel Design Criteria For Cofferdams
5.2.6.4.1. Structural Shapes, Plates and Bolts
a General:

Steel bracing was designed using the allowable stress design method in
accordance with the AISC (1989) as modified by Engineer Manual 1110-2-
2105, “Design of Hydraulic Steel Structures”.
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b  Material Properties:

The following material properties are assumed for the structural steel
components (for sheet piles and appurtenant metals see below):

Plates, Bars and Structural Shapes: ASTM A 572M
H-Piles: ASTM A 572M
Bolts: ASTM A 490M
and
ASTM A 325M
Welds: E70XX Electrodes
Stainless Steel: AlSI Type 304

¢ Allowable Stresses:

The bracing is considered as a Type B HSS, with allowable stresses equal to
0.83 times that allowed by AISC. This is deemed appropriate due to the long-
term duration of the cofferdam and to have the proper degree of
conservatism for the cofferdam, which is a major and critical component of
the new lock work.

5.2.6.4.2. Sheet Piles
a General:

The allowable stress design method will be used for design of the cofferdam
cell sheet piles. All designs will be in accordance with EM 1110-2-2504,
Engineering Design of Sheet Pile Walls.

b Material Properties:
Z Piling: Sections conforming to ASTM A 690M
Fiat Web Piling: Sections conforming to ASTM A 328M

Appurtenant Materials:
Plates, Bars, Structural Shapes: ASTM A 588M
Bolts, Nuts and Washers: ASTM A325M, Type 3

¢ Allowable Stresses:
The allowable stresses were assumed as follows:
Bending: £,=0.57,
Shear. £,=0.33F,

Structural Design Feature Proposed COE Software
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Design Computations MS Excel*, MathCad*

5.3. Design Aids
The concept design shall utilize the following Corps of Engineers (COE) proprietary

software, in addition to commercially owned software* which is licensed to the Pittsburgh
District.

5.3.1. Lock Structures

e STAB.
o GTSTRUDL 26.

Concrete general stability analysis on 2-D section.

Georgia Tech Research Corporation — is a general-
purpose finite element analysis program that provides
nonlinear, spectral, and time history analysis.

o STAAD/Pro General purpose structural analysis.
¢ Concrete Columns/Shafts PCA Col*
e Concrete Mat PCA Mats

e Pile Analysis COM624G, CPGA, FB Pier*

5.3.2. Lock Appurtenances.

e CMITER
o STAAD/PRO

Structural design of miter gates.
2-D Structural frame analysis.

5.3.3. Lock Entrance Walls.

e CSLIDE
e STAB

5.3.4. Construction Cofferdam.

Sliding stability analysis of concrete structure.

Concrete general stability analysis on 2-D section.

e CCELL Design/Analysis of sheet pile cells
e CWALSSI Design/Analysis of sheet pile walls
o UTEXAS3 Deep Seated Sliding and Slope Stability Analysis
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6. MECHANICAL SYSTEMS

6.1. References

Mechanical systems and components are designed in accordance with the criteria and
guidance furnished in portions of the Corps of Engineers manuals for engineering and
design, industry standards and other technical references as foliows:

Engineering Manuals:

e EM 1110-2-2602 Planning and Design of Navigation Locks, 30 September
1995,

e EM1110-2-2610 Gate Operating Equipment for Navigation Locks and
Spillways

e EM1110-2-2703 Lock Gates and Operating Equipment, 30 June 1994.

Engineering Requlations:

e ER 1110-2-1150 Engineering and Design for Civil Works Projects, 31
August 1999

e ER 1110-2-1200 Plans and Specifications for Civil Works Projects, 30
October 1993.

Miscellaneous References:

e ANSI

e ASTM
e ASME
e MSS

e NFPA
e NFLPA
e SAE

6.2. Lock Gate Operating Machinery

The lock gate operating machinery will be the most advanced equipment available that is
appropriate for the gate type selected. An initial screen of various gate operating systems
for each gate type will be performed based on the referenced design criteria, engineering
judgment, and adoption of features from similar projects. A separate report will be
developed to summarize findings. Specific recommendations will be presented and
coordinated with the ACP to define the direction of following study efforts. Upon completion
and concurrence from the ACP on the gate machinery selection, the narrative discussions
provided in this section will be replaced with project specific design criteria.
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The basic considerations to be applied in the gate machinery selection process include:

¢ Direct connected cylinders — As discussed in the Scope or Work, direct connected
hydraulic cylinders will be considered to the extent possible for the application.

* Maintenance — The gate machinery will have low maintenance requirements, with
emphasis on ease of service and repair.

o Durability — The machinery selected will be very reliable and unaffected by the heat and
“humidity of a tropical environment.

A cursory level of design and analysis will be performed in the gate machinery selection.
However, primary components will be sized to prove feasibility of concepts. The analysis
will consider the following:

e Operating Loads
e Ship Impact
e Wave Action

6.3. Filling and Emptying Valve Operating Machinery

The valve operating machinery will be the most advanced equipment available that is
appropriate for the valve type selected. An initial screen of various valve operating systems
for each valve type will be performed based on the referenced design criteria, engineering
judgment, and adoption of features from similar projects. A separate report will be
developed to summarize findings. Specific recommendations will be presented and
coordinated with the ACP to define the direction of following study efforts. Upon completion
and concurrence from the ACP on the valve machinery selection, the narrative discussions
provided in this section will be replaced with project specific design criteria.

The basic considerations to be applied in the valve machinery selection process include:

» Direct connected cylinders — As discussed in the Scope or Work, each valve
actuator will be either directly connected to the valve or utilize an appropriate
valve linkage, depending on the lock wall and valve arrangement used.

e Maintenance — The valve machinery will have low maintenance requirements,
with emphasis on ease of service and repair

e Durability — The machinery selected will be very reliable and unaffected by the
heat and humidity of a tropical environment

e Acursory level of design and analysis will be performed in the valve machinery
selection. However, primary components will be sized to prove feasibility of
concepts. The analysis will consider the following for strength and serviceability
analysis:

e Operating Loads
e Hydrodynamic loads

e Surge effects
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7. ELECTRICAL SYSTEMS

7.1. References

Electrical systems and components will be designed in accordance with the criteria and
guidance furnished in portions of the Corps of Engineers manuals for engineering and
design, industry standards and other technical references as follows:

Engineering Manuals:

o EM 1110-2-2602 Planning and Design of Navigation Locks, 30 September
1995.

e EM 1110-2-2610 Gate Operating Equipment for Navigation Locks and
Spillways

e EM 1110-2-2703 Lock Gates and Operating Equipment , 30 June 1994

Engineering Requlations:

e ER 1110-2-1150 Engineering and Design for Civil Works Projects, 31
August 1999

Technical Publications:

e ANSIC2 National Electrical Safety Code

o NFPA70 National Electrical Code

e NFPA79 Electrical Standard for Industrial Machinery
o NFPA 101 Life Safety Code

e NFPA 110 Emergency and Standby Power Systems

¢ Underwriter Laboratories, Incorporated
¢ llluminating Engineering Society (IES) Lighting Handbook

Miscellaneous References :

o TM5-811-1 Electric Power Supply and Distribution
e TM5-811-14 Coordinated Power Systems Protection
7.2. Lock Controls

Conceptual control system architecture drawings will be developed to illustrate the control
system. A state-of-the-art, truly open, distributed control system configuration will be shown.
A network architecture diagram will be provided to illustrate the connections and flow of
information from the operating machinery. Careful consideration shall be given to
expandability and redundancy. All operating machinery conditions will be displayed on
personal computers and data trending will provide the operators with an operating history to
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aid in preventative maintenance. Proposed control system software and operator interface
software will be indicated on the control system architecture drawing.

7.3. Electrical Distribution Systems

Conceptual drawings will be developed to meet the power needs of the proposed operating
machinery and lighting for the locks. Single line drawings, which identify how power will be
distributed throughout the lock electrical system will be illustrated. Electrical diagrams will
indicate the various components of the lock distribution system including switchgear, motor
control centers, transformers, power panels and motors. Preliminary information such as
voltage levels, bus capacities, breaker ratings, and other information, which will aid in
describing the lock distribution system will be shown. Conceptual design will satisfy the
minimum safety requirements of the National Electrical Code (NFPA 70). In addition, plans
showing general locations of major components will be developed.

7.4. Lighting Systems

Lock chamber lighting will be provided by fixtures mounted on high mast poles. Various
lighting alternatives will be evaluated to determine the optimum arrangement, spacing, and
most suitable lighting fixtures. Design considerations will include uniform and adequate
ilumination levels, (22 lux at low pool), minimizing negative effects of glare and shadows,
cost, and ease of maintenance. Conceptual drawings will indicate recommended fixture
locations, types, and other details required to satisfy the canals lighting objectives.

7.5. Emergency Power

Provisions for emergency power will be incorporated into the power distribution system.
Standby power will be provided for critical loads to maintain lockages during power outages.
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8. CIVIL/SITE AND RELOCATIONS

8.1. References

Civil/Site and project relocations are designed in accordance with the criteria and guidance
furnished in portions of the Corps of Engineers manuals for engineering and design,
industry standards and other technical references as follows:

Engineering Manuals

e EM 1110-2-2602 Planning and Design of Navigation Locks, 30 September
1995.
e EM 1110-1-2909 Accuracy Standards for Engineering, Construction, and

Facility Management Surveying and Mapping, Chapter
11, Change 2, 1 July 1998

Engineering Requlations

e ER 1110-2-1150 Engineering and Design for Civil Works Projects, 31
August 1999

e ER 1110-2-1200 Plans and Specifications for Civil Works Projects, 30
October 1993

Technical Publications

o EM 385-1-1 Safety and Health Requirements Manual, US Army
Corps of Engineers, 3 September 1986
e AASHTO American Association of State Highway and

Transportation Officials, Guide Specification for Highways

Miscellaneous References

e Harza Alignment Report, “Evaluation of Lock Channel Alignments”, August 2000

» Topographic Mapping, ACP furnished data file, containing north, east, elevation
data for the site (5 m and 1 m contour accuracy)

8.2. Lock Alignment

The civil/site development effort requires the creation of digital terrain models (DTM’s) to
define material layers. Once DTM’s have been generated (existing ground topography, top
of firm rock layer), corridor modeling can begin. The Scope of Work defines “Task 3" as
“Optimization of the Lock Alignment”. Various positions of horizontal lock alignment have
been investigated, all of which define an alignment at a specific distance and orientation
(azimuth), east of the existing Gatun locks. The optimization task is an iterative process
which seeks to establish the best “fit” of lock alignment, given the position of the Gatun east
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wall and need to maintain lock operations at all times throughout the construction phases,
navigational safety, WSB geometry, rock DTM, excavation requirements, construction
logistics, efficiency, economics and future plans for Fourth Lane expansion.

Harza Engineering evaluated alignments and presented results in the “Evaluation of Lock
Channel Alignments”, August 2000. The Harza report concluded that two alignments on the
Atlantic side merit further consideration and refinement, A1 and A2. A1 is defined thru the
1939 excavation and excluded from this Scope of Work. A2 is defined immediately to the
east, and parallel to, the Gatun east wall. Being parallel to the existing locks, the A-2
alignment forces traffic to make a “turn” (course correction) at some P! point, north of the
locks. Given the necessity of a turn, A-2 was initially positioned to intersect with a Point of
Intersection (PI), located approximately (1 300 m north of the northern end of the middle
wall), then rotated 9.75 degrees, to Azimuth 177-53'-10". This rotational shift in A2 (A2
prime) was found to provide a safe navigational alignment to facilitate lock operations during
construction. The alignment will be optimized, to provide the best fit, given the site
geometry (location of hillside to the east), geotechnical data (location of rock strata, type and
quality of overburden for cut slope stability), location and dimensions of WSB's, and
excavation requirements. Disposal area locations are a consideration (equipment needed,
whether single or double handling will be necessary, method of transportation). The
disposal area is assumed to be located approximately 2.4 km to the north and east of the
center of the construction area. Quantities and character of material (soil, rock) must be
determined before the superior economic plan for removal can be finalized. Large, land-
based equipment is anticipated for excavation requirements.

Harza estimated that excavation costs may comprise half or more of the total project costs
(Alignment A2 had an estimate of 12 100 000 m® of cut, at a cost of $180,000,000). A
variety of excavation techniques could be utilized to construct the new alignment.

8.3. Site Access

Temporary site access (during construction) will be addressed. Permanent site access
across the Third Lane (bridge, tunnel, etc.) will be by others. Construction (off road)
equipment access to the lock construction area, including batch plant location(s) and means
of transporting materials to the site will be addressed. Construction of the Water Saving
Basins (WSB) will be positioned between the existing and proposed lock lanes, which will
create concrete walls (vertical offsets) between the plateau elevations. Personnel and
equipment access to the lockwalls and WSB’s will be provided. Existing roadways serving
the town of Gatun will be relocated, as required. Circulation roadways in the Gatun area will
be removed (as will accompanying buildings) which fall within the excavation limits for Third
Lane construction along the 9.75 degree alignment. Site access is anticipated to remain
unchanged (from the east side), to approach the lock site. Numerous building, roadway and
utility relocations will be required and addressed. Real Estate acquisition is not anticipated
to be a problem, since the lands falling within the Third Lane corridor are ACP owned.
Buildings requiring relocation will be identified by building number. WSB geometry,
proposed lock wall and culvert valve geometry, filling/emptying culverts, WSB conduits, etc.
will all play a part in laying out site access.

The following assumptions will be made for the Concept Level Design:
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i. Existing buildings located along the Gatun esplanade will remain in tact, and
are not to be affected by Third Lane construction. The lock will remain fully
operational during all phases of construction.

ii. Access to the existing Gatun locks will be addressed, but will have to be
tailored to conform to the proposed site, given location and geometry of the
WSB's. This access will likely remain in the approximate location as existing
(from the northeast, across the 1939 excavation “plug”).

iii. The Maintenance Facility buildings (and electrical building) may require
relocation, depending on the manner in which the overburden cut or fill slopes
tie back into existing ground. Affected buildings would need to be removed prior
to initiating the site clearing contract.

iv. Access to the west (Dam) side of Gatun lock is assumed to remain unchanged.
No changes to the access road or circulation roads will be made. Access
across the existing lock gates will remain unchanged. Access across the new
lock will be studied by others.

v. Existing circulation roads located adjacent to the existing locks (east side) will
be utilized to the extent possible. The WSB's will require perimeter access, both
during construction as well as post-construction. Once the final WSB positions
are plotted, with cutffill slopes and tie ins, geometric clearances will be
determined. The northern-most WSB could pose a horizontal clearance
problem, if the shape remains rectangular (encroachment on the Gatun east
wall). If this is found to be the case, some means of stabilizing the east wall
(driven sheet piles) may be necessary, to allow sufficient space for WSB
access.

8.4. Esplanade

Fourth Lane planning and project development is anticipated to follow Third Lane
construction. Hence, construction of any site features along the east side of the Third Lane
will be “temporary” (removed at the time of Fourth Lane construction). A concrete
esplanade area would normally be provided adjacent to the east wall, to “house”
maintenance and operations buildings, control shelters, etc. These facilities will be located
between the existing Gatun locks and the Third Lane, to avoid service disruption or need to
demoilish at some future date.

8.5. Utility and Building Relocations

The Third Lane Alignment will be positioned approximately midway between the existing
Gatun locks and the 1939 excavation. As such, numerous buildings and utilities must be
removed/relocated prior to executing the site clearing or excavation contracts. Known
utilities serving the Gatun locks are power lines, water lines and telephone lines. Known
buildings failing within the excavation limits number approximately 120. The maintenance
buildings (No. 24 and 26) will not be disturbed, and will remain during and following
construction.
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8.6. Lock Safety and Signage

Lock safety criteria (hand railing, etc) will be met., along lockwalls, entrance walls and WSB
perimeter. All required signage will be commensurate with existing ACP criteria. Navigation-
based signs (large and readily visible with greatly reduced lighting levels, recently required
by Corps of Engineers criteria for US navigation projects) will not be proposed.

8.7. Design Aids

INROADS Software: InRoads is a commercially available, MicroStation based, Bentley
software package, used commonly for civil/site development projects. This software has the
capability of modeling topography, horizontal and vertical alignments, typical cross section
templates, corridors with superelevations or transitions. Once the 3-D surface (terrain) has
been created, InRoads models or “pushes” a defined template along a defined path, thru the
3-D terrain, generating excavation volumes. Alignments must be defined. Volumes
calculated could be rock volumes, overburden volumes or any volume in which boundaries
dividing material layers has been defined by a 3-D digital terrain model. InRoads
SelectCAD version 8.2 is the latest available module, and will be used for the Gatun topo
modeling. InRoads will be utilized to import the ASCIl data file (ACP supplied, containing
topographic mapping data by Northing, Easting, Elevation in .txt format) and to generate the
3-D Digital Terrain Model (DTM). The number of templates required will depend on site
geometry. Initially one template will be used to capture the horizontal requirements of the
walls and WSB, with profile adjustments made for the three elevations of the chambers (3 lift
lock) or two elevations of chambers (2 lift lock). Template refinements will be made
following submission of the Draft Alignment Report, in June 2002, to adjust and correct for
further development in design of walls, culverts, WSB's.
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9. CONTROL BUILDINGS

The concept design of the operations building will include space for lock controls (new and
existing locks) and administrative staff. The design will be based on input from the ACP and
tailored to their requirements including provisions for the handicapped. Numerous attempts
were made throughout the design process to seek input from the ACP on design
requirements for the control building. However, no data was provided. No provisions for
handicap access were incorporated into the design.

9.1. References

Control building will be designed in accordance with the criteria and guidance furnished in
portions of the Corps of Engineers manuals for engineering and design, industry standards
and other technical references as follows:

s U.S. Army Corps of Engineers, Architectural and Engineering Instructions (AEl)
Design Criteria, July 1995.

* Life Safety Code (NFPA 101) 1995, for exiting and means of egress as
referenced by MIL-HDBK 1008B.

* Uniform building Code (UBC) for fire resistance requirements and area limitations
as referenced by MiL.-HDBK 1008B.

¢ Military Handbook Fire Protection for Facilities, Engineering Design and
Construction, MIL-HDBK 1008C, 15 Jan 1994.

e National Standard Plumbing Code, 1995
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10. COST ESTIMATING AND CONSTRUCTION SCHEDULING

10.1. References

The following references will be used to assist in the preparation of the project cost estimate
and the construction schedule. These references will be considered for guidance only. The
project team will work with the ACP in developing the format for the cost estimate and
construction schedule.

Engineering Manual

e EM 111-2-1304 Civil Works Construction Cost Index System, 3
September 2002

Engineering Requlations

e ER 1110-1-1300 Cost Engineering Policy and General Requirements, 26
March 1993

o ER1110-2-1302 Civil Works Cost Estimating, 31 March 1994

¢ ER1-1-11 Process, Schedules, and Network Analysis Systems, 15
June 1995

Engineering Instructions
« EI01D010 Construction Cost Estimating
Engineering Pamphlets

e« EP1110-1-8 Equipment Handbook
e EP415-14 Network Analysis Systems Guide

Engineering Circular

e EC 1110-2-538 Civil Works Project Cost Estimating — Code of Accounts

Miscellaneous References

¢ R.S. Means Heavy and Highway
* TRACES Unit Price Book
¢ List of Prices of Materials of Construction, Panama (CAPAC)

¢ Mobile District Guidance for Estimating Projects in Panama
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10.2. Criteria

The concept design level total project cost estimates will include construction cost (broken
down into the various items of work), anticipated design cost, and construction management
cost. Relevant notes on construction methods, and other assumptions will be included to
assist in review.

The construction costs estimate will be presented in unit price format and will be based upon
historical information (from ACP, and COE), subcontractor quotes, unit price books, and
when appropriate, the development of a detailed estimate for specific items. Cost
information for work in Panama (labor and equipment rates, material cost, freight, taxes, fuel
costs, etc.) will be used to develop factors to apply to historic unit prices from lock and dam
construction projects in the United States. An appropriate level of contingency, as
determined by the cost engineer with input from the designer, will be applied to each item on
a case-by-case basis.

Design cost and Construction Management cost will be derived by developing percentages
to apply to the construction cost. These percentages will be developed with support from
the design team, the Pittsburgh District Construction Branch, as well as the ACP.

Several less detailed cost comparison estimates will be developed in support of the design
team (Gate Study, Alignment Optimization, etc.). For these early cost comparisons,
adjusted historic unit prices will be the main source for costs.

The construction schedule will be prepared with guidance from the design team as well as
construction professionals within the COE. The schedule will focus on the main tasks
associated with the construction of the lock.
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1. GATE SELECTION REPORT SUMMARY

This report screens possible gate alternatives to select the most efficient lock gate type for use
in the Concept Design of the Atlantic Ocean side Canal Locks. The gates were designed to be
compatible with the proposed chamber configuration of 61'm wide, 426.8 m long (face to face,
inner gates), double sets of gates at each lock location, and 18.3 m of water depth over the sills.
The gate type selected herein was developed to a concept design level of detail and integrated
into the Concept Design of the Atlantic Locks. The factors that were considered for-this lock
gate type selection are as follows; (1) maintainability, (2) total cost, including bulkheads if
required and gate monoliths/walls, (3) compatibility with the filling and emptying systems, 4)
compatibility with water saving basins, (5) lockage water consumption, (6) compatibility with the
ship-positioning system, (7) possible use for access, (8) reliability, and (9) safety. A complete
discussion of these factors is contained in. Chapter 7.. ‘ . -

The screening process for the gate type selection began with the Initial Team Meeting that was
held in Pittsburgh, PA, USA, on 17-19 April 2002. The Structural Design Team, lead by Mr.
Andy Harkness (Pittsburgh Office), experienced production team members in gate design from
various Corps Offices, and expert Independent Technical review (ITR) members spent the
better part of two days in defining and making a preliminary evaluation of the possible gate
types. The ACP Canal Capacity Projects Office Locks Team attended this meeting and
participated in the preliminary discussions. The gate options initially considered were (1) miter
gates, (2) multi-leaf vertical lift gates, (3) rolling gates and rolling dams, (4) sector gates, (5)
submersible tainter type gates, and (6) drum gates. After 2 4 days of technical
analysis/evaluation and discussion of the selection criteria, the Structural Design Team decided
to proceed with the conceptual level design of the two most probable gate types, rolling gates
and miter gates, as the most efficient gate type for use in the Atlantic Locks. The initial
subjective evaluation, without design calculations, did not identify a clear superiority between
miter gates and rolling gates. The remainder of gate types all showed lesser benefits of use
and using the established evaluation criteria, ranked much lower in the overall rating matrix.

This report section presents the results from the initial screening process and Initial Screening
Report as presented to the ACP and the continuing evaluation and feasibility design level
development of the two most probable gate types, rolling gates and miter gates. The continued
equal design level was necessary to show the full relative merits of the two gate types and
provide a clear decision for the recommendation of the gate type for use in the Atlantic Locks
Concept Design. This short-list evaluation also includes a sector gate, since a ship lock using
sector gates is in final design in one of the Corps Districts and data is available to analyze and
validate the initial team meeting conclusions. The example used is that of the Inner Harbor
Navigation Canal Lock in New Orleans, Louisiana, USA. Concept level design of the three gate
types was prepared and evaluated in accordance with the selection criteria noted above.
Drawings and calculations (calculations are provided in electronic format on accompanying CD-
Rom disk) are included herein. The final evaluation of the gate designs and related information
showed miter gates to be the recommended type of gate for the Atlantic side Canal Locks. The
major advantages for this gate type are summarized as follows:

CAPITAL COSTS

e Mitering lock gate offer a $145,000,000 savings over rolling gafes in initial construction
cost. This cost saving considers construction of new Maintenance Facility Infrastructure.
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Miter gates have an advantage in the fabrication cost due to their lower weight. Total
gate weight for gate sets at six locations are 19 000 t for miter gates, 27 000 t of structural
steel plus 2 500 t of removable lead ballast for rolling gate installation and removal, and
24 000 t for sector gates. These total weights are for the double lift lock structure and
include the upper, center, and lower gates with inclusion of the anchorage systems,
contact blocks, sill beams, roling gate carriages, and other required accessory or
embedded metals. Similar weight comparisons can be expected for the triple lift lock.
Miter gates require approximately 414 000 m® less rock excavation than rolling gates
because they do not require large separate gate recess structures. Figure B-1-1 depicts
gate monoliths and sill with the recess structure that is required to house a rolling gate.
Figure B-1-2 shows the cross section of a miter gate bay. Both altematives have similar
excavation cross-sections over the length of the gate bay, however, miter gates do not
require excavation for separate recess structures.

Miter gates require approximately 550 000 m® less concrete construction than rolling
gates. The large difference in concrete volume is attributed to the construction of large
concrete recess structures for the rolling gate as shown in Figure B-1-1. This is a
significant cost advantage of miter gates.

Additional
Excavation and
Reinforced Concrete
for Gate Recess
Construction

CENTER MITER GATE ALT 15[{_’@_9
Figure B-1-2, Section Through a Miter Gate Bay
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WATER CONSERVATION

e Lockage water consumption for miter gates is somewhat less than rolling gates with only
a 0.6 % difference in water use. Sector gates use 12% more water than rolling gates.

SYSTEM COMPATIBILITY

e Miter gates are more compatible with the layout of distributed filling and emptying
systems because no there are no interferences with culverts and gate recess structures.
The lack of space requirements at the back of the lock wall as needed for rolling gates
presents a more compatible and flexible arrangement when integrating water saving
basins into the design. This allows the basins to be longer along the lock wall length while
minimizing the width requirements from the back of the wall.

SAFETY

e Miter gates are very reliable in lock operations based on their long history of use on
navigation projects. Although they have not been used in locks of this size, they are
easily adaptable for the larger lock size when there is no need to accommodate reverse
water loads. Miter gates damaged by ship impact would be easier to repair as the arch
shape and design would minimize ship impact damage. Equal impact to rolling gates
may result in significant deflections and warpage, which may not permit the gates to be
retracted into the gate slot after ship impact. The weight of one rolling gate is similar to a
one pair of miter gates, or one miter gate leaf weighs approximately one-half that of a
rolling gate. The heavier weight of a rolling gate would not permit the rolling gates to be
easily lifted if they lost their buoyant capacity, thus putting the lock out of service for an
extended period of time. In comparing salvage operations in response to a catastrophic
accident where loss of buoyancy occurred, two lighter miter gate leafs would be easier to
clear from the lock chamber than one heavy rolling gate structure. In USACE's opinion,
repair of moderate damage to a rolling gate within the confines of a slot will be difficult
considering access and scaffolding needs. Work on a miter gate lying horizontally and
close to the ground allows better access to repairs and facilitates equipment and material
delivery. Floating plant equipment is needed to service either a miter or rolling gate. For
rolling gates, floating plant is needed to set a caisson in the recess slot and for miter
gates, floating plant is needed to lift the gate off the pintle and set it afloat.

MAINTENANCE INVESTMENTS

¢ Rolling gate mechanical features (underwater rollers and drive systems) requires more
frequent adjustments and maintenance than hydraulic actuated miter gate machinery.

A comparison of various lock gate types was made in Stahibau, Volume 12, December 2000,
“Miter Gates in Some Recent Projects in the Netherlands” by Rysgard A. Daniel. In this
individual analysis of existing lock gate systems in the Netherlands, where rolling gates are
used, it is apparent that the use of miter gates is more advantageous in many areas. The
following table is taken from that report.
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Table 1. Global evaluation results, example
Tabelle 1. Ergebnisse der Globalbewertung, Beispiel

— gate type | Mitre . | Vertical | "Rolling
criterion gate gate gate
Construction costs good fair poor
Navigation conditions good fair good
Operation & maintenance good good fair
Lock layout conditions good good poor
Esthetics good | “poor good
Environmental analysis good fair fair
global good fair fai:‘

Figure B-1-3 Independent Gate Selection Study

It is very interesting to note the similarities in the evaluation criterion from the cited report and
that which we are independently using for this Study. Although the Study was conducted for
gates, which are not of the size that would be used in the Panama Canal, the results have been
verified by our detailed analysis as extendable to larger gates. When comparing the results
shown in the table above to our detailed evaluation results summarized in the below and further
explained at the end of this Appendix, the findings are essentially identical.

Evaluation Criteria and Rating
-
Q
s |25 | B
= ] o ~ ; =z
5 |25,|6 |5 |82 2
2 |geg| 2lo |2 el <
: S Zo3| 7 |2 Sz e 2] 2
Feature Alternative g B ERB| @ |0 £Ecs |8 <
o =0 o 8 2 s Z >
=5 Q P4 L b "
ol Sp<| O |2 S2E>|a| W
e8| L [ |E80 || a
ZleeldSs| S |5E(2a2 (5| &
olsglese| 8 23| 823 |2 =
«|leElx2E g |88lgEs|e| @
flRs|lwveol 8 |88l s5aE || W
L wE]FOh]| « [Taloww 2] 2
Miter Gates 3] 3 3 2 3 3 3] 2.86
Rolling Gate 11 2 2 3 3 3 3| 243
Sector Gates 2 1 2 1 1 2 1] 143
Procedure included ranking the individual aitemative by individual criteria to consider
relative comparison. 3 is the highest, 1 is the lowest

Figure B-1-4 Final Ranking of Gate Altermatives.

in addition to the findings in the above cited paper, the gate study performed by the Panama
Canal Company in the 1940's for the design of a 140-foot wide Third Locks showed that they
also reached the conclusion to use mitering type lock gates as the most favorable gate type.
This study also considered the additional cost of gate recess structures in the evaluation
process. As the results of this study proceeded, the advantages of using mitering lock gates
continually surfaced.

Therefore, based on the results of the above discussion, detailed gate study with appropriate
analyses performed for each gate type including sizing of operating equipment and
development of required masonry structures, and evaluation in accordance with the developed
criteria, we are recommending miter gates as the most favorable gate type for the Atlantic
Locks.
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2. INTRODUCTION

This report contains the initial gate selection studies and following detailed design studies
that lead to the selection of the mitering type gate with conclusions and recommendations
on the various gates studied, gate arrangements, and lock gate monolith configurations for
the Third Lane on the Atlantic Ocean side of the Canal. The study and decision on this
feature was considered to be one of the most important in the design of this project as it
impacted the selection of several features such as monolith type, layout of the filling and
emptying system, and maintenance requirements. All of the gate types considered have
been developed to a stage sufficient to indicate their individual feasibility, advantages and
disadvantages, and relative costs. The three most favorable gate types, mitering gates,
rolling gates and sector gates, have all been developed to an almost equal level of design to
support the determination of the relative merits and reliability. The importance of reliability
and longevity under all conditions has been emphasized in all evaluations along with
evaluation to the full criterion.

Rolling gates were used on many low lift (3 m) 33.5 m wide locks on the Ohio River by The
Corps of Engineers until they were replaced with miter gates in higher lift configurations
circa 1930’s. Miter gates are generally accepted as having preferred characteristic and
economic benefits for higher lift locks. Rolling gates generally only have application in tidal
areas where resistance to minor reverse load is a consideration. Berendrecht Lock, Belgian
Ministry of Public Works, has the largest rolling gates in service to date. This 68 m wide
ship lock is located between the Scheldt River and the B2-B3 Canal Dock in Belgium. The
gates are 22.6m tall. The Tidal River Scheldt pool elevation varies from +7.5 m to —1.00 m
and the water level in the docks is constant at 4.25m. The minimum head applied to these
gates is 3.25 m and the maximum head is 5.25 m. The 13 m lift for the Third Lane 2-Lift
Lane Locks is about 2.5 times higher (with load proportional to head, the load on the Third
Lane gates would be about 6 time higher) than Berendrecht. The size of the lock gates
required for the Third Lane Locks exceeds either the lift height or width of any lock gate
currently in service today.

2.1. Relevant Projects

A review of the gate types on the existing Panama Canal locks and other comparable locks,
with the reasons for their adoption is considered relevant to this study. Two of the four
projects listed below, Inner Harbor Navigation Canal Lock (33.5 wide), New Orleans,
Louisiana, USA and Bremerhaven Ship Lock, Bremerhaven (33.5 wide), Germany are
considered to reflect state of the art practice for their intended application. A trip was made
in May 2002 to the Bremerhaven Lock to become more knowledgeable of its design and

operational considerations. In addition, consideration was given to the operation of the large
Belgium locks in formulating final conclusions.

Available information is presented below.
2.1.1. Panama Canal Locks, Panama

The existing locks are 33.5 m in width. In addition to the features required for normal
lockages, certain additional and redundant features were incorporated to provide for the
safety and dependability of operation and conservation of water. These additional
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features included safety gates, guard gates, intermediate chamber gates, emergency
dams, guard chains for safety and floating caissons for servicing the gates.

2.1.1.1. Safety Gates

The outer gate at the lower end of the two upper lock chambers is referred to as a
safety gate. Safety gates are placed in locations that separate upper and lower
pools. The philosophy for having these gates is based on preventing disastrous
results should a gate be rammed and fail into the chamber allowing the water to pass
freely through the open lock chamber.

2.1.1.2. Guard Gates

The first gate at each end of each lock is referred to as a guard gate. The guard
gate at the lower end of the locks is a reversed gate that can act as a barrier to
vessels moving into the lower lock chamber. Because the lower end gate is installed
in a reverse orientation, it can also be used to dewater the lock chamber for
maintenance work.

2.1.1.3. Intermediate Gates (short chamber gates)

These gates are located at an intermediate position along the lock length between
the normal service gates and permit lockages of up to 198 m without using the full
305 m lock chamber length. The intent of this feature was to conserve water usage
during dry seasons by using shorter chamber lengths but presents problems in the
lockage operation and is not efficient.

2.1.1.4. Emergency Dams

Each lock was provided with an emergency dam to close off uncontrolled flow of
water through the lock chamber if failure of a service gate occurred. However, there
is no record of service gate failures. The emergency dams have been removed or
made inoperative and are no longer a project feature in the Panama Canal system.
In light of the potential for terrorist act these structures may become a valuable
feature upon further security evaluation.

2.1.1.5. Chain Fenders (Guard Chains)

A fender chain was installed upstream of each gate or pair of gates whose failure
might result in unobstructed flow of water through the locks and at the entrance to
the lower end of each lock. The chains were installed as a second precaution to
prevent damage to vital areas of the lock system. As the size of ships increased,
these chains become less reliable and have not been used in lockage operations for
some time. '

2.1.1.6. Caissons

Floating caissons are placed at the upper and lower ends of each lock. The
placement of caissons permits the lock chamber or lane to be dewatered for
maintenance.

2.1.1.7. Evaluation of Present System

The successful operation of the present locks has proven the adequacy of the above
features in combination with the ship positioning system to safely and reliably transit
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the ships through the locks. Based on the history of use of these features, the
following evaluation is made for use in the new lock structure:

i. The chain fenders (Guard Chains) are no longer used. The use of this
system or a device to perform a similar function is not anticipated to be
pertinent to the Third Lane Project considering the size and design shapes of
these much larger ships.

ii. Although emergency closure systems seem relevant for the Canal system,
historically they have not been important to the project operation. However,
their use will be investigated and a recommendation provided for or against
their inclusion into this design.

2.1.2. St. Mary’s Fall Canal, Sault Ste. Marie, Michigan, USA

The Sault Ste. Marie Locks, located in Michigan, USA, are shown in Figure B-2-1. The
largest of four locks at the Sault Ste. Marie Locks Project is the Poe Lock. The Poe Lock
was constructed in 1968 and is 366 m long, 33.5 m wide and 9.7 m deep. Panamax
vessels used the Poe Lock on a daily basis. The Poe Lock uses double sets of
horizontally framed miter gates as service gates. An additional set of gates is provided
on the lower end in reverse orientation and is used to dewater the lock chamber. A
guard cable is used to protect the lock gates as shown in Figure B-2-2.

& RS

Figure B-2-1 Soo Locks, (Sault Ste. Marie Locks)
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Figure B-2-2 Articulated Fender Boom in Front of Miter Gates

2.1.3. IHNC Canal Lock, New Orleans, Louisiana, USA

The existing Inner Harbor Navigation Canal Lock is a vital link in the nation's inland

waterway navigation system. It connects the Mississippi River, the Gulf Intracoastal

Waterway (GIWW), the Mississippi River-Gulf Outlet (MRGO), the Industrial Canal (also

known as the Inner Harbor Navigation Canal), and Lake Pontchartrain. The Port of New

Orleans completed the existing lock in 1921. Growth in waterway traffic over the years

has made the Industrial Canal Lock one of the United States most congested locks with =
an average wait of 10 hours, but often as much as 24-36 hours. The basic problem is

that the current lock is simply too small to accommodate the volume of existing and

future river traffic. The lock is 22.86 m wide by 195 m long and 9.6 m deep.

Following traffic and feasibility studies, design of a replacement lock is nearly complete.
A new lock is being designed that will be 33.5 wide with a usable chamber 366 m long,
and a have a water depth over-the-sill of approximately 11 m. The new lock will provide
continued deep-draft access to the Industrial Canal and an almost three-fold increase in
lock chamber capacity.

Selection of lock gates was a critical issue for this project. Miter gates were originally
selected and designed. One extra set of miter gates, installed in a reverse orientation,
was provided for reverse head conditions. Because they are more durable than miter
gates and a single set of gates can take both a direct head and a reverse head, the use
of sector gates is being be investigated. Final selection of a gate type for the Inner
Harbor Navigation Canal is pending a detailed review of cost and functional
requirements.
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2.1.4. Bremerhaven Ship Lock, Bremerhaven, Germany

The Bremerhaven ship lock is located on the shores of the North Sea in Bremerhaven
Gemmany. The 33 m wide lock is fitted with rolling gates and has a lift height of
approximately 4 m. The lock filling and emptying system is self-contained within the
rolling gate structure, complete with four sets of service/emergency valves and hydraulic
operating equipment. A typical gate mounted slide gate is shown in Figures B-2-8 and
B-2-9. No other supplemental filling and emptying systems are provided. The gate is
moved by two large rolling type chains (Figure B-2-10), each powered by a hydraulic
motor/gear reducer/sprocket assembly (Figure B-2-11). A single hydraulic power unit
serves both chain drives (Figure B-2-12)

Ly N e e

Figure B-2-3 Bremerhaven Ship Lock, Germany
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Figure B-2-4 View Looking Across Upstream Gates.
Note Moveable Curved Roadway Section (See Figure B-2-5)

T et £ TN ST

Figure B-2-5 Rolling Gate In Closed Position With Roadway Raised
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Figure B-2-6 Spare Rolling Gate in Mooring Location

The gates are designed to float in and out of the gate recess structure for replacement or
maijor repair. The project is provided with a spare gate for use in a five-year
maintenance/service cycle. The gate recesses can be dewatered with installation of
caissons for routine inspection and minor maintenance such as bearing lubrication.
Major maintenance on the spare gate is performed while the gate is stored at the
docking location (Figure B-2-13). Shore power is provided at the docking location for
testing and exercising the operating systems (Figure B-2-14). After a gate is removed,
the rolling assemblies are removed in the wet after the gate is removed, and are
reconditioned and stored on the same maintenance cycle as the lock gates. The two
rolling truck assemblies for the stored spare gate are shown in Figures B-2-7 and B-2-
15.
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Figure B-2-7 Spare Gate Rolling Truck Assembly

Figure B-2-8 Gate Mounted Filling/Emptying Valve Cylinders
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1/26/1999 10:41

Figure B-2-9 Typical Bonnet and Cylinder Rod for Filling And Emptying Valves

Rolling
Chains

1/26/1399 09:43
Figure B-2-10 Rolling Chains, Guides and Gate Linkage
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Figure B-2-11 Reducer/Sprocket Assemblies For Hydraulic Chain Drive System
B
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Figure B-2-12 Hydraulic Power Unit for Chain Drive System
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Figure B-2-14 Shore Power At Maintenance Docking Location
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Figure B-2-15 Gate Rolling Truck Assemblies
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3. ALTERNATIVES CONSIDERED

At the Initial Project Team Meeting held in Pittsburgh on 17-19 April 2002, a list of possible gate
types was developed and a preliminary screening was made for application of the gates in the
Atlantic Lock Structure, Concept Level Design Project. Based on the results of this screening
and progressive screening studies that were conducted, the three most probable gate types
were selected and designs were developed for the lock gates, gate operating equipment, and
their associated masonry features to a concept design level for the purpose of evaluating
compatibility in the lock system, fabrication, maintenance, operation, reliability, and cost. The
gate designs were based on preliminary lock layout information for the center gate bay of a
double lift lock system. Minor discrepancy exists in some dimensions and elevations used in
development of alternatives due to refinements occurring as the study progressed. These
variations are noted in the report; however, the findings of the Gate Selection Study are not
sensitive to these minor refinements in geometry and operating pool élévations. Costs for the
parative ratios developed for

Sl

upstream and downstream gate arrangements were based on com

the corresponding gate heights.
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Miter Gates 5 9 10 10 7 6 10 ] 2 9 j74
Multi-leaf Lift Gates 1 1 10 10 1 3 10 5 9 147
Rolling Gate and Rolling Dan] 8 5 10 1 9 9 5 1 9] 6 |68
Sector 3 4 10 3 3 3 6 1 1 136
Submersible Tainter 1 4 1 10 1 5 10121 9 las
Drum 1 4 1 10 1 8 10 3 9 | 4.9
|Procedure included ranking the individual alternatives by columns to consider relative comparisons.
Figure B-3-1 Initial Gate Short Listing

The final evaluation of miter gates, rolling gates, and sectors gates is discussed in Section 7

of the this Appendix Report.

3.1. General Criteria
All gate alternatives were designed for the upper and corresponding lower bound of pool
elevations associated with normal operation of a ‘double-lift lock. -Where appropriate, a one-
meter hydraulic surge effect was added to the upper pool elevation. Any effects from intrusion
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of saltwater were not considered in this study. Based upon ACP-furnished seismic studies and
an evaluation of seismic activity probable for the region, a seismic ground motion of 0.313g
maximum credible earthquake (MCE) has been established for the Atlantic Structures. The
gates are designed with a 1/3 reduction in the MCE or 0.21g; see Appendix A for criteria on
earthquake design. The two-thirds reduction is appropriate considering that there is a
minimal thickness of soil backfill behind the walls has no significant influence on the lock
walls for ground motions in the longitudinal axis of the lock.

3.1.1. Loading Conditions
3.1.1.1. Loadingl

Gatun Lake 2591 m

Intermediate Pool 15.05m

Seismic coefficient 0.21g (2/3 of the MCE)
3.1.1.2. Loadingll

Intermediate Pool 15.05 m

Atlantic Ocean Low Tide -0.38 m

Seismic coefficient 0.21g (2/3 of the MCE)
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LOAD CASE 1 LOAD CASE 2
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Figure B-3-2 Loading Diagram for the Center Gates
3.1.2. Geometric Layout Considerations
For preliminary assessments, all gates were assumed to be 36.4 m tall and the design
was based on the center gates with the sill at elevation (-7.77 m). The top of gate was

Appendix B, Page 18



Panama Canal Concept Design of New Third Lane Appendix B - Gate Selection Study
US Army Corps of Engineers 23 July 2003

set at elevation 28.63. The top of wall elevation in the areas of the gates varies with the
gate alternative used based on the required structural depth for bridges provided over
the gates for ship positioning equipment and clearance and access for operating
equipment. The wall geometry and gate spacing vary based on operating mechanisms,
gate anchorage, gate recesses, and minimum wall thickness adjacent to filling and
emptying culverts. The water usage was found to vary with gate alternatives based on
their associated geometric layout. Water consumption is discussed in more detail in
Section 7, Alternative Evaluation.
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4. MITER GATE ALTERNATIVE

The original miter gates constructed for the Panama Canal are still in operation after 87 years of
service and have served the Canal well. Miter gates are also used on a large percentage of
moderate- to high-lift locks in the United States and other countries. These gates are relatively
simple in construction and operation and can be operated, however, they cannot be used to
close-off flow in emergency situations or tolerate reverse heads. Provisions to accommodate
closure in limited-flow conditions can be implemented if warranted, however, this was not
included in the scope of this study. A cantilevered support system can be designed and
constructed to carry ship positions systems over the gate recess.

The primary deficiency present in the existing lock gates is leakage into ballast chambers and
difficulty in achieving tight tolerances when setting new contact blocks. Both of these are
addressed in the concept design. Adjustable quoin and miter blocks are provided to allow rapid
and accurate adjustment. The adjustment process can use the methods the ACP has
developed to transfer as-built dimensions into the maintenance process. The adjustable contact
block detail is developed around an extensive materials research project conducted by USACE.
The adjustable contact blocks are in service at McAlpine Lock and Dam. Material selection is
based on a history of use and results in avoidance of material freeze up and binding to ensure
long-term service. Leakage is not viewed as a significant design issue. With proper attention to
detail, selection and fabrication processes, leakage can be avoided.

There are 88 hanging and 2 spare gates in the existing Panama Canal System. These gates
are currently all of original construction except for minor repairs. They were fabricated using
riveted construction and employ double skin plate framing which provides strong torsional
resistance to operating loads and allows them to be ballasted and transported great distances
by floating as a barge. In the history of the Canal there has been several accidental impacts to
lock gates, however, none these impacts has caused damage that distorted the relative
alignment between the miter and quoin ends of the gate. Several conclusions can be made
from this set of historic data as listed below:

e The double skin plate system provides flexibility in gate movements from the repair yard
to their point of installation.

o The general structural system is well suited to the operating requirements.
o Fatigue and fracture issues are not problematic.

» Double skin plate gates do not require periodic adjustment of the relative quoin/miter
alignment.

Two structural systems have been considered for miter gates, a single skin plate gate with
diagonals and a double skin plate gate. These two alternatives are compared to evaluate total
gate weight and identify maintenance and infrastructure requirements.

The single skin plate gate is common on inland navigation project and usually results in the
most efficient use of materials (least structural steel). These gates are installed and removed
with a crane and cannot be floated. The single skin plate gates have a past history of fatigue
and fracture failures. Several studies have been conducted to address fatigue and fracture
failures in single skin plate miter gates. The conclusion of these studies attributes shortened life
to misalignment, improperly tensioned diagonals, residual stress effects from welding, and
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selection of connection joint details. Some of these issues are common to all gate types and
some are unique to the single skin plate design.

Double skin plate gates are heavier in the dry but lighter when submerged in water due to
buoyancy from use of air chambers. These gates are typically installed with assistance of a
crane however they can be proportioned for unassisted righting for installation without the use of
a crane. Gates constructed with double skin plates require less maintenance because periodic
diagonal stressing operations is not required. The double skin plate design offers a uniform
shear flow distribution in the structural system and avoids special reinforcement for
concentrated loads resulting from diagonals used in single skin plate gates systems.

The primary load path from hydrostatic pressure is the same for both single and double skin
plate designs. The thrust line for the tapered end miter gates designed in this study is shown in
Figure B-4-1. Both gate designs are based on common loading conditions.

Figure B-4-1 Thrust Line of Tapered End Miter Gate

Based on the advantages of the double skin plate gate over a single skin plate gate, a
double skin plate miter gate is recommended as the preferred miter gate configuration.

4.1. Gate Structural Systems and Design

Plates 1 to 4 show the general assembly of the center gate bay miter gates. These gates
are design as three-hinge arches with a rise of 1/3 of the span (miter angle 1 to 3). The
front face (upstream face when gate is mitered) of each gate leaf is composed of three
vertical surfaces. The rear face (downstream face when the gate is mitered) is a vertical
plane. Atthe center portion, the gate leaf would be 4 m wide and tapers at the quoin and
miter ends. The front face is watertight and acts as a pressure carrying system. The skin
plate of the rear face (double skin plate design) is vented except for sections covering
buoyancy chambers and inspection compartments. The leaves are entirely of welded
construction made up of plate sections. Bolted sections may be used to facilitate use of
spare gate body parts. At points of high load concentration, and elsewhere for general
bracing, plate elements are used to stiffen skin plates. Horizontal girders are spaced
approximately at 2 200 mm. Seven vertical plate diaphragms run top to bottom of each
gate leaf.

4.1.1. Horizontal Girder Spacing

Horizontal girders are spaced vertically for structural efficiency and are far enough
apart to permit a person to easily stand up and move about for ease of inspection
and maintenance of interior compartments of the gates. Intercostals in the form of
plate elements are used to stiffen the skin plate spanning between girders. Two
ladders are provided, one at each end of the gate to facilitate access. Provisions for
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4.1.2.

4.1.3.

4.1.4.

4.1.5,

4.1.6.

41.7.

delivery of fresh air and exhaust are needed but not detailed. Drain holes, sump
pumps, and ballasting features are also required but not detailed.

Anchorage System

Buoyancy chambers are used to reduce loads on the top anchorage and pintle ball.
The top anchorage and pintle are designed to support the entire weight of the gate
during dewatering or if the buoyancy chamber is full of water.

Gudgeon Pin and Pintle Location

The gudgeon pin is located above the top girder. The connection area is stiffened
such that the load can be shared between the top two girders. Likewise, the pintle is
moved as high into the gate as possible, so that the bottom two girders can carry the
imposed horizontal reactions.

Strut Arm Location

Structurally, the preferred location for the strut arm is approximately at the mid to
lower third of the gate height to reduce torsion during operation. However, for
serviceability, a connection point above upper pool is desirable. This allows the strut
arm to be removed with ease.

Diagonals

A miter gate undergoes much flexing during its movement due to the resistance of
the water through which it must pass. This cause torsional flexing of the gate that
must be resisted by a double skin plate system or diagonal bars on the downstream
side of the gate. If the gate is provided with buoyancy and inspection chamber areas,
these chambers would greatly reduces the need for diagonals.

Gate Anchorage

Typical gate anchorage designs use a three-pin linkage on one anchorage to aliow
loads to pass efficiently to the gudgeon pin. This arrangement is modified because
of instability resulting from axial compression on the three-pin linkage during
operation of the gate. A retractable linkage assembly has been developed to
facilitate gate installation and removal while addressing load reversal. The linkage
and support structure are design to support the gate hanging in a dewatered lock,
operating loads, and earthquake loads plus gate self-weight with buoyancy. A post-
tensioned anchorage system is used to support the embedded anchorage frames.
This system was selected to minimize the distance from a downstream miter gate to
the miter gate monolith joint.

Design Methodology

The miter gates were designed using the Corps of Engineer's computer program,
“Design and Investigation of Horizontally Framed Miter Gates”, using the Load and
Resistance Factor Design Criteria (CMITERW-LRFD), Windows Version. This
program is an excellent tool to properly proportion a structural system for miter gates
and verify that code defined strength requirements are met. Some modifications
were made to enhance the software design capability for the Panama miter gates.
Updates were made in areas of weight calculations, buoyancy input and readout,
and skin plate design. This program has been used and validated on many previous
Corps miter gate designs and its use is sufficient at this level of design. A finite
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element model was used to evaluate the serviceability aspects of the miter gate
during movement in water and with the bottom edge of the gate restrained and the
full operating load of the hydraulic operating equipment applied to the gate. The
stress and deflection plots for these two loading conditions are shown in Figures B-4-
2 through B-4-5.
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Figure B-4-2 Stress Plot With Machinery Stall Loads Applied to Miter Gates.

Figure B-4-3 Deflected Shape of Miter Gate with Machinery Stall Loads Applied.
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Figure B-4-4 Stress Plot of Miter Gate with 2.9 kN/m2 applied over a 18.3 m
submerged depth
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Figure B-4-5 Stress Plot of Miter Gate with 2.9 kN/m2 applied over a 18.3 m
submerged depth

The results of the finite element modeling show that the gate performs well under both
normal and extreme operating conditions. Table 1 summarizes the finite element analysis

results.

to Gate

Loading Condition Von Mis. Stress, Maximum Deflection,
MPa mm
Normal Operation or Movement in 63 35
Water
Maximum Machinery Load Applied 73 25

Table B-4-1 Resuits of Finite Element Analysis of Miter Gates

Additional finite element analysis and design would be required if the design is
continued beyond this concept design level.
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4.2. Gate Monolith Design

This work represents a preliminary assessment of loads and loading combinations,
structural analyses, and concrete reinforcement design for the center gate bay. A
contract modification was issued that eliminated a requirement to consider one wall
serving as either a middle wall or portions of a cofferdam for a new fourth lane lock, a U-
Frame Miter-Gate Monolith would be used for this configuration. For economic reasons,
the Third Lane lock would be designed with a clear separation to a future four lane.
Gravity masonry structures are more economical than U-Frame structures and are
recommended as the preferred method of construction for the revised constraints. This
is based on previous experiences on other Corps projects as providing the most
sufficient and economical design. Sufficient design was performed for the three most
probable gate types to provide a reasonable comparison of requirements.

4.2.1. Loads / Combinations

Loads including gravity, lateral backfill and water pressures, uplift, miter gate
reactions, earthquake, and operational forces have been included in the various
analyses performed as applicable and are defined below. Load case 2G, as

described in Appendix A — Project Design Criteria was used to proportion the gate
monoliths.

4.2.1.1. Data/Assumptions Used:

e Concrete Wt. = 2 400 kg/m®

e Water = 1 000 kg/m®

e Lateral Earth Pressure Coefficient (at rest) = 0.5

e Earthquake Loads '

e MDE Pseudo-static EQ Coefficient = 0.313

e Hydro-dynamic effects using Westergard Formulations

e “Dynamic” earth pressures calculated using Mononobe-Okobe
formulas

e Wt of Ship Positioning System Units = 1 070 kN, applied as a
distributed load of 326 N/m along monolith at line of rails.

e Lateral Line Pull from Ship Positioning System Units = 667 kN,
applied as a distributed load of 239 N/m at elevation 28.8 when it is
conservative to do so.

The full range of load cases and load combinations is listed in Appendix A-
Project Design Criteria. Load case 2G — Normal Operation with a maximum

design earthquake was used to proportion the miter gate monoliths for the
following reasons: '

e The rock elevation in the vicinity of gate monoliths is substantially higher
than the founding elevation. Since the miter gate monoliths are cast
against rock over a large percentage of their height there is adequate

resistance to the lateral loads imposed by arching action of the miter
gates.

e The seismic acceleration is high and previous work demonstrated that
seismic loading controlled the design.
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4.2.2. Cross Sections and Configurations

The selected cross section considered the location of the filling and emptying
system, galleries, and equipment rooms. A reinforced toe at the founding elevation
which extends into the miter gate sill was incorporated to optimize the gate monolith
cross section. Concrete is placed against the rock cut lines to minimize the use of
formwork and backfill material.

4.2.3. Geometric Considerations

When considering all aspects of the functional requirements of the intermediate miter
gate monoliths, there are many dimensional provisions required regardless of
analyses optimization. With a 5 m recess to accommodate the miter gate, and with
a direct connected cylinder arrangement at the top of the wall and 6 m wide filling
and emptying culverts wrapping around the gate recesses, it was determined that a
monolith wall width of 20 m would be a minimum. Additionally, given the elevation
differences in subsequent downstream monoliths, a transitional reach of the gate sill
would need to be thickened to “plug” the step from the upper chamber to the lower
chamber. (Note the downstream miter gate monolith and sill would have a lower
founding elevation to serve as a “plug”.) With these geometric considerations in
mind, the dimensions of 3.5 m and 12 m for the gate sill (upstream and downstream
center gates respectively) thickness and 20 m for the wall thickness were chosen as
minimum requirements. The sill length was set at approximately 91 m to
accommodate two sets of miter gates and their anchorage systems. The final .
geometry of the center miter gate bay is shown on Attached Plate 1.

4.2.4. Analysis & Design

Conventional stability analysis computations were performed to determine the
required monolith proportions. Bearing failure on rock controlled the design.

4.3. Mechanical Systems

Plate 5 shows the general arrangement of the recommended miter gate machinery for a
gate connection point on the miter gate above upper pool elevation. The machinery
would be of the direct-connected, hydraulic cylinder type, similar to that being installed
on the existing Gatun locks. The cylinder would be supported in the miter gate monolith
machinery recess by a trunnion/cardon ring assembly (or gimbal) with the piston rod
connected to the gate with a spherical bearing type clevis. The cylinder would have a
serrated carbon steel piston rod with a CERAMAX type corrosion resistant ceramic
overlay as part of a CIMS type positioning system. This system would provide the
required precision and be compatible with the length of stroke necessary for this
application. Each cylinder would be equipped with scrapers, wipers, zero leakage seals,
and stop tubes as required. Greaseless bearings would be used for the cylinder
trunnion, cardon ring, and rod clevis. All miter gate cylinders would be identical to
minimize spare part requirements. Based on preliminary analysis, the cylinders would
have a 762 mm bore, 559 mm rod, and 10 634 mm stroke.

A separate hydraulic power unit (HPU) would operate each cylinder. The power units
and most control components would be located in the machinery tunnel adjacent to each
gate. Interconnecting hydraulic piping to the cylinders would be stainless steel. Each
power unit would include a stainless steel reservoir, two independent motor-pump
groups, relief valves, check valves, flow control valves, filters, and gages. A sealed
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breather system utilizing a desiccant dryer and accumulator would be required to
prevent water contamination from the operation in a humid environment. The hydraulic
system would have a design pressure of 17.2 MPa with a peak allowable of 24.1 MPa.
Using a 4-minute operating time it is anticipated that a 108 kW motor. would be required
to drive the hydraulic pump.

Access foriinspection and maintenance of the bearings, hoses, seals and position
transducer would-be provided. Environmental protection measures would include:
pressure switches to automatically shut off the-working -pumps (and oil flow) in case of
hose or pipe rupture; zero leakage cylinder rod seals with protective scraper/wiper; self
lubricating bearings to eliminate the need for grease and an oil containment system for
each HPU. :

4.4. Gate Installatlon

This-section presents three methods of operation to install the 4.15-m wide miter gates.
Three methods of gate installation are provided to demonstrate a range of possible
solutions for consideration. Each alternative has advantages and disadvantages that
should be considered in more detail as the Third Lane Lock Project evolves. The
alternatives considered include purchasing a high capacity crane that would find many
other uses on the canal system, a heavy lift barge, and using the existing Titan barge
crane. The least cost technically feasible alternative is to use the Titan as it is existing
infrastructure and maintenance staff is trained in this installation method.

The water levels to be considered are;

e Minimum water level at installation = 18.35 m. This water level is tied in with the
position of the pintle at the bottom of the lock (where the bottom of the gate
would engage).

¢ Maximum water level available = 30.00 m. This water level is available nearby
to bring the gate to a position near vertical, i.e. using water ballast to fill the
bottom chambers of the gate.

¢ Maximum water level during operation = 21.64 m. This water level is the highest
level of water on both sides of the gate during operation of the gate at the locks.
The level of water that the gate needs to control on one snde of the gate may be
higher. - : o

4 4.1. Installation by: Heavy Lift -

'lnstallatron and removal by heavy lift would require a 2000 (+/ )t capacrty crane as
shown conceptually in Figure B-4-9, Gate Lifter Concept. A crane with a 2000MT
capacity would find. other beneficial uses in the Panama Canal. Of primary interest is
emergency response to a severe gate damage mcrdent where a gate leaf had to be
removed from a lock chamber to allow continued service. Other possrble uses include
lifting tugboats out of water for service, possible uses during construction of the Third
Lane Locks, consideration as a supplement or replacement for the syncrolift system
The cost to purchase a crane fitted as required to remove and install the miter gates
would cost approximately $80 to 100 million dollars. Two cranes are shown in Figures
B-4-7 and B-4-8, both are comparable in size (one smaller & one larger) to what is
required to handle new Panama Canal lock gates.
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The Yoshida Go No. 60 (1,700 MT), shown in Figure B-4-3, is the most powerful full-
revolving crane vessel in Japan. This is a conventional fixed counterweight crane with
hull dimensions of 115x45 and is equipped with thrusters. A fixed counterweight crane
type would need sponsons to provide adequate hull beam to lift the required loads. The
main hull would be limited to about 32 m beam to fit through the existing locks.

The Stanislav Yuden pictured below in Figure B-4-4 is somewhat larger than required for
a single skin plate gate design. The Stanislav Yuden utilizes an active ballast transfer
system in lieu of a fixed counterweight and has a maximum capacity of 2 500 t. The
active ballast system is desirable from an operational perspective for the Panama Canal
because the active ballast vessel could function as the crane for all of the lock gates,
new and old, as it would be fully capable at a hull beam of around 32 m. A fixed
counterweight crane type would need sponsons to provide adequate hull beam to lift the
gates for the proposed Third Lane. The main hull would be limited to about 32 m beam
to fit through the existing locks. The active ballast transfer system would allow the use
of a hull that would fit through the existing locks, and not need any sponsons to make
the lift. However the hull would be comparable in length to the Stanislav Yuden, or
about 185 m.

Figure B-4-7 The Yoshida Go No. 60 (1,700 MT)

Gates would be serviced while stored in a vertical position with this alternative. The
feasibility of servicing gates in this orientation has only been evaluated to a concept level
of design. The gates would be transported by floating plant to a storage area. The
storage area would be equipped with a suitably proportioned foundation with walls built
to simulate lock walls. The storage site would be equipped with pintles and gate
anchorages to support the lock gates. A multi-level platform would be built into the site
to safely access either side of the gate leafs. Infrastructure for painting, welding,
machining, etc. would be provided to establish repairs. A general concept of this storage
structure is shown in Report Drawing ACP-R-21/16 and 21/17. The ACP has developed
expertise in transferring field alignment of exist embedded quoin block alignment into the
realignment process of new contact blocks. The adjustable contact block detail
proposed for mitering lock gates would greatly ease contact block setting and
adjustment process. This detail is shown on drawing ACP-R-21/18 and ACP-R-21/19.
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1
4 [l
FIGURE 2 - GATE LIFT OVER STERN

Figure B-4-9 Gate Lifter Concept

4.4.2. Use of Existing Methods to install and Remove Miter Gates

The method for removal and installation of miter gates on the existing Panama Locks
involves a ballasting sequence to control sinking and floating of gates with the
assistance of a crane. This same approach can be used to remove and install the
larger gates for the Third Lane Lock. The gates can be transported to and from a
centralized maintenance facility.

4.4.2.1. Floating Stability Evaluation Of Miter Gates
The basic dimensions of the new miter gates in the vertical position are as follows:

e L*=35.46 m. This is the overall length of the longer sidewall. This
dimension is tied with the width dimension of the locks.
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L =27 m. This length corresponds to the length of the internal subdivision
chambers of the gate (Buoyancy Chambers). The end prismatic
chambers are not watertight and water can enter those chambers from
the shorter side wall of the gate. Keeping the end prismatic chambers
open to the exterior will facilitate the fabrication, inspection and
maintenance of these “corner” areas.

W = 4.15 m. Gate width.
H=35.65m. vGate height to control the water levels inside the lock.
The weight of one gate (with W=4.15m)is 1770 t.

The gate model considered in this report includes the internal subdivision of the gate.
The gate internal chambers (Voids) are numbered from the bottom up. Void1
corresponds to. the row. of chambers from the bottom of the gate to 2.2 m above the
bottom; Void 2 corresponds to the row of chambers from the top of Void1 to 4.4 m
above the bottom of the gate etc... Void4 extends from 6.6 m to 8.8 m above the
bottom of the gate, etc.

The hydrostatic model including the internal subdivision of the gate, will allow
evaluating the results of flooding or partially filling with water any one chamber at a
time.

4.4.2.2. Installing the Gates With the Titan Barge Crane

With the gate floating almost horizontal with the voids 1 and 2 flooded and void 3
filled with water to 40% capacity, with an inclination of about 81.75 degrees from the
vertical, the Titan would hook up to the pick up point on top of the gate and apply a
lift force of 300 t to bring the gate to the vertical position as follows:

MITER GATES 35.65 METERS HIGH AND 300 METRIC TON CRANE LIFT
WEIGHT and DISPLACEMENT STATUS
BPL draft: 18.319 @ 13.50f, 18.319 @ 13.50a
Trim: 0.000/27.000, Heel: Stbd 0.35 deg.

Partec~-crccccnccccnenmcnce e e e We:.ght (M'I‘) ----LCG----- TCG-=~~~ VCG
LIGHT SHIP 1;770.00- 0.000 0.300s 15.250
Crane Lift -300.00 0.000 1.7508 35.650
Total Fixed--------- > 1,470.00 0.000 0.004s 11.087
Load----- SpGr-~=--~ Weight (MT) - ---LCG-----TCG-----VCG-----~ RefHt
VOIDl1l.C 1.000 1.000 " 242.79 © 0.000  0.000 1.100 '
_VOID2.C 1.000 1.000 . 242.79 0.000 0.000 3.300
VOID3.C 0.400  1.000 "97Q10 0.000 0.010s 4.840 -5.280
Total Tanks--------- > 582.68 0.000 0.0028 2.640
Total Weight-------- > .2,052.68 0.000 0.003s " 8.689
R : Displ (MT) ---~LCB----- TCB~~=-~~ VCB
HULL 1.000 2,052.35 0.000 0.000 9.159 -18.318
Righting Arms: 0.000 0.000s
Distances in METERS.-----c---meeo- - memmmccmcemm oo m oo m - —moo—————e-emo——————
HYDROSTATIC PROPERTIES
Trim: 0.000/27.000, Heel: Stbd 0.35 deg , VCG = 8.689
Origin Displacement Center of Buoyancy - .
Depth----Weight (MT) ----LCB--~-- TCBw=~--- VCB= « ~ ==~ WPA----- LCF------ BML----- BMT
18.318 2,052.35 0.000 0.000 112.0 0.000 0.05 0.001

9.159
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LCF  Displacement Buoyancy-Ctr. Weight/ Moment/
Draft----Weight (MT) --~--LCB----- VCB---~--- CM---~-~ LCF---CM trim----GML----- GMT
18.319 2,052.35 0.000 9.159 1.12 0.000 0.40 0.52 0.471
Distances in METERS.----- Specific Gravity = 1.000.-w---cea--- Moment in M.-MT.
‘ Trim is per 27.00M.
Draft is from BPL. True Free Surface included.

The gate is floating stable with the assistance of the crane with a heel of 0.35
degrees to starboard. The metacenter is still above the VCG, and GMT= 0.471 m,
which translates in positive and sufficient stability.

The bottom of the gate is at 18.319 m below the surface, and the crane can now
lower the gate on the pintle, 18.35 m below the surface.

This operation to upright the miter gate from the free floating position with 81.75
degrees inclination from the vertical (almost horizontal) when voids 1 and 2 are
flooded and void 3 is filled to 40% capacity, requires a depth of water of about 19 m,
and a crane lift of 300 t which is well within the rated capacity of the Titan. The
installation procedure is shown conceptually in Figure B-4-10.

—— e — R P
= 3
e P>
A

GRS SO 7 )

Existing Titan o BExisting Tian
Barge Crane m— Barge Crane
(350 t Capacity) _L (350 t Capacity)
N
Flood Chambers 1 and 2 Completely L
and No. 3 to 40% H
=5
— B
—
.[
.I
[T
a. With gate oriented generally in a
mitered position Hit with 300 t.
a. Float gate o project area. b. Position gate divactly over pintle.
b. Flood chambers 1, 2, and 3 (chamber 3 to 40%). ¢ Lower onto pintle.
c. Attach Titan's lifiing beam to gate d. Flood bottom 4 chambers.
©. Move gate and crane into lock chamber in prosdmity to pintie. ©. Instail gudgeon pin.
f. Disconnect kting beam.
STEP 1 STEP2

Figure B-4-10 Gate Installation with the Titan Barge Crane
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4.4.2.3. Installing the 4.15 m Miter Wide Gate With a Heavy Lift Barge

A heavy lift barge (HLB) could be equipped with a transfer system to receive gates
upon floating off the pintle and then rotated the gates to a horizontal position. This
barge system can also be used to set gates after they have be floated to their
installation point. The gates would be righted as shown in Figure B-4-12. With the
gate positioned horizontally on the front of a barge two option are available for
service. First, floating plant infrastructure could be built to service the gates afloat.
There are twelve lock gates; all gates could be serviced in one year with one-month
work time on each gate. The gates could also be delivered to land based
maintenance facilities without the use of a syncrolift system.

4.4.2.3.1. Setting Gates on the Pintle

For this operation, the HLB will submerge to pick up the gate that shall be free
floating almost horizontal (88.19 degree inclination), with all interior chambers dry.

The HLB ballasts to submerge and is placed under the gate:

——

”,___CH T ;‘T TITT] ] N
I H! _._1_1_‘L_~1_! - .
Galy Tav NP b ‘
:
1 Heavy GFt BBarge subazeged
S g Ju e i\uutro o

2. Heavy lift karge suknergesd
Fleced under the 441( Floating o,

Figure B-4-11 - Heavy Lift Barge Retrieving Gate

The gate is then placed in the upright position using a combination of ballast inside
the gate and hydraulic jacks to operate the 7 (seven) “positioning levers” provided on
the deck of the HLB.

B[]

-] o) 3oHeawy LifT lorge pf\ 3
weTo T the gate ot the W ;mll

Figure B-4-12 — Heavy Lift Barge Setting Gate on Pintle
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Proper adjustment of the ballast inside the gate and on the HLB will permit
installation on the pintle base at the proper water level on the lock wall. Gates can
be removed in the reverse order then transported as illustrated in Figure B-3-14.

4.423.2. Gate Transport

For this operation, the barge will submerge to pick up the gate that shall be free
floating almost horizontal (88.19 degree inclination), with all interior chambers dry.

The Barge ballasts to submerge and is placed under the gate:

——
—

iz T —

[ S S N S

GATE DR L e

Figure B-4-13 ~ Heavy Lift Barge Transport Sequence

After the gate is positioned on the HLB, the HLB can start pumping out ballast to lift
the gate out of the water. The gate will place itself horizontal on the “lever arms” or
any blocking pre-positioned on the deck of the HLB, because the CG of the gate is
located inboard of the side of the HLB.

Another barge can be brought alongside the HLB, to support the gate overhang. This
second barge can accommodate the crew that will be involved in the repair and
maintenance work on the gate.

4.5. Maintenance And Maintenance Facilities

It is noted that the miter gates can be fitted with hydraulically articulated ramps to permit
small pickup trucks to cross over the lock chamber.

A detailed evaluation of installation and removal procedures is beyond the scope of this
screening study. However, installation and removal of miter gates would be with the
minimal use of cranes. This would be accomplished with the use of buoyancy chambers
divided into compartments separated by vertical watertight diaphragms. Control of
ballast in the compartments would be necessary for setting and removing the gate
leaves by flotation. Water level in buoyancy chambers would be controlled by the use of
compressed air and valves. Supplemental gate handling and positioning devices would
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be embedded in the gate monolith to facilitate positive and accurate gate placement onto
the pintle.

A separate maintenance facility is recommended for the use of miter gates due to a
lifting capacity limitation on existing syncrolift systems. A concept is presented in
Figures B-4-14 to B-4-18 for a maintenance facility located on the shores of Gatun Lake
or the Atlantic Ocean approach to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>