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ABSTRACT: The construction duration of major structures such as locks is often longer than planned and
delay can cost millions of dollars, both in overruns and in lost revenue. The building of such structures
faster, below foreseen budgets, using tested technologies and with greater reliability can be accomplished if
innovative engineering and creative project delivery methods are utilized. The design and construction of
locks using precast elements - rather than poured-in-place concrete - coupled with a logistics approach to
projects is proposed herein.
1

INTRODUCTION

Lock projects are generally designed using
mass
poured-in-place
concrete.
While
an
appropriate solution, it is by no means the only
method and unless the owner states that this is a
project requirement, the designer should choose the
structural medium only when all of the project goals
have been fully discussed and considered. For
example, the designer might be directed to start with
the premise that the project schedule and cost are
to be as fast and low as possible so long as the
project quality and risk requirements are met. In this
regard, the philosophy of project delivery described
in this paper is geared toward lowering cost and
improving schedules and thus requires that
traditional construction approaches be modified to
take advantage of today’s technology, techniques
and tools.
The paper is divided into several main sections.
The first section discusses the adaptation of ship-toshore (STS) container cranes for construction; the
second section describes precast elements that can
be used for lock construction and that are placed
using STS container cranes; and the final sections
describe how this system of construction can be
used to construct locks.
2 SHIP-TO-SHORE CONTAINER CRANES AS
CONSTRUCTION CRANES
The construction methodology described herein
uses the STS container crane as the primary
construction crane to build major lock structures.
Following construction, the container cranes can be
reused elsewhere as a construction crane or as a
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crane in a container terminal. The cranes will retain
their values fairly well since they will be saleable on
the open market as more container terminals come
online or modernize.
The basic differences between STS container
cranes are in capacity, reach, vertical lift range,
gauge, and speed. The lighter cranes handling 20 to
25 containers per hour have a load capacity up to
49 LT1. High-performance container cranes of
tubular girder design for multi-shift operation in
larger harbors have a load capacity of 54 LT or
greater. They handle approximately 20 to 30
containers per hour. Larger cranes with capacities
reaching 100 LT are envisioned for the future. The
important issue in comparing STS cranes to normal
construction cranes is lift capacity versus reach – a
250 LT track mounted boom crane can only lift a
fraction of its capacity at the maximum reach
whereas a large state of the art STS crane can be
designed to lift 65 LTs at up to 250 feet (76 meters)
from the outer rail or at any position.
Post-Panamax cranes require power on the order
of 13,200 volts and would be powered via cable
real. The cranes are often equipped with control and
monitoring systems that can record all machine
activities. Many cranes today are built by Zen Hua
Port Machinery Company (ZPMC), just outside of
Shanghai, China, and weigh approximately 1,200
LT.
The Post-Panamax container cranes normally
cost approximately $7 to $8 million each. In the lock
construction configuration, the crane would have a

1

1 Long ton (LT) = 1.01605 metric ton (tonne).
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jacking capability2, which could raise crane costs
another 10 to 15 percent.
3 PRECAST ELEMENTS
The ocean access to a job site creates a unique
opportunity to use large and heavy precast units for
appropriate projects. When compared to site-cast
concrete, precast has a lot of advantagesi:
 Since precast is manufactured in a controlled
casting environment it is easier to control the
mix, placement, and curing
 Quality can be controlled and monitored much
more easily
 Since a precaster can buy materials for multiple
projects, quantity discounts can lower costs
 Weather is eliminated as a factor-you can cast
in any weather and get the same results, which
allows you to perfect mixes and methods
 Less labor is required and that labor can be less
skilled
 On site, precast can be installed immediately,
there is no waiting for it to gain strength and the
modularity
of
precast
products makes
installation go quickly
 Repeatability - it's easy to make many copies of
the same precast product; by maximizing
repetition, you can get plenty of value from a
mold and a set-up
 Accelerated curing - heating the precast parts
greatly increases strength gain, reducing the
time between casting the part and putting it into
service
 With the ability to so tightly control the process,
from materials to consolidation to curing, you
can get extremely durable concrete
 A shortened schedule due to the rapid erection
of large numbers of repetitive components
 By incorporating components into the precast
units, their installation can be removed from the
critical path
 Providing the ability to readily repair the lock
structures using replacement precast units
should they be damaged due to seismic activity
or a maritime collision
 Transferring a substantial amount of field
construction labor risk to precast plant labor
 Allowing for the expeditious use of the logistical
efficiencies that exist in the maritime supply
chain and, in particular, with respect to
container-handling technologies.
2

This allows the crane to travel up and down the lock
right-of-way and is explained further in the section on lock
construction.
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Generally, the main constraints of using
structural precast are the costs associated with the
haul distance of the element from the plant to the
job site and the weight of the elements. Shipped by
water, it is economical to go great distances,
providing the re-handling is minimized. Weight is not
a major problem due to the logistical approach to
projects proposed herein.
The post-tensioning together of precast concrete
elements can result in monolithic structures which if designed and built properly - perform equally, if
not in a superior manner, to cast-in-place concrete.
3.1 Concrete Block Units
One applicable structural precast system that
works well with the container handling equipment
and cranes are the oversized hollow-core precast
concrete block units (CBUs) depicted in Figure 1.
The blocks nominally measure 8 feet (2.4 meters)
long by 8 feet wide by 8 feet high3 and
volumetrically represent 19 cubic yards (14.5 cubic
meters). The single CBU weighs approximately 11.7
LT which will allow them to be handled in multiples
of five by some top-picks, reach stackers and
straddle carriers. This combined unit is, by design,
dimensionally similar to a FEU4 shipping container,
40 feet long by 8 feet wide by 8 feet high and would
weigh approximately 58.5 LT.5

FIGURE 1: Isometric view of five standard 8’x8’x8’
CBUs bolted together making an FEU and showing
the post-tensioning ducts and the lifting embeds.
3

The blocks actually are dimensionally 1 inch smaller
in all directions to allow for grouting and are thus 7’-11”
by 7’-11” by 7’ - 11”.
4
FEU is the acronym for a fourty-foot equivalent unit
or the size of the most common shipping container.
5
The block must be stackable longitudinally as well as
transversely and thus must be dimensioned in multiples
of width. The final wall thinckness would be optimized
based on modeling and field testing.
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These blocks can be stacked and their
configuration allows for the placement of horizontal
as well as vertical post-tensioning. The inclusion of
post-tensioning ducts in each of the three planes is
the method of tying the blocks, both to each other
and to foundations.
The CBUs have “container” handling fittings on
top that assist in handling and that enable the CBUs
to be stacked in terminals and on barges or ships
using conventional container handling equipment.
These fittings consist of embedded steel plate with
oval-shaped holes at the lift points.
3.2 Delivery to the Project
Due to their simplicity, the standard blocks could
be produced at the job site. However, it would be
logical and economical to manufacture the blocks in
multiple precast yards that have waterside access.
By design, the blocks can be moved through the
existing container supply chain and would be
handled in a similar fashion as are shipping
containers using container yard equipment, STS
cranes, barges and container vessels.

container ship of CBUs would be based on
displacement and stability rather than volume due to
the uniformly high weight of the CBUs relative to the
variable weight of fully loaded shipping containers.
As mentioned earlier, the movement of CBUs
would be done using container handling equipment.
Spreaders that can be adjusted to lock onto the 8
foot long CBU could be used if the units are not
bolted together to form an FEU size. STS container
cranes also allow for very precise placement of
containers and can usually verify the actual weight
of each container as it is being lifted.7
4 LOCK CONSTRUCTION
In China, new locks continue to be constructed in
conjunction with dams. Nicaragua is intending to
move ahead with their deeper wider canal (initial
ground breaking occurred on December 22, 2014).
The Autoridad del Canal de Panamá (ACP) has
evaluated whether increasing customer demand will
warrant the building of a fourth set of locks and they
have a conceptual design and location that could
accommodate an 18,000 TEU or greater TEU
vessel. Given this potential for future lock
construction and because building locks using STS
container cranes and the appropriate precast
concrete elements is advantageous with respect to
cost, schedule, risk transfer and quality, its
consideration is warranted and timely.
For the purposes of demonstrating this
methodology, the Third Set of Locks of the Panama
Canal is used herein to show how this innovative
approach could be used for lock construction.
4.1 Third Set of Locks of the Panama Canal

FIGURE 2: Ocean-going barge at a container berth.
Once sufficiently cured, the CBUs would be
removed from their precast forms and placed into
storage. From storage the CBUs would be
transported6 to a port container yard where they
would be loaded onto a ship or barge (similar to the
one shown in Figure 2) using large container
cranes. It should be noted that a fully loaded
6

The maximum road weight limit varies with
jurisdiction. The 8 foot long by 8 foot wide by 8 foot high
CBUs would generally not exceed these limits and thus
can be transported by road. The maximum gross mass
for dry cargo TEU is 23.6 LTs so two CBUs (23.4 LT)
could be transported on a single truck. Larger units cast
adjicient to a container capable loading dock or rail lines
are possible.
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In the case of the Third Set of locks of the
Panama Canal, some of the CBUs would have been
cast near the construction site and others would
have been imported and offloaded - from container
ships and/or oceangoing barges - directly to a
dedicated rail or road system established by the
contractor (hereafter it is assumed that it would
have been a road system). This offloading site
would have been at a temporary project dock
alongside a cofferdam at the sea entrance to the
new locks or at a project-dedicated dock.
The road system would have provided access to
a contractor-established port-adjacent storage yard
where the CBUs would have been stored. The
equipment at the storage yard would have been
much the same as at a conventional inland
7

Weights are transmitted via equipment in the
spreader and the data is sent back through one of the
control cables.
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intermodal facility where containers are moved on
and off of an intermodal system. Straddle carriers
would have been used to move the blocks. The
CBUs would have been stored in stacks, the height
of which would have depended on the stability of the
ground. Alternately, the CBUs could have also been
stored on top of the lock floor slab – a very logical
and efficient location.
Just-in-time delivery would have been used
where possible to minimize re-handling costs.
Properly planned, the majority of the CBUs would
have been hauled directly from the ship or barge to
the project for integration into the work. The CBUs
would have been tracked using existing supply
chain systems and methodologies. These large
complex structures would have been comprised of
multiple thousands of blocks (over 200,000 for both
the Atlantic and Pacific sites) and would have
required unique features such as block-outs,
embedded plates, conduits, hydraulic system
implements and structural considerations on
selective blocks. Thus, tracking of the blocks from
casting through the supply chain to its final position
in the structure would have been imperative.
Industry standard barcoding would have worked, but
the use of smart-chip and GPS technology would
have allowed each block to be uniquely identified so
that its location could have been tracked (even in
real-time), thereby expediting the entire process.
The entire structure would have been systematically
detailed to insure that all of the components were
not only properly manufactured but also tracked
from origin to final placement within the structure.
Using GPS would not only have enabled the builder
to track the blocks through the supply chain but
would have also allowed the crane operator to be
alerted if a block had been placed in the wrong
place or orientation.

Figure 3: Pedro Miguel Locks, general view looking
south from the forebay, February 1911 (source:
www.canalmuseum.com)
During that construction, the method of placing
concrete was by using large buckets suspended
from truss-frame cranes that rolled on rails parallel
to the lock chamber alignment. Figure 3 also shows
these cranes and Figure 4 shows one placing
concrete.

Figure 4: Traveling crane placing concrete circa
1912 (source: www.canalmuseum.com)

4.2 Site Logistics
In 1905, John Stevens - the foremost civil
engineer of his day and second Chief Engineer to
head the United States’ effort to build the Canal and
locks in Panama - drew up logical plans for the
Canal's construction. One of the first things he
recognized was that the project was largely the
logistics problem of efficiently moving the excavated
material out of the project footprint. To accomplish
this, he set up a railroad to move the materials and
supplies throughout the project, as shown in Figure
3.
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The principle method chosen to service the
construction of the Third Lane was by using a series
of tower cranes as shown in Figure 5. Some of
these cranes were mounted on movable platforms
which afforded them some translation capability –
albeit limited. In comparing Figures 3 and 5, the
multiple fronts opened in the recent construction are
evident and depict a chaotic job site versus the
relatively clean job site of the nineteen hundreds.
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cranes; one at the offloading dock (ship unloading
crane) and one building the work (site crane). The
cranes would have been brought to the site on
specialty ships (as is customarily done) or on a
project-dedicated, ocean-going jack-up barge.
Figure 7 shows a heavy-lift STS container crane
transport ship.

Figure 5: The many tower cranes used to build the
Third Set of Locks for the Panama Canal. (source:
www.concreteconstruction.net)
What is striking is the similarity of these vintage
nineteen hundred era cranes to the modern STS
container crane in their basic configuration. Using
the same logic of rolling cranes along the alignment,
the CBU lock construction would have been
serviced similarly but with a modern STS container
crane, as shown in Figure 6. Figure 6 is an isometric
view of a typical rolling gate monolith under
construction demonstrating the incredible reach the
crane would have had. The basic difference
between what has been done and what is proposed
herein is that the walls would have been made from
precast elements rather than from poured-in-place
concrete.

Figure 7: A ZPMC heavy-lift ship delivering
container cranes.
4.3 Construction Sequence
The Pacific Ocean side of the Third Lane of the
Panama Canal is depicted in the artist rendering in
Figure 8. The sequence of construction would have
begun with the installation of a cofferdam at the
ocean entrance to the project. Once it was in place,
the access up to the cofferdam would have been
dredged. This would have provided a direct water
access point to the project for equipment and
material. The low point at the cofferdam would have
been a collection point for the significant site runoff
(sump) and would have needed to be pumped out
periodically.

Figure 6: Isometric views of a rolling gate monolith
under construction using a purpose built STS crane
and precast block elements delivered by AGVs.
The STS container cranes that would have built
the locks would have been custom built for the
project.8 This concept requires the use of two STS
8

The STS crane height would have needed to comply
with the air draft restriction at the Bridge of the Americas
which is typically 190 feet (57.9 meters) measured from
the waterline to the vessel's highest point or 205 feet
(62.5 meters) when passage is at low water (MLWS).
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FIGURE 8: Artist rendering of the completed new
Pacific locks showing the gate monoliths and the
water-saving basins. (source: ACP)
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Excavation would have begun at the footprint of
the first chamber (low-end). Subsequently, the
chambers would have been excavated with the
haul-out roads oriented upstream.
Once the first lock chamber had been excavated,
the lock chamber floor would have been poured.
The first step would have been to pour grade beams
designed to support the rails of the STS container
crane. This would have allowed the early use of the
STS container crane (site crane) to aid in the
subsequent construction.

Figure 9: Alignment of the new Pacific locks and the
cofferdam.
It is envisioned that the sequence of construction
would have been planned so that the site crane
would have progressed upward, commencing
construction on the low-end of the locks. In order to
land the crane, it would have been positioned at the
beginning of the excavation. This would have been
accomplished by first preparing the landing area by
building the cofferdam (shown in Figures 9 and 13
on the ocean side of the then yet-to-be-constructed
lock headwall and the dredged lock access channel
leading up to the cofferdam. A custom built oceangoing jack-up barge bearing the crane could thus
have approach the cofferdam.9 The barge would
have then been jacked-up so that the crane could
have been offloaded across the cofferdam from the
barge to the receiving tracks. Once the crane was
onshore, the barge would have been jacked-down
and repositioned adjacent to the access channel.
The barge - which contains a second crane (likely
with a lesser reach) - would have then again been
jacked-up becoming part of a berthing structure to
9

While these cranes are usually transported by way of
special transport ships (Figure 7), the transfer of the
cranes from ship-to-dock requires ballasting and playing
the tides as the cranes move from ship-to-shore. As
such, a speciality jackup barge would have greatly
faciliated this operation and would also have served as
the temporary unloading dock of incoming materiel.
SMART RIVERS 2015 (www.pianc.org.ar/sr2015)

be used for offloading CBUs and other materiel.
This structure would have been augmented - as
needed - with appenditures such as breasting
dolphins and road access.
As mentioned above, special consideration would
need to have been given to the landing and removal
of the STS container crane at the construction sites.
Due to the high tidal variation (maximum tidal range
is 23 feet), the Pacific side of the Third Set of Locks
(Figure 9) provides a challenging example and thus
is used to illustrate a method that the crane could
have been landed. The sequence of moving the site
crane onto the project is presented in Figures 10
through 18.
Figure 10 shows two cranes being delivered to
the site via an ocean going jack-up barge. The jackup barge would have:
 Been the vessel upon which the cranes are
transported to the job site from the fabricator.
 Provided a stable platform from which the
cranes can be moved to the job site.
 Served as a temporary loading and unloading
dock for the project.
 Been used to deliver the cranes to the Atlantic
site via the existing Panama Canal and to their
final destination following the completion of the
project.

Figure 10: The jack-up barge approaching the
cofferdam.
The cofferdam - which would have been needed
to be installed to protect the lower chamber from
water intrusion during construction - would have
needed to have a height based on extreme high
water plus a reasonable freeboard, taking into
account a required excavated depth below the floor
of the lock.
The crane would have needed to be crossed
over the top of the cofferdam and lowered to the
base of the excavation. A way to accomplish this
task would be to incorporate rack and pinion
telescoping legs that extend the full height of the
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cofferdam into the design of the crane. These legs
would allow the crane to both translate laterally
along the rails as well as move vertically up or
down.

Figure 14: The site crane is rolled on top of the
cofferdam and the crane’s two forward-telescoping
legs are lowered to the receiving track on top of
excavation.
Figure 11: The jack-up barge is positioned
alongside the cofferdam and the barge legs are
dropped to the bottom.

Figure 15: The site crane is moved off of cofferdam
and over the excavation.
Figure 12: The jack-up barge is raised on its legs to
match the height of the top of the cofferdam.

Figure: 13: A plan view showing the jack-up barge
alongside the cofferdam and aligned with the yet-tobe-constructed lower lock and lockhead.
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Figure 16: The site crane is lowered to the bottom of
the excavation and the ship unloading crane is
repositioned to balance the barge.
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Following the excavation and once the STS
crane would have been operational, it would have
been used for nearly all subsequent operations, and
the critical path would have run through it.

Figure 17: The site crane is moved ahead and the
rear-telescoping legs are lowered; the jack-up barge
is re-floated.
Figure 19: The original railroad making the grade
change
using
a
trestle.
(source:
www.canalmuseum.com)

Figure 18: The jack-up barge is relocated to become
the temporary construction loading and unloading
dock for equipment, materiel, and blocks.
The site crane would have needed to climb up
the lock chamber steps when traveling along the
project site. Using its telescoping legs, it could have
“jumped” between the lock chambers.10 Similar to
what was done originally in Panama in the early
nineteen hundreds, construction roads would have
made this grade change possible by using a trestle
or a similar structure, as shown in Figure 19.
Generally, the construction would have been
planned such that the CBU placement would have
been completed on a lower level before the crane
was moved ahead. However, this does not mean
that the crane could not have move back-and-forth,
level-to-level.

The site STS crane’s first major task would have
been to aid in the pouring of the wall foundations.
Once these foundations would have been
poured, placement of the CBUs would have
commenced. The CBUs would have been placed
using the site STS crane rolling on the provisional
crane rails. The CBUs would have been delivered to
the crane using automated guided vehicles (AGVs)
similar to the one shown in Figure 20. These
unmanned,
software-controlled
container
transporters would have provided an efficient link
between the STS crane, the storage yard and the
project site.

10

This can be accomplished either by using the selfjacking crane described herein or by having the crane
jacked-up to the next level onto a platform that overhangs
the grade change. Either way, the gate structures - which
straddle the grade changes - can be worked on in their
entirety.
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Figure 20: A pair of Terex Gottwald AGVs on station
at the Long Beach Container Terminal in California.
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The site crane would have had the ability to work
off of either end of the overhead truss, thus having
the ability to build both chamber walls
simultaneously. The wider side of the lock head at
the gate slots (gate monoliths) would have been the
side to which the crane’s longest reach would have
been oriented (ship side) as shown in Figure 6.
The CBUs would have been stacked and
reinforced appropriately as they progressed. The
walls would have progressed linearly, as well as
vertically, completing the vertical sections as soon
as would have been practical. The backfilling would
have needed to be planned within this overall
sequence. A drainage system would have been
placed behind the walls.

4.5 Gate Installation Procedure
In the original Panama Canal construction
project, the gates were constructed onsite and inplace, thus eliminating the need for extremely heavy
lifts. The original in-place Panama gate construction
is shown in Figure 22.

4.4 Block Grouting
A 1-inch (25.4 millimeters) grout layer between
the successive block courses would have been
specified. Each block would have been individually
leveled using pancake jacks then shimmed to
ensure trueness.
Post-tensioning would have run in the
longitudinal direction with breaks occurring at
expansion joints. Post-tensioning would have run in
the transverse direction in the as shown in Figure
21.
The sequence of construction would have
required that each vertical layer be grouted as the
work progressed.
The void spaces in the blocks would have
remained open, filled with lean concrete.
BLOCK COUNTERFORT (SPACING TBD)
CABLE DUCT

CONTINUOUS BLOCK
STIFFENER WALL

WATER LEVEL
(MAX)
5'

PAVEMENT

WATER LEVEL
(MIN)

Figure 22: An original Panama Canal gate under
Construction. (source: www.canalmuseum.com)
Figure 23 shows four of the Third Lane Lock
gates - which were manufactured in Italy and
shipped to Panama – prior to installation. Although
this operation was pulled off without a major
misshape, it was not without risk. Had the STS
crane been available, the approach could been that
the gates were prefabricated in pieces that are
limited in weight to around 60 LT and shipped to the
project as would have been the block units. In this
way, they could have been erected/installed during
construction of the monoliths using the container
crane and thus saving several months off of the
overall schedule. The gates could have been
assembled in the recesses, out of the travel way of
the STS container crane.

BACKFILL
HORIZONTAL POSTTENSIONIONG

80'
104'
LOCK
62' CHAMBER
24'

8'X8'X8'
BLOCK (TYP)
SIDE FILLING
PORT

CULVERTS
PIP CONCRETE FOOTING

VERTICAL POSTTENSIONING

80'
107'

Figure 21: A Third Lane Lock wall partial section
showing post-tensioning and a common block
layout. (1 foot = 0.3 meters)
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Figure 23: Third lane lock gates were shipped from
Italy
and
landed
in
Panama.
(source:
www.seatrade-global.com)
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4.6 Quality Control
The quality of the CBUs would have been
extremely high because they would have been
made in a manufacturing environment using
materials approved for the project. The blocks being a precast concrete product - would have been
manufactured under the guidelines as set forth by
the Precast/Prestressed Concrete Institute (PCI) or
to another internationally recognized standard. The
blocks would have been manufactured in licensed
structural precast concrete plants. This would have
ensured industry acceptable quality control.
5 RISK CONSIDERATION
A number of risks are unique to the STS
container
crane/precast
solution
to
lock
construction. The delivery of the STS container
crane represents a risk, although there is no record
of one being lost at sea thus far.11 As mentioned
earlier, typically, the cranes are delivered on ships
specifically designed for their transport, as shown in
Figure 7. The jack-up barge proposed herein would
have needed to be seaworthy and properly
designed for the voyage from the manufacturer.
Alternately, the manufacturer could have arranged
for the transport to the site and the cranes could
have been off-loaded to the cofferdam “quay”
prepared by the contractor. This would have
transferred the risk to the shipper but would have
needed to be evaluated from a cost, schedule, and
construction perspective.
The dominant reliance on a single major piece of
equipment, the STS container crane, presents a
construction risk. Electrical STS container cranes
are generally economical and reliable. The reliability
of container handling equipment is of prime
importance to container terminal operators, which
has led to specifications for container crane drive
systems that are very detailed. The key aspects of
crane drive system reliability involve recent
developments of drive technology. Most relevant is
the maturing of field-oriented controlled AC drives.
Modern container cranes are operating at an
average of 10 hours or less downtime per month.
Post-Panamax cranes are equipped with control
and monitoring systems that can record all crane
activities. They can detect and warn when
maintenance is pending. The cranes used in
construction would have been new and designed for
the project, and their reliability would have been
11

There were two cranes dropped in the bay at Long
Beach California which were subsequently cut up for
scrap.
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very high, thereby presenting an acceptable risk to
the project.
The logistics of moving the CBUs, both to the
project and around it, would have required careful
consideration. How all of these blocks would have
been dealt with would have depended on the
quantity that were manufactured locally and the size
of vessels chosen to transport the units from
abroad. For example, if a Panamax ship were
deployed (capacity of 3,000 to 4,000 TEUs), it could
easily handle some 2,000 blocks per voyage. The
number of AGVs required would have depended on
the cycle time from the dock to the work area or
storage yard.
Ideally, the project would have needed to receive
this amount of blocks as fast as they could be
unloaded, which would have been conservatively at
a rate of 20 to 30 per hour. This rate exceeds the
rate at which they would have been set, so clearly
some would have needed to be stored. This would
have required that they be offloaded from the AGVs
using reach stackers such as the one shown in
Figure 24. The AGVs could have deliverer the CBUs
to the floor of the lock within reach of the container
crane or to a remote storage yard. Fortunately, the
vast majority of the blocks would have been generic
and could have been integrated into the project in
multiple locations.

FIGURE 24: Reachstackers removing containers
from railcars.
This potential rehandling would have cost the
project money and would have needed to be
properly planned for. The risk associated with the
handling of the CBUs would have been mitigated by
using container terminal flow management tools that
optimize storage (placement) of the blocks, thereby
minimizing rehandling and crane moves.
An analysis that compares the cost of units
delivered dockside to the project shipped from the
apparent low-cost supplier(s), as opposed to the
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locally FOB manufactured cost, would have needed
to be performed.
During the actual construction of the Third Lane,
concrete was needed to be poured year-round. The
precast solution would have had an advantage as
block placement would have occurred nearly
independently of weather, which would have
lowered the contractors’ risk of weather-related
delay.
6 SCHEDULE AND COST ADVANTAGE
Pouring concrete takes much longer than
erecting precast elements and this advantage can
be estimated.
In Panama under a cast-in-place solution, it had
originally been estimated that the concrete would be
poured at each site (Pacific and Atlantic) at an
average rate of over 1,000 cubic yards per day, 6
days a week for a 41-month period (two shifts per
day). The Panama Canal Authority (ACP) had
allowed a total of 60 months to build the entire
project; therefore, other critical path work was to be
done in 19 months. The actual duration has been
longer due to various issues including the quality of
the mass in-place concrete, work stoppages, etc.
This aside, the schedule advantage of the STS
container crane/block method can be illustrated
using the ACP’s original schedule of working two
shifts, 10 hours per day and 6 days per week.
Bolted together, two-CBUs occupy a volume of 38
cubic yards. If the volume of concrete for both the
Pacific and the Atlantic lock complexes is used and
this volume is divided into the volume of a two-CBU
block configuration, approximately 134,000 block
units would have been needed.12 Using one 65 LT
container crane - which is easily capable of 20 to 30
moves per hour and able to move a five-CBU
configuration all at once - to move 6 two-CBU
configurations per hour (1/5th of its rated speed13),
20 hours per day, 6 days per week, indicates that all
of the blocks could have been placed sequentially working the Pacific complex first and then moving
the cranes to the Atlantic complex - in about 43
months. Clearly, this simple analysis indicates that
12

The blocks have a void which would have been
filled with lean concrete once the post-tensioning was in
place. This activity would not have been on the critical
path so using the total volume of the block is reasonable.
13
Journal of Commerce data on port productivity in
the first half of 2014 showed that the world's most
efficient port was Jebel Ali in the United Arab Emirates. It
managed to perform an average of 138 container moves
- loading, unloading or repositioning - per ship per hour.
Source; Bigger ships Snarl U.S. Ports, WSJ, A1,
4/30/2015.
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by using this methodology, the contractor would
have easily met the overall 60 month construction
schedule. More importantly perhaps, is that it
demonstrates the tremendous potential of the
methodology in terms of dramatically shortening the
schedule as well as potentially lowering the project
cost because the contractor would have been able
to better balance his resources by building one
complex at a time.
The ACP was able to utilize the aggregates
excavated on the Pacific side of the Isthmus to build
both lock structures. This local material was
processed into coarse and fine aggregates which
would appear to be a cost advantage for the poured
- in - place solution. This said, as mentioned
elsewhere, many of the blocks would have likely
been manufactured locally – as well as being
imported. Also, the lean concrete fill would have
used these aggregates. The cost of transporting raw
materials versus block would like have been lower
than the cost of importing finished blocks. These
and other differences including field versus in-plant
labor would have needed to be compared to the
overall project cost for both methods. In short, an
actual cost comparison between the two methods
would have required more engineering and logistics
costing than was done for this paper. It is
compelling however, that time is money and that the
rapid method would have saved a considerable
amount of time.
7 CONCLUSION
The rapid construction of locks method as
described herein appears to merit further study. The
example provided conveys how the STS container
crane and the appropriate precast elements can be
used to build lock structures faster, with a high
degree of quality and at a potentially lower price that
a traditional poured-in-place method. There are
multiple variations to this theme, and a creative
contractor will readily see how the traditional
construction techniques can be supplemented and
enhanced using state-of-the-art construction and
logistics tools that were previously not available.
Innovation lies at the heart of modern
competitiveness. As René Loire wrote, “The right
technical solution always appears as self-evident . .
. after it has been found.”ii
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