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REPAIR OF MARINE
INFRASTRUCTURE

USING SANDWICH FRP PRODUCTS

BY MO EHSANI, PhD, PE, SE, F.ACI

Marine Infrastructure and Challenges in Repair

Marine infrastructure, including seawalls, piers, bulkheads and bridge foundations, plays a pivotal
role in global commerce, defense and coastal protection. These structures are often located in
environments that are not only physically demanding but chemically aggressive. Tidal action,
saltwater exposure and fluctuating moisture levels, particularly in the splash zone, create a
perfect storm for accelerated deterioration. Over time, the repeated cycles of wetting and drying
lead to corrosion of the steel reinforcements within these structures. In bulkheads and sheet
piles, this degradation is especially problematic, as it not only weakens the steel elements but
can also result in the loss of soil behind the walls — a phenomenon that compromises the stability
of adjacent infrastructure and poses environmental risks.

Conventional methods for repairing marine structures have been installation and environmental sustainability. One such advancement
largely based on concrete restoration technigques that involve the is the use of fiber reinforced peolymer (FRP) composites, which offer
construction of timber formwork around the damaged element, a noncorrosive, lightweight and highly adaptable solution. This paper
placement of new steel reinforcement, and casting of concrete into the explores a proprietary repair technigue (Ehsani 2021), which applies
formed annular space. While these methods can be effective under sandwich construction technology to marine infrastructure repair.
ideal conditions, they are not always practical. Many waterfront and Through two case studies — one involving flat panel repair of a
underdeck environments offer limited access, making it difficult to seawall in Virginia, and the other invelving custom-shaped shell repair
install large formwork systems. Furthermore, steel-based repairs are of a pier in Galveston, Texas — this paper demonstrates how this
vulnerable to the same corrosion mechanisms that caused the initial system offers a reliable and long-lasting alternative to traditional
deterioration. These traditional methods also often require the use repair techniques.
of cofferdams to create a dry work environment, which significantly
increases the cost and complexity of the project. Design and Fabrication of Sandwich FRP Panels

In the repair of structures with FRP, when the materlals are used to
As coastal and port infrastructure continues to age, there is an resist tensile forces only, one or two layers of FRP may be sufficient
increasing demand for innovative repair technologies that address and these often provide a cost-effective solution. However, there
not just structural performance, but also long-term durability, ease of are cases when the stiffness of the product rather than its strength
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Fig. 3 GFRP rebors instalfed.

is a critical design factor. In those cases, one could bond multiple
layers of FRP to create a rigid plate, but that solution becomes very
expensive. In the same way that I-beams are more efficient than solid
plates, a more economical approach is to use a sandwich construction
technique. These products are made by using a relatively inexpensive
lightweight core that gets sandwiched between the more costly FRP
fabric on the top and bottom surfaces (Fig. 1). The technigue is widely
used in the aerospace and shipbuilding industries (Baker et al. 2004).
The panel shown in Figure 1 consists of a 3/8 inch (8 mm) thick core
with two layers of glass fabric as skin reinforcement.

The overall thickness of a typical sandwich panel is less than 1/2 inch
(12 mm), but this modest dimension belies its significant structural
capacity and durability. The manufacturing process used to produce
these panels is known as vacuum resin infusion or vacuum injection
molding. This method invalves placing the dry fiber layers aver the
core and then infusing them with resin under vacuum. The result is a
void-free, high-strength composite panel that exhibits excellent bond
between layers and superior resistance to environmental exposure,

One of the key strengths of the sandwich panel system is its versatility
in terms of geometry. While many marine structures require only flat
panels for protection and repair, others — such as beams, girders

and piles — have complex shapes that demand custom fabrication.
The same sandwich panel technology can be adapted to form
custom-molded shells that conform precisely to the shape of the

host structure. Whether flat or contoured, these panels can be
prefabricated off-site and transported to the job location for rapid
installation, reducing the time and labor typically associated with
in-situ repairs.

Case Studies

Seawall Repair in Chesapeake, Virginia

The first application of the sandwich panel system was at a pulp and
paper mill in Chesapeake, Virginia. The site included a corrugated
metal sheet pile seawall that stretched 926 feet (282 m) in length and
varied in height from 4 to 14 feet (1.2-4.2 m). Over the years, exposure
to brackish water and harsh industrial conditions had severely
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Fig. 4: Ponels attoched to wails.

Fig. 5: Divers instafiing the parels.

corroded the steel piles. Compounding the structural concems was
the risk of environmental contamination: The facility owners were
worried that chemicals stored and handled on the property could
leach through the compromised wall and pollute the adjacent river.
The Environmental Protection Agency (EPA) had demanded that the
problem be addressed.

To address these dual concerns — structural rehabilitation and
environmental protection — flat sandwich panels measuring 4 feet
(1,200 mm) in width and 20 feet (6 m) in length were manufactured.
These panels were delivered to the site prefabricated and were
individually positioned in front of the corroded sheet piles. The soft
silt at the riverbed can be jettied away with a high-pressure water jet,
allowing the panels to be embedded in the soil. Stainless steel J-bolts
were installed through pre-drilled holes in the panels and anchored
into the existing wall to hold the panels firmly in place (Fig. 2). Glass
FRP rebars were placed in the cavity between the panels and the host
wall to serve as noncorroding reinforcement (Fig. 3).

A critical step in this repair process was the sealing of panel joints. A
4-inch-wide (100 mm) strip along the edge of each panel was coated
with a specially formulated underwater epoxy, which allowed the
adjacent panels to form a watertight overlapping seam (Fig. 4). The
lightweight panels can be easily handled by divers without the need for
lifting equipment (Fig. 5). Once the panels were aligned and secured,
the space between the panel and the existing wall was filled with grout
using the tremie method. A small lift of epoxy grout was first placed at
the bottom, allowing it to cure and form an impervious seal at the base.
The remainder of the annular space was then filled in a single lift (Fig.
6). The upper 3 inches (75 mm) of the annular space was also sealed
with epoxy grout. Strong backs were also temporarily used to minimize
the deflection of the panels during the grouting operation.

The result was a completely encapsulated sheet pile wall, shielded
from oxygen and moisture. By eliminating the access of these two
critical agents of corrosion, the repair effectively halted further
deterioration of the steel, This solution also provided a continuous,
impermeable barrier that would prevent contaminants from leaching



Fig. 6: Completed project.

into the river. Importantly, the entire repair was completed without

the use of cofferdams, drastically reducing construction costs

and disruption to the site. The owners were provided with a long-

term, maintenance-free repair that was both structurally sound and
environmentally responsible,

Since its introduction, the system has been used on a dozen projects
including by the U.5. military worldwide. The largest ongoing
application is in the Port of Melbourne, Australia, where a 0.75-mile (1.2
km) length of a corroded seawall is being repaired with this product.

Pier Repair at Port of Galveston, Texas

The second case study showcases the use of custom-shaped
sandwich FRP shells for the rehabilitation of a severely corroded
cancrete pier at the CHS terminal in the Port of Galveston, Texas
(Fig. 7). Qver time, the beams and deck of the pier had suffered from
extensive corrosion due to constant exposure to salt-laden air and
maoisture, Structural inspections revealed that up to 50 percent of the
steel reinforcement had deteriorated in several elements, making
immediate intervention necessary to prevent failure.

Conventional repair methods were quickly ruled out. The area beneath
the pier was extremely confined, rendering it impossible to construct
the timber formwork necessary for traditional concrete restoration.
Even if such formwork could be installed, the presence of water and
marine life would pose additional complications, and the resulting
repair would remain vulnerable to future corrosion.

In response to these challenges, a solution was developed that
utilized the same sandwich construction technology to build custom-
molded FRP shells. These shells were designed specifically to match
the contours of the deteriorated beams and girders (Fig. 8). The
manufacturing process involved creating molds that replicated the
exact geometry of the structural elements, including the annular space
that would get filled with concrete at a later stage. The shells were
fabricated using the same sandwich construction technigue employed
in the flat panel systems, with a rigid core and GFRP skins, and were
only 3/8-inch thick while weighing just 2.2 pounds per square foot.
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Fig. 7 Severe domage caused by corrosion.
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Conventional repair methods were quickly
ruled out. The area beneath the pier was
extremely confined, rendering It Impossible
to construct the timber formwork necessary
for traditional concrete restoration.
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