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Before Retaining Wall Failure | in Marine, Foundation & Heavy Civil Applications | of Corroded Steel Pipe Pile Dolphins /



By Prof. Mo Ehsani, Ph.D., P.E., FASCE, F.ACI, President, QuakeWrap Inc.

RAPID REHABILITATION
OF SEVERELY GORRODED

STEEL PIPE PILE DOLPHINS
Port of Long Beach, California, 2026 »
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Marine structures reside in one of the
most aggressive environments encoun-
tered by civil infrastructure. Constant ex-
posure to seawater, tidal action, chlorides,
impact from vessels, and decades of ser-
vice often lead to extensive corrosion of
steel piles and deterioration of reinforced
concrete dolphin caps. Replacing these
structures is costly and disruptive, par-
ticularly at busy commercial ports where

downtime directly affects operations.

A recent rehabilitation project at the
Port of Long Beach illustrates how ad-
vanced fiber reinforced polymer (FRP)
systems can restore structural capacity
while minimizing disruption to terminal
activities. Two mooring dolphins serv-
ing the Carnival Cruise Line have expe-
rienced severe corrosion of both their
steel pipe piles and reinforced concrete
dolphin caps after decades of service in
the harsh marine environment.
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Rather than replacing the dolphins,
engineers selected a repair strategy
that combines composite stay-in-place
forms, supplemental reinforcing steel,
and high-strength grouts to restore both
durability and structural capacity.

Each dolphin consists of four
36-inch-diameter steel pipe piles sup-
porting a reinforced concrete dolphin
cap measuring approximately 12 ft x
16 ft x 4 ft. Visual inspection revealed
extensive corrosion of the exposed
portions of the steel piles, particularly
within the splash and tidal zones where
corrosion rates are typically the highest.

The reinforced concrete dolphin caps
also exhibited significant deterioration.
Corrosion of the embedded reinforcing
steel had caused concrete cracking and
spalling, leaving portions of the rein-
forcement exposed and reducing the
structural integrity of the caps.

Traditional repair methods would
require extensive temporary scaffolding,
conventional formwork, and lengthy
construction schedules. The objective
was therefore to restore the existing
structures using a faster construction

method that minimizes interference
with port operations.

The repair of the steel pipe piles
utilized the PileMedic® system, which
creates a new structural jacket around
the existing pile.

Specially designed spacers were first
installed around each pile to establish
a uniform four-inch annular space
between the deteriorated steel surface
and the new composite jacket. These
spacers also served as supports for
supplemental reinforcing bars placed
within the annulus.

Where additional load transfer was
required, proprietary ShearWrap®
connectors were installed. Unlike con-
ventional repair methods that require
welded shear tabs or welded shear

connectors, the ShearWrap® system
transfers forces mechanically without

\
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208 STORY

any field welding. Eliminating welding
simplifies installation, improves quality
control, and avoids the challenges as-
sociated with performing hot work in a
marine environment.

After preparation of the existing steel
surface, a thin fiberglass laminate jacket
was wrapped around the pile, creating
a permanent stay-in-place form. Unlike
conventional steel jackets, the com-
posite shell is corrosion resistant and
lightweight, allowing rapid installation
without heavy lifting equipment.

The annular space was then filled
with a high-strength cementitious grout.
To improve durability and ensure com-
plete sealing of the repair, the upper and
lower portions of the annulus were filled
with epoxy-grout. These epoxy seals iso-
late the cementitious grout from direct
seawater exposure while also preventing

grout washout during placement.

The completed repair effectively cre-
ates a new composite structural section
surrounding the original pile, restoring
lost strength while providing long-term
corrosion protection.

REHABILITATION OF
THE DOLPHIN GAPS

The deterioration of the reinforced
concrete dolphin caps presented a
different engineering challenge. Large
areas of concrete had deteriorated due
to corrosion of the embedded reinforc-
ing steel, requiring restoration of both
confinement and flexural capacity.

Instead of constructing conventional
plywood forms, the repair team utilized
SPiRe®+ pultruded fiberglass panels as
permanent stay-in-place formwork.
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Corroded reinforcing bars in the dolphin cap after removal of t

These panels provide a significant
structural contribution in addition
to serving as formwork. Each panel
provides reinforcement equivalent to
approximately No. 6 Grade 60 reinforc-
ing bars spaced at 314 inches. Because
of this substantial contribution, the
amount of conventional reinforcing
steel required for the repair was signifi-
cantly reduced.

After removal of deteriorated concrete
and cleaning of the remaining reinforce-
ment, supplemental reinforcing bars
were installed only where necessary to
restore the required structural capacity.

The SPiRe®+ panels were then as-
sembled around the dolphin cap, enclos-
ing the bottom surface as well as all
four vertical faces to create a complete
permanent formwork system. Once as-
sembled, the enclosed cavity was filled
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with a high-strength cementitious grout
that bonded the original concrete, new
reinforcing steel, and composite shell
into a single structural element.

The resulting repair restored both the
geometry and structural integrity of the
dolphin cap while providing an external
corrosion-resistant protective shell.

ADVANTAGES OF
THE REPAIR METHOD

Several aspects of this rehabilitation
approach proved particularly advanta-
geous for marine infrastructure.

First, both repair systems employed
stay-in-place composite formwork,
eliminating the labor and time associ-
ated with conventional form construc-
tion and removal.

Second, the lightweight fiberglass
materials could be handled without
large cranes or specialized lifting equip-
ment, simplifying construction on an
active marine facility.

Third, the structural contribution of
the composite materials reduced the
amount of supplemental reinforcing
steel required, resulting in faster instal-
lation and less congestion within the
repair zone.

Finally, both repair systems encap-
sulate the repaired members within
corrosion-resistant composite shells,
providing long-term protection against
the aggressive marine environment that
caused the original deterioration.

CONSTRUCTION SEQUENGE

Construction was organized in two
distinct phases. The repair team first
completed rehabilitation of all eight
steel pipe piles — four piles supporting
each dolphin. Once the pile repairs were
completed and grouted, work proceeded
to rehabilitation of the two reinforced
concrete dolphin caps.

The overall repair sequence
consisted of:

-—
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As infrastructure is subdued by time and fails, by corrosion or stress, rebuilding
from scratch can be a beast. That's when repair becomes the best choice.

QuakeWrap doesn't just improve your structures’ looks. We engineer proven
solutions that strengthen, protect, and extend the life of your concrete, wood
or steel, below water or on land. Our FRP systems stop corrosion, reduce

/

1. Removal of deteriorated concrete
and cleaning of corroded steel.

2. Installation of spacers and
supplemental reinforcing bars on
the steel piles.

3. Installation of ShearWrap® load-
transfer connectors where required.

4. Installation of PileMedic® laminate
jackets around all eight steel
pipe piles.

5. Placement of cementitious grout
within the annular spaces.

6. Installation of epoxy grout seals at
the upper and lower ends of each
pile repair.

7. Installation of supplemental rein-
forcing steel in the dolphin caps
where required.

8. Assembly of SPiRe®+ stay-in-place
panels around the bottom and sides
of each dolphin cap.

9. Placement of cementitious grout
within the dolphin cap repair forms.

10. Final inspection and completion of
both rehabilitated dolphins.

costs, and are installed quickly with minimal disruption at a fraction of the cost
of rebuilding. So restore your project and slay the beast.
OVER 1,200 PROJECTS HAVE BENEFITTED FROM OUR SYSTEMS:

We've repaired infrastructure for over 32 years, in the United States and 28 countries worldwide.
We're used extensively by the U.S. Army Corps of Engineers, as well as the U.S. Navy.

PRODUCT PRIMARY APPLICATION
Pile medic®  Repair & strengthen deteriorated piles and columns
SPiRe®+ Rapid structural repair using FRP panels that act as
formwork and reinforcement
Wet Lay-Up Bonded FRP strengthening and corrosion protection
Dry Lay-Up  Unsaturated bonded FRP fabric for strengthening
PipeMedic® Rehabilitation of pressure and water, wastewater,
stormwater, oil gravity pipelines and gas pipelines
ESeaWall™  Sea-level resilience and shoreline protection
ExE E5E
SCAN OR BEan Hads ®) (520) 791-7000 Y 4
CALLTO (Bl Bl »
LEARNMORE  SPiRe™+  Pilemedicc (@) auakewrarcom  (UiaKeWrap

Pile Buck Magazine | Vol.t:2 No.42026 | pilebuck.com



M

Completed repair
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Because the composite jackets and
panels remained permanently in place,
form stripping or additional finishing
operations were not required.

RESULTS

The rehabilitation successfully re-
stored two heavily deteriorated mooring
dolphins without requiring replacement
of the existing structures. Both the 36-
inch steel pipe piles and the reinforced
concrete dolphin caps were strength-
ened while receiving new corrosion-
resistant exterior protection.

The completed repairs demonstrate

how modern FRP composite systems
can extend the service life of aging
marine infrastructure while minimiz-
ing disruption to active port facilities.
By combining stay-in-place composite
forms with conventional reinforcing
steel and high-strength grouts, engi-
neers were able to produce a durable
rehabilitation that addresses both
structural performance and long-term
durability.

As many ports throughout North
America face similar deterioration of
aging waterfront structures, rehabilita-
tion methods that reduce construction
time, simplify installation, and provide

THE REHABILITATION SUCCESSFULLY RESTORED
TWO HEAVILY DETERIORATED MOORING DOLPHINS

WITHOUT REQUIRING REPLACEMENT OF THE

EXISTING STRUCTURES.

-

enhanced corrosion resistance will
become increasingly important. Projects
such as this one at the Port of Long
Beach illustrate how composite materi-
als can provide practical and economi-
cal solutions for extending the service
life of critical marine infrastructure.

PROJECT TEAM

Owner: Port of Long Beach

Facility Operator: Carnival Cruise Line
Engineer of Record: AtkinsRéalis
General Contractor: The Dutra Group
Composite Repair Systems:
QuakeWrap Inc.
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Service with Integrity.
Value with Quality.
Stocking distributors of

NEW and USED - STEEL PIPE

» A252 / APl / A500 grades of new pipe

» “Reconditioned used” and “surplus” in stock » 4" pipe size to 120" fabricated caisson

» End plates / conical points / splicers, etc. » Stocking locations throughout the U.S.
» Small orders and large including mill direct

» Coatings OD / ID ... coal tar, fusion bond, etc.

CRESTWOOD TUBULARS, INC.
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- Please call for quotations -

Toll free: 1-800-238-7473 - Fax:314-842-9064 - Email: info@crestwoodtubulars.com




