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Presenter Notes
Presentation Notes
Good morning and Håfa Adai. My name is Erica, with Baird & Associates, the designer for the Glass Breakwater repair project. Today I’m excited to share with you the history of this critical structure, the challenges it has faced over its 80‑year life, and the details of the repair design that will strengthen its role in protecting both economic activity and defense operations here in Guam.
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The Glass Breakwater - Apra Harbor, Guam



Presenter Notes
Presentation Notes
The Glass Breakwater is Apra Harbor’s first line of defense. For port operations, it reduces wave energy, allowing cargo ships to berth safely, cranes to operate reliably, and goods to move without costly delays. For naval operations, it ensures mission readiness by protecting berths, fueling stations, and critical assets from typhoon‑driven seas. In short, this breakwater safeguards Guam’s economic engine and its maritime security


The Glass Breakwater - Apra Harbor, Guam

* Breakwater protects Port of Guam + Naval
Base Guam

e Typhoon Mawar (May 2023) caused severe
damage

a Apra Harbor Waterfront Repair Project
e $571M design-build project (NAVFAC)

o Comprehensive repair of outer 5,800 ft of
breakwater

e Contractor - TPC-NAN JV (Black Construction) §

e Designer - Baird (+ AECOM, SEI, Woolpert, CLlI,
NRC)

| Nan Inc &2 . Baird. (S ;m ))


Presenter Notes
Presentation Notes
In May 2023, Typhoon Mawar caused severe damage, highlighting the urgent need for comprehensive repairs. NAVFAC launched the Apra Harbor Waterfront Repair Project — a $571 million design‑build effort to restore the outer 5,800 feet of the breakwater. The contractor is TPC‑NAN JV, led by Black Construction, and the design team includes Baird, AECOM, SEI, Woolpert, CLI, and NRC. Together, this project represents one of the most significant coastal infrastructure undertakings in the Pacific


Original Design + Construction

o Construction started in 1941, completed in 1944 46 (Seabees)
Total length ~ 2.8 miles, depth up to 36 ft ©
~ 2M cy of rock fill from local quarry

~ 10-30 T armor stone

Harbor played major role in late WWII
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Presenter Notes
Presentation Notes
The Glass Breakwater is named after Admiral Henry Glass, a U.S. Navy officer who played a significant role in Pacific operations in the late 19th century. Construction of the breakwater began in 1941 and was completed between 1946 by the Seabees.
The structure extends approximately 2.8 miles, with depths reaching up to 36 feet. Building it required nearly 2 million cubic yards of rock fill from local quarries, and the outer layer was armored with stones ranging from 10 to 30 tons each.
What makes this truly remarkable is the feat of quarrying and hauling stones of that size with the equipment available at the time. Standing on the breakwater today, it is humbling to imagine the challenges the Seabees overcame — working in an active wave climate, with limited machinery, yet managing to place and stabilize these massive stones.
Beyond its engineering scale, the breakwater was vital to history. Apra Harbor became a major staging area during the late stages of World War II, and this structure provided the sheltered conditions needed for naval logistics and operations. It remains a testament to both engineering innovation and wartime determination. 




1969 Repairs
1976 Repairs

1584 Dolos Repair

1987 Repair

1997 Repair
2013 Repair



Presenter Notes
Presentation Notes
From its original construction through to 2013, the Glass Breakwater underwent a series of documented repairs. Each intervention was reactive, addressing damage from storms and typhoons, but together they show the evolving history of how this structure has been maintained 



I 1969 Repairs



Presenter Notes
Presentation Notes
From its original construction through to 2013, the Glass Breakwater underwent a series of documented repairs. Each intervention was reactive, addressing damage from storms and typhoons, but together they show the evolving history of how this structure has been maintained 
In 1969, spot repairs were carried out to replenish stones that had been eroded by wave action. These were localized fixes, aimed at stabilizing sections weakened by constant exposure



1976 Repairs



Presenter Notes
Presentation Notes
Following Typhoon Pamela in 1976, more intensive repairs were needed. Large sections were reinforced with additional stone, marking one of the first major interventions





Presenter Notes
Presentation Notes
In 1984, Dolos units — the first concrete armor units used on the breakwater — were installed. Remnants of this repair can still be seen today in some section intact, and in other sections not so much….





Presenter Notes
Presentation Notes
By 1987, further repairs were made at the roundhead, along with additional spot repairs. These targeted areas most exposed to incoming wave energy, reinforcing critical points of the structure



1997 Repair



Presenter Notes
Presentation Notes
The cycle continued in 1997, with more spot repairs carried out using stone, and further improvements at the roundhead. 


E 2013 Repair



Presenter Notes
Presentation Notes
And the last major documented repairs before Typhoon Mawar came in 2013. Concrete cubes were installed at the roundhead and along the trunk, providing added stability — but again only in targeted sections rather than a full rebuild
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Presenter Notes
Presentation Notes
Taken together, this timeline shows how the breakwater has been kept functional through decades of patchwork repairs. Each intervention bought time, but the structure now requires a comprehensive repair strategy to unify and strengthen it against Guam’s severe wave climate. 
The cycle of typhoon damage followed by stone replenishment has left a lasting mark on the Glass Breakwater. Each round of repair added material, and over time this has created what we call the relic debris field.
The breakwater profile today has a much larger footprint than originally designed, surrounded by loose stone and debris that can shift during future storms. These deposits complicate construction and maintenance, and they show how decades of patchwork interventions have reshaped the structure.
The breakwater has grown outward, but not necessarily stronger — reinforcing why a unified, comprehensive repair strategy is now essential to ensure long‑term resilience.



Site Characterization


Presenter Notes
Presentation Notes
To move forward with a comprehensive repair strategy, we first needed to understand the site as it exists today.
That began with a high‑resolution topographic and bathymetric survey of Apra Harbor, which revealed two key features: the steep offshore shelf — wide at the roundhead and narrow along the trunk — and the relic debris field forming a skirt around the structure
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Presenter Notes
Presentation Notes
To complement the survey data, we used our in‑house software StoneID to process orthographic images and generate stone size distributions. This quantified the range of armor stone present both in the debris field and on the slope, giving us a clear picture of material variability and informing equipment capacity requirements for construction. 


Metocean Conditions & Wave Climate

(Tropical Storm and greater)
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1) Quarried Stone

2) Concrete armor units (CAUSs)

« Slender (Dolos, Tetrapods) - prone to
rocking/breakage/failure

e Massive (Cubes) - inefficient

 Bulky (Accropodes™, Core-Loc®, X-bloc®) - best
balance of hydraulic stability + structural
durability



Presenter Notes
Presentation Notes
So, with the metocean study and numerical modeling, we now have a clear understanding of the forces acting on the breakwater — from offshore typhoons to nearshore wave transformation across the shelf.
The next step is to consider how best to repair the structure under these conditions. There are two primary approaches: using quarried stone, or adopting concrete armor units such as Accropode™. Let’s look at each option briefly before outlining the selected design concept.


The first option is quarried stone, which relies on sourcing and placing large natural armor stone. While proven, this approach can be limited by availability, logistics, and long‑term stability in the high‑energy wave climate as proven with the existing structure. 

The second option is concrete armor units, such as Accropode™. These are casted concrete units design to stabilize breakwaters with interlocking stability and can be tailored to resist the severe metocean conditions we documented.
With both options considered, we evaluated constructability, durability, and risk — leading to the design concept I’ll outline next



Overview of Selected Design Concept Y

16 m3 (42 T) Accropode™ units (single layer)
Excavation/grading of existing armor stone

Toe units embedded in trench excavated into Relic Debris
Field (RDF)

Key Design Details:

« Depth of toe trench excavation into RDF =
« RDF response to extended storm exposure } RDF is “foundation” for repair
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Presenter Notes
Presentation Notes
The selected repair concept is based on 16 cubic meter Accropode™ units, each weighing 42 tons. To put that in perspective, that’s the equivalent of roughly 17 Toyota Forerunners — a comparison that resonates when you think about the deliveries we frequently see at the port.
These massive units are placed in a single layer on a slope that has been carefully graded using the existing armor stones. At the toe, the Accropode™ units are embedded into a trench excavated within the relic debris field.
One of the key design challenges was determining the depth of excavation required for this toe detail. The stability of the relic debris field remains a critical uncertainty — long‑term erosion could undermine the toe, and displaced stones could damage the Accropode™ units.
Addressing this toe condition is central to ensuring the long‑term resilience of the repair strategy.



Physical Modeling - The Design Tool!

e Conducted at NRC-OCRE (Ottawa, Canada)
» Scale: 1:49.3
. Facilities: =

e 2D - 14 x 63 m Coastal Wave Basin

« Key Objectives:
e Accropode™ stability
* Non-conventional (oversize) underlayer
 RDF mobility
e Toe trench depth
* Risk of damage to partially completed work

NC-CNC



Presenter Notes
Presentation Notes
To support our design, we completed both 2D and 3D physical models of the breakwater repair at the NRC‑OCRE facilities in Ottawa, Canada.
The model was scaled to 1:50, and the key objectives were to review: • Accropode™ stability • The performance of a non‑conventional, oversize underlayer • Mobility of the relic debris field • Toe trench depth requirements • And the risk of damage to partially completed work during construction.
These physical models provided critical validation of our design and allowed us to simulate the construction sequencing and staging of the project. 



2D Physical Model Study

e Simultaneous testing of 4 XSs

 Damage to existing structure
accurately simulated

e Focus on key design
parameters for repair cross-
section



Presenter Notes
Presentation Notes




3D Physical Model
Study

Two distinct 3D model
studies completed to
support design process:

3D-West - outer 2,700 ft
(including roundhead)

3D-East - inner 3,500 ft
(beyond repair termination
at Luminao Reef)




3D Model Construction

Accropode™ placem
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3D-West Model - Overview

e Quter 2,700 ft, incl. roundhead

e Repair design details
Accropode™ armor layer
Oversize underlayer

Toe trench depth + backfill
Overtopping + crest buttress
 Roundhead + leeside transition

* Risk of damage to WIP
 Excavated bench and toe

 Armor layer resilience

e Removed Accropode™ units to
simulate breakage/extraction

. 220 T excavator

with 110 ft boom
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3D-East Model - Overview

 Inner 3,500 ft, Incl. transition to existing
structure at Luminao Reef
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Key Model Results - Accropode™ Units @A-'"“"'ﬂ'f

e 16 m3 (42 T) Accropodes™ showed no sign of instability
under design + overload conditions

« Armor layer provides significant design resilience

 No extractions under extended duration of severe waves
(multiple design events + overload conditions)

* No progressive damage around artificially created gaps

« Extraction of a few toe units in some tests (3D-E model) after
very long test durations (100+ yrs of storm exposure
simulated)
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Construction Progress




 Mob, early works +
Accropode™
casting started in
late 2025

e 300 ft test section

advanced In early
2026

e Units Casted as of
August 51, 2026:
1,144




Construction Sequencing

1. Construct Working Platform
 Salvage material with excavation S

2. Excavate Toe Trench &
Underlayer to Platform

3. Backfill Working Platform &
Complete Underlayer

4. Place Accropode™ units




Construction Progress- Operational Conditions Forecast
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Presenter Notes
Presentation Notes
Developed a custom operational forecast system that integrates real time measurements to predicted conditions and monitors for Typhoon Activity 



Super Typhoons Sinlaku and Bavi




Super Typhoon Sinlaku

Event Durations - Modelled Typhoons peak Hs>20ft

Hs (ft)

0 i
=48:00:00 -24:00:00 D0-00-00 24:00:00
Hours relative to Event Peak

 Extended Duration of Sinlaku resulted
In damage along the breakwater
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Emergency Response to Super Typhoon Sinlaku
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Super Typhoon Bavi

Sinlaku related repairs completed

Accropode™ Placement Completed for ~400ft
Typhoon Bavi July 5-6™, 2026

Placed units remained intact and stable

» Fewer Emergency Repairs required compared to Sinlaku
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Path Ahead

« Complete Emergency Repairs
« Use imported stone from Korea to replace
volume loss due to Sinlaku and Bavi

* Progress with the Permanent Repair Design
with Accropode™




Questions?

]
Baird.
Innovation Enginee
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