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USACE COASTAL RUBBLE MOUND INTEREST
USACE manages over 1000 coastal rubble mound structures 
(primarily breakwaters & jetties).



PROBLEM
Point Judith Breakwater



PROBLEM – INFO FROM CHS SP Lat Ln Depth, 
m, MSL

889 41.3564 -71.5196 9.28

876 41.3507 -71.5106 9.59

874 41.3488 -71.499 10.59

877 41.3507 -71.4875 9.93

213 41.3550 -71.4948 10.14



PROBLEM – ANALYSIS OF STORM
Tide range: MHHW-MLLLW = 3.85 ft (1.2 m)
Toe depth on east arm 21 – 32 ft, MSL (6.4 – 9.7 m)
Consider a storm with AEP of about 1% (100 yr ARI, 84% CL)

SP 213, d=10.1 m, MSL, SSL=2.53 m MSL, Hm0=7.0 m, Tp=19.9 s
(includes skew tide, conditional wave)
12 tropical storms with SSL>2.5 m.  
Of those, 7 storms have Hm0 > 7 m. They all look similar to the storm below.

Storm Name Peak Date Peak Hm0
(m)

Peak 
Surge (m)

Hurricane 
Bob   

8/19/1991 10.1 1.6

Hurricane 
Carol  

8/31/1954 8.5 2.4

Hurricane 
Edna  

9/11/1954 8.4 NaN

Hurricane 
Donna

9/12/1960 8.3 1.3

Hurricane 
Gloria

9/27/1985 8.3 1.3

Hurricane 
Esther

9/21/1961 7.8 0.7

Not Named 12/12/1992 7.5 0.9



PROBLEM – LOW-CRESTED AND SUBMERGED RM 
STRUCTURE RESEARCH
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PROBLEM – SEASIDE AND LEESIDE

Traditional Seaside and Leeside stability equations
 Seaside W50 = 13 t reasonable
 Leeside W50 = 170 t !!!
 Both drop at relatively low freeboards at storm peak



PROBLEM – EVALUATION 
• Various available armor stability equations 
• Give wildly different answers in overlap areas
• Equations have different context (damage initiation, mean S, duration, envelop or mean fit)
• No good solution for low-crested and submerged structures and most USACE rubble mound 

structures are low-crested or submerged during design conditions
• Low crested structures may have worst case at an odd non-intuitive parameter combination (e.g. 

low water level and high wave). Wave period and other correlated parameters make probabilistic 
response problem complex.

• CSHORE is giving poor prediction of RM damage

• StormSim/CHESS computes response at every time step of every storm for both PROS and life-
cycle simulation.  

• This takes care of multivariate problem
• But the low-crest problem is unsolved. How does user know when the computation around the 

peak of storm is dropping out due to low crest and what can they do about it?
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Goal:
Provide high-fidelity, high-resolution state-of-the-art hydrodynamic and probabilistic modeling and companion tools in a multivariate statistical context for coastal planning, engineering, and operations and maintenance.

Impact to the Nation: 
Methods, data, and tools within the CHS serve as the basis for coastal engineering by providing high-fidelity, probabilistic coastal hazards on a national scale.

https://chs.erdc.dren.mil 

Coastal Hazards System 
(CHS)
What is the CHS?
A national-scale, multi-agency initiative for 
accurate, efficient, and consistent quantification 
of coastal storm hazards along U.S. coastlines 
and other strategic locations critical to our 
national security.

Goal:
Provide high-fidelity, high-resolution state-of-
the-art hydrodynamic and probabilistic 
modeling and companion tools in a multivariate 
statistical context for coastal planning, 
engineering, and operations and maintenance.

Impact to the Nation: 
Methods, data, and tools within the CHS serve 
as the basis for coastal engineering by 
providing high-fidelity, probabilistic coastal 
hazards on a national scale.

https://chs.erdc.dren.mil 

https://chs.erdc.dren.mil/


NACCS
1050 TCs (green tracks) 

SACS: NCSFL
1,060 TCs (orange tracks)

SACS: SFLMS
1,085 TCs (cyan tracks) 

SACS: PR/USVI
300 TCs (red tracks) 

LACS
645 TCs (purple tracks) 

TXCS
660 TCs (yellow tracks) 



CHESS Primary RM Responses
• Runup
• Overtopping/Overflow
• Seaside armor stability/damage
• Toe stability/damage
• Leeside stability/damage
• Low-crested/submerged stability



CHESS
StormSim_Library\Structure_Reponses

call_project_response.m

compute_structure_response.m



CHESS EXAMPLE OUTPUT – SABINE TO GALVESTON

Sabine to Galveston CSRM PED, SWG



CHESS EXAMPLE OUTPUT – JAMES ISLAND

James Island, MD, NAB



CHESS EXAMPLE OUTPUT – LIFE-CYCLE

James Island Life-Cycle Simulation
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RUNUP, OVERTOPPING, WAVE TRANSMISSION
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ARMOR STABILITY & DAMAGE



SEASIDE STABILITY, LITTLE TO NO OVERTOPPING

Giulio gathered data from 7 seaside armor stability experiments. Curated data & reproduced 
studies with COULWAVE. Compared to equations of van der Meer (1988, 2003), van Gent (2003, 
2025), Melby and Kobayashi (2011), Eldrup and Anderson (2019), Etemad-Shahidi et al. (2020, 
2025). Refit equations to large dataset.



SEASIDE STONE ARMOR STABILITY

Equations all did pretty well across 
deep, shallow, and very shallow water 
regimes. Some are tuned to deep 
water with flat bathymetry and do 
poorly in shallow water. Some do 
better for damage.



SEASIDE STONE ARMOR STABILITY – EQUATIONS

𝐷𝐷𝑛𝑛𝑛𝑛 = ℎ𝑎𝑎𝑚𝑚
𝑆𝑆

𝐾𝐾𝑠𝑠 𝑁𝑁𝑧𝑧

−15 𝑀𝑀𝐹𝐹 𝑚𝑚𝑚𝑚𝑚𝑚

𝜌𝜌𝑤𝑤𝑔𝑔ℎ2∆

1
2

𝑎𝑎𝑚𝑚 =
𝑠𝑠𝑚𝑚

⁄𝑃𝑃 3

𝐾𝐾𝑚𝑚2𝑃𝑃0.18 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 0.5−𝑃𝑃  𝑠𝑠𝑚𝑚 < 𝑠𝑠𝑚𝑚𝑚𝑚

𝑎𝑎𝑚𝑚 =
1

𝐾𝐾𝑚𝑚1𝑃𝑃0.18 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 𝑠𝑠𝑚𝑚 ≥ 𝑠𝑠𝑚𝑚𝑚𝑚 𝑠𝑠𝑚𝑚𝑚𝑚 = (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)−3

K Coefficients are determined from best fit 
of equation to lab data

Permeability
P=0.1 impermeable
P=0.4 multilayer
P=0.6 homogeneous

Definitions:
- g = acceleration of gravity
− ρw = density of water
- h = water depth at structure toe
− θ = structure slope
− ∆ = Sr – 1, Sr = specific gravity of armor stone
- sm = Hm0/ Lm, Lm is wave length from linear dispersion equation usingTm
- Hm0 = spectral energy significant wave height
- Tm = local mean wave period near structure toe
- Nz = number of waves = duration/Tm

• Melby, J. A., & Hughes, S. A. (2004). Armor stability based on wave
momentum flux. In Coastal Structures 2003 (pp. 53-65).

• Melby, J. A., & Kobayashi, N. (2011). Stone armor damage initiation and
progression based on the maximum wave momentum flux. Journal of Coastal
Research, 27(1), 110-119.



SEASIDE STONE ARMOR STABILITY – FLUX
Depth Integrated wave momentum flux per unit crest length

Maximum wave force proportional to Mmax

Low steepness waves: 5% contribution from velocity term 
High steepness waves: 30% contribution from velocity term

Expect wave period for low steepness long waves to be very 
influential on stability

H=wave height, h=local water depth, ρ=water density,
g=accel of gravity, k=wave number , T=wave period



SEASIDE STONE ARMOR DAMAGE PROGRESSION

CEM pg VI-5-58 to 62; Melby, J.A. and Kobayashi, N.K. (1998). “Progression and variability of damage on rubble mound
breakwaters,”ASCE Journal of the Waterway, Port, Coastal and Ocean Division, V. 124, 6:286-294.
Updated: Melby, J.A., and Kobayashi, N.K. (2011). “Stone armor damage initiation and progression,” Journal of Coastal
Research 27(1),Allen Press, 110-119.
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LEESIDE STONE ARMOR STABILITY

Rc/Hs>0.3, Dlee<Dsea

Van Gent, M. and Pozueta, B. (2004). “Rear-side stability of
rubble mound structures,” Proc. 29th Intl Conf on Coast.
Eng., ASCE, V4, 3481-3493.



LEESIDE STONE ARMOR DAMAGE PROGRESSION
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LOW-CRESTED & SUBMERGED STONE ARMOR STABILITY 

Low crested: R2% > Rc 



LOW-CRESTED & SUBMERGED STONE ARMOR STABILITY 
DAMAGE

In addition to front-slope instability, damage can occur on crest
and backside as well

– For emergent structures, armor on the seaward slope is least stable
– For submerged and slightly emergent structures, crest is least stable



LOW-CRESTED & SUBMERGED STONE ARMOR STABILITY 
DOCUMENTATION

CEM Mostly written in late 1990’s

Part V, Chapter VI
– Design: 

• Little to no OT crest elevation: vdM 
• Little for leeside stability/damage
• Low crested & submerged

– VI-5-24, VI-5-25
– Combination of regular and irregular 

experiments, different damage 
measurements, different wavelengths, 
different data fits

– No continuity

– Performance Evaluation
• Cumulative damage for seaside armor

– Dated
• Nothing for LC or submerged



LOW-CRESTED & SUBMERGED STONE ARMOR STABILITY 
DELOS

DELOS low-crested and submerged 
2D and 3D experiments
Gathered data from 5 prior experiments

• DELOS Lab reports
• Kramer, M. 2006. Structural Stability of Low-Crested 

Breakwaters. Department of Civil Engineering, Aalborg University
• Burcharth, H. F., M. Kramer, A. Lamberti, B. Zanuttigh. 2006. 

Structural stability of detached low crested breakwaters. Coastal 
Engineering 53:381-394.

• Conference papers



LOW-CRESTED & SUBMERGED STONE ARMOR STABILITY 
DELOS RESEARCH PROGRAM PRIMARY PRODUCT

Observations
• Damage was stone counts – assumed “no-damage” criterion
• Polynomial fit 

• Suggests no physics, Best fit is a lower envelope
• Quadratic has 2 solutions
• Lower envelope demands deterministic design approach

Burcharth, H. F., M. Kramer, A. Lamberti, B. Zanuttigh. 2006. Structural stability of detached low crested 
breakwaters. Coastal Engineering 53:381-394.
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PRESENT WORK
Primary goals: 
Validated methods
Process models
Continuity across different rubble mound structure and forcing regimes
 Varying structure types
 Varying structure locations (seaside, leeside)
 Varying structure responses (inicipient stability, progressive damage)
 Varying relative depth, relative freeboard (emergent, low-crested, submerged)



PRESENT WORK – APPROACH

1. Validation: 
– Hindcast projects: Point Judith, Indian River, Perdido Pass, St Lucie, Wells Harbor, Oswego, 

Poplar Island, Portland Main
– Giulio’s validation

2. Assembled Giulio’s and DELOS data along with my own data, over 1500 observations and climbing
– Curated data – normalized broad range of wave and damage measurements



PRESENT WORK – MACHINE LEARNING

3. Trained machine learning base models for total S, seaside S, leeside S, Dn50 and Ns
• Matlab, many different training and validation approaches
• All training has been successful, generally low errors (except S)
• Presently working on augmenting data with weighted synthesized results

• Parameters vary by experiments – some parameters are missing
• Some parameters have limited support (hc, Dn50)



PRESENT WORK – CSHORE

4. Validated CSHORE for armor damage, trained machine learning model for profile evolution, 
detailed damage information (mean S, std dev S, max S, etc)
 



PRESENT WORK – ADD’L PROGRESS

Givehki progress report.



PRESENT WORK – BOUSS MODELING

5. Reproduce all experiments with Boussinesq model to produce consistent set of hydrodynamics
• Validated model
• Developed analysis software with reflection analysis, filtering
• Described infragravity development in shallow water



SUMMARY
• USACE manages over 1000 rubble mounds most of which are low-crested under extreme 

loading
• CHS/CHESS system provides hazards and probabilistic analysis software for coastal 

structures that uses up-to-date methods for rubble mound design and life-cycle simulation
• Seaside stability/damage methods have been recently and independently validated in leading 

journals
• Leeside methods have limited data support, validation
• CEM and DELOS low-crested or submerged methods are not very useful
• Present work is focused on hindcasting with CHESS, developing continuous physics and 

validating process models
• Neural network continuous physics model appears to solve primary problems
• CSHORE process model RM damage prediction is being improved



CHESS TEAM

Kevin C. Hodgens, Kevin.C.Hodgens@usace.army.mil 
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Kohl P. Morris, Kohl.P.Morris@usace.army.mil
Norberto C. Nadal-Caraballo, Norberto.C.Nadal-Caraballo@usace.army.mil 
Abigail L. Stehno, Abigail.L.Stehno@usace.army.mil
Madison C. Yawn, Madison.C.Yawn@usace.army.mil 
(alphabetical)

Questions?
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