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Why Develop & Study Why Develop & Study 
Mooring Forces Methods?Mooring Forces Methods?

Design of Navigation ChannelsDesign of Navigation Channels
Reducing Marine Casualty IncidentsReducing Marine Casualty Incidents
(and Consequences)(and Consequences)

Property Damage Property Damage –– Ship & PierShip & Pier
PollutionPollution
Injuries/DeathsInjuries/Deaths



Motivation and Purpose of ProjectMotivation and Purpose of Project

DeepDeep--Draft navigation channel congestionDraft navigation channel congestion
TrafficTraffic
BlockageBlockage
Ship berths in close proximity to transiting Ship berths in close proximity to transiting 
vesselsvessels

Tasked to investigate occurrences of Tasked to investigate occurrences of 
vessel mooring breakaways due to vessel mooring breakaways due to 
passing vesselspassing vessels

Frequency; LocationsFrequency; Locations
Characteristics & preliminary analysis of Characteristics & preliminary analysis of 
eventsevents
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BackgroundBackground

Literature ReviewLiterature Review
NavyNavy

MILMIL-- HDBK 1026/4:HDBK 1026/4: Mooring Design Handbook (Mooring Design Handbook (replrepl. . 
NAVFAC DM 26.4)NAVFAC DM 26.4)
MILMIL--HDBK 1025/1:HDBK 1025/1: Piers and WharvesPiers and Wharves
DM 26.6:DM 26.6: Mooring Design Physical and Empirical Data Mooring Design Physical and Empirical Data 
TRTR--60056005--OCN:OCN: ‘EMOOR’ ‘EMOOR’ -- A Planning/Preliminary A Planning/Preliminary 
Design Tool for Evaluating Ship Moorings at Piers and Design Tool for Evaluating Ship Moorings at Piers and 
WharvesWharves

USACEUSACE
EM 1110EM 1110--22--1100 (Part II): 1100 (Part II): 
CEM Harbor HydrodynamicsCEM Harbor Hydrodynamics



Literature Review (cont’d)Literature Review (cont’d)
Essential ReferenceEssential Reference

Guidelines and Recommendations for the Safe Mooring of Large Guidelines and Recommendations for the Safe Mooring of Large 
Ships at Piers and Sea IslandsShips at Piers and Sea Islands, Oil Companies International Marine , Oil Companies International Marine 
Forum (OCIMF)Forum (OCIMF)
Proceedings, North Atlantic Treaty Organization (NATO) Advanced Proceedings, North Atlantic Treaty Organization (NATO) Advanced 
Study Institute on Analytical Treatment of Problems of Berthing Study Institute on Analytical Treatment of Problems of Berthing and and 
Mooring Ships (Lisbon, Portugal, 1965), Published by ASCE 1970Mooring Ships (Lisbon, Portugal, 1965), Published by ASCE 1970
NATONATO--ASI Advances in Berthing and Mooring of Ships and ASI Advances in Berthing and Mooring of Ships and 
Offshore Structures, Offshore Structures, TrondheimTrondheim, Norway, 1987, E. , Norway, 1987, E. BrattelandBratteland, ed., ed.
Design of Marine FacilitiesDesign of Marine Facilities, J. , J. GaythwaiteGaythwaite, 1990, 1990
Port EngineeringPort Engineering, P. , P. BruunBruun
Handbook of Port & Harbor EngineeringHandbook of Port & Harbor Engineering, G. , G. TsinkerTsinker

SeeligSeelig (2001), (2001), FloryFlory (2001), Lean and Price (1977), King (1977) (2001), Lean and Price (1977), King (1977) 
Wang(1975), Wang(1975), MugaMuga and Fang (1975), and Fang (1975), RemeryRemery (1974)(1974)



Mooring Analysis SoftwareMooring Analysis Software
NavyNavy

EE--MOOR, FIXMOOR, PASSMOOR, FIXMOOR, PASS--MOORMOOR
CommercialCommercial

ShipShip--Generated Hydrodynamics (SGH) Generated Hydrodynamics (SGH) –– PI PI 
Engineering Engineering MOSESMOSES
OPTIMOOR OPTIMOOR -- Tension Technology Tension Technology 
AQWA AQWA -- WS AtkinsWS Atkins
SHIPSHIP--MOORINGS MOORINGS –– AlkyonAlkyon
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Mooring Line ResearchMooring Line Research
Deepwater Mooring Deepwater Mooring 
AnalysisAnalysis

Many Studies Many Studies 
TAMU; MARINTAMU; MARIN
CaternaryCaternary; TLP; TLP

PiersidePierside Mooring Line Mooring Line 
DynamicsDynamics

Not much in literatureNot much in literature
Geometry much more complexGeometry much more complex
Usually based on linear or nonUsually based on linear or non--linear linear 
elastic theory
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Typical Mooring Force Analysis:Typical Mooring Force Analysis:
Begin w/ Hydrodynamic Model Begin w/ Hydrodynamic Model 

((Example Shown: SGHExample Shown: SGH))



… Mooring Line Analysis… Mooring Line Analysis



… Determine Vessel Motions… Determine Vessel Motions



…and Mooring Line Loads…and Mooring Line Loads



Approach of this StudyApproach of this Study

Investigated actual casualtiesInvestigated actual casualties
Worked with USCG Office of Investigations and Worked with USCG Office of Investigations and 
Analysis (GAnalysis (G--MOA)MOA)
Looked at tenLooked at ten--year window (1991year window (1991--2001)2001)

Searched for “Breakaway” casesSearched for “Breakaway” cases
Reviewed cases individuallyReviewed cases individually
50+ Breakaways recorded due to passing vessels50+ Breakaways recorded due to passing vessels
20+ investigated in depth; preliminary analysis and 20+ investigated in depth; preliminary analysis and 
comparison to empirical mooring force analysiscomparison to empirical mooring force analysis



USCG MC IncidentsUSCG MC Incidents

19911991--2001“Breakaways”2001“Breakaways”
1,000’s of entries1,000’s of entries
50+ cases of passing vessel breakaways50+ cases of passing vessel breakaways

ChallengesChallenges
Data:Data:
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Analysis of CasesAnalysis of Cases

Used PASSUsed PASS--MOOR (MOOR (SeeligSeelig, 2001), 2001)
Simple, requires little input parametersSimple, requires little input parameters
Still required to infer several characteristicsStill required to infer several characteristics

Ship Ship 
ChannelChannel
Mooring Mooring 

Sensitivity AnalysisSensitivity Analysis
Other tools reviewed/employed for Other tools reviewed/employed for 
conditions outside range of PASSconditions outside range of PASS--MOORMOOR
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FindingsFindings
Usually larger vessel passing smallerUsually larger vessel passing smaller
In most cases, estimated forces from empirical In most cases, estimated forces from empirical 
analysis methods were much smaller than analysis methods were much smaller than 
required for line breakagerequired for line breakage

Other factors attributable to breakage occurrence?Other factors attributable to breakage occurrence?
A few cases did indicate excessive line forcesA few cases did indicate excessive line forces

Results are highly dependent on Results are highly dependent on 
Vessel VelocityVessel Velocity
Vessel ProximityVessel Proximity
Current velocityCurrent velocity
Channel and berth depthsChannel and berth depths



Additional FactorsAdditional Factors
Slack LinesSlack Lines

SnapSnap--LoadingLoading
May Increase Line Load by May Increase Line Load by 
an order of magnitudean order of magnitude
Lean and Price (1977), Lean and Price (1977), RemeryRemery (1974)(1974)

UnderkeelUnderkeel Clearance (UKC)Clearance (UKC)
May Increase Added Mass values by factor of 2.0May Increase Added Mass values by factor of 2.0

Shoaling of Channels / Channel Sides / QuaysShoaling of Channels / Channel Sides / Quays
Directly Affects UKCDirectly Affects UKC
Also Impacts HydrodynamicsAlso Impacts Hydrodynamics



Slack Mooring Lines and Slack Mooring Lines and 
Snap LoadingSnap Loading

“Slack Mooring Lines” were directly implicated in many of the ca“Slack Mooring Lines” were directly implicated in many of the cases ses 
studiedstudied
Snap loading arises when a mooring line transitions suddenly froSnap loading arises when a mooring line transitions suddenly from a m a 
slack condition to a taut conditionslack condition to a taut condition
May result in significantly greater force May result in significantly greater force 
See, e.g.See, e.g.

Farmer, A. (1999), “Investigation Into Snap Loading of Cables UsFarmer, A. (1999), “Investigation Into Snap Loading of Cables Used In ed In 
Moored Breakwaters,” Moored Breakwaters,” VTechVTech thesis.thesis.
Huang, S. and Huang, S. and VassalosVassalos, D. (1993). “A numerical method for predicting , D. (1993). “A numerical method for predicting 
snap loading of marine cables.” Applied Ocean Research, Vol. 15,snap loading of marine cables.” Applied Ocean Research, Vol. 15, pp. pp. 
235235--242.242.
Huang, S. and Huang, S. and VassalosVassalos, D. (1995). “Analysis of taut, D. (1995). “Analysis of taut--slack marine cable slack marine cable 
dynamics.” OMAE 1995, Vol. Idynamics.” OMAE 1995, Vol. I--B, ASME, New York, pp. 401B, ASME, New York, pp. 401--406. 406. 
NiedzweckiNiedzwecki, J.M. and , J.M. and ThampiThampi, S.K. (1991). “Snap loading of marine , S.K. (1991). “Snap loading of marine 
cable systems.” Applied Ocean Research, Vol. 13, pp. 2cable systems.” Applied Ocean Research, Vol. 13, pp. 2--11.11.



Model Ship in Translation Under Constant Pulling ForceModel Ship in Translation Under Constant Pulling Force
after NATO, “Analytical Treatment of Problems of after NATO, “Analytical Treatment of Problems of 

Berthing & Mooring Ships,” 1971Berthing & Mooring Ships,” 1971
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DiscussionDiscussion

Mooring Breakaway

Vessel Data
Geometry of 

Moored Vessel(s) and 
Passing Vessel(s); 

Vessel Speed, 
Relative Attitude

Waterway Data
Bathymetry, esp. 

Depth, Width, Channel Slope
Berth Characteristics

Mooring Details
Geometry of Lines

Tensioning
Type of Lines, Connections

Condition

Hydrodynamics
Accelerations, 

Forces

Other Forces 
(Internal & External)

Wind, Tug



ConclusionsConclusions
Frequency of mooring breakaways due to Frequency of mooring breakaways due to 
passing vessels is significantpassing vessels is significant

Reporting issuesReporting issues
Several per year (conservative)Several per year (conservative)

Mooring analysis methodsMooring analysis methods
[Conventional] Environmental[Conventional] Environmental
ShipShip--ShipShip
Coupled effectsCoupled effects

Mooring force & response Mooring force & response 
dynamicsdynamics
Limiting factors?Limiting factors?



Selected Recommendations for Selected Recommendations for 
Additional WorkAdditional Work

Slack LinesSlack Lines
PiersidePierside Breakaway DynamicsBreakaway Dynamics
PretensioningPretensioning TechnologyTechnology
Alternative Mooring DesignsAlternative Mooring Designs

Passing Vessel Effects on Passing Vessel Effects on 
Vessels Moored Vessels Moored notnot parallel to sailing lineparallel to sailing line

More complex issueMore complex issue
Potential for higher forces & momentsPotential for higher forces & moments

Impact of quay/pier construction and geometryImpact of quay/pier construction and geometry
UKC effectsUKC effects
Hydrodynamics alongside [Hydrodynamics alongside [piersidepierside of] vesselof] vessel
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Thank You … Thank You … Questions / Discussion?Questions / Discussion?

Sovereign Maersk’s Stern Mooring Lines 
(Photo: World Shipping Council)



Interesting Cases from the Files …Interesting Cases from the Files …



MCNSMARINE CASUALTY NARRATIVE SUPPLEMENT24JUL02 MCNSMARINE CASUALTY NARRATIVE SUPPLEMENT24JUL02 CASE/ CASE/ 
MC94005510PORT/ NEWMSSUBJECT/ TOPAZ MC94005510PORT/ NEWMSSUBJECT/ TOPAZ -- CELILIA B. SLATTEN DATE/ CELILIA B. SLATTEN DATE/ 
16MAR9416MAR94

------ COMMENTS COMMENTS ------16MAR94,0330/Welcome, LA: M/V TOPAZ broke loose from its 16MAR94,0330/Welcome, LA: M/V TOPAZ broke loose from its 
moorings at Zenmoorings at Zen--Noh grain elevator and struck the ACBL Welcome Fleet. � � Noh grain elevator and struck the ACBL Welcome Fleet. � � 
Statements from ZenStatements from Zen--Noh stevedores, revealed that at 0130, the vessel's Noh stevedores, revealed that at 0130, the vessel's springlinesspringlines
were observed releasing and the vessel moving fore and aft as wewere observed releasing and the vessel moving fore and aft as well as away from the ll as away from the 
dock. At 0215, the vessel's forward breast line parted. Stevedordock. At 0215, the vessel's forward breast line parted. Stevedores tied a loop on the es tied a loop on the 
severed line and replaced the line on the dock's bollard, but nosevered line and replaced the line on the dock's bollard, but noticed the ship's crew ticed the ship's crew 
never took up the slack in the line, thus rendering the line inenever took up the slack in the line, thus rendering the line ineffective. The vessel ffective. The vessel 
continued to work away from the dock. At 0245, TOPAZ requested tcontinued to work away from the dock. At 0245, TOPAZ requested the assistance of he assistance of 
harbor tugs. The first tug arrived at 0300, after the vessel hadharbor tugs. The first tug arrived at 0300, after the vessel had broken away from the broken away from the 
dock. The tugs appeared to move the ship's stern toward the dockdock. The tugs appeared to move the ship's stern toward the dock, apparently , apparently 
causing the ship's bow to head out into the river several hundrecausing the ship's bow to head out into the river several hundred feet. Four broken d feet. Four broken 
lines were found by Zenlines were found by Zen--Noh personnel. The remainder of the lines appeared to have Noh personnel. The remainder of the lines appeared to have 
spun off of their winches, since they were long and had no brokespun off of their winches, since they were long and had no broken ends. Even the n ends. Even the 
intact lines had splices. The vessel "warped" away from the dockintact lines had splices. The vessel "warped" away from the dock until it was abreast until it was abreast 
the current. The vessel the current. The vessel travelledtravelled downriver, not under command until it struck the downriver, not under command until it struck the 
ACBL Welcome barge fleet. Two assist tugs were damaged in the ACBL Welcome barge fleet. Two assist tugs were damaged in the allisionallision. At some . At some 
point, the vessel dropped its port anchor. Whether the starboardpoint, the vessel dropped its port anchor. Whether the starboard anchor was released anchor was released 
is unclear since statements conflict on this point. Only the poris unclear since statements conflict on this point. Only the port anchor was released t anchor was released 
when we arrived on scene. The gangway to the vessel, belonging twhen we arrived on scene. The gangway to the vessel, belonging to Zeno Zen--Noh, was Noh, was 
smashed between the side of� the ship and the dock. The dock sussmashed between the side of� the ship and the dock. The dock sustained some tained some 
broken wooden whalers on the dock structure. � � The anchor had broken wooden whalers on the dock structure. � � The anchor had dropped near a dropped near a 
group of four natural gas pipelines. THIS ACTION PRESENTED A CONgroup of four natural gas pipelines. THIS ACTION PRESENTED A CONSIDERABLE SIDERABLE 
HAZARD TO THE PORT. When I arrived on scene, the ship was stemmiHAZARD TO THE PORT. When I arrived on scene, the ship was stemming the ng the 
current with a pilot in charge of the deck. I issued orders on bcurrent with a pilot in charge of the deck. I issued orders on behalf of the COTP to cut ehalf of the COTP to cut 
the rode to remove the danger of a potential natural gas releasethe rode to remove the danger of a potential natural gas release and explosion. I and explosion. I 
ordered the vessel to anchor or moor at the nearest safest anchoordered the vessel to anchor or moor at the nearest safest anchorage or mooring. rage or mooring. 
After cutting the anchor chain, the vessel anchored in Burnside After cutting the anchor chain, the vessel anchored in Burnside Anchorage to await Anchorage to await 
the return of its lines. LTJG T. J. SHOENFELT� Investigating Offthe return of its lines. LTJG T. J. SHOENFELT� Investigating Officer icer 



MCNSMARINE CASUALTY NARRATIVE SUPPLEMENT25JUL02 MCNSMARINE CASUALTY NARRATIVE SUPPLEMENT25JUL02 CASE/ MC99002740PORT/ CASE/ MC99002740PORT/ 
NEWMSSUBJECT/ LUCY FLEET/BREAKAWAY DATE/ 12FEB99NEWMSSUBJECT/ LUCY FLEET/BREAKAWAY DATE/ 12FEB99

------ COMMENTS COMMENTS ------Subject: The Barge Breakaway at Lucy Fleet on February 12, 1999.Subject: The Barge Breakaway at Lucy Fleet on February 12, 1999. � � At approximately 0300 � � At approximately 0300 
hours on February 12, 1999, the Tug Southern Star was conductinghours on February 12, 1999, the Tug Southern Star was conducting a routine fleeting operation at Lucy Fleet . He a routine fleeting operation at Lucy Fleet . He 
noticed that tier eleven was missing and informed the Lucy Fleetnoticed that tier eleven was missing and informed the Lucy Fleet Tug Woody Dumas. The Woody Dumas Tug Woody Dumas. The Woody Dumas 
determined that eight barges had broken away from Lucy Fleet. Thdetermined that eight barges had broken away from Lucy Fleet. The Woody Dumas immediately notified river e Woody Dumas immediately notified river 
traffic of this incident and specifically alerted CGB traffic of this incident and specifically alerted CGB LaplaceLaplace. CGB . CGB LaplaceLaplace is the next fleet down river from Lucy is the next fleet down river from Lucy 
Fleet. � At approximately 0300 the dispatcher of Triangle Fleet Fleet. � At approximately 0300 the dispatcher of Triangle Fleet contacted the dispatcher for CGB contacted the dispatcher for CGB LaplaceLaplace fleet. fleet. 
He notified CGB that eight barges had broken loose from the fleeHe notified CGB that eight barges had broken loose from the fleet and were probably headed his way. The CGB t and were probably headed his way. The CGB 
dispatcher looked up river and saw the NAV lights on a couple ofdispatcher looked up river and saw the NAV lights on a couple of light boats up river headed his way. He did not light boats up river headed his way. He did not 
see the barges yet but notified his fleet boats. � � The CGB flesee the barges yet but notified his fleet boats. � � The CGB fleet dispatcher made a general broadcast to his fleet et dispatcher made a general broadcast to his fleet 
boats about the breakaway. One of the CGB fleet boats (Miss Lindboats about the breakaway. One of the CGB fleet boats (Miss Linda) was working barges at the wash dock. The a) was working barges at the wash dock. The 
wash dock is adjacent to the number one tier of CGB Fleet. The dwash dock is adjacent to the number one tier of CGB Fleet. The deckhands on the Miss Linda did not see the eckhands on the Miss Linda did not see the 
barges but heard a series of large crashes in the area of the #1barges but heard a series of large crashes in the area of the #1 tier. They then observed running lights from tier. They then observed running lights from 
several light boats coming down river. At the same time they obsseveral light boats coming down river. At the same time they observed the #1 tier at CGB drift out into the river. � erved the #1 tier at CGB drift out into the river. � 
� The eight barges that broke away from Triangle are OR1231, OR6� The eight barges that broke away from Triangle are OR1231, OR6242, LTD117, LTD 106, PC107, PMC9305, 242, LTD117, LTD 106, PC107, PMC9305, 
MEM2175 and MEM5114. � � After the collision with the barges froMEM2175 and MEM5114. � � After the collision with the barges from triangle fleet, tier #1 of CGB drifted down m triangle fleet, tier #1 of CGB drifted down 
river colliding and breaking away the entirety of tiers #4 and #river colliding and breaking away the entirety of tiers #4 and #5. Over 230 barges were tied up in the fleet at CGB 5. Over 230 barges were tied up in the fleet at CGB 
during the collision. during the collision. It is estimated that 185 of these barges broke away, 88 empty baIt is estimated that 185 of these barges broke away, 88 empty barges and 97 loaded rges and 97 loaded 
barges.barges. � � CGB � � CGB LaplaceLaplace fleet reports all barges accounted for. 104 barges have receivefleet reports all barges accounted for. 104 barges have received damage.d damage. One One 
barge, the ETbarge, the ET--414 sunk in the middle of the river at mile 120.6 just above She414 sunk in the middle of the river at mile 120.6 just above Shell Norco. � � Several barges from ll Norco. � � Several barges from 
the barge breakaway the barge breakaway allidedallided with and caused damage to the forepeak and starboard #1 Wing Vowith and caused damage to the forepeak and starboard #1 Wing Void of the T/S id of the T/S KritiKriti
Amber while moored at the Union Carbide dock located in Taft, LoAmber while moored at the Union Carbide dock located in Taft, Louisiana. A surveyor from the vessel's class uisiana. A surveyor from the vessel's class 
society attended the vessel with Coast Guard Marine Inspectors. society attended the vessel with Coast Guard Marine Inspectors. The cargo was offloaded and repairs made for The cargo was offloaded and repairs made for 
the vessel to departing port. Case PS99017365. � � The MEM 5114 the vessel to departing port. Case PS99017365. � � The MEM 5114 was the barge moored to the spud barge in was the barge moored to the spud barge in 
tier eleven at Triangle Fleet. Pictures of the cable on this bartier eleven at Triangle Fleet. Pictures of the cable on this barge show a steel cable broken just below (less than a ge show a steel cable broken just below (less than a 
foot) the clamp used to form an eye in the cable. In the picturefoot) the clamp used to form an eye in the cable. In the picture the eye is still around the bit of the barge MEM the eye is still around the bit of the barge MEM 
5114. This barge is believed to have been the initial domino cau5114. This barge is believed to have been the initial domino causing the break away. Fleet records/log indicate sing the break away. Fleet records/log indicate 
that the moorings were checked the previous evening at 1700 by athat the moorings were checked the previous evening at 1700 by an experienced hand. � � This Marine Casualty n experienced hand. � � This Marine Casualty 
was not a major marine casualty in itself but a series of minor was not a major marine casualty in itself but a series of minor collisions or casualties that when grouped together collisions or casualties that when grouped together 
become a Significant Marine Casualty in dollar amount. Human errbecome a Significant Marine Casualty in dollar amount. Human error, The RNA, communications and fatigue were or, The RNA, communications and fatigue were 
not factors in this case. There was no pollution or injuries. � not factors in this case. There was no pollution or injuries. � The apparent cause of the casualty was equipment The apparent cause of the casualty was equipment 
failure. The cable on the MEM 5114 parted starting a domino effefailure. The cable on the MEM 5114 parted starting a domino effect of barges going down the river. There is no ct of barges going down the river. There is no 
regulation for these cables. They are usually cables that have sregulation for these cables. They are usually cables that have served in another capacity such as on a crane. erved in another capacity such as on a crane. 
Once they are past the allowed service they are replaced and putOnce they are past the allowed service they are replaced and put to use in the fleets. A contributing factor may to use in the fleets. A contributing factor may 
have been the high water of the river and a storm passing the arhave been the high water of the river and a storm passing the area during the night. There are indications that a ea during the night. There are indications that a 
ship passed the fleet an hour before the� breakaway. � � The surship passed the fleet an hour before the� breakaway. � � The surge caused by the vessel may have also been a ge caused by the vessel may have also been a 
factor. This would not be a cause because ships pass the fleet sfactor. This would not be a cause because ships pass the fleet several times in a 24everal times in a 24--hour period and should be hour period and should be 
able to stand up to the strain on the cable. � � Neither a 2692 able to stand up to the strain on the cable. � � Neither a 2692 nor a surveyors report has been received from the nor a surveyors report has been received from the 
T/S T/S KritiKriti Amber damaged by the barges at TAFT. The ship lawyers have beenAmber damaged by the barges at TAFT. The ship lawyers have been contacted with negative results. contacted with negative results. 
Once obtained a separate case will be opened and attached to thiOnce obtained a separate case will be opened and attached to this case. Case Closed. � � M.D. White, CWO4� s case. Case Closed. � � M.D. White, CWO4� 
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