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Snapback Risks — How Much are we Mitigating?

What is a Mooring Line Snapback?
Mooring lines are used to secure ships against a wharf.
When tension is applied, line stores potential energy.
If either the condition reduces or the tension increases, the
line can break — converting potential energy into kinetic.
These events are a key danger in a port environment — one
in every seven snapped lines results in a fatality.

Risk Management
The consequences have been understood for sometime,
but there is limited industry guidance to assess the risks.

Various mitigation strategies are used, most visibly in
snapback barriers to provide shelter for personnel.

The key uncertainties are likelihood and energy transfer.

Each has little guidance within the traditional fields of
structural and maritime engineering for assessment.
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Industry Experience

Our experience:

WGA have been involved in reviews for a number of clients
from 2015 until the present day, including:

BHP

Rio Tinto

FMG

Southern Ports (Ports of Esperance and Albany)

Midwest Ports Authority (Port of Geraldton)

Pilbara Ports Authority (Port of Port Hedland)

The works have included:
Snapback zone studies.
Analysis of mooring line energies.
Structural analysis of mooring line barriers.
Bollard, ShoreTension and Quick Release Hook design.

We’'re not alone in the field!
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Development of New Assessment Methods

Building on Previous Works
Work was undertaken to review variety of existing mooring
line barriers.
To design for full energy with conservatism finds most (if
not all!) barriers in service are inadequate.
Data shows that most breakages happen well below the
100% MBL —> design energies may be much lower.

Action and Resistance Models
‘Action Models’ refer to the actions applied to a structural
model — transfer of potential energy into applied kinetic
energy.
‘Resistance Models’ refer to how that energy is arrested —
snapback barriers.
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Action Model — Energy of a Snapped Mooring Line

Potential Energy Transfer to Kinetic Energy
Initial potential energy is approximated by Hooke’s Law.
Energy transferred as an acceleration of the rope through the elastic
shortening of the line — function of the strain and length of line under
tension.
As the line breaks, force travels at speed of sound in rope — non-
uniform acceleration.

Momentum Transfer
The end closest to the tip accelerates for the longest time.
If there is an eccentricity, possible for the free tip of the line to draw line
back into tension — results in transfer of momentum up the line (whip
crack).
Non-uniform distribution of energy — last 1% of line can be 13.81% of
the total kinetic energy.
Due to velocities involved (approaching or exceeding Mach 1), drag
losses are significant.
Straight line failures around 20% velocity of a whipping failure.
Analytical models have been validated against test data.
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Resistance Model

Energy Absorption of a Snapback Barrier
Traditional methods align with other analyses (e.g.
berthing) — adopting a force-displacement model
(E=1/2kx?).

Using non-linear structural behaviour, model considered
solved when top of yield curve reached — no additional
resistance for increased load.

Some verification exercises undertaken ‘for interest’
disagreed wildly with each other.

Dynamic Transient Analysis
Used a lumped mass applied at an initial velocity as the
input energy.
The relative mass of the two objects was extremely
relevant to the behaviour of the barrier —
force/displacement can be non-conservative!
Relied on the work undertaken in the action model to prove
— understanding velocity and mass of rope portion that
strikes enabled verification of models.
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Resistance Model

Energy Absorption of a Snapback Barrier
Traditional methods align with other analyses (e.g.
berthing) — adopting a force-displacement model
(E=1/2kx2).

Using non-linear structural behaviour, model considered
solved when top of yield curve reached — no additional
resistance for increased load.

Some verification exercises undertaken ‘for interest’
disagreed wildly with each other.

Dynamic Transient Analysis
Used a lumped mass applied at an initial velocity as the
input energy.
The relative mass of the two objects was extremely
relevant to the behaviour of the barrier —
force/displacement can be non-conservative!
Relied on the work undertaken in the action model to prove
— understanding velocity and mass of rope portion that
strikes enabled verification of models.
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Bringing the Models Together!
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Analytical Methods for Risk Assessment

Aims for the Models ors acionand resistance modsling fo snapback barrir siucorss
The initial aims were only to assess the effectiveness of '

Determine Initial Models.

mooring line barriers against design events. Quantify key variables and make assumptions

|
In trying to define the design event, a much broader
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understanding of the overall risks could be found. Yrm———
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Mooring Line Failure Event via Foro acement
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The initial assessment may need review due to variables and assumptions
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Mooring Line Barriers — Better Understanding the Risks We're Mitigating

Analytical Methods for Risk Assessment

Aims for the Models

The initial aims were only to assess the effectiveness of
mooring line barriers against design events.

In try|ng to define the design event. a much broader Variation of maximum life time load effects (B.M.)
understanding of the overall risks could be found. Variation of resistance (R.M,)
(‘!H'l'(i\((d between nominally identical

Curve (b) ) materials

Frequency

The Implications
We could now go further and develop quantitative Risk of
assessments of risk, rather than just qualitative. failure  ~
Alignment with the National Construction Code and :
1ISO2394: General Principles on Reliability of Structures. pem— zf:mm
Align design with limit state design to determine an ultimate Fondusediin Strength (or Resistance moment

design event. ciloalation resistance) used

in calculations
Framework allows for iterative refinement — we’re not
finished yet!
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Analytical Methods for Risk Assessment

Aims for the Models

The initial aims were only to assess the effectiveness of
mooring line barriers against design events.

In trylng to define the design event, a much broader Variation of maximum life tinme load effects (B.M.)
understanding of the overall risks could be found. Variation of resistance (R.M.)
Curve (a) between nominally identical

Curve (b) marterials

The Implications 3 §
We could now go further and develop quantitative Mqr
assessments of risk, rather than just qualitative. failure
Alignment with the National Construction Code and
ISO2394: General Principles on Reliability of Structures. pme— S
Align design with limit state design to determine an ultimate Foudusediin Strength (or Resistance moment

design event. calculation resistance) used

in calculations
Framework allows for iterative refinement — we’re not
finished yet!
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RISK RATING TABLES & RISK MATRIX

'CONSEQUENCE & definitions. ELIHOOD & definitions.
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Risk Assessment Process
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Assess the .

Introduce controls to reduce either (or both).

Re-assess until satisfied that risks are managed to
acceptably low level.
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What Happens if a Mooring Line Fails?

If no-one is there

Consequences are relatively low — maybe some property
damage provided the vessel is still restrained.

Removing personnel is an effective control; however,

Expensive and often impractical to remove personnel at all
times.

If a barrier is not present

Relatively straight forward — consequence of an event
depends on whether personnel are in the line of fire or not.

In the absence of a snapback path study, consequences
can be up to and including fatality.

If a barrier is present

Structurally we have to assess the effectiveness of the
barrier against the design event.

The design event is a function of likelihood! Lower energy
events are more frequent than higher energy events.
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What Happens if a Mooring Line Fails?

Source: Holmes Solutions
https://www.youtube.com/watch?v=AHMdY{7 XL 14

If a barrier is present
Structurally we have to assess the effectiveness of the
barrier against the design event.

The design event is a function of likelihood! Lower energy
events are more frequent than higher energy events.
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What Happens if a Mooring Line Fails?

* Snapback
events can be

FATAL;

Source: Holmes Solutions
https://www.youtube.com/watch?v=AHMdYf7 XL 14

Snapback
events can be

FATAL: = "< SR If a barrier is present

T ~ : Structurally we have to assess the effectiveness of the
barrier against the design event.

The design event is a function of likelihood! Lower energy
events are more frequent than higher energy events.
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Does a Snapped Line Event Happen?

What we know?
Snapped line events happen — known problem.

Data indicates that most events happen well below line
MBL.

Frequency changes port to port, berth to berth.
Increase in load and/or a decrease in strength in the line.

Contributing factors
Environmental — tides, wind, wave.
Vessel interaction.
Human - line management, vessel monitoring.
Line condition — wear, chafe.
Mooring arrangement and infrastructure.

Answering the question
Review history of events — conditions, tension at break.

Determine if it's a condition or management of line issue
(likely combination).
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How much energy is in that mooring line?

4 ; 4 T~ What we know?
] Energy dependent on many factors.
Energy is not distributed evenly!
Frequency changes port to port, berth to berth.

Contributing factors
Line properties — material, diameter, elongations, strength.
Line geometry — length, orientation, mooring infrastructure.
Condition at break — how much capacity has the line got.
100% MBL is unlikely, but what strength depends on the
factors that contribute to the break (question 1).

Answering the question
Identify a ‘design line’ — type, properties. Easier on single-
use berths rather than multi-user facilities.
Line length is an important variable — usually longest lines
have more energy, but shorter lines are stiffer.
Determine a %MBL at break — this part is difficult! Work in
the ‘does a line break’ section will help define.
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Does a line strike a work area, and is there a barrier?

What we know?
Snapback paths are complex!
Work areas can be defined by proximity to mooring
infrastructure, may not be a true representation.
Mooring arrangements vary.

Contributing factors
Guidance is limited, usually defined by cones reflected.
Operations procedures define when. _ P
Safety training and culture alerts workers to the risks and D
limits their times in danger zones.

Answering the question
Berth-specific studies needed.
Getting this wrong can actually increase risk — false sense
of safety.
Further work can identify high risk, low risk and no risk
areas — painting high-risk bullseyes spatially which are no-
go zones.
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What is the residual energy in a line at the time it reaches a barrier?
mass A (t, v)
What we know?
Snapback events are highly transient events.
Potential energy = peak kinetic energy.
This is not necessarily the kinetic energy at impact!

Contributing factors
Berth geometry and the location of the impact into a barrier.
Actual tip V‘e/DCl!}‘/ fora 70"_7 line i i i i
S G Direct strikes have greater impact than glancing blows.

bend at 50m. Source — Holmes
Solution (2021)

Answering the question
Berth-specific studies needed.
The results feed into the probabilistic assessment of the
‘design event’ — designing for the peak kinetic energy may
not be practicable or necessary.
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Is the mooring line barrier effective at stopping a broken mooring line?

What we know?

Force-displacement design is not appropriate. ﬁ'!!!' !!!Il“m‘!l“
Designing for the peak event may not be practical or f“‘m‘\ TR
necessary. "i‘“!!!! !

Contributing factors
Dependent on the residual energy at strike.

Many barriers not appropriately designed for dynamic
event — centre sections fail before the foundations feel it.

Consider inertial models to arrest momentum and absorb
energy.

Answering the question
Define the ultimate design event.
Undertake analysis that models this design event.
Undertake physical testing to validate analysis.
Identify residual risks and determine if acceptable.
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Assessment of control combinations

Alternative mooring methods
Personnel restrictions

Maintenance practices (shutdown
only, drones, etc.)

Alternative lines (materials, MBL
guidance)

Line inspection and rejection
Alternative mooring arrangements
Improved line angles

Quick release hooks (set at %MBL)
Fenced off restricted zones
Mooring line barriers

Whip chocks

Shock absorbers

Bits, bollards and chocks review

Chafe guard

MosT
EFFECTIVE

Snapback path studies

Load sensing pins

LIDAR monitoring

Environmental monitoring
Passing vessel interaction studies
Defining safe work areas

Training

Ownership of vessel lines

Visual aids and signage

Safe working times (avoiding top of

tide, weather limits, etc.) FFFECTIVE

Overall probability of event exceedance = x?
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Assessment of control combinations

Alternative mooring methods
Personnel restrictions

Maintenance practices (shutdown
only, drones, etc.)

Alternative lines (materials, MBL
guidance)

Line inspection and rejection
Alternative mooring arrangements
Improved line angles

Quick release hooks (set at %MBL)
Fenced off restricted zones
Mooring line barriers

Whip chocks

Shock absorbers

Bits, bollards and chocks review
Chafe guard wost
Snapback path studies

Load sensing pins

LIDAR monitoring

Environmental monitoring
Passing vessel interaction studies
Defining safe work areas

Training

Ownership of vessel lines

Visual aids and signage

Safe working times (avoiding top of
tide, weather limits, etc.)

LEAST
EFFECTIVE

Overall probability of event exceedance = y?
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Assessment of control combinations

Alternative mooring methods
Personnel restrictions

Maintenance practices (shutdown
only, drones, etc.)

Alternative lines (materials, MBL
guidance)

Line inspection and rejection
Alternative mooring arrangements
Improved line angles

Quick release hooks (set at %MBL)
Fenced off restricted zones
Mooring line barriers

Whip chocks

Shock absorbers

Bits, bollards and chocks review

Chafe guard

MosT
EFFECTIVE

Snapback path studies 3 Elimination

Load sensing pins
LIDAR monitoring Substitution
Environmental monitoring

Passing vessel interaction studies

Defining safe work areas

Training

Ownership of vessel lines

Visual aids and signage

Safe working times (avoiding top of

tide, weather limits, etc.) FFFECTIVE

Overall probability of event exceedance = =z?
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Many acknowledgments required, from clients we’ve been working

with:
BHP
Rio Tinto
FMG
Southern Ports
Midwest Ports Authority
Pilbara Ports Authority

Peers in the field, including:
Holmes Solutions
Baird Australia
AECOM

Within WGA, Luke Campbell, Jordan Butler, Stephan Dickinson,
Andrew Wharton and Ryan Donaldson
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