
Damaged Ship III, 25-26 March 2015, London, UK 

© 2015: The Royal Institution of Naval Architects 

LLOYD’S REGISTER’S SHIP EMERGENCY RESPONSE SERVICE (SERS):  
CASUALTY RESPONSE – INITIAL DAMAGE ASSESSMENT AND VERIFICATION 
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SUMMARY 
 
Emergency response services provide immediate assessment of vessel strength and stability using pre-prepared computer 
models.  In the early stages of a casualty the full extent of damage may not be clear.  Assumptions have to be made and 
updated as more information becomes available.  Examples are provided from SERS experience. 
 
 
1. INTRODUCTION 
 
Many thousands of vessels are enrolled in emergency 
response services worldwide.  These services assess 
longitudinal strength and stability immediately, using 
pre-prepared computer models.  In the early stages of an 
incident damage information may be limited and 
assumptions will have to be made.  From 
Lloyd’s Register’s experience we illustrate modelling 
assumptions and how they may be refined through the 
course of an incident 
 
2.   OUTLINE OF SERS 
 
The scope of emergency response services considered by 
this article is summarised in legislation of OPA-90 [1, 2] 
and MARPOL [3], which require “…prompt access to 
computerised, shore-based damage stability and residual 
structural strength calculation programs...”  The OPA-90 
legislation followed from the Exxon Valdez incident in 
1989. By then SERS was already well established, after 
approaches by oil majors in the early 1980s and the 
developments in digital computing that made the analysis 
possible.  For 30 years, SERS has been the major single 
provider, having given about 40 000 ship-years of cover, 
currently to over 3200 vessels and 550 clients.  The 
legislation addresses oil tankers, however, commercial 
good practice has seen enrolment of all ship types, as 
shown in Figure 1. 
 

 
Figure 1 The SERS fleet distribution by ship type (%) 

 
Emergency response services provide a unique link in the 
response chain.  If an incident requires salvage they can 
provide assistance to the appointed Salvors, which may 

not hold pre-prepared computer models.  Calculations 
can be made on the Salvors’ behalf while they prepare 
their own computer models; or to validate their 
calculations, perhaps at their own request or that of 
authorities or owners. 
 
Recently, OCIMF reviewed industry best practice and 
produced guidelines [4] that provide further reading. 
 
Serious casualty events include grounding 
collision/contact, fire/explosion, foundering and hull 
failure.  The majority of these involve naval architectural 
consideration.  Overall, the serious casualty rate is about 
0.01/ ship-year, hence for a fleet of 10 ships it might be 
expected for there to be a serious casualty once every 
10 years. And thus SERS handles two or three serious 
casualties every month. 
 
SERS assists client preparedness with: 

 a ship-specific emergency manual and casualty 
report forms  

 emergency response training and exercises  
 
In the event of an emergency the primary 24/7 response 
team is called out. Assessment follows in three stages: 

 before-casualty 
 casualty 
 remedial 

 
3.   BEFORE-CASUALTY AND CASUALTY 
CONDITIONS: VALIDATION OF FLOATING 
ATTITUDE 
 
It is important to establish the condition of a ship 
immediately before the casualty.  All subsequent 
calculations will be based on the model of this initial 
condition: 

 calculations may be very sensitive to the initial 
conditions, e.g. grounding, where any errors in 
initial loading will have to be accounted for in 
the re-floating 

 discrepancies between calculated conditions and 
reported conditions may reveal errors in loading 
that may be significant to strength, stability or 
remedial actions 
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Casualty report forms provide a template to guide 
submission of the information required by SERS.  
Loading conditions may be provided as manual entries to 
the casualty form; as loading computer printout; or as 
electronic data files, e.g. Napa .LD file for passenger 
ships, BAPLIE for container ships or SeaSafe .GDB 
files. 
 
Typical problems include: 

 departure draughts have not been not taken or 
they are not accurate 

 loading computer draughts do not align with 
observed draughts, e.g. because the deadweight 
constant is incorrect 

 delays in sending load conditions, e.g. due to 
communications difficulties.  Note: conditions 
can be sent on departure, giving a head start in 
the event of casualty and can be  updated for use 
of consumables etc. in due course as the 
information becomes available 

 
Once the before-casualty condition is confirmed then   
assessment can proceed to the casualty condition stage.  
The first check would be for free-floating draughts, 
observed if possible or gauged, from which it can be 
judged if the reported flooding is correct.  Cases have 
arisen where investigation of differences has revealed 
flooding of additional compartments to those reported. 
With certain ship types we would bear in mind the 
possibility of trapped buoyancy, e.g. in passenger ships, 
that could affect draughts and may explain unexpected 
angles of heel, as shown in Figure 2.  Further to this, the 
multiple free surfaces could have a significant effect on 
stability 
 

 
 
Figure 2 Trapped buoyancy, which may be indicated by 

unexpected heel/trim 
 
Once the loading of the casualty condition has been 
confirmed, then we can examine the implications for 
strength, stability, grounding and cargo outflow. 
 
4.  STRENGTH  
 
4.1 COLLISION OR CONTACT 
 
The extent of damage may be unclear if it is underwater; 
in darkness; inaccessible in bad weather; or the 
configuration of the colliding ship is unknown.  See 
Figures 3-5. Aspects to consider include: 

 modelling conservatively 
 SERS has access to a large database of ship 

plans, from which the profile of colliding 
vessels can be taken or estimated 

 consider asymmetric bending 
 buckling may extend ahead of damage profile 

 

 
 

Figure 3 Collision damage 
 
 

 
 

Figure 4 Damage profile from plans database 
 

 

 
 

Figure 5 Bottom damage: buckling ahead of impact 
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4.2  EXPLOSION  
 
Explosion damage can manifest itself in unexpected 
ways. The effects may not be visible if the deck remains 
intact or liquids obscure the bottom of the tanks.  The 
following may be considered: 

 explosion propagation to adjacent cargo tanks. 
(Figure 6) 

 damage to longitudinal or transverse bulkheads 
may be resisted by cargo or ballast on the 
opposing side 

 transverse bulkheads may be torn from 
longitudinal bulkheads and the inner bottom, 
disrupting longitudinal effectiveness of plating 
and possibly associated stiffeners (Figure 6) 

 

 
 

Figure 6 Transverse bulkhead has collapsed and torn 
away longitudinal bulkhead plating 

 
Structural integrity may be confirmed in due course by 
tank liquid levels and interfaces, although it is often a 
puzzle to establish the location of connections between 
tanks via damage to bulkheads, bottom or bulkhead stool 
structures. 
 
A terrorist bomb explosion at the waterline created 
damage that extended well below the waterline.  This 
might be contrary to expectation that the explosion 
would ‘vent’ above the waterline.  See Figure 7. 
 

 
 

Figure 7 Bomb damage is extensive below waterline 
 

4.3 HULL GIRDER FAILURE 
 
In the event of hull girder failure then the vessel can be 
modelled as two separate parts and (internal) shear force 
and bending moment applied and adjusted at the end of 
each part to match their floating position together. 
 
Modelling in two parts also considers the worst case of 
survivability of each part in case the vessel breaks-up.     
 
4.4 FIRE 
 
Temperatures in steelwork generated by fire can quickly 
cause the structure lose strength.  Above 500 deg. C the 
Young’s Modulus falls rapidly as shown in Figure 8.   
 

 
Figure 8 Mild steel: Young’s Modulus against. 

temperature 
 
The strength of steel above 500 deg. C can reasonably be 
ignored until proven otherwise. 
 
Fire-fighting water or cargo/ballast may provide cooling.   
 
Paint coatings are a good guide to |temperature as they 
may become blistered around 300-350 deg. C.   
 
Figure 9 shows a tanker after a large pool fire.  The 
lighter areas are buckled by the heat.  Forward and aft, 
the water ballast tank is protected up to the levels that 
can be seen.  At mid-length the effect of overspill of fire-
fighting water is apparent. 
 
Conservative assumptions about damage can be refined 
as more information becomes available, including 
photographic imaging from aircraft or thermal imaging.  
  

 
 

Figure 9 Pool fire damage: cooling effects of ballast 
water (fore and aft) and fire-fighting water (mid.) 
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5.  STABILITY 
 
5.1  PASSENGER SHIPS 
 
In the event of hull breach, due to collision, touching 
bottom or hull failure, time may be very short for 
flooding progression, therefore it may be necessary to 
assume the worst case of flooding to equilibrium and 
then work back to model what is the actual case: 

 assume relevant main watertight compartments 
are open to the sea 

 do not give credit for tightness of decks that 
may possibly create buoyancy and stability until 
demonstrated otherwise   

 A-class vertical boundaries may have WT 
integrity, if not fitted with counter-flooding 
means 

 be aware of possible multiple free-surfaces 
 

 
5.2 CARGO SHIFT 

 
Cargo liquefaction in bulk carriers is a very serious 
threat, e.g.: 

 stability loss can be sudden and catastrophic 
 if one hold liquefies then others may do the 

same  
 model worst cases by assuming that solid cargo 

turns to liquid and also that cargo shifts and 
‘sticks’ at a defined surface angle 

 beware of dynamic loading of dense liquefied 
cargo on structure  

 
 
5.3 HULL FAILURE 
 
Hull fracturing may threaten a vessel if it continues.  
Remedial action would generally be to counteract tensile 
loadings that may be encouraging the propagation where 
possible. 
 
Fracture has occurred in bilge region plating at mid-ship 
of fully loaded vessels in mid-ocean.  The hull girder at 
this location has been sagging and therefore the bilge 
area here is in longitudinal tension in still water.  Options 
are limited.  Changing course may reduce hull girder 
loads by changing the vessel response to the seas.  In 
some cases peak tanks have been loaded to reduce the 
sagging bending moment, however this was at the 
expense of exceeding the design draught.  
 
A passenger ship experienced heavy rolling over 30 deg. 
while turning in a storm [5].   Significant loss of stability 
was feared, possibly due to flooding from some unknown 
cause, e.g. hull failure.  Potential flooding scenarios were 
suggested before the damage control teams were able to 
complete their inspections.  SERS quickly calculated that 
these flooding scenarios would not threaten the stability 
of the vessel.  It was later confirmed that there was no 

flooding and the vessel behaviour was attributed to the 
unusual and very severe sea conditions. 
 
6.  GROUNDING 
 
It may not be clear where or how a vessel is aground.  In 
one case a gas carrier was driven aground in heavy seas 
in the Caribbean: 

 SERS explored worst cases, modelling the ship 
aground at both ends (2 point) or midships 
(single point) 

 the vessel began moving on the increasing 
swell. Motions indicated that she was aground 
aft of midships.  Ballasting at the grounding 
point was used to hold ship and hence reduce 
further damage. 

 
It is difficult to predict the extent of damage according to 
vessel type, speed, bottom etc.  For example, experience 
includes a large container ship that ran onto a reef at full 
speed.  Unexpectedly, there was very little damage: 
minimal indentation of bottom plating and the Fore Peak 
Tank was punctured only.    
 
Regular draught readings update how the vessel is 
behaving, heeling and trimming with the tide.  Together 
with water depth soundings alongside the vessel and in 
due course adjacent to her by survey launch, a 
comprehensive picture can be drawn in order to plan re-
floating with greatest efficiency.  Figure 10 shows a 3D 
model generated from such data. 
 

 
 

Figure 10 Grounding: seabed visualisation 
 
7. OUTFLOW 
 
The location of damage may be difficult to determine. At 
equilibrium of levels it may be determined from the 
oil/water interface location, e.g. as shown in Figure 11. 
 
Remedial action could address: 

 Hole below waterline – depress hole to raise 
external pressure 

 Hole above waterline – heel away to raise low 
point 

 Hole across waterline – e.g. lift hole clear if 
possible 
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Consideration should be made for increasing wave/swell 
height that could allow further outflow. 
 

 
 

Figure 11Oil outflow modelling 
 
8. ‘WHAT-IFS’ / ESCALATION 
 
Possibilities of escalation should always be considered, 
e.g. what if: 

 pumps that contain water ingress stop? 
 watertight boundaries have been weakened by 

damage and fail? 
 watertight boundaries that are holding, but 

loaded beyond their capacity fail 
 the vessel breaks in two? 

 
In one case after a bulk carrier had been re-floated 
temporary patches loosened in the swell and some ballast 
tanks began to fill.  At night and with the deck 
inaccessible it was difficult for the vessel to judge the 
reserve of buoyancy.  SERS calculated that the worst 
case damage waterline just reached the deck, thereby 
providing reassurance to the crew. 
 
 
9.   THE UNEXPECTED 
 
There is always something new:   

 The first that the client said was, “…There has 
been a tsunami…our LPG carrier… the stern is 
on the jetty…”  This was beyond normal 
experience and a little difficult to imagine. 

 A small general cargo ship, loaded with logs, 
suffered a collision that flooding one hold and 
caused a slow flooding of the engine room.  The 
vessel was calculated to remain upright, but then 
why was she heeling?  It was concluded that the 
cargo of logs had floated in the flooded hold, 
causing a transverse shift of weight. 

 
Emergency exercises prove to be a good means to 
explore scenarios. 
 
 
10. CONCLUSIONS 
 
The paper has presented a variety of examples of SERS 
cases, which we hope is of value to the audience.  We 

have explained how initial assumptions are made and 
then refined as further information becomes available. 
This experience is important to us in maintaining our 
preparedness and our knowledge management 
procedures have embedded it in our response procedures 
and training material.  But it is also a reminder to keep an 
open mind to consider what else might happen, 
investigate and practice, e.g. with emergency response 
scenario and exercise modelling. 
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