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CHAPTER 1: General 
 

Section 1: Introduction 

 

Section 1: Introduction 
 

1.1 Application 
 

1.1.1 SEA is an acronym for Ship Event Analysis and is a descriptive note that can be assigned by Lloyd’s 
Register to ships that possess monitoring equipment which complies with the requirements of this Procedure. 
 

1.1.2 The concept is based on providing real-time hull stress, motion and pressure information to the ship’s 
officers in order to assist them in making decisions that will enable them to work within design or operational 
limits and reduce structural and, in some cases, cargo damage in heavy weather or sea ice. 
 

1.1.3 It is recognised that having a hull surveillance system on board is not a total solution to prevent hull 
structural and cargo damage but, if used properly, it will allow the ship’s officers to monitor how the ship is 
responding against its design limits and allow rapid verification of the effect of any change in speed and/or 
heading. 
 

1.1.4 This Procedure applies to all ships where it is intended to provide a hull surveillance system for: 
 

(a) Monitoring of the ship’s hull girder stresses and motions, and warning the ship’s personnel that these 
stress levels or the frequency and magnitude of slamming motions are approaching a level where 
corrective action is advisable. 

(b) Monitoring of the ship’s hull girder stresses and local ice loads when the ship is navigating in ice, and 
warning the ship’s personnel that the load levels or the frequency and magnitude of ice impacts are 
approaching a level where corrective action is advisable. 

 

1.2 Descriptive notes 
 

1.2.1 Where a ship is fitted with a hull surveillance system that complies with the requirements of these 
Procedures, it will be eligible to be assigned the following ShipRight Ship Event Analysis (SEA) descriptive note 
and optional extensions: 
 

(a) ShipRight SEA(HSS-n, optional extensions). This descriptive note will be assigned when the ship has 
been provided with a hull surveillance system that can display in real time and record the hull stress and 
motion information from at least two strain gauges and either one accelerometer or one pressure 
transducer. The extension -n signifies the number of fitted strain gauges connected to the system, e.g. 
SEA(HSS-2). 

(b) The following optional extensions will be added to the ShipRight SEA (HSS-n) descriptive note when 
the hull surveillance system has been provided with the appropriate facilities: 

L The display of the relevant information in the cargo control area. 

M The display and recording of the ship’s motion. 

N The facility to display and record navigational information. 
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VDR An interface with the ship's voyage data recorder system to enable the recording of hull 
stress, ship motion and hull pressure information. 

(c) ShipRight SEA(ICE). This descriptive note will be assigned when the ship has been provided with a hull 
surveillance system that can display in real time and record the local ice load induced stresses from a 
series of strain gauges in the bow region. 

 

1.2.2 For global hull girder stress measurement due to ice loads, the system is to comply with the strain 
gauge requirements for ShipRight SEA(HSS-n). 
 

1.2.3 The appropriate descriptive note(s) and optional extensions defined in 1.2.1 will be entered in column 6 
of the Register Book. The requirements pertaining to the descriptive notes and the ShipRight Procedures are 
given in Pt 1, Ch 2 and Pt 3, Ch 16 of the Rules for Ships. 
 

1.2.4 To be eligible for the ShipRight SEA(HSS-n) or ShipRight SEA(ICE) descriptive note and the optional 
extensions, referred to in 1.2.1, the system is to comply with the requirements of Chapter 2. 
 

1.2.5 This descriptive note can be assigned to existing ships in service as well as new construction ships to 
Lloyd’s Register class. For new ships the descriptive note should be requested on the Request 1 pro forma and, 
for existing ships, by application to Classification Department, London, or the local Lloyd’s Register office. 
 

 

1.3 Modifications and additions 
 

1.3.1 Details of any subsequent modifications to the systems assigned with descriptive note(s), in accordance 
with 1.2.1, are to be submitted to LR for approval. Failure to comply with this requirement may lead to a 
withdrawal of the descriptive note(s). 
 

1.3.2 Any modifications or additions to the approved systems are to be carried out under survey. All system 
inspection, testing and installation is to be carried out to the Surveyor’s satisfaction. 
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CHAPTER 2: Hull Surveillance Systems 
 

Section 1: General 

Section 2: System Requirements 

Section 3: Optional Extensions to Descriptive Note 

Section 4: System Approval 

Section 5: Installation and Testing 

Section 6: Survey Requirements 

Section 7: Type Approval 

Section 8: References 
 

 

Section 1: General 
 

1.1 Application 
 

1.1.1 The requirements contained in this Chapter are applicable to a hull surveillance system that monitors 
and records the real time hull girder stresses and motions or ice loads of the ship as described in Ch 1,1.1.1. 
 

1.1.2 This system is intended as an aid to the Master’s judgement and not as a substitute for it. Accordingly, 
any failure of the system does not detract from the Master’s absolute responsibility to take the correct action in 
operating the ship. 
 

1.2 Descriptive notes 
 

1.2.1 A ship complying with these Procedures will be eligible to be assigned the descriptive notes and optional 
extensions as defined in Ch 1,1.2, and an entry in column 6 of the Register Book. 
 

1.3 Plans and information required 
 

1.3.1 The following plans and information are to be submitted for approval: 
 

(a) General arrangement drawings showing, where applicable, locations of the strain gauges, 
accelerometer(s), pressure transducer(s) and motion sensor(s). 

(b) The properties of the hull section(s) in way of strain gauges, including section inertia, position of the 
neutral axis and the vertical distance from the neutral axis to the centre of the strain gauge element. 

(c) Details of the accuracy, range and frequency response of strain gauges, accelerometer(s) and pressure 
transducer(s) where applicable. 

(d) Where applicable, the procedures for installation, set-up, calibration and operational verification of the 
strain gauges, accelerometer(s) and pressure transducer(s). 

(e) Description of the functions and facilities of the system. 
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(f) Block diagram illustrating the operation of the system. 
(g) Description of the output display method. 
(h) Description of the method and capability of the data recording system and facilities for examination of 

the recorded data. 
(i) Where applicable, details of the intrinsic safety arrangement of electrical equipment in hazardous areas. 
(j) Description of the method of counting and recording fatigue stress ranges and cycles for the strain 

gauges and method of slam detection where applicable. 
(k) Simulation procedure for testing the processing function of the system and results, including algorithms 

for stress range and cycle counting, slam detection and ice impact event detection. 
(l) Procedure for system testing and operational verification. 
(m) Operating Manual for the system. 

 

1.3.2 Where an optional extension as defined in Ch 1,1.2.1, is requested, the following additional plans and 
information are to be submitted for approval: 
 

(a) Extension L: 
 

i. Description of the method of displaying information from the sensors in the cargo control area. 
ii. The method of interfacing with the approved on board loading instrument. 

 
(b) Extension M: 

 
i. General arrangement drawings showing locations of ship motion sensors. 
ii. Details of the accuracy, range and frequency response of ship motion sensors. 
iii. Procedure for the installation, set-up, calibration and operational verification of ship motion 

sensors. 
iv. Description of the method of displaying the output from ship motion sensors. 

 
(c) Extension N: 

 
i. Description of the method of displaying the ship’s navigational information on the hull 

surveillance system. 
ii. Where the navigational information is obtained by interfacing with the ship’s system, description 

of the method of linking with the ship’s system and the interface employed, together with block 
diagram(s). 

iii. The accuracy of the navigational information provided.  
 

(d) Extension VDR: 
 

i. Data recording specification of the voyage data recorder system. 

 

1.3.3 In addition, the following are to be submitted for information: 
 

(a) General arrangement of the ship. 
(b) Midship section drawing of the ship. 
(c) Transverse section drawing(s) of the ship detailing the continuous longitudinal material in way of strain 

gauges located outside the midship section region. 
(d) Details of an ice thickness detection and measurement system that may be fitted in conjunction with the 

ShipRight SEA(ICE) monitoring system. Details are to include the method of detection, measurement, 
storage of data and integration with the monitoring system. 
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Section 2: System requirements 
 

2.1 General 
 

2.1.1 In order to comply with the requirements of the ShipRight SEA(HSS-n), a minimum set of three sensors 
(two strain gauges to measure the stress in the hull girder, one accelerometer to measure the vertical motion of 
the bow or one pressure transducer to measure the pressure at the forward bottom part of the ship) is required. 
In practice, a typical installation for a large bulk carrier or tanker would consist of four long-base strain gauges 
and an accelerometer linked to a display monitor, see Fig. 1.1. 
 

2.1.2 The displayed information on the bridge varies, depending on the company supplying the equipment. A 
minimum capability to display maximum, minimum and mean levels of stress, acceleration and pressure, and 
response trends against permissible limits is required. Visual and audible alarms are incorporated which can be 
set by the operators below the permissible levels to be compatible with operational experience. Hull stress, 
motion and pressure information are continuously recorded for future analysis by Owners and Operators. 
 

2.1.3 The system assessment includes the following activities: 
 

• The system software and visual display performance is assessed in accordance with these Procedures. 
• The performance of long based strain gauges, accelerometer, pressure transducer, electric cables, 

power systems and electronic systems is assessed for compliance with recognised Standards. 
• Approval of the intrinsic safety of all electrical equipment located in hazardous areas. 
• Approval of the number and locations of long based strain gauges, accelerometer and pressure 

transducer. 
• Survey on board of installation of system and initial calibration. 
• Recalibration of the system within three months after initial calibration. 
• Annual recalibration for the life of the system. 

 

2.1.4 Co-ordination of the system approval is the responsibility of the nominated Lloyd’s Register Design 
Support Office, for new construction, and by Classification Department, London, for existing ships. 
 

 

Fig. 1.1 Typical ‘SEA’ notation equipment 
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2.2 System requirements 
 

2.2.1 Where the ShipRight SEA(HSS n) descriptive note is requested, the hull surveillance system is to 
display and record data from the following components, in accordance with these Procedures: 
 

(a) At least two strain gauges to give the measurements of the hull girder longitudinal stresses. 
(b) An accelerometer measuring the vertical acceleration at the bow or a pressure transducer measuring 

the pressure at a forward bottom position of the hull. 

 

2.2.2 Where the ShipRight SEA(ICE) descriptive note is requested, in addition to 2.2.1(a), the hull 
surveillance system is to display and record data from at least a series of strain gauges in the bow region. 
 

2.3 Strain gauges for ShipRight SEA(HSS-n) 
 

2.3.1 The system is required to measure the hull girder longitudinal stress as close as practicable to the 
position(s) where it is expected to be most significant. If such stress cannot be measured at the appropriate 
location, it is to be adjusted by a method approved by LR to represent the stresses in that location. The position 
of the strain gauges is to take account of the structural configuration of the ship and its mode of operation. 
 

2.3.2 For ships with a Rule length, L, as defined in Pt 3, Ch 1,6.1 of the Rules for Ships of over 150 m and 
ships which are expected to be subject to variable loading patterns, generally four or more strain gauges are 
fitted to provide enhanced information on the stressing of the hull girder. 
 

2.3.3 For container ships with large deck openings, generally four or more strain gauges are fitted around a 
transverse section of the hull at a position where the longitudinal hull girder stress, due to bending moments and 
torque, is at its maximum. In general, this is likely to be near the end of the open deck section forward of the 
engine room. 
 

2.3.4 A general guide for the location of the strain gauges is given in Table 2.2.1. Other configurations will be 
specially considered. 
 

2.3.5 Each strain gauge is to measure the strain over a gauge length of between 1,5 and 2,5 m, with an 
accuracy of at least five micro-strains, and is to be of such a type as to obviate the effects of local stress 
concentrations. 
 

2.3.6 The linear range of each strain gauge is to be in excess of the full range of the expected still water and 
dynamic stress variation. 
 

2.3.7 Each strain gauge is to have a frequency response capable of measuring strain in the frequency range 0 
to 5 Hz. 
 

2.4 Strain gauges for ShipRight SEA(ICE) 
 

2.4.1 The strain gauge distribution for measurement of response due to local ice loads is to be agreed with 
LR. 
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Table 2.2.1 General guide for the location of strain gauges for hull girder stress measurement 

Descriptive note 
Number of 

strain 
gauges 

Location of strain gauges 

ShipRight SEA(HSS-2) 2 On the upper deck amidships, arranged symmetrically about the 
longitudinal centreline 

ShipRight SEA(HSS-4) 4 

2 strain gauges on the upper deck amidships, arranged 
symmetrically about the longitudinal centreline 
 
1 strain gauge on the upper deck, at the forward quarter length 
position of the ship, and 1 strain gauge on the upper deck, at the 
aft quarter length position of the ship 
 
For container ships: 
2 strain gauges on the upper deck and 2 strain gauges at the 
inner bottom level or upper turn of bilge, arranged symmetrically 
on a transverse section, near the end of the open deck section 
forward of the engine room. The longitudinal hull girder stresses 
at the bilge positions are to be derived from the strain gauge 
measurements 

ShipRight SEA(HSS-6) 6 

2 strain gauges on the upper deck amidships, arranged 
symmetrically about the longitudinal centreline 
 
1 strain gauge on the upper deck, at the forward quarter length of 
the ship, and 1 strain gauge on the upper deck, at the aft quarter 
length of the ship 
 
2 additional strain gauges on the upper deck. The positions of the 
strain gauges are to be decided by the Operator in consultation 
with LR and are to take account of the loading patterns of the ship 
 
For container ships: 
2 strain gauges on the upper deck and 2 strain gauges at the 
inner bottom level or upper turn of bilge, arranged symmetrically 
on a transverse section, near the end of the open deck section 
forward of the engine room. The longitudinal hull girder stresses 
at the bilge positions are to be derived from the strain gauge 
measurements 
 
2 strain gauges on the upper deck amidships, arranged 
symmetrically about the longitudinal centreline 

 

2.4.2 For the measurement of response due to local ice load, in general, strain gauges are to be fitted around 
a section of the hull at a position where the local stress, due to ice loads, is at its maximum in the operating 
conditions. In general, this is to be near bow or bow shoulder regions at the port and starboard sides of the ship. 
Additional strain gauges at the midships and aft shoulders may also be considered at regions of high ice loads. 
 

2.4.3 The strain gauges for measuring local ice loads are to comprise two strain gauges arranged in a 
configuration suitable to measure the shear stress at either end of the secondary stiffener. Uni-axial strain 
gauges for measuring bending stresses may be required depending on the structural configuration. 
 

2.4.4 Where it is proposed to measure the structural response due to ice load through the stress in the hull 
plating, rosette gauges are to be used. Where these are in addition to the strain gauges provided to stiffeners as 
detailed in 2.4.3, they are to be fitted to the plating adjacent to the strain gauged secondary stiffener. 
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2.4.5 Where it is proposed to measure the structural response due to ice load through the stress in primary 
members, the requirements are to be specially considered, but in general are to be provided with uni-axial strain 
gauges or rosette gauges as appropriate. 
 

2.4.6 The linear range of each strain gauge for measuring local ice loads is to be in excess of the full range of 
the expected ice loads specified in Part 8 of the Rules for Ships and has a capable of measuring strain with a 
frequency of not least than 200 Hz. The strain gauges are to be configured for temperature compensation as 
appropriate. 
 

2.4.7 Strain gauges for hull girder stress and local stress measurement are to have an operation temperature 
range suitable for intended environmental conditions. 
 

2.4.8 Strain gauges are to be protected from mechanical damage from operations within the space, as far as 
practicable. Strain gauges should be made watertight and protected against power surges. 
 

2.5 Accelerometer 
 

2.5.1 The vertical acceleration at the bow is to be measured on the centreline, at the main deck level, in the 
forward 0,01L of the ship, where L is the Rule length, see Pt 3, Ch 1,6.1 of the Rules for Ships. 
 

2.5.2 The acceleration is to be measured over the range ±2,0g, with an accuracy of within ±0,02g, where g is 
the acceleration due to gravity. 
 

2.5.3 The accelerometer is to have a frequency response capable of measuring acceleration in the frequency 
range 0 to 5 Hz. 
 

2.6 Pressure transducer 
 

2.6.1 The position of the pressure transducer is to take account of the structural configuration of the ship and 
its hull form. The pressure at the bottom of the hull is to be measured on, or as near as possible to, the 
centreline, in the forward 0,1L of the ship, where L is the Rule length, see Pt 3, Ch 1,6.1 of the Rules for Ships. 
 

2.6.2 The pressure is to be measured, at least, over the range 0 to 10 bars, with an accuracy of within ±0,025 
bar. 
 

2.6.3 The pressure transducer is to have a frequency response capable of measuring pressure in the 
frequency range 0 to 100 Hz. 
 

2.7 Data sampling and system resolution 
 

2.7.1 Data sampling rates employed are to be adequate for the intended frequency response of the sensors. 
In general, the data sampling rate is to be at least four times greater than the frequency response required. 
 

2.7.2 The system is to have a resolution suitable for the accuracy required for the sensors. In general, the 
analogue to digital (A to D) convertor employed is to have a minimum resolution of 12 bits. 
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2.8 System displays for ShipRight SEA(HSS-n) 
 

2.8.1 A visual display unit (VDU) is to be positioned on the bridge and the following data, where applicable, 
are to be displayed: 
 

(a) The maximum, minimum and mean values of the longitudinal hull girder stress for each strain gauge. 
(b) The maximum and minimum values of the wave induced dynamic longitudinal hull girder stress for each 

strain gauge. 
(c) The maximum, minimum and mean values of the bow vertical acceleration for each accelerometer. 
(d) The maximum, minimum and mean values of the bow bottom pressure for each pressure transducer. 

 

2.8.2 The values of the data being displayed are to be updated as follows: 
 

(a) Maximum and minimum values, at least once every minute. 
(b) Mean values, at least once every five minutes. A graphical display of the data is to be provided. 

 

2.8.3 In addition to the display of the vertical acceleration or bottom pressure at the bow, the number of 
occurrences of slam within a one hour period, updated at least once every five minutes, is also to be displayed 
whilst at sea. 
 

2.8.4 The data described in 2.8.1 and the number of occurrences of slam is also to be displayed in a manner 
which enables the trends in the data to be seen over at least the previous four hours. The display is to be 
updated at least once every 10 minutes. A graphical display of the data is to be provided. 
 

2.8.5 When calculating the mean value of the signal, the method used is to take account of the expected 
frequency range of the response to enable the dynamic component of the signal to be eliminated. 
 

2.8.6 Where a bow accelerometer is used for the detection of slams, the occurrence of a slam can be 
identified by the existence of vibratory bow acceleration in the two-node mode vibration frequency of the hull 
girder, the amplitude of which declines with time. 
 

2.8.7 Where a bottom bow pressure transducer is used for the detection of slams, the occurrence of a 
significant slam can be identified by the emergence and re-entry of the bow section. 
 

2.8.8 The display of the hull stress data is to enable the user to visually compare this data with the 
classification criteria at sea or in harbour. These values are to be provided by LR. Audible and visual alarms are 
to be provided to indicate when the hull stress values exceed the classification criteria, see Pt 6, Ch 1,2.3 of the 
Rules for Ships. 
 

2.8.9 The displays of the hull stress, acceleration and pressure data are to enable the values produced by the 
hull surveillance system to be visually compared with independent user-selectable criteria. The user-selectable 
criteria are to be lesser in magnitude than the classification criteria provided by LR. Audible and visual alarms are 
to be provided to indicate when the values described in 2.6.1 exceed the independent user-selectable criteria, 
see Pt 6, Ch 1,2.3 of the Rules for Ships. 
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2.8.10 To facilitate the calibration of the hull surveillance system, the system is to provide a numerical display 
of the following data: 
 

(a) Classification criteria for each strain gauge. 
(b) Inertia of the hull section, vertical distance from its neutral axis to the centre of the strain gauge rod and 

effective length of each strain gauge. 
(c) Extension, strain and stress obtained from individual strain gauges. 
(d) Acceleration obtained from individual accelerometers or pressure obtained from individual pressure 

transducers. 

 

2.8.11 The size, colour and density of text and graphics displayed on a VDU is to be such that it may be read 
easily from the normal operator position under all operational lighting conditions. Means are to be provided for the 
manual adjustment of brightness for each VDU. Information displayed on the bridge VDU is to be able to be 
presented on a background of high contrast, emitting as little light as possible by night. 
 

2.8.12 It is recommended that an additional system display be provided in the cargo control area to assist 
ship’s personnel in the monitoring of the hull stresses during ballasting and cargo operations, see also 3.2. 
 

2.8.13 Where the information provided by the hull surveillance system is displayed in more than one location, 
the remote display is to comply with the appropriate requirements of these Procedures and the values displayed 
are to be identical to those displayed on the VDU positioned on the bridge. 
 

2.9 System displays for ShipRight SEA(ICE) 
 

2.9.1 Where the ShipRight SEA(ICE) descriptive note is requested, the visual display unit (VDU) is to be 
positioned on the bridge. The maximum stress measured by the local strain gauge at each location and the 
maximum ice loads derived from the shear stress measurements are to be displayed. The rate of updating of the 
measurements is to be in accordance with 2.8.2(a). 
 

2.9.2 The number of occurrences of significant ice impact event within a one hour period, updated at least 
every five minutes, is to be display. A significant ice impact event is defined as that where a measured stress or 
ice load is equal to or greater than 20 per cent of the classification criteria. 
 

2.9.3 The data described in 2.9.1 and 2.9.2 are also to be displayed in a manner which enables the trends in 
the data to be seen over at least the previous four hours. A graphical display of the data is to be provided and 
updated at least once every 10 minutes. 
 

2.9.4 The display of the measured ice load induced stress is to enable the user to visually compare this data 
with the classification criteria. These criteria are to be provided by LR. A visual alarm is to be provided to indicate 
when the measured stress/ice load exceeds the classification criteria and user selectable criteria. 
 

2.9.5 To facilitate the calibration of the local strain gauges, the system is to provide a numerical display of the 
following data: 
 

(a) Classification criteria for each strain gauge. 
(b) Strain and stress obtained from individual strain gauges. 
(c) Load calculated from the strain gauges at each measurement location. 
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2.9.6 The size, colour and density of text and graphics displayed on a VDU is to be in accordance with 2.8.11. 
 

2.9.7 Where the information provided by the hull surveillance system is displayed in more than one location, 
the remote display is to comply with the appropriate requirements of these Procedures and the values displayed 
are to be identical to those displayed on the VDU positioned on the bridge. 
 

2.10 Data recording and storage 
 

2.10.1 For ShipRight SEA(HSS-n), the system is to have a capability for continuous recording of the following 
information, processed at intervals not greater than 10 minutes: 
 

(a) Maximum, minimum and mean values and standard deviations of stress, acceleration and pressure. 
(b) Maximum peak to trough values of stress, acceleration and pressure. 
(c) Average mean crossing periods of the stress, acceleration and pressure. 
(d) Number of reversals of stress, acceleration and pressure. 
(e) Number of slams. 
(f) Time and date referenced to the Universal Time Constant (UTC). 

 

2.10.2 For ShipRight SEA(HSS-n), the system is to be able to count and record the stress ranges and cycles 
for each strain gauge. The processing function of this counting algorithm is to be tested using a simulated signal 
containing a suitable spectrum of harmonic signal, see 1.3.1(j). The bin size(s) for the stress ranges is not to 
exceed 25 micro-strains. The accumulated counts of stress cycles are to be recorded at intervals not exceeding 
24 hours, with time and date referenced to the Universal Time Constant (UTC). 
 

2.10.3 For ShipRight SEA(ICE), the system is to have a capability for continuous recording of the following 
information, processed at intervals not greater than 10 minutes: 
 

(a) Maximum, minimum, mean values and standard deviations of the stress and ice load. 
(b) Number of significant ice impact events. 

 

2.10.4 For ShipRight SEA(ICE), the system is to be able to count and record the number and peak value of 
the ice loads and stresses. The bin size used is to be not greater than 10 per cent of the classification criteria. 
The accumulated counts of peak impact induces stresses are to be recorded at intervals not exceeding 24 hours, 
with time and date referenced to the Universal Time Constant (UTC). 
 

2.10.5 A data recording system, using a removable permanent data storage medium, is to be provided. The 
data storage medium is to have the capability of storing the required data for a continuous period of at least one 
month. 
 

2.10.6 Facilities are to be available, either on board or onshore, to enable the recorded data to be examined. 
 

2.10.7 The monitoring system data is to be made available to LR upon request and agreement with the Owner. 
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2.11 System power supply 
 

2.11.1 Local distribution panels are to be provided for all items of electrically operated equipment of the hull 
surveillance system. These panels are to be supplied by two exclusive circuits, one fed from the main source of 
electrical power and one fed from an emergency source of electrical power. Each item of equipment is to be 
individually connected to its distribution panel. The power supplies to the distribution panels are to be arranged 
with automatic changeover facilities between the two sources. Failure of any power supply to the system is to 
initiate an audible and visual alarm, see Pt 6, Ch 1,2.3 of the Rules for Ships.  
 

2.11.2 Following a loss of power to the system, the operation of the system is to recover within five minutes 
after resumption of the power supply with minimum operator intervention. 
 

2.11.3 The computer programs and the data held in the data recording system are to be protected from 
corruption due to loss of power. 
 

2.12 Intrinsic safety 
 

2.12.1 All electrical equipment associated with the hull surveillance system located in hazardous areas are to 
be of a type permitted by Pt 6, Ch 2,13 of the Rules for Ships. 
 

 

Section 3: Optional extensions to descriptive note 
 

3.1 General 
 

3.1.1 Ships which have been provided with a hull surveillance system complying with the additional 
requirements specified in this Section will be assigned, where applicable, the optional extension(s) L, M, N and/or 
VDR in the descriptive note. For example, ShipRight SEA(HSS-2, L, M, N, VDR). 
 

3.2 Optional extension L 
 

3.2.1 The hull surveillance system is to be provided with an additional system display in the cargo control area 
to assist ship’s personnel in monitoring hull stresses and ship’s condition during ballasting and cargo operations. 
The values displayed are to be identical to those displayed on the VDU positioned on the bridge. 
 

3.2.2 The remote cargo control area display is to interface with the approved on board loading instrument to 
provide a visual comparison with the calculated longitudinal hull girder stresses and, where appropriate, the 
ship’s draught(s), trim and list. An audible and visual alarm is to be provided when the mean value from a strain 
gauge exceeds the value output from the approved loading instrument. 
 

3.3 Optional extension M 
 

3.3.1 The hull surveillance system is to be provided with additional sensors that measure the roll and pitch 
motions of the ship. 
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3.3.2 The roll angle is, in general, to be measured over the range minus 30º to plus 30º, with an accuracy of 
within ±1 per cent of the full range. The roll motion sensor is to have a frequency response capable of measuring 
roll response in the frequency range 0 to 5 Hz. 
 

3.3.3 The pitch angle is, in general, to be measured over the range minus 10º to plus 10º, with an accuracy of 
within ±1 per cent of the full range. The pitch motion sensor is to have a frequency response capable of 
measuring pitch response in the frequency range 0 to 5 Hz. 
 

3.3.4 The system is to provide the following additional data on the VDU positioned on the bridge, see 2.8: 
 

(a) Maximum and minimum values of the measured roll and pitch angles. 
(b) Mean values of the measured roll and pitch angles. 
(c) Maximum and minimum values of wave-induced dynamic roll and pitch angles. 
(d) Average mean crossing periods of the measured roll and pitch angles. 

 

3.3.5 The values of the data being displayed, as described in 3.3.4, are to be updated as follows: 
 

(a) Maximum and minimum values, at least once every minute. 
(b) Mean values and mean crossing periods, at least once every five minutes. 

A graphical display of the data is to be provided. 

 

3.3.6 The system is also to display the trends in the data over at least the previous four hours. The display is 
to be updated at least once every 10 minutes. A graphical display of the data is to be provided. 
 

3.3.7 The display is to enable the values produced by the hull surveillance system to be visually compared 
with independent user-selectable criteria. Audible and visual alarms are to be provided when the values 
described in 3.3.4 exceed the independent user-selectable criteria, see Pt 6, Ch 1,2.3 of the Rules for Ships. 
 

3.3.8 To facilitate calibration of the sensors, the system is to provide a numerical display(s) of pitch and roll 
angles. 
 

3.3.9 The following information, processed at intervals not greater than 10 minutes, is to be recorded 
continuously: 
 

(a) Maximum, minimum and mean values and standard deviations of roll and pitch angles. 
(b) Maximum peak to trough values of roll and pitch angles. 
(c) Average mean crossing periods of roll and pitch angles. 
(d) Number of reversals of roll and pitch angles. 
(e) Time and date referenced to the Universal Time Constant (UTC). 

 

3.4 Optional extension N 
 

3.4.1 The hull surveillance system is to provide additional displays of the following ship’s navigational 
information on the bridge whist at sea, updating at least once every minute: 
 

(a) The ship’s position in latitude and longitude. 
(b) The ship’s speeds through water and over ground. 
(c) The RPM of the main engine(s) and propeller(s).
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(d) The ship’s heading and rate of change of heading. 
(e) The true and apparent wind speeds and directions from an anemometer. 

 

3.4.2 The display of the navigational data is to enable the user to relate visually with the information on hull 
responses and loadings from other sensors. The trends in the navigational data are to be displayed in 
accordance with 3.3.6. 
 

3.4.3 All values of the navigational data displayed by the hull surveillance system are to be compatible with 
those from the ship’s system. Where the data is obtained by interfacing with the ship’s system, then the interface 
with the ship’s equipment is to be in accordance with the relevant international standard where possible. The 
interface with any item of the ship’s equipment is to be such that the operation of that equipment does not 
deteriorate, even if the hull surveillance system and interface develop faults. 
 

3.4.4 To facilitate operational verification, the hull surveillance system is to provide a numerical display of the 
data described in 3.4.1. 
 

3.4.5 In addition to the data recording requirements specified in 2.10, the data described in 3.4.1 is to be 
recorded continuously at intervals not exceeding 10 minutes, with time and date referenced to the Universal Time 
Constant (UTC). 
 

3.5 Optional Extension VDR 
 

3.5.1 The hull surveillance system is to provide an interface, in accordance with IEC Publication 61162: 
Maritime navigation and radio communication equipment and systems – digital interfaces, with the ship's voyage 
data recorder system to enable the recording of hull stress, ship motion and hull pressure data from the hull 
surveillance system's sensors. 
 

3.5.2 The voyage data recorder system is to record hull stress from the strain gauges and ship's bow 
acceleration or hull pressure data from either one accelerometer or one pressure transducer. 
 

3.5.3 Where roll and pitch motion sensors are fitted, as required by the Optional Extension M, data from these 
sensors are to be recorded. 
 

3.5.4 Maximum and minimum values of hull stress, ship motion and hull pressure data are to be recorded, 
with date and time referenced to UTC, at the data rate employed by the voyage data recorder system, but not to 
be less than once every second. 
 

3.5.5 All date and time references are to be in accordance with the clock used by the voyage data recorder 
system. 
 

 

Section 4: System approval 
 

4.1 General 
 

4.1.1 On request for approval, the manufacturer of the system is required to submit the specification and 
details of the proposed equipment in compliance with these Procedures. 
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4.1.2 The location of strain gauges, accelerometer and pressure transducer is to be assessed. The strain 
gauges for the measurement of hull girder stresses require to be positioned at locations on the main deck of the 
ship where local bending effects are negligible thereby allowing the gauges to predominantly measure global hull 
still water and wave bending effects. The accelerometer needs to be located as far forward as practicable, such 
as the bosun’s store in the forepeak, and as near as possible to the ship’s centre line. The pressure transducer 
needs to be located as far forward and as near to the ship’s centre line as practicable, on the flat part of the 
bottom shell. 
 

4.1.3 On completion of system approval, the nominated Design Support Office will advise the port office the 
status of the approval and advise the locations of sensors in order that the installation can be inspected prior to 
initial calibration. 
 

4.1.4 The set-up and calibration of the system is carried out by the manufacturer or shipyard personnel and 
witnessed by the Lloyd’s Register Surveyor. 
 

4.1.5 For the calibration, the nominated Design Support Office will provide the manufacturer and attending 
Lloyd’s Register Surveyor with the value of hull girder inertia and distance from the neutral axis at each strain 
gauge position. 
 

 

Section 5: Installation and testing 
 

5.1 General 
 

5.1.1 The procedure for testing and operational verification of the hull surveillance system, including sensors, 
data processing, display, alarm system, data recording system and intrinsic safety of the equipment in hazardous 
areas, is to be submitted to LR for approval, and an approved copy kept on board the ship. 
 

5.1.2 The procedure for installing, setting up and calibrating strain gauges, accelerometer(s), pressure 
transducer(s) and motion sensor(s) is to be submitted to LR for approval, and an approved copy kept on board 
the ship. 
 

5.1.3 All sensing components are to be supplied with certificates of calibration from the manufacturer(s) or 
personnel authorised by the manufacturer(s). All such certificates are to be kept on board for verification at each 
survey. 
 

5.2 Strain gauges for ShipRight SEA(HSS-n) 
 

5.2.1 Each strain gauge is to be set to a stress calculated for an agreed loading condition. This calculated 
stress is to be compatible with the output from the loading instrument, see Pt 3, Ch 4,7.3 of the Rules for Ships, 
and calculations made using the loading manual, see Pt 3, Ch 4,7.2 of the Rules for Ships. If the ship is not 
equipped with an approved loading instrument or the stress is not measured at one of the loading instrument’s 
readout points, the method of calculating the stress values at the strain gauge locations is to be agreed by LR. 
 

5.2.2 Each strain gauge is to be set up to have an adequate linear measurement range to cover the expected 
still water and dynamic stress variation. The value of stress produced by the hull surveillance system is to be 
compatible with the value introduced by using slip gauges or other calibration equipment. The linearity of each 
strain gauge is to be verified from the system display using appropriate calibration equipment. 
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5.2.3 The operation of each strain gauge is to be verified by checking against an agreed loading condition, 
within a three-month period after the set-up, with an LR Surveyor in attendance. The verification is to be carried 
out after the ship has completed at least one sea-going voyage. In the event that the difference, d, calculated in 
accordance with the following formula, is greater than 10 per cent, the setup and subsequent verification 
procedure is to be repeated: 
 

𝑑𝑑 =
|𝑀𝑀m −𝑀𝑀c|

�𝑀𝑀hog� + �𝑀𝑀sag�
× 100% 

where 

𝑀𝑀m =
𝐸𝐸 𝑰𝑰 δ𝐿𝐿
𝐿𝐿 𝑋𝑋D

 

or 

𝑀𝑀m =
𝐸𝐸 𝑰𝑰 ε
 𝑋𝑋D

 

where 

𝑑𝑑 = percentage difference 

𝐸𝐸 = modulus of elasticity, in kN/m2 (tonne-f/m2) 

 = 2,06 x 108 kN/m2 (2,1 x 107 tonne-f/m2) for steel 

𝑰𝑰 = hull section inertia, in m4 

𝐿𝐿 = effective length of long base rod, in mm 

δ𝐿𝐿 = displacement of long base rod, in mm 

𝑀𝑀c = bending moment output from loading instrument or value calculated from loading manual, 
in kN m (tonne-f m) 

𝑀𝑀m = bending moment derived from strain gauge measurements, in kN m (tonne-f m) 

|𝑀𝑀m −𝑀𝑀c| = absolute value of the difference between 𝑀𝑀m and 𝑀𝑀c 

�𝑀𝑀hog� = absolute value of permissible hogging seagoing still water bending moment, in kN m 
(tonne-f m) 

�𝑀𝑀sag� = absolute value of permissible sagging seagoing still water bending moment, in kN m 
(tonne-f m) 

𝑋𝑋D = vertical distance from the neutral axis of the hull section to centre of the strain gauge rod 
or to the centre of the strain gauge element, in metres 

ε = strain measured by strain gauge. 

 

5.2.4 Before set-up, calibration and measurement verification, the loading condition is to be verified by 
checking the ship’s actual draught against the value calculated by the loading instrument or loading manual. The 
ship is to be in an upright condition. The assigned classification criteria values are to be verified from the VDU, 
see 2.8.10. 
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5.2.5 Set-up, calibration and measurement verification of the strain gauges are to be carried out when the 
ship is in an even and symmetrical loading condition in calm water, and when the effects of temperature on the 
structure are at a minimum, i.e. when: 
 

(a) In sheltered waters, preferably with a sea state not exceeding 1. 
(b) Wind force is not to exceed Beaufort scale 2 when fetch is significant. 
(c) Conditions are overcast or dark.  

The surface temperature of the structure at which the stress is measured is to be recorded. 

 

5.3 Strain gauges for ShipRight SEA(ICE) 
 

5.3.1 The pressure measured by the strain gauges at each location is to be initially set to the static pressure 
value due to the ship’s draught of an agreed loading condition. 
 

5.3.2 The pressure measured by the strain gauges at each location is to be checked against a different 
loading condition within three-month period after set-up. 
 

5.4 Accelerometers 
 

5.4.1 Satisfactory operation and linearity of the accelerometer(s) are to be verified from the system display by 
simulating output at various angles of inclination of the sensor. 
 

5.4.2 The operation of each accelerometer is to be checked within a three-month period after set-up, with an 
LR Surveyor in attendance, to identify any signal drifting problems. This check is to be carried out after the ship 
has completed at least one sea-going voyage. 
 

5.5 Pressure transducers 
 

5.5.1 Satisfactory operation of the pressure transducer(s) is, at least, to be verified by establishing that the 
pressure values displayed by the hull surveillance system are compatible with the ship’s draught at the 
appropriate transducer location. 
 

5.5.2 The operation of each pressure transducer is to be checked within a three-month period after set-up, 
with an LR Surveyor in attendance, to identify any signal drifting problems. This check is to be carried out after 
the ship has completed at least one sea-going voyage. 
 

5.6 Motion sensors 
 

5.6.1 The motion sensor(s) are to be set to a value in accordance with the trim and list of the ship in a known 
loading condition. 
 

5.6.2 Satisfactory operation and linearity of the motion sensors are to be verified from the system display by 
simulating output at various angles of inclination of the sensor. The list and trim angles displayed by the hull 
surveillance system are to be compatible with the values for the loading condition of the ship at that time. 
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5.6.3 The operation of each motion sensor is to be checked within a three-month period after set-up, with an 
LR Surveyor in attendance, to identify any signal drifting problems. This check is to be carried out after the ship 
has completed at least one sea-going voyage. 
 

5.7 System testing and verification 
 

5.7.1 The processing functions of the hull surveillance system software are to be tested using simulated 
signals. A spectrum of harmonic signals is to be used, covering the ranges of the individual sensors. The values 
produced by the hull surveillance system software are to be compared with separate calculations based on the 
simulated signals. The proposed simulation test programme is to be submitted to LR for approval prior to the test. 
 

5.7.2 The operation of the strain gauges is to be verified by checking against an agreed loading condition, 
within a three-month period after the initial set-up, with a Lloyd’s Register Surveyor in attendance. This operation 
check is to be carried out after the ship has completed at least one sea-going voyage. On satisfactory completion 
of the set-up and calibration of the system, the descriptive note can be assigned (retained). 
 

Section 6: Survey requirements 
 

6.1 General 
 

6.1.1 The Lloyd’s Register Surveyor will attend on board the ship to witness the set-up and calibration of the 
system by the shipyard or manufacturer’s representatives. The set-up and calibration of the system, including all 
sensors, should be in compliance with these Procedures. 
 

6.1.2 The following items are to be verified upon installation of the system and at each Annual Survey: 
 

(a) The number and locations of strain gauges, accelerometer(s), pressure transducer(s) and motion 
sensor(s) and the number of display locations of the system are in accordance with the approved 
specification. 

(b) All welded attachments, hull penetrations, support and security of cabling and equipment are in a 
satisfactory condition. 

(c) The output display of the system complies with the requirements outlined in these Procedures. 
(d) The classification criteria values from the VDU agree with the assigned values. 
(e) The system’s audible and visual alarms are operational. 
(f) The data recording facility complies with the requirements outlined in these Procedures. 
(g) The value of the stress produced by the hull surveillance system is compatible with the output from the 

loading instrument for a known loading condition, see 5.2. 
(h) The increase in the stress indicated by the hull surveillance system agrees with that obtained using slip 

gauges or other calibration equipment. 
(i) The strain gauges have been set up to have an adequate linear range to cover the full range of 

expected still water and dynamic stress variation. 
(j) Where applicable, accelerometer(s), pressure transducer(s) and motion sensor(s) are set up and 

operating satisfactorily, see 5.3 to 5.5. 
(k) Calibration certificates exist for the strain gauges and, where applicable, accelerometer(s), pressure 

transducer(s) and motion sensor(s). 
(l) Where applicable, valid calibration certificates exist for equipment providing the navigational information 

described in 3.4.1. 
(m) Where applicable, the navigational information, described in 3.4.1, displayed by the hull surveillance 

system is compatible with that from the ship’s system. 
(n) An approved Operating Manual for the system, written in English and in a language appropriate for the 

ship’s crew, is on board the ship. 
(o) The intrinsic safety arrangement of equipment in hazardous areas complies with relevant requirements.
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6.1.3 Two copies of the test schedule for the system, signed by the Surveyor and the Owner’s 
Representative, are to be provided on completion of the survey. The test schedule is to include the result of the 
set-up, checking and calibration of the system sensors and the ship’s loading and environmental conditions. One 
copy of the test schedule is to be placed on board the ship, and the other copy is to be submitted to LR. 
 

6.2 New installations and modifications 
 

6.2.1 The installation and operation of the hull surveillance system are to be fully tested and verified, in 
accordance with 6.1 and the approved system testing and operational verification procedure, see 5.1.3. System 
testing and operational verifications are to be carried out to the satisfaction of the Surveyor. 
 

6.2.2 Installation, set-up and testing of the system’s sensors are to be in accordance with Section 5. 
 

6.2.3 Two copies of the equipment record detailing the components of the approved hull surveillance system, 
including any additions and modifications, are to be provided on the completion of the survey. One copy of the 
record is to be submitted to LR and the other copy is to be kept on board the ship and is to be made available to 
the Surveyor as required. 
 

6.3 Annual surveys 
 

6.3.1 The operation of the hull surveillance system is to be tested and verified annually, in accordance with 
6.1 and the approved system testing and operational verification procedure, see 5.1.3. System testing and 
operational verifications are to be carried out to the satisfaction of the Surveyor. 
 

6.3.2 Installation, set-up and testing of the system’s sensors are to be in accordance with Section 5. 
 

 

Section 7: Type Approval 
 

7.1 General 
 

7.1.1 All sensors connected to the hull surveillance system and peripheral equipment connected to the ship’s 
instruments or control systems used for the acquisition of the required data are, wherever practicable, to be 
selected from the List of Type Approved Products published by LR. 
 

 

Section 8: References 
 

1. Lloyd's Register’s Rules and Regulations for the Classification of Ships. 
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	2.4.7 Strain gauges for hull girder stress and local stress measurement are to have an operation temperature range suitable for intended environmental conditions.
	2.4.8 Strain gauges are to be protected from mechanical damage from operations within the space, as far as practicable. Strain gauges should be made watertight and protected against power surges.

	2.5 Accelerometer
	2.5.1 The vertical acceleration at the bow is to be measured on the centreline, at the main deck level, in the forward 0,01L of the ship, where L is the Rule length, see Pt 3, Ch 1,6.1 of the Rules for Ships.
	2.5.2 The acceleration is to be measured over the range ±2,0g, with an accuracy of within ±0,02g, where g is the acceleration due to gravity.
	2.5.3 The accelerometer is to have a frequency response capable of measuring acceleration in the frequency range 0 to 5 Hz.

	2.6 Pressure transducer
	2.6.1 The position of the pressure transducer is to take account of the structural configuration of the ship and its hull form. The pressure at the bottom of the hull is to be measured on, or as near as possible to, the centreline, in the forward 0,1L...
	2.6.2 The pressure is to be measured, at least, over the range 0 to 10 bars, with an accuracy of within ±0,025 bar.
	2.6.3 The pressure transducer is to have a frequency response capable of measuring pressure in the frequency range 0 to 100 Hz.

	2.7 Data sampling and system resolution
	2.7.1 Data sampling rates employed are to be adequate for the intended frequency response of the sensors. In general, the data sampling rate is to be at least four times greater than the frequency response required.
	2.7.2 The system is to have a resolution suitable for the accuracy required for the sensors. In general, the analogue to digital (A to D) convertor employed is to have a minimum resolution of 12 bits.

	2.8 System displays for ShipRight SEA(HSS-n)
	2.8.1 A visual display unit (VDU) is to be positioned on the bridge and the following data, where applicable, are to be displayed:
	2.8.2 The values of the data being displayed are to be updated as follows:
	2.8.3 In addition to the display of the vertical acceleration or bottom pressure at the bow, the number of occurrences of slam within a one hour period, updated at least once every five minutes, is also to be displayed whilst at sea.
	2.8.4 The data described in 2.8.1 and the number of occurrences of slam is also to be displayed in a manner which enables the trends in the data to be seen over at least the previous four hours. The display is to be updated at least once every 10 minu...
	2.8.5 When calculating the mean value of the signal, the method used is to take account of the expected frequency range of the response to enable the dynamic component of the signal to be eliminated.
	2.8.6 Where a bow accelerometer is used for the detection of slams, the occurrence of a slam can be identified by the existence of vibratory bow acceleration in the two-node mode vibration frequency of the hull girder, the amplitude of which declines ...
	2.8.7 Where a bottom bow pressure transducer is used for the detection of slams, the occurrence of a significant slam can be identified by the emergence and re-entry of the bow section.
	2.8.8 The display of the hull stress data is to enable the user to visually compare this data with the classification criteria at sea or in harbour. These values are to be provided by LR. Audible and visual alarms are to be provided to indicate when t...
	2.8.9 The displays of the hull stress, acceleration and pressure data are to enable the values produced by the hull surveillance system to be visually compared with independent user-selectable criteria. The user-selectable criteria are to be lesser in...
	2.8.10 To facilitate the calibration of the hull surveillance system, the system is to provide a numerical display of the following data:
	2.8.11 The size, colour and density of text and graphics displayed on a VDU is to be such that it may be read easily from the normal operator position under all operational lighting conditions. Means are to be provided for the manual adjustment of bri...
	2.8.12 It is recommended that an additional system display be provided in the cargo control area to assist ship’s personnel in the monitoring of the hull stresses during ballasting and cargo operations, see also 3.2.
	2.8.13 Where the information provided by the hull surveillance system is displayed in more than one location, the remote display is to comply with the appropriate requirements of these Procedures and the values displayed are to be identical to those d...

	2.9 System displays for ShipRight SEA(ICE)
	2.9.1 Where the ShipRight SEA(ICE) descriptive note is requested, the visual display unit (VDU) is to be positioned on the bridge. The maximum stress measured by the local strain gauge at each location and the maximum ice loads derived from the shear ...
	2.9.2 The number of occurrences of significant ice impact event within a one hour period, updated at least every five minutes, is to be display. A significant ice impact event is defined as that where a measured stress or ice load is equal to or great...
	2.9.3 The data described in 2.9.1 and 2.9.2 are also to be displayed in a manner which enables the trends in the data to be seen over at least the previous four hours. A graphical display of the data is to be provided and updated at least once every 1...
	2.9.4 The display of the measured ice load induced stress is to enable the user to visually compare this data with the classification criteria. These criteria are to be provided by LR. A visual alarm is to be provided to indicate when the measured str...
	2.9.5 To facilitate the calibration of the local strain gauges, the system is to provide a numerical display of the following data:
	2.9.6 The size, colour and density of text and graphics displayed on a VDU is to be in accordance with 2.8.11.
	2.9.7 Where the information provided by the hull surveillance system is displayed in more than one location, the remote display is to comply with the appropriate requirements of these Procedures and the values displayed are to be identical to those di...

	2.10 Data recording and storage
	2.10.1 For ShipRight SEA(HSS-n), the system is to have a capability for continuous recording of the following information, processed at intervals not greater than 10 minutes:
	2.10.2 For ShipRight SEA(HSS-n), the system is to be able to count and record the stress ranges and cycles for each strain gauge. The processing function of this counting algorithm is to be tested using a simulated signal containing a suitable spectru...
	2.10.3 For ShipRight SEA(ICE), the system is to have a capability for continuous recording of the following information, processed at intervals not greater than 10 minutes:
	2.10.4 For ShipRight SEA(ICE), the system is to be able to count and record the number and peak value of the ice loads and stresses. The bin size used is to be not greater than 10 per cent of the classification criteria. The accumulated counts of peak...
	2.10.5 A data recording system, using a removable permanent data storage medium, is to be provided. The data storage medium is to have the capability of storing the required data for a continuous period of at least one month.
	2.10.6 Facilities are to be available, either on board or onshore, to enable the recorded data to be examined.
	2.10.7 The monitoring system data is to be made available to LR upon request and agreement with the Owner.

	2.11 System power supply
	2.11.1 Local distribution panels are to be provided for all items of electrically operated equipment of the hull surveillance system. These panels are to be supplied by two exclusive circuits, one fed from the main source of electrical power and one f...
	2.11.2 Following a loss of power to the system, the operation of the system is to recover within five minutes after resumption of the power supply with minimum operator intervention.
	2.11.3 The computer programs and the data held in the data recording system are to be protected from corruption due to loss of power.

	2.12 Intrinsic safety
	2.12.1 All electrical equipment associated with the hull surveillance system located in hazardous areas are to be of a type permitted by Pt 6, Ch 2,13 of the Rules for Ships.


	Section 3: Optional extensions to descriptive note
	3.1 General
	3.1.1 Ships which have been provided with a hull surveillance system complying with the additional requirements specified in this Section will be assigned, where applicable, the optional extension(s) L, M, N and/or VDR in the descriptive note. For exa...

	3.2 Optional extension L
	3.2.1 The hull surveillance system is to be provided with an additional system display in the cargo control area to assist ship’s personnel in monitoring hull stresses and ship’s condition during ballasting and cargo operations. The values displayed a...
	3.2.2 The remote cargo control area display is to interface with the approved on board loading instrument to provide a visual comparison with the calculated longitudinal hull girder stresses and, where appropriate, the ship’s draught(s), trim and list...

	3.3 Optional extension M
	3.3.1 The hull surveillance system is to be provided with additional sensors that measure the roll and pitch motions of the ship.
	3.3.2 The roll angle is, in general, to be measured over the range minus 30º to plus 30º, with an accuracy of within ±1 per cent of the full range. The roll motion sensor is to have a frequency response capable of measuring roll response in the freque...
	3.3.3 The pitch angle is, in general, to be measured over the range minus 10º to plus 10º, with an accuracy of within ±1 per cent of the full range. The pitch motion sensor is to have a frequency response capable of measuring pitch response in the fre...
	3.3.4 The system is to provide the following additional data on the VDU positioned on the bridge, see 2.8:
	3.3.5 The values of the data being displayed, as described in 3.3.4, are to be updated as follows:
	3.3.6 The system is also to display the trends in the data over at least the previous four hours. The display is to be updated at least once every 10 minutes. A graphical display of the data is to be provided.
	3.3.7 The display is to enable the values produced by the hull surveillance system to be visually compared with independent user-selectable criteria. Audible and visual alarms are to be provided when the values described in 3.3.4 exceed the independen...
	3.3.8 To facilitate calibration of the sensors, the system is to provide a numerical display(s) of pitch and roll angles.
	3.3.9 The following information, processed at intervals not greater than 10 minutes, is to be recorded continuously:

	3.4 Optional extension N
	3.4.1 The hull surveillance system is to provide additional displays of the following ship’s navigational information on the bridge whist at sea, updating at least once every minute:
	3.4.2 The display of the navigational data is to enable the user to relate visually with the information on hull responses and loadings from other sensors. The trends in the navigational data are to be displayed in accordance with 3.3.6.
	3.4.3 All values of the navigational data displayed by the hull surveillance system are to be compatible with those from the ship’s system. Where the data is obtained by interfacing with the ship’s system, then the interface with the ship’s equipment ...
	3.4.4 To facilitate operational verification, the hull surveillance system is to provide a numerical display of the data described in 3.4.1.
	3.4.5 In addition to the data recording requirements specified in 2.10, the data described in 3.4.1 is to be recorded continuously at intervals not exceeding 10 minutes, with time and date referenced to the Universal Time Constant (UTC).

	3.5 Optional Extension VDR
	3.5.1 The hull surveillance system is to provide an interface, in accordance with IEC Publication 61162: Maritime navigation and radio communication equipment and systems – digital interfaces, with the ship's voyage data recorder system to enable the ...
	3.5.2 The voyage data recorder system is to record hull stress from the strain gauges and ship's bow acceleration or hull pressure data from either one accelerometer or one pressure transducer.
	3.5.3 Where roll and pitch motion sensors are fitted, as required by the Optional Extension M, data from these sensors are to be recorded.
	3.5.4 Maximum and minimum values of hull stress, ship motion and hull pressure data are to be recorded, with date and time referenced to UTC, at the data rate employed by the voyage data recorder system, but not to be less than once every second.
	3.5.5 All date and time references are to be in accordance with the clock used by the voyage data recorder system.


	Section 4: System approval
	4.1 General
	4.1.1 On request for approval, the manufacturer of the system is required to submit the specification and details of the proposed equipment in compliance with these Procedures.
	4.1.2 The location of strain gauges, accelerometer and pressure transducer is to be assessed. The strain gauges for the measurement of hull girder stresses require to be positioned at locations on the main deck of the ship where local bending effects ...
	4.1.3 On completion of system approval, the nominated Design Support Office will advise the port office the status of the approval and advise the locations of sensors in order that the installation can be inspected prior to initial calibration.
	4.1.4 The set-up and calibration of the system is carried out by the manufacturer or shipyard personnel and witnessed by the Lloyd’s Register Surveyor.
	4.1.5 For the calibration, the nominated Design Support Office will provide the manufacturer and attending Lloyd’s Register Surveyor with the value of hull girder inertia and distance from the neutral axis at each strain gauge position.


	Section 5: Installation and testing
	5.1 General
	5.1.1 The procedure for testing and operational verification of the hull surveillance system, including sensors, data processing, display, alarm system, data recording system and intrinsic safety of the equipment in hazardous areas, is to be submitted...
	5.1.2 The procedure for installing, setting up and calibrating strain gauges, accelerometer(s), pressure transducer(s) and motion sensor(s) is to be submitted to LR for approval, and an approved copy kept on board the ship.
	5.1.3 All sensing components are to be supplied with certificates of calibration from the manufacturer(s) or personnel authorised by the manufacturer(s). All such certificates are to be kept on board for verification at each survey.

	5.2 Strain gauges for ShipRight SEA(HSS-n)
	5.2.1 Each strain gauge is to be set to a stress calculated for an agreed loading condition. This calculated stress is to be compatible with the output from the loading instrument, see Pt 3, Ch 4,7.3 of the Rules for Ships, and calculations made using...
	5.2.2 Each strain gauge is to be set up to have an adequate linear measurement range to cover the expected still water and dynamic stress variation. The value of stress produced by the hull surveillance system is to be compatible with the value introd...
	5.2.3 The operation of each strain gauge is to be verified by checking against an agreed loading condition, within a three-month period after the set-up, with an LR Surveyor in attendance. The verification is to be carried out after the ship has compl...
	5.2.4 Before set-up, calibration and measurement verification, the loading condition is to be verified by checking the ship’s actual draught against the value calculated by the loading instrument or loading manual. The ship is to be in an upright cond...
	5.2.5 Set-up, calibration and measurement verification of the strain gauges are to be carried out when the ship is in an even and symmetrical loading condition in calm water, and when the effects of temperature on the structure are at a minimum, i.e. ...

	5.3 Strain gauges for ShipRight SEA(ICE)
	5.3.1 The pressure measured by the strain gauges at each location is to be initially set to the static pressure value due to the ship’s draught of an agreed loading condition.
	5.3.2 The pressure measured by the strain gauges at each location is to be checked against a different loading condition within three-month period after set-up.

	5.4 Accelerometers
	5.4.1 Satisfactory operation and linearity of the accelerometer(s) are to be verified from the system display by simulating output at various angles of inclination of the sensor.
	5.4.2 The operation of each accelerometer is to be checked within a three-month period after set-up, with an LR Surveyor in attendance, to identify any signal drifting problems. This check is to be carried out after the ship has completed at least one...

	5.5 Pressure transducers
	5.5.1 Satisfactory operation of the pressure transducer(s) is, at least, to be verified by establishing that the pressure values displayed by the hull surveillance system are compatible with the ship’s draught at the appropriate transducer location.
	5.5.2 The operation of each pressure transducer is to be checked within a three-month period after set-up, with an LR Surveyor in attendance, to identify any signal drifting problems. This check is to be carried out after the ship has completed at lea...

	5.6 Motion sensors
	5.6.1 The motion sensor(s) are to be set to a value in accordance with the trim and list of the ship in a known loading condition.
	5.6.2 Satisfactory operation and linearity of the motion sensors are to be verified from the system display by simulating output at various angles of inclination of the sensor. The list and trim angles displayed by the hull surveillance system are to ...
	5.6.3 The operation of each motion sensor is to be checked within a three-month period after set-up, with an LR Surveyor in attendance, to identify any signal drifting problems. This check is to be carried out after the ship has completed at least one...

	5.7 System testing and verification
	5.7.1 The processing functions of the hull surveillance system software are to be tested using simulated signals. A spectrum of harmonic signals is to be used, covering the ranges of the individual sensors. The values produced by the hull surveillance...
	5.7.2 The operation of the strain gauges is to be verified by checking against an agreed loading condition, within a three-month period after the initial set-up, with a Lloyd’s Register Surveyor in attendance. This operation check is to be carried out...


	Section 6: Survey requirements
	6.1 General
	6.1.1 The Lloyd’s Register Surveyor will attend on board the ship to witness the set-up and calibration of the system by the shipyard or manufacturer’s representatives. The set-up and calibration of the system, including all sensors, should be in comp...
	6.1.2 The following items are to be verified upon installation of the system and at each Annual Survey:
	6.1.3 Two copies of the test schedule for the system, signed by the Surveyor and the Owner’s Representative, are to be provided on completion of the survey. The test schedule is to include the result of the set-up, checking and calibration of the syst...

	6.2 New installations and modifications
	6.2.1 The installation and operation of the hull surveillance system are to be fully tested and verified, in accordance with 6.1 and the approved system testing and operational verification procedure, see 5.1.3. System testing and operational verifica...
	6.2.2 Installation, set-up and testing of the system’s sensors are to be in accordance with Section 5.
	6.2.3 Two copies of the equipment record detailing the components of the approved hull surveillance system, including any additions and modifications, are to be provided on the completion of the survey. One copy of the record is to be submitted to LR ...

	6.3 Annual surveys
	6.3.1 The operation of the hull surveillance system is to be tested and verified annually, in accordance with 6.1 and the approved system testing and operational verification procedure, see 5.1.3. System testing and operational verifications are to be...
	6.3.2 Installation, set-up and testing of the system’s sensors are to be in accordance with Section 5.


	Section 7: Type Approval
	7.1 General
	7.1.1 All sensors connected to the hull surveillance system and peripheral equipment connected to the ship’s instruments or control systems used for the acquisition of the required data are, wherever practicable, to be selected from the List of Type A...
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