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1.  Introduction
The SAFEICE project aim is to create a scientific basis for ice class rules (ship hull strength) and for placing requirements on ice classes. The main purposes in the SAFEICE project are to develop semi-empirical methods based on measurements to determine the ice loads on ship hull, to find relationship between operational conditions and ice load, to develop ship-ice interaction models to assess the design ice loads on ship hull, to develop methods to estimate ultimate strength of shell plating and frames and to develop methods to analyse ice damages. The target is to decrease the risk involved in winter navigation. Baltic Sea, Okhostk Sea and Canadian waters are used as validation areas for ice load predictions.

The aims are achieved by compiling a database of earlier information on ice loads and ice pressures. This is a collection of full scale ice load data measured on board ships of various types sailing in different sea areas. Ice load data sets are used in validation of deterministic ice load models. The ice loading process has a stochastic nature. The stochasticity of ice loads influences the design ice load value. In the SAFEICE project probability based methods in ice load evaluation will be developed and validated with measured data.

First yield load of ships operating in the Baltic Sea are often exceeded. However, serious ice damages are rare. Ultimate load carrying capacity of hull structure is therefore utilised. Instead of elastic design, ice rules could be based on plastic design. Probability of loads exceeding ultimate strength of various structural elements can then be estimated and the design load level will be explicitly determined.

The project will be carried out with the participation of universities, maritime authorities and European, Canadian and Japanese marine research institutes. The partners represent the vertical chain from basic research into implementing the ice rules and enforcing safety at sea.

The strategic objectives addressed in the order of priority:

1.
Decrease the environmental and material risks to shipping in ice covered waters by creating a unified basis for winter navigation system for first year ice conditions including the methods to get the required ice class

2.
Develop semi-empirical methods based on measurements and advanced theoretical models to determine the ice loads on ship hull and relate these to the operational scenarios and the ice conditions

3.
Develop ship-ice interaction models and stochastic models to assess the design loads on ship hull. The outcome is a description of the ice load versus ice and operational parameters.

4.
Create a framework to develop design codes and regulations for plastic design basis for icebound ships

2. Project objectives and major achievements during the reporting period 
2. 1  Project overview

The SAFEICE project aim is to create a scientific basis for ice class rules (ship hull strength) and for placing requirements on ice classes. The main purposes in the SAFEICE project are to develop semi-empirical methods based on measurements to determine the ice loads on ship hull, to find relationship between operational conditions and ice load, to develop ship-ice interaction models to assess the design ice loads on ship hull, to develop methods to estimate ultimate strength of shell plating and frames and to develop methods to analyse ice damages. The target is to decrease the risk involved in winter navigation. Baltic Sea, Okhostk Sea and Canadian waters are used as validation areas for ice load predictions.

The project will be carried out with the participation of universities, maritime authorities and European, Canadian and Japanese marine research institutes. The partners represent the vertical chain from basic research into implementing the ice rules and enforcing safety at sea.
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The main achievements of the project can be summarised as: 

2.2 Work performed in each WP

WP 1: Management

The first 12 months period aimed to have a good start for the project by organising kick off meeting, review the work plan, prepare the consortium agreement and establish a project web page. 

The kick-off meeting was organised by HUT early September 2004. During the meeting both the contractual matters and plans for the technical work was thoroughly discussed and agreed. Based on the discussion, the consortium agreement was updated and finally signed by all partners at the end of the year 2004. The project web-site has been established also during the studied period.  It has been also agreed that the project will follow the progress of the project internally on 6 months basis.

During the first period in addition 2 meetings were organised, one in Hamburg on March 2005 and one in Ottawa on August 2005. During the meetings the work on various workpackages was presented with detail discussions about the content and requirements for the future work.

In addition a workshop was organised in Gothenburg (CUT) in May 2005 to discuss in further detail the content of the WP 8. CUT ha HUT representatives took part in that meeting.

During the second period 2 assembly meetings were organised, one in Helsinki University of Technology on 28th of November 2005 and in Gothenburg within Chalmers University of Technology on 06-07 April, 2006. During the meetings the work on various workpackages was presented with detail discussions about the content and requirements for the future work.

In addition the review meeting with EU-officer and the reviewer was organised in Helsinki University of Technology on 29th of November 2005. 

During the final period 2 assembly meetings were organised, one in Tallinn University of Technology on the 07-09 of November 2006 and in Hamburg within GL on 17-18 April 2007. During the meetings the work on various workpackages was presented with detail discussions about the content and requirements for the future work. In addition the coordinator visited Brussels on 13 December, 2006 to meet the project officer. In addition one WP meeting to coordinate the work of WP7, WP 8 and WP 9 was organised in HUT on the 17 January 2007 with the following participants: FMA, GL and SMA.

The final assembly meeting together with the final seminar was organised in Kotka in Finland by HUT on the 24-26 September 2007.

The project results have been presented also in a special session of SAFEICE at the PRADS’07 congress in Houston  5th October 2007 and in Warnemunde on the 12th of December 2007 in a special seminar of EU-funded projects organised by CMT/VSM/VDMA. 

WP 2: Compilation of Data on Ice Loads on Ship Hulls 

The overall objective is to bring together all earlier ice load and damage data and develop a common storage and analysis framework so the results of various test programmes can be combined and compared on a rational basis. Physical model tests to determine area factors for ice loading. The scope of the workpackage was increased to include more extensive data on ship damage due to impact with ice. 

HUT compiled the inventory of sources of ice loads and ice damage, with contributions from HSVA, NRC and AARI. HUT brought additional resources to the project in the way of damage data they had already collected. The database design was conducted by NRC. NMRI conducted the model tests and reported on them. NRC compiled the ice loading database. HUT formatted ice load data to facilitate its inclusion in the database. Additionally HSVA provide assistance in a processing and formatting data for inclusion in the database.

WP 3: Analysis of Data 

The overall objectives for the WP 3 are: develop a picture of ice pressure distribution on ship hulls, develop an understanding on local ice pressure on ship hulls as a function of area, identify major lacks in existing field data on ice load on ship hulls, and  describe relationship of measured ice loads with ice and operational conditions.

NMRI performed series of model tests at their ice model basin. In the test model ships were installed with tactile sensor to measure the ice load acting on the models. Two different types of model ships were tested – an icebreaker and a cargo vessel. The results of the tests are described in a report (D2-3) in Workpackage 2 and detailed ice load data are sent to HSVA to be compared with ice load computation there. AARI duty within WP 3 was to assist NRC in consideration of full-scale shipborne measurements for defining pressure-area relations for ice loads; no independent work was carried out by AARI. The work comprised in comprehensive commenting on materials provided by NRC and discussion of the matter. HSVA’s task in WP 3 was to identify major lacks in existing field data on ice load on ship hulls. The results of the task was taken into account in the design the full-scale tests planned in WP 10 so that the lacking data can be obtained. The results was also used in the works related to load modelling in WP 6. For the Safeice database, HUT included data from two ships chemical tanker Kemira and motor tanker Uikku. The work of HUT in WP 3 is related to the analysis of this data.

NMRI analysed the results of model test performed at their ice model basin. In the test local ice load was measured by way of a tactile sensor system on two models tested in the free-running mode in level ice. NRC analysed full-scale data compiled in the SAFEICE ice load database. Local pressure and line load data from the Louis S. St. Laurent 1994 voyage, Oden 1991 voyage, Polar Sea 1983 and 1986 deployments, Kemira and Uikku were analysed to determine trends in terms of area, line load length, ice thickness and ship speed. AARI duty within WP 3 was to assist NRC in consideration of full-scale shipborne measurements for defining pressure-area relations for ice loads; no independent work was carried out by AARI. The work comprised in comprehensive commenting on materials provided by NRC and discussion of the matter. HUT analysed full-scale data measured on MS Kemira and MT Uikko in the Baltic Sea to see the effects of the operational environment on the local ice loads. All this work have been summarised in the deliverables D3-2 and D3-4.

HSVA’s task in WP 3 was to identify major lacks in existing field data on ice load on ship hulls. The results of the task will be taken into account in the design of the full/model-scale tests planned in WP 10 so that the lacking data can be obtained. 

WP 4: Characterization of the Operative Environment

The objectives of WP 4 are: develop a picture of ice conditions, terminology and description, develop a picture of applying traffic control and requirements for shipping,  describe the use of icebreakers to assist the winter navigation and

describe the relationship of traffic restrictions or requirements for an ice class and ice conditions. 

The work was progressing according to plans to complete the deliverables of WP4, D4-1 and draft D4-2 completed in August 2005. FMA together with NMRI, NRC and TTU compiled a report (D4-1) about the current ice service and icebreaking practices. The report contains a brief description of the main icebound sea areas of the Northern Hemisphere where shipping is active, an in-depth analysis of different practices used in observing and describing ice conditions, together with an analysis of the Baltic and Canadian icebreaking systems. The report draft was ready for the third SAFEICE general meeting in Ottawa. SMA has compiled a report (D4-2) on icebreaker operations. 
Following deliverables have been produced under WP4:

D4-1 – Survey of Ice Conditions and Traffic Restrictions in Ice Navigation (August 2005)

D4-2 – Icebreaker Operations (October 2005)

D4-2.1 – Icebreaker Operations and Large Tankers in Ice (May 2006)

D4-3 – Description of Ice Conditions with Respect to Ice Loading (June 2006).

D4-3.1 – Compressive Ice Conditions in the Gulf of Finland (July 2006).

For the report D4-2.1 and reference of the workpackage, two reports from another EU project – ARCOP were made available: Assisting of Large Tankers in Ice and Experience of guiding the large tankers in real ice conditions of the Gulf of Finland.

WP 5: Risk analysis 

The objectives of WP5 are:

1. Development of probabilistic based methods which relate exposure time in ice to ice loads

2. Determination of risk level, calculation of the load carrying capacity distribution of structural members and estimation of the probability that the ice load exceeds the capacity somewhere along ship hull

3. Simulation of different ice loading scenarios using, for example, bootstrap and Monte Carlo simulation techniques. Main target is to estimate maximum load of various loading scenarios

4. Application of local ice pressure and contact area relationship to ice load calculation

5. Development of a numerical procedure for time-domain stochastic simulation of ship motion in broken ice and ice loading of the hull

NRC conducted additional review of methods of using short term data for making probabilistic predictions of long term ice loading on ships for use in WP 9.
Work in the HUT during the period included preparation and writing of two deliverables D5-2 “Determination of Risk Level of Ice Damage” and D5-3 “Application of Simulation Techniques in Determination of Ice Loads”.

The aim of deliverable D5-2 was to determine the risk level of ice damage related to a ship that is operating in ice covered waters. Ice damage constitutes only one part of the total risk of winter navigation, but its character as a possible initiating event and source of severe escalating consequences makes it one of the most important topics to be studied within the field of research on the safety of winter navigation.

On D5-2 it stated that safety index of ice damage is strongly dependent on the limit state equations and the assumptions that have been made. Limit state equations assume certain things on the size of ice contact. They possibly lack to model the physics of the contact. This causes difference between real ice load contact and damages compared to the simulated ones.

Return period of design line load or other defined limit state is sensitive for the used equation and also the initial values used in the calculation. The effects of differences between real structure and the simplified structure designed for analysis purposes, i.e. for comparisons of the strength of the structure to the ice load measurements, should be considered when making conclusions.

The analysis made on D5-2 shows that it is possible to assess the risk of ice damage by analyzing the effects that the various ice classes will have. However, limitations of the applied methods have to be beared in mind when the risk analysis is based on probabilities that have been calculated from safety index analysis of ice damage.

The aim of deliverable D5-3 was to explore analytical methods of ice load estimation and study the usability of statistical simulation on ice load estimation. Monte-Carlo method was used on statistical formulation of ice loads. The base of this is the statistical nature of ice thickness and strength, which both affect the ice loads. The results were compared with full-scale measurements. By simulating these factors and calculating the ice load as their function, simulation can be used to predict ice load.

The results of the simulations indicate that simulation can be used as a prediction method for maximum ice loads on a ship, at least on short term voyages and at the bow of the ship. The simulated loads on bow of both reference ships are the same magnitude than the measured loads. The results of mid and aft ship did not fit the measured loads that well. This can be because the contact between ice and ship’s side is not that clear as it is assumed on the calculation method. On thin ice and compressive ice when the contact is clearer the simulated loads were same magnitude as the measured loads.

AARI developed a numerical procedure for time-domain stochastic simulation of ship motion in broken ice and ice loading of the hull.
End Notes on the Development in WP5

On WP5 different methodology for determining ice loads on a ship were presented. The methods present different approaches to the problem of predicting and to determine ice loads. The methods can exploit the data gathered and analyzed in WP2 and WP3.  

Risk level of ice damage on a ship navigating in the Baltic Sea was studied. The work done during the project, show that the risk analysis for ice damage will have good prospects for further applications of the methodology. However, more research is needed to develop this methodology further.

Simulation methods were developed during the project. The HUT worked on a statistical simulation model of ice loading on a ship, and the AARI worked on a numerical procedure for time-domain stochastic simulation of ship motion in broken ice and ice loading of the hull, and developed the software SILS.

Statistical simulation model was based on the statistical nature of ice loads. Ice thickness and strength are the two main parameters that influence ice loading on a ship. These two parameters were simulated with Monte Carlo method and then used to calculate the ice loading. The results were compared with full scale measurements. Reasonable extreme short term ice loads on bow were gained for a ship navigating on level and ridged ice in the Baltic Sea. More research is needed to make the statistical simulation effective tool for predicting ice loads on different parts of a ship and on different ice conditions.

Numerical simulation was based on ship’s behavior in ice. During the project a software, SILS, was developed to perform the simulation. The software simulates ship motion in ice and predicts the impact ice loads on the ship’s hull on the basis of a numerical analysis of ship dynamics. The results of the simulation are discussed in WP6.

WP 6: Load Modelling 

The objectives of WP 6 are: to obtain a better picture of the overall spatial distribution of ice loads on ship hulls and of the dependence of ice loads on ship speed, ice thickness and strength in level ice conditions; to reach a sufficient level of accuracy in the computation of ice loads, so that these can used as input in structural analysis; calculated results will be validated with measured ice load data from different ships and design ice loading scenario will be selected in deterministic way.

HSVA has prepared the acquired durable equipment Linux-PC for use. HSVA will further start to convert the program Venice for use under the Linux operating system. HUT had identified loading scenarios relevant for ship hull loading and to make an inventory of calculation methods applicable for ice load estimate. NMRI has performed a series of ship model tests in ice to measure ice loads acting on the hull. The ice load measurements included the hull areas along the waterline of the model. The tests have been started in level ice sheets of different values of thickness and for different ship speeds. The measured ice load data have been analyzed to obtain special distribution of ice load over the hull and to elucidate the effects of the above-mentioned test conditions on it. NRC has selected well recorded ice load cases and provide data suitable for verification of the models developed by HSVA and AARI.  TTU has developed a sea ice dynamics model, which can calculate the plane stresses in the sea area in question.  The main purpose of the model is to hind- and forecast ice drift, ridging, leveling and it gives also ice concentrations in real wind forcing conditions. This model can be used to compute the pressure in the ice field and it can also be used to give boundary conditions for a local FE-model predicting ice forces on the hull of a ship in a compressive ice field. During the first 12 months TTU has set up of ice dynamics model for the chosen sea area, conducted collection and processing of forcing data and test calculations of ice dynamics with real forcing.

In the second year the HSVA computed ice load distributions in level ice for ship motion straight ahead for Ib Otso, MT Uikku, MT Kemira, MS Translubeca and MS Superfast VII, which represent typical vessels sailing in the Baltic sea.

HSVA further prepared its part for the Deliverable D6-1 (A separate volume D6-1B: Description of Venice) and also prepared and submitted a paper on the new computed results to the SNAME Icetech 2006 –Conference. HSVA prepared a presentation for Icetech, which included also a short introduction into the whole SAFEICE -project, and took part in the conference in Banff, Canada on July 16-19, 2006.

The HUT has written its part of the deliverable D6-1, Part A: A description of mathematical models in estimation of ice load from different ship-ice contact scenarios. 

In first year of SAFEICE the NMRI performed a series of ship model tests in ice to measure ice loads acting on the hull. The ice load measurements included the hull areas along the waterline of the model. 

In the second year full-scale data were analyzed to see if such a nature is also seen in the field conditions. The analysis was made on the data measured on board PM Teshio, an icebreaker of Japan Coast Guard, and the data of USCGC Polar Sea from the SAFEICE database. Also the results of full-scale test on board PLH Soya, an icebreaker of Japan Coast Guard, were analyzed. 

In the final year, work in the HSVA on the modification of the program code Venice to be able to handle the turning motion of an icebreaking ship in level ice for purposes of ice load computation continued from the previous year. 
The first initial ice load distributions on the hull of a turning ship were computed in early 2007. After verification of the program the computed results were compared with the ice loads measured in model test at NMRI. A good correlation was reached. Some further computations were carried out to investigate the ice loads on the hull of turning ships. After this development the program Venice can be used to determine short term ice loads in level ice on a vessel advancing straight ahead, astern, or turning.

The report WP6-3 “Spatial Distribution of Numerically Predicted Ice Loads on Ship Hulls in Level Ice“ , was written by HSVA. 

The NMRI prepared the report W6-2 “ Comparison of Full-Scale and Model-Scale Data. The report focused on a finding from the model test, which were reported in Deliverables 2-3 and 3-1, and analyzed and discussed full-scale data from this point of view.

The model test showed that the ice load in the bow region in level ice was of a “broken-line-like” nature in which the load acted in many short load patches that were aligned on a horizontal line. Comparison of time curves of ice loads obtained in the model test and full-scale measurements suggested that the ice load in the full-scale conditions would also be broken-line-like. Two sets of full-scale data were further analyzed. They were the data measured on board PM Teshio of Japan Coast Guard and the data from USCGC Polar Sea that were compiled in SAFEICE ice load database. The analysis of Teshio data showed that the length of individual load patch could be very short. More than 50 % of loading events occurred in the load patch shorter than one frame spacing. The analysis also showed a general trend that the higher loads occurred in the shorter load patches. The analysis of Polar Sea data also showed that the higher loads were the more concentrated. 

In the design or analysis of the hull structures of ice-going ships, ice load is often modeled as a line load which is a uniformly distributed load over a horizontal line or a horizontally elongated narrow area. The results of the analyses of full-scale data shown in this report suggest that the line load model might be questionable. More study is required.

AARI’s duty within WP6 is to use the numerical simulation procedure for modelling ice loads on a hull (developed within WP5) for prediction of probabilistic characteristics of ice loads on a hull of a vessel progressing in broken ice, either in naturally broken or floating the channel made by the leading icebreaker. During the second year of the project, the software was developed. 

Within WP6 the specialists of AARI carried out the following works during September 2006 – August 2007:

1.
Proceeding the full-scale data obtained during research vessel “Akademik Fedorov” Arctic voyage in August-September 2005, including:


calculation of stresses in hull structures using strain gauges records (strain gauges were disposed in the bow part of the ship about 1 m below waterline);


estimation of severity of ice conditions;


comparison stresses in hull structures and parameters of ice conditions (namely, ice thickness, ice concentration, ice floes form on the ship route);


digitization of aerial survey images (

2.
Simulation of ice conditions that are similar to observed during “Akademik Fedorov” voyage ice conditions

3.
Simulation of “Akademik Fedorov” motion in broken ice using SILS (software, developed by AARI within WP5) and obtaining the stochastic parameters of ice loads on ship hull.

4.
Calculation of stresses in hull structures under action of calculated ice loads using finite-element modelling.

5.
Comparison calculated and observed stresses in hull structures.

As a result of our work we can make a conclusion that the software SILS is suitable for time-domain stochastic simulation of ice loads on ship hull from broken ice. But calculated stresses exceed observed ones about 25% in average.

TTU continued investigation of ice loads in compressive ice conditions during the final year. Ice dynamics in different sea areas of the Baltic Sea was studied, Gulf of Riga and Gulf of Finland particularily. Mesoscale ice dynamics model was applied for simulations of different both, in case of real and idealistic (test) forcing conditions, wind as main forcing parameter. Results showed reasonable outlook in terms of estimation the risk regions where severe compressive ice forcing could occur and was actually is present. According to observations. For the Gulf of Finland relevant map was created, based on model calculations in case of different wind directions. Such model predictictions of probable compressive ice fields are very useful and of major importance for planning of ship routes in ice covered sea. In order to obtain quantitative estimates of ice stress acting on ship hull in compressive ice, as stresses calculated with geophysical scale ice dynamics model, needs verification data and proper scaling, which understanding is still poor and needs further development. About the stress magnitudes and relation between model scale stress to local or ship’s scale stress was prepared publication for PRADS conference: Kõuts T., Wang K., Leppäranta M. (2007) “On Connection between mesoscale stress of geophysical sea ice models and local scale ship load.” 10-th International Symposium on Practical Design of Ships and other Floating Structures, Houston, USA.

End Note on the Developments in WP6:

The overall picture of the spatial distribution of ice loads on ship hulls in level ice was greatly improved in SAFEICE-project. For the first time ever, ice loads not only on individual points, but spatial ice load distributions on the hull along the DWL have been determined with model tests and with a numerical model. The measured and computed load distributions show at least a very satisfactory correlation. It is now possible to determine ice load distributions on a ship hull having a certain mode of operation (ahead, astern, turning). The effect of the line load length on the line load intensity on the ship hull advancing in level ice could be established in model tests and with numerical computations. Also here the correlation between the computation and model tests is good. The full scale data on this dependency is very similar to the results of the model tests and computations.  

Although short term ice loads on the ship hull can be computed or measured with model tests in level ice, it does not appear yet to be possible to compute an extreme long term ice load. If extreme values of the input parameters related to ice properties are used in the computations, the result is of course an extreme ice load. The problem is that we do not sufficiently know the statistical distribution of the ice parameters used as input. Therefore also the exceedence probability of such a computed extreme load is not known.  For this reason the extreme loads need still today to be predicted based on long term measurements, i.e. long-term statistics on the actual ice loads.

The software SILS developed and used by AARI complement the picture we have of ice loads on ship hulls.

Compressive ice as source of iceloads on ship hull was studied by TTU, applying geophysical scale ice dynamics models with different set ups and parameterizations. Results obtained, show well variability of compressive stresses and relative estimates, quantative estimates of compressive ice loads on ship hulls still need further investigations. 

Altogether the various contributions from different research organizations participating in SAFEICE and using different methods has given us a more complete picture of the ice load distributions on ship hulls than anybody ever had before.  

WP 7: Load prediction

The objective of WP7 is to develop a formulation for design ice loads on ships. This formulation should be based on the ice conditions on the operation area of the vessel. The work will further contain a reliability analysis verifying the predicted ice loads and an application to ship ice rules. 

During the meetings, the targets of the WP7 were analyzed in detail. The discussion revealed that most of the remaining deliverables of the project are linked. The work progressed then on two matters, the description of the ice conditions for the design ice load prediction and principles in the definition of the design point of ship hull.

The work include comparison of the SAFEICE results on ice loads with the interpretation used in the Finnish-Swedish Ice Class Rules.

The content of the work being:

Synthesis and critical analysis of the available methods and results in the SAFEICE project for developing ice class rules

The reports brings this point a bit further in that here the possible rule applications are suggested or at least discussed in detail. The focus of this report is only on the results of the SAFEICE project that could be applied in ice class rule development. Such topics include:

- The definition of design conditions;

- Statistics of ice loading;

- Application of the pressure-area curve;

- Influence of hull shape on ice loads and

- The ice loading on different hull areas.

Thus the application of results on each of these topics is touched upon in the reports. HSVA analysed the main parameters needed to specify ice induced loads and TTU studied in detail the parameters affecting the development of compressive ice situation on the Gulf of Finland. FMA has been the main contributor in WP 7 being also the WP leader and FMA has analysed the SAFEICE results from the point of view of rule development.
The following reports were delivered during the last year:

D7-1
Description of main parameters needed in ice load prediction (HSVA,TTU)

D7-2
Definition of Ice Loading for the Finnish Swedish Ice Class Rules (FMA)

D7-3
Application of the SAFEICE project results in developing the Finnish-Sedish ice class rules (FMA)

WP 8: Structural Response and Damage Analysis

The aim of WP 8 is to develop scenarios for structural response including damage under ice loading. Assess especially the potential rupture of different ship structures. Analysis of ultimate load carrying capacity of ship shell structures will also be conducted.
The lead organization CUT has made the literature study of ultimate strength of shell plating under ice loading.. The report for deliverable 8-1 has been finished. HUT has provided with some reference structure. AARI has sent the structural design criteria rules (Russian rules) of ice classed ships. AARI prepared a compilation from Russian Maritime Register of Shipping Rules with definition of hull structural failure criteria (allowed maximum of a permanent set, etc.) A logical follow-up of this consideration was to develop methodology for assessment of bearing capacity of hull structures based on the referred criteria. This work was started by AARI in the first year and, when accomplished later on, its results was included in  Deliverable D8-5.

During the 2nd year the following reports have been done: 

- Results of Nonlinear calculations describing the load-deflection properties of framed structures (CUT). Deliverable D8-2. 

- Damage survey describing the ice damages and calculated ice loads causing these damages. Deliverable D8-3 (HUT).

The purpose of the D 8-4 during the final year was to present the basic plastic collapse mechanism andformulae which directly describe the collapse states of plating and framing (these formulae form the basis of structural response analyses used in SAFEICE Deliverable D9-2. Finite element analyses are then used to examine the stresses and deflection behaviour of a sample structure. In general, the load-deflection behaviour of plating and framing can be used to identify the load resulting in a collapse limit state (ULS) while the load-permanent set behaviour can be used to identify the load resulting in a serviceability limit state (SLS). Although both ULS and SLS limit states (and partial safety factors) would be used explicitly in a true limit state design, it is here investigated if energy-based analysis methods based on rigid plastic collapse can adequately address both limit state criteria. Finally, although there are three possible types of structural failure, namely plastic deformation, instability and fracture, only the first type is covered herein. In particular, it is assumed that accompanying design criteria prevent the onset of buckling and brittle fracture before plastic deformation limit states are reached.

During the final year GL has analysed the principles of plastic design as stated above, AARI has developed methodology to analyse plastic behaviour of the whole ice belt structure. The deliverable D8-6 was not planned originally, but during the course of the project the return period approach was getting a lot of interest by the partners and therefore CUT prepared an additional report on this topic. HUT has continued analysis of the gathered damage statistics and has conducted non-linear FE-simulation of a specific ice damage, and HUT contribution has been reported in D 5-2 and D11-3.
During the 3rd year the following reports have been done: 

· The deliverable D8-4: Principles of plastic design (GL)
· The deliverable D8-5: Method for assessment on bearing capacity of ice belt structure based on permanent deflection criteria (AARI)

· The deliverable D8-6:  A return period based plastic design approach for ice loaded sideshell/bow structures.  (CUT)

WP 9: Design Methods 

The objective of this workpackage was to make a synthesis of the results in the WP 7 (Load Prediction) and WP 8 (Structural Response). The synthesis was a design procedure which could be applied in amending or making ice class rules or designing ships starting from encountered ice conditions.

Some reallocation of person months was agreed within the Consortium to achieve the objectives of this work package. The person months for CUT (3) and HSVA (1) were used in other work packages. GL utilized its person month from WP 7 for use in WP 9 (i.e. 2 person months in total).

GL combined the statistical analysis of ice-induced loads with plastic design criteria and methods in order to investigate levels of risk in the Finnish-Swedish Ice Class Rules, the IACS Unified Requirements for Polar Ships, and the Rules of the Russian Maritime Register. The predicted ice loads and plastic structural response were taken into account to assess the risks associated with three vessels in their given operational profiles.

The foregoing synthesis also provided a possible approach to the structural design of ice class ships wherein a given risk level sets the design point. Since this is a design procedure which can be applied in developing ice class rules or designing ships, starting from encountered ice conditions, NRC examined a means for defining ice severity and relating it to ice loading on a ship. A methodology was demonstrated, however it was found that between the ice condition data available and the associated ice loads, it was difficult to find sufficient separation in the data to test the method. Separation based on maximum ice thickness produced the best results of the methods tried.

Regarding the statistical analysis of structural capacity, AARI addressed the development of approaches for the theoretical prediction of reliability parameters for given structures using results of local load predictions and formalization of the scatter in ship hull steel properties, as well as failure criteria and means of their definition based on non-linear FEM analysis.

All of the above has been documented in the following deliverables:

D9-1 Risks in Ice Related to the Operational Environment (NRC)

D9-2 Assessment of Risk Levels in Ice Class Rules (GL)

D9-3 Method for Predicting Risk of Damages of Ice Belt Structures with Application to Structural Design (AARI)

NRC, GL and AARI also prepared for and participated in the SAFEICE Dissemination Seminar in September 2007.

WP10: Field Trials

The objectives of WP10 are:

1. Collect new ice load data from different ship types in different ice conditions; Baltic, Japan and Canada

2. To apply and test alternative solutions of strain and stress measurement instrumentation

3. To obtain ice properties measurements simultaneously with load measurements

4. Collect targeted ice load data for validation of developed ice load calculation routines

On late October 2006 model test were carried out in the ice tank of Ship Laboratory of Helsinki University of Technology. The tests were a co-operation of HUT and NMRI. On the tests two model ship were used, MT Uikku and a large general cargo ship. Similar test were carried out for both ships, which included forward navigation on channels with different width, breaking out of channel and turning on a curved channel. The ice loads were measured with I-SCAN sensors on four locations on both ships. The measurements indicate that on different ice breaking scenarios high ice loads can be experienced on every part of the ship. More details of the test and the analysis of measurements are presented on deliverable D10-1b. 

During the period the HUT also prepared the deliverable D10-1a. It includes the full-scale measurements done onboard IB Otso on winter 2005. The measurement period was 15 days long and IB Otso was operating at the Bay of Bothnia. Three neighboring frames were instrumented on the port-side of bow shoulder area with strain gauges. GPS location of the ship was also recorded during the measurements and logbooks were studied to give better view of the operation of the IB. The measured data was analyzed during the spring and summer of 2007. The deliverable D10-1a gives more detailed description about the measurements and analysis of the data.

The NRC contributed with the deliverable D10-2, which includes description and analysis of measurements done onboard CCGS Louis S. St. Laurent in late March 1995. The measurements include a 9-day period while the ship was operating in the Gulf of St. Lawrence. The ship was instrumented on three locations; bow, bow shoulder and stern. The ice conditions were mild during the measurements. Bow and shoulder local ice pressures were about 1/6 of those measured in the Arctic. Comparison of ice impact pressures from the bow and aft areas indicated they were significantly lower in the aft area.

In addition to the contribution to D10-1b the NMRI made deliverable D10-3. It presents the ice load data obtained in the Sea of Okhotsk. The data was measured in field tests performed on board an icebreaking patrol ship PLH Soya of the Japan Coast Guard on winters 2005 and 2006. In parallel to the ice load measurement, measurements of ice conditions including ice thickness and ice concentration were also performed. Discussion was made of the effects of the two parameters of ice on the ice load on the Soya.

End Notes on the Developments in WP10

New data of ice load measurements was gained from three different sea areas during the SafeIce-project. Measurements were done in the Bay of Bothnia onboard icebreaker Otso during winter 2005, in the Gulf of St. Lawrence onboard Louis S. St. Laurent during winter 1995 and in the Sea of Okhotsk onboard PLH Soya during winters 2005 and 2006. The measured data was analyzed and new information about the ice loads was gained. Unfortunately the winters during the project were rather mild, especially at the Baltic Sea, so more field trials could not be done.

The ice tank test in the HUT with the NMRI gained good results and cave new light to the understanding of ice loads and the contact between ice and ship. The model tests indicated that high loads can be experienced on every part of the hull of a ship. The part were high loads are experienced is dependent of the maneuvering of the ship, the way ice is broken and how ice moves along the hull.

Although the extent of the new data gained during the project was quite low the quality of the data was good. The result gotten from the full and model scale measurements allows new understanding to the ice loads and contact between ship and ice. The results also indicate that more measurements and testing should be done to settle the principles of ice loads. But measurements done during the project have defined the problems and the future studies can focus on more detailed dilemmas. 

3. Project objectives and comparison with the main achievements 

In the following the strategic objectives addressed in the order of priority of the project and achieved results are again summarised:

Objective 1 

1.
Decrease the environmental and material risks to shipping in ice covered waters by creating a unified basis for winter navigation system for first year ice conditions including the methods to get the required ice class

Obtained results

This topic has been studied mainly in the workpackages 4, 5 and 9. The main contribution to decrease the risks is the better understanding of ice induced loads and ultimate strength of the ice-strengthened shell structures. The winter navigation system is thoroughly analysed in D 4-2. The risk part is covered by  deliverables D5-2 and D 9-2. The aim of deliverable D5-2 was to determine the risk level of ice damage related to a ship that is operating in ice covered waters. Ice damage constitutes only one part of the total risk of winter navigation, but its character as a possible initiating event and source of severe escalating consequences makes it one of the most important topics to be studied within the field of research on the safety of winter navigation.

On D5-2 it stated that safety index of ice damage is strongly dependent on the limit state equations and the assumptions that have been made. The analysis made on D5-2 shows that it is possible to assess the risk of ice damage by analyzing the effects that the various ice classes will have. 
D9-2 combines the statistical analysis of ice-induced loads with plastic design criteria and methods in order to investigate levels of risk in the Finnish-Swedish Ice Class Rules, the IACS Unified Requirements for Polar Ships, and the Rules of the Russian Maritime Register. The predicted ice loads and plastic structural response were taken into account to assess the risks associated with three vessels in their given operational profiles.

The foregoing synthesis also provided a possible approach to the structural design of ice class ships wherein a given risk level sets the design point. Since this is a design procedure which can be applied in developing ice class rules or designing ships, starting from encountered ice conditions. A methodology was demonstrated, however, it was found that between the ice condition data available and the associated ice loads, it was difficult to find sufficient separation in the data to test the method. Separation based on maximum ice thickness produced the best results of the methods tried.

Objective 2

2.
Develop semi-empirical methods based on measurements and advanced theoretical models to determine the ice loads on ship hull and relate these to the operational scenarios and the ice conditions

Obtained results

This topic has been studied mainly in the WP 5. The aim of deliverable D5-3 was to explore analytical methods of ice load estimation and study the usability of statistical simulation on ice load estimation. Monte-Carlo method was used on statistical formulation of ice loads. The base of this is the statistical nature of ice thickness and strength, which both affect the ice loads. The results were compared with full-scale measurements. By simulating these factors and calculating the ice load as their function, simulation can be used to predict ice load.

The results of the simulations indicate that simulation can be used as a prediction method for maximum ice loads on a ship, at least on short term voyages and at the bow of the ship. The simulated loads on bow of both reference ships are the same magnitude than the measured loads. The results of mid and aft ship did not fit the measured loads that well. This can be because the contact between ice and ship’s side is not that clear as it is assumed on the calculation method. On thin ice and compressive ice when the contact is clearer the simulated loads were the same magnitude as the measured loads. In addition a numerical procedure for time-domain stochastic simulation of ship motion in broken ice and ice loading of the hull were developed (D5-4).
Objective 3
3.
Develop ship-ice interaction models and stochastic models to assess the design loads on ship hull. The outcome is a description of the ice load versus ice and operational parameters.

Obtained results
This objective was covered by the extensiuve work of WP 6. The overall picture of the spatial distribution of ice loads on ship hulls in level ice was greatly improved in during the project. For the first time ever, ice loads not only on individual points, but spatial ice load distributions on the hull along the DWL have been determined with model tests and with a numerical model. The measured and computed load distributions show at least a very satisfactory correlation. It is now possible to determine ice load distributions on a ship hull having a certain mode of operation (ahead, astern, turning). The effect of the line load length on the line load intensity on the ship hull advancing in level ice could be established in model tests and with numerical computations. Also here the correlation between the computation and model tests is good. The full scale data on this dependency is very similar to the results of the model tests and computations.  

Although short term ice loads on the ship hull can be computed or measured with model tests in level ice, it does not appear yet to be possible to compute an extreme long term ice load. If extreme values of the input parameters related to ice properties are used in the computations, the result is of course an extreme ice load. The problem is that we do not sufficiently know the statistical distribution of the ice parameters used as input. Therefore also the exceedence probability of such a computed extreme load is not known.  For this reason the extreme loads need still today to be predicted based on long term measurements, i.e. long-term statistics on the actual ice loads.

The software SILS developed complement the picture we have of ice loads on ship hulls.

Compressive ice as source of iceloads on ship hull was also studied applying geophysical scale ice dynamics models with different set ups and parameterizations. Results obtained, show well variability of compressive stresses and relative estimates, quantative estimates of compressive ice loads on ship hulls still need further investigations. 

Altogether the various contributions from different research organizations participating in SAFEICE and using different methods has given us a more complete picture of the ice load distributions on ship hulls than anybody ever had before.  

Objective 4
4.
Create a framework to develop design codes and regulations for plastic design basis for icebound ships

Obtained results

This topic has been analysed in WP 7, 8 and 9. Plastic design methods have been carefully analysed in WP 8. The purpose of the D 8-4 during the final year was to present the basic plastic collapse mechanism and formulae which directly describe the collapse states of plating and framing (these formulae form the basis of structural response analyses used in SAFEICE Deliverable D9-2. Finite element analyses are then used to examine the stresses and deflection behaviour of a sample structure. In general, the load-deflection behaviour of plating and framing can be used to identify the load resulting in a collapse limit state (ULS) while the load-permanent set behaviour can be used to identify the load resulting in a serviceability limit state (SLS). Although both ULS and SLS limit states (and partial safety factors) would be used explicitly in a true limit state design, it is here investigated if energy-based analysis methods based on rigid plastic collapse can adequately address both limit state criteria. Finally, although there are three possible types of structural failure, namely plastic deformation, instability and fracture, only the first type is covered herein. In particular, it is assumed that accompanying design criteria prevent the onset of buckling and brittle fracture before plastic deformation limit states are reached.

The objective of the workpackage 9 was to make a synthesis of the results in the WP 7 (Load Prediction) and WP 8 (Structural Response). The synthesis was a design procedure which could be applied in amending or making ice class rules or designing ships starting from encountered ice conditions. The foregoing synthesis also provided a possible approach to the structural design of ice class ships wherein a given risk level sets the design point. Since this is a design procedure which can be applied in developing ice class rules or designing ships, starting from encountered ice conditions. Deliverable 11-3 summarises finally the required steps needed for further development of present ice class rules in the first year ice. 

4. Published Papers

Report published and/or conference papers presented by the project during the reporting period. Identify authors who are in the project by adding their organisation name in parenthesis.

Papers published in the SAFEICE during the whole project see also Appendix to see the first pages of the documents)

Master thesis:

A Parametric Study of Nonlinear StructuralBehaviour of Ice-loaded Side-Shell Structures Strength, dynamics and optimization analyses Master of Science Thesis

ZHIBIN JIA, 2007 (WP 8)
Sooäär J. 2006: Sea ice statistics in Estonian coast over last 50 years. Master thesis, Tartu University, June 2006, 48p.. (WP 6)

Valkonen J., 2006, Determination of ship ice load from hull ice damages, Helsiniki

University of Technology, Ship Laboratory, Master’s Thesis, Espoo (WP 6, WP 8)

Suominen. M., 2007. Statistical Simulation of Ice Loads on a Ship in the Baltic Sea. Helsiniki University of Technology, Ship Laboratory, Master’s Thesis, Espoo (WP 5)
Other papers:

Valanto, P., 2006: On the Ice Load Distribution on Ship Hulls in Level Ice, Proceedings of the SNAME Icetech 2006 –Conference, Banff, Canada, July 16-19, 2006. (WP 6)
Wang, K., M. Leppäranta, T. Kõuts, 2006: A study of sea ice dynamic events in a small bay, Cold Regions Science Technology, 45, p.83-94. (WP 6)
Kõuts T., L. Sipelgas, K.Wang 2006: Sea ice monitoring and modelling in small bay. Proceedings of the Fourth International Conference on EuroGOOS “Building the Eurropean Capacity of Operational Oceanography”. EuroGOOS office, p.108-115.(WP 6)
Kirss C., T. Kõuts, 2005: Estonian Ice-Breaking System, Seaman No 3, 2005,  p.20-22, (in Estonian). (WP 4)
Kõuts, T, Sipelgasb, L.,  and Wanga, K.,  2006. "Integrated Ocean Observation Systems for Managing Global & Regional Ecosystems Using Marine Research, Monitoring & Technologies", Klaipeda, May 23-25, 2006. (WP 6)

Pärna, O., Haapala J., Kõuts T., Elkena J.,and Riska K., 2007. On the relationship between sea ice deformation and ship damages in the Gulf of Finland in winter 2003.
Proc. Estonian Acad. Sci. Eng., 2007, 13, 3, 201–214 (WP 7)

Kujala, P., Valkonen, J., Suominen, M., 2007. Maximum ice induced loads on ships in the Baltic Sea. PRADS´07. The 10th International Symposium on Practical Design of Ships and Other Floating Structures, Houston October 1-5, 2007. (WP 5)
Valkonen, J., Izumiyama, K., Kujala, P., 2007. Measuring of ice induced pressures and loads on ships in model scale. The 10th International Symposium on Practical Design of Ships and Other Floating Structures, Houston October 1-5, 2007. (WP 10)
Frederking, R., Kubat, I., 2007. A comparison of Local Ice Pressure and Line Load Distributions from Ships Studied in the SAFEICE Project. The 10th International Symposium on Practical Design of Ships and Other Floating Structures, Houston October 1-5, 2007. (WP 3)
Kõuts, T., Wang, K., Leppäranta, M., 2007.
On connection between mesoscale stress of geophysical sea ice mod-els and local ship load. The 10th International Symposium on Practical Design of Ships and Other Floating Structures, Houston October 1-5, 2007. (WP 7)
Izumiyama, K., Takimoto, T., Uto, S., 2007. Length of Ice Load Patch on a Ship Bow in Level Ice. The 10th International Symposium on Practical Design of Ships and Other Floating Structures, Houston October 1-5, 2007. (WP 10)
Papers planned to be published:

Numerical analysis of nonlinear dynamic structural behaviour of ice-loaded

side-shell structures, Zhibin Jia a, Jonas W Ringsberg a, and Junbo Jia b (WP 8)

To be submitted for Marine of Offshore Structures journal

A return-period-based plastic design approach for ice

loaded side-shell/bow structures, Zhibin Jia, Anders Ulfvarson, Jonas W Ringsberg*, Junbo Jia (WP 8)

To be submitted for Marine Structures journal

Cooperation with other projects

Report meetings or discussions with other projects in the Framework programme in support of cooperation or the coordination of activities during the reporting period.

	Other projects involved
	Purpose of meeting/discussion
	Date

	MARSTRUC
	To develope an international network for the research on marine structure. Make a plan on exchanging PhD student Junbo Jia for study of powerflow method at the University of Southampton.

To develope an international network for the research on marine structure. CUT suggests further investigations on the combinations of ice strengthened and collision resistance design philosophies together.
	22 February 2005



	IRIS
	Discussions on proper definition of the ice conditions especially to take into account the effect of ridging
	Done

	ARCOP
	Change of 2 reports :Assisting of Large Tankers in Ice and Experience of guiding the large tankers in real ice conditions of the Gulf of Finland.
	February 2006


[image: image2.png]












SAFEICE


FP6-PLT-506247�
INCREASING THE SAFETY OF ICEBOUND SHIPPING �
�















Publishable final activity report 





September 2004-December 2007








Project start date: 01.09.2004, Duration: 36 months+ 2 months














Coordinator :


Prof. Pentti Kujala


Helsinki University of Technology


Ship Laboratory


Email:pentti.kujala@tkk.fi





01 February 2008

















