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Abstract
    This paper discusses about the different types of risks associated with an offshore structure and how to perform a multi hazard risk analysis in order to make it safe.
Introduction
Multi hazard Risk analysis is concerned with the performance of structures subjected to multiple random loads, some of which may occur simultaneously. Separate investigations of single processes only might lead to a misjudgment of the general risks for these offshore structures. To avoid this trap, risk assessments should not focus on a singular process but on multiple processes. Within this study a general methodology is developed to analyze risk for multiple processes
       To focus and illustrate the presentation of the methodology, we will examine a simple model of an offshore structure subjected to earthquake shaking and sea-storm-generated wind, wave and current loads .Also we will compute the integrated risk in he presence of multiple loads and determine the relative importance of different loads in function of both the structural and load characteristics.

An offshore structure during its design life is subjected to intermittent loads due to earthquake and sea storms[2] The intensities of these loads, their occurrence patterns, the load parameters, the dynamic characteristics of the structure, and the structural resistance are all uncertain. In this paper we will see a methodology to do the risk analysis due to these uncertain stuffs.

           In general an offshore oil-platform is exposed to four different combinations of the earthquake and sea storm loads. These loads can act in various combinations. Four major combinations on which we will examine risk are as follows [1]:

· Earthquake load alone

· Earthquake load plus ambient load 

· Sea-storm load alone

· Earthquake load plus sea-storm load 
 The ambient load of the second load combination arises due to the ever-present wind over the sea.

        In this paper we are going to calculate the probabilities of failure of the model of offshore structure due to these loads. In general,” failure” is said to occur when the structure or one of its components reaches a “limit state”, i.e., a condition of undesirable behavior or performance [3]. We are going to calculate the probabilities of structural failure based on two limit states, defined, respectively, in terms of relative displacement and acceleration at the deck level of the structure.
1 Offshore Structure
                          Offshore structures, constructed on or above the continental shelves and on the adjacent continental slopes, take many forms and serve a multitude of purposes: towers for microwave transmission, installations for power generation , portable pipeline systems for mining the ocean floor, and a few platforms and floating islands that serve as resort hotels. Most structures offshore however have been built to support the activities of petroleum industries-activities that include the exploration, drilling, production, storage and transportation of oil.[2]
         The design of marine structures compatible with the extreme offshore environmental conditions is a most challenging and creative task. Offshore structures include moored or mobile ships whose positions may be precisely controlled. They include the guy lines for compliant towers, the cables for buoys and for tension-leg platforms, and the associated pipelines without which the platforms and submerged oil production systems would be useless.[1].
          Offshore mooring systems have variety of configurations. The function of a mooring system is to keep the buoy, ship, or platform structure at a relatively fixed location during engineering operations. These offshore structures are very useful in laying marine pipelines. Because of these offshore structures throughout the world there are at present about 80,000 Km of marine pipelines. Since 1986, the rate of building new marine pipelines has been about 1000 km per year. Individual pipelines on the sea floor vary in length from 1 to 1000km and in diameter from 7 to 152 cm. For instance, a Norwegian project features a 1000 km lien extending from the Troll field to Belgium, which was completed in 1992.at present; Kuwait has the loading line of largest deameter, 152 cm. The pipelines of smaller diameter are used to transport oil and gas from wellheads, and those of larger diameter are used to load and unload oil from the tankers moored at offshore terminals. The deepest sea floor pipelines at present are the 46 cm diameter gas lines in the Gulf of Mexico, for which the maximum depth is 1400m.
   1.1 Brief Historical Perspective
                 The earliest offshore structure for oil drilling was built about 1887 off the coast of southern California near Santa Barbara. This was simply a wooden wharf outfitted with a rig for drilling vertical wells into sea floor. More elaborate platforms supported by timber piers were then built for oil drilling, including installations for the mile-deep well in Caddo Lake, Louisiana (1911) and the platform in Lake Maracaibo, Venezuela (1927). Soon after these early pier systems were built, it became apparent that the lifetime of timber structures erected in lakes or oceans is severely limited because of attacks by marine organisms. For this reason, reinforced concrete replaced timber as the supporting structure for many offshore platforms up to the late 1940s.Over the next 50 years about 12,000 platform structures were built offshore, usually of steel but more recently of precast concrete.[2]
     1.2 Types of Offshore structures:

Six general type of offshore platforms are depicted in the figure below. The first three are designed for depths up to about 500m and the last three are for depths to 2000m.[2]
· Jackup Rig.

· Gravity Platform

· Jacket Structure

· Compliant tower

· Tension Leg Platform

· Semi submersible
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Figure 1.1 Six offshore platforms at their maximum depths: (a) jackup rig;(b) gravity platform; (c) jacket structure; (d) compliant tower; (e) tension leg platform;
(f) semisubmersible. [2].
1.3 Dynamic Model 

                              An offshore structure can be of various types. But for the sake of the simplicity and proper understanding in this paper we will consider the simple dynamic model of a three-legged offshore structure, 80 meter deep.
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                Figure 1.2 Model of a Jack-Up type Oil Platform[1]
.         Before going any further an analytical representation is needed for the structure, together with the loadings and restraints. This representation, called the mathematical model has two parts: a simplified schematic diagram and the associated equations of motion. The free body sketch shows a typical dynamic position or the mode shape of the structure, relative to its static equilibrium position.

     This structure is modeled as a single degree of freedom system with only the horizontal motion. The rotational motion or the vertical drop of the deck is being neglected. The deck structure for the purpose of the wind load calculation is modeled as an equivalent rectangular wall normal to the mean wind direction, with height h and width b. The three legs, tubular in form, are assumed to have full end fixity. 

        Dominant mode shape, Ψ(z) =1-cos (π z /2 l),  
 where z is the vertical axis with the origin at the sea surface, and l the length of the legs.

 The values of modal mass M, stiffness K, and natural frequency ωn are calculated based on the mode shape Ψ(z) and the modal damping ratio ξ is assumed to be 4 %.
Table 1.1 Dynamic characteristics and some dimensions of the Platform [1].
	1
	  Modal mass (kg)
	 5.44 E06

	2
	 Modal stiffness(N/m) 
	2.67E07

	3
	 Modal natural freq.(rad/s)
	2.21

	4
	Length of legs(m)
	80

	5
	Submerged depth(m)
	72

	6
	Deck-width (m)
	50

	7
	Deck-height (m) 
	5

	8
	Leg-diameter(m)
	3.7


     An offshore structure should have high ratio strength to self-weight. For this purpose high-strength steels with high fracture toughness are being investigated for the purpose of reducing the hull weight. Hollow cylindrical steel link chains or synthetic mooring line materials, such as Kevlar with an abrasion-resistant polyethylene cover, are being developed to increase mooring capacity..
2 Modeling of Environmental Loads

  Every offshore facility is subjected to several types of environmental loads during its lifetime. Thus, site-dependent databases are being developed to characterize the time –varying fluid-induced loads of the winds, currents, and waves [3]. Such loads occur both on a short timescale of seconds and minute, induced by periodic vortex shedding, wind gusts and wave slamming and over longer periods of hours, days and even years, where the loads are induced by steady waves, tides and hurricanes. Earthquake is another load which plays a crucial role [3].

    Short- term and long-term models for earthquake, wind, wave and current loads are discussed in this paper. The short-term characterization is concerned with the details of the load time history during each load event, while the long-term model describes the recurrence pattern of potentially damaging load events.

    2.1 Earthquake Load
       Earthquake at a site occur as a sequence of events which are generally non stationary with respect to frequency content and intensity [1]. Offshore structures in seismic regions are typically designed for two levels of earthquake intensity: the strength level and the ductility level earthquake. For the strength level earthquake, defined as having a "reasonable likelihood of not being exceeded during the platform's life" (mean recurrence interval ~ 200 - 500 years), the structure is designed to respond elastically. For the ductility level earthquake, defined as close to the "maximum credible earthquake" at the site, the structure is designed for inelastic response and to have adequate reserve strength to avoid collapse[4]
            For strength level design, the seismic loading may be specified either by sets of accelerograms or by means of design response spectra (Figure). Use of design spectra has a number of advantages over time history solutions (base acceleration input). For this reason design response spectra are the preferable approach for strength level designs
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                             Figure 2.1      Design Response Spectra [4]

In the study of this load 1) Seismic hazard, and 2) Spectral density function is calculated.

  2.1.1 Seismic hazard at a site is described through a plot of annual exceedence probability versus the peak ground acceleration Ap.

                                                P[Ap >a]=1-exp[-(μ/a)к] 

                      Where μ and к are the size and shape parameters of the distribution.
  2.1.2 Spectral density function of ground acceleration on bedrock is modeled by [1]

                                  GA(ω)=G0[1+(ω0 /ω)2]-2 exp(-ω/ωr) 
Where G0 = the intensity parameter, ω0 = the corner frequency 
 The strong motion durations for earthquake load events are uncertain. Their variability is important especially in the context of nonlinear response. However in this paper we will consider linear response by assuming a constant duration for each load event.

  2.2 Wind Load
           Wind loads act on the portion of a platform above the water level, as well as on any equipment, housing, derrick, etc. located on the deck. An important parameter pertaining to wind data is the time interval over which wind speeds are averaged. For averaging intervals less than one minute, wind speeds are classified as gusts. For averaging intervals of one minute or longer they are classified as sustained wind speeds. Structures exposed to gusty wind experience a fluctuating wind load. Assuming a quasistationary wind drag coefficient, Cd, the wind load, F(t) may be expressed as
                         F(t)=(ρa a Cd V2(t))/2
Where ρa is the density of air, a the exposed area of the structure normal to he mean wind, and V(t) is the fluctuating wind velocity. Wind load phenomena other than turbulence such as vortex-shedding, galloping and flutter are not considered.

        Though the mean wind in a natural wind increases with the height, since the wind load for offshore structures constitutes a secondary load, the mean wind throughout the structure’s exposed area is assumed to be the same, equal to the mean wind at a height of 10 m from the sea surface.

          The SDF of fluctuating wind component in modeled by the davenport spectrum[5]

  2.3 Wave Load
                The wave load on structures is usually described in terms of the sea states. A sea state is an approximately stationary condition described by parameters with long-term fluctuations. These parameters include the significant wave height and mean wave period. The wave loading of an offshore structure is usually the most important of all environmental loadings for which the structure must be designed. The forces on the structure are caused by the motion of the water due to the waves which are generated by the action of the wind on the surface of the sea. Determination of these forces requires the solution of two separate, though interrelated problems. The first is the sea state computed using an idealization of the wave surface profile and the wave kinematics given by an appropriate wave theory. The second is the computation of the wave forces on individual members and on the total structure, from the fluid motion[4].

Two different analysis concepts are used:

· The design wave concept, where a regular wave of given height and period is defined and the forces due to this wave are calculated using a high-order wave theory. Usually the 100-year wave, i.e. the maximum wave with a return period of 100 years, is chosen. No dynamic behaviour of the structure is considered. This static analysis is appropriate when the dominant wave periods are well above the period of the structure. This is the case of extreme storm waves acting on shallow water structures      

· Statistical analysis on the basis of a wave scatter diagram for the location of the structure. Appropriate wave spectra are defined to perform the analysis in the frequency domain and to generate random waves, if dynamic analyses for extreme wave loadings are required for deepwater structures. With statistical methods, the most probable maximum force during the lifetime of the structure is calculated using linear wave theory. The statistical approach has to be chosen to analyze the fatigue strength and the dynamic behaviour of the structure[4] 

    2.3.1 Wave Height Spectrum
   The SDF of wave Height in a fully developed sea is modeled in terms of mean wind                                    velocity by Pierson-Moskowitz spectrum [6]. The significant wave height and the mean wave period are related to first two moments of the wave spectrum, and hence uniquely   determined by mean wind.

   2.3.2  Wave Theories
     Wave theories describe the kinematics of waves of water on the basis of potential theory. In particular, they serve to calculate the particle velocities and accelerations and the dynamic pressure as functions of the surface elevation of the waves. The waves are assumed to be long-crested, i.e. they can be described by a two-dimensional flow field, and are characterized by the parameters: wave height (H), period (T) and water depth (d) as shown in Figure 3.2
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                                               Figure 2.2:  Wave Symbols [4]
The kinematics of water particle below the sea surface can be related to the wave height through wave theory. Several theories with various degrees of refinements are available, but in this paper description of wave forces are limited to the linear theory of gravity waves.
   2.3.3 Wave Forces
              Structures exposed to waves experience substantial forces much higher than wind loadings. The forces result from the dynamic pressure and the water particle motions. 
         For waves with large wavelengths, the wave load on structures is made up of two components: a drag force, proportional to the square of the normal component of incident particle velocity; and a inertia force, associated with the normal component of particle acceleration. 
           The steel jackets of offshore structures can usually be regarded as hydro dynamically transparent. The wave forces on the submerged members can therefore be calculated by Morison's equation, which expresses the wave force as the sum of an inertia force proportional to the particle acceleration and a non-linear drag force proportional to the square of the particle velocity:  [image: image5.png]


(4)

    The wave force depends on the water particle motion as well as on the structure’s motion. But, since the structure’s motion is expected to be small compared with the water particle motion, the dependence of wave force on the structure’s motion is ignored. It should be noted, however, that this dependence can be easily incorporated by including the virtual inertia and hydrodynamic drag forces in the equations of motion, and obtaining the statistics of relative motion through iteration, which is found to converge quickly [7].

  2.4 Current Load
        Wind flow over the sea surface generates wind-stressed current in the direction of mean wind. The current velocity is proportional to mean wind velocity. The current velocity decreases linearly with depth, dropping to zero at the sea bottom. The current load on structures is mostly static and predominantly of the drag type.
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          Figure 2.3: Typical Wind and Tidal Current Profile 
 2.5 Ice and Snow Loads
               Ice is a primary problem for marine structures in the arctic and sub-arctic zones. Ice formation and expansion can generate large pressures that give rise to horizontal as well as vertical forces. In addition, large blocks of ice driven by current, winds and waves with speeds that can approach 0,5 to 1,0 m/s, may hit the structure and produce impact loads.
 2.6 Loads due to Temperature Variations
    Offshore structures can be subjected to temperature gradients which produce thermal stresses. To take account of such stresses, extreme values of sea and air temperatures which are likely to occur during the life of the structure must be estimated.In addition to the environmental sources, human factors can also generate thermal loads, e.g. through accidental release of cryogenic material, which must be taken into account in design as accidental loads. The temperature of the oil and gas produced must also be considered.
  2.7 Marine Growth
     Marine growth is accumulated on submerged members. Its main effect is to increase the wave forces on the members by increasing not only exposed areas and volumes, but also the drag coefficient due to higher surface roughness. In addition, it increases the unit mass of the member, resulting in higher gravity loads and in lower member frequencies. Depending upon geographic location, the thickness of marine growth can reach 0,3m or more. It is accounted for in design through appropriate increases in the diameters and masses of the submerged members.

 2.8 Tides
Tides affect the wave and current loads indirectly, i.e. through the variation of the level of the sea surface. The tides are classified as: (a) astronomical tides - caused essentially from the gravitational pull of the moon and the sun and (b) storm surges - caused by the combined action of wind and barometric pressure differentials during a storm. The combined effect of the two types of tide is called the storm tide. Tide dependent water levels and the associated definitions, as used in platform design. The astronomical tide range depends on the geographic location and the phase of the moon. Its maximum, the spring tide, occurs at new moon. The range varies from centimeters to several meters and may be obtained from special maps. Storm surges depend upon the return period considered and their range is on the order of 1,0 to 3,0m. 

 2.9 Sea Floor Movements
Movement of the sea floor can occur as a result of active geologic processes, storm wave pressures, earthquakes, pressure reduction in the producing reservoir, etc. The loads generated by such movements affect, not only the design of the piles, but the jacket as well. Such forces are determined by special geotechnical studies and investigations.

3 Response Analyses
 The response analysis to dynamic loads is performed in the frequency domain using linear random vibration theory, i.e, the equations of motion are linearized based on equivalent linearization techniques, with forcing functions assumed to constitute segments of stationary Gaussian process. The response processes are also Gaussian. The response statistics presented are always conditional on the load intensities characterizing each load events. Also, the response to both earthquake and sea-storm loads is assumed to be quasi-stationary during load events of specified durations.

   3.1 Response to Earthquake Load
                The SDF of ground acceleration at the structure’s base is given by
                        GA(ω)=[Hs(ω)]2 GA(ω)

where   GA(ω) is the SDF of ground acceleration at the bedrock and   Hs(ω) the frequency transfer function of the soil.

     3.2 Response to Sea-storm Load
                             A sea-storm induces a wind load having both static and dynamic components, a wave load with only dynamic component, and a current load with only static component. The response to a sea-storm load thus constitutes a random process with non-zero mean.

        3.2.1 Static response
                        The total static load, F, is the sum of drag forces due to wind and current:

                                                         F=F1+F2

                 F1= Static component of wind drag
                  F2 = Drag force due to current

     3.2.2 Dynamic Response

                     The total dynamic load P=P1+P2+P3  
      Where

          P1 =Wind Drag

          P2 =Wave Drag

          P3 =Wave Inertia  
3.3 Response to Earthquake Load Plus Sea-storm Load
          When an earthquake and a sea-storm coincide, the responses to earthquake, wind, wave, and current loads may be superimposed. The short-duration combined response then has a static component due to wind and current loads, and a dynamic component due to earthquake, wind and wave loads. To obtain the peak response, calculate the peak dynamic response and add to it the static response. The peak dynamic response is obtained by adding the individual response variances and then multiplying the root of the total variance by a random peak factor, dependent on the earthquake’s event duration.
3.4 Response to Earthquake Load Plus Ambient Load
    When shaken by an earthquake offshore structure in addition experience the ambient wind, wave, and current loads that arise from the ever-present wind over the sea. Due to the ambient load the structure’s response develops a bias, e.g, the displacement response develops a non zero mean in the direction of the mean wind. This load combination is a special case of the previous one, where we now specify a nominal constant value for the wind intensity.
4 Risk Analyses
                       An important ingredient of risk analysis is the identification of limit states, i.e , states of undesirable structural behaviour.The probabilities of structural failure are calculated with reference to different limit states. In this paper two limit states are considered, both of the first passage type, defined, respectively, in terms of relative displacement and (pseudo) acceleration at the deck level of the structure. Since the structure is modeled as a linear 1-DOF system, either of the two limit states can represent the allowable force, however, both cover some distinct aspects of structural behavior; the displacement limit state may also represent serviceability, i.e, the allowable displacement at the deck level; and, the acceleration limit state is pertinent to assessing the safety of secondary systems or acceleration –sensitive instruments mounted on the deck.
            An offshore structure during its design life is subjected to intermittent loads due to earthquakes and sea –storms. The intensities of these loads, their occurrence patterns, the load parameters, the dynamic characteristics of the structure, and the structural resistance are all uncertain. Some of these, for example, the intensities and the occurrence patterns of the loads are inherently random, while others are statistically uncertain. two classes of failure probabilities are calculated: 1) conditional failure probabilities under short term loads; and 2) long term or overall failure probabilities, which depend on the occurrence patterns of different load intensities.
         The following format has been adopted herein to calculate the failure probabilities.

 First we calculate the “conditional failure probability”, defined as the probability of structural failure given that the load event of intensity q occurs and that the structural resistance is r. The parameter q fro a coincidental load event is a vector. Also the structural resistance is statistically uncertain and degrade with time. The failure probility, therefore, needs to be convolved with the distribution of R, the uncertain resistance, at an appropriate stage of risk analysis.

             In a long –term risk analysis, we consider only those load events that exceed certain thresholds on the load-event-intensities. Setting the thresholds also gives the mean yearly event-occurrence rates and the normalized intensity distribution functions to be used in the convolution.
 5 Why risk assessment of offshore structures is necessary?
  If not properly maintained or not properly designed these offshore structures can cause havoc. Normally these structures are used for oil drilling. Thus these structures are very hazardous. There are many offshore structures accidents: Texas Offshore Oil Rigs Accident, Piper Alpha drilling platform, Scotland. Although this accidents were caused by some external agents, but is not designed properly keeping various loads in mind, they can cause such kind of havoc.

 6 Conclusions

   This paper demonstrates the short-term and long term multi-hazard risk analysis of an offshore platform. It also determines the influence of ambient load on the earthquake safety, and the effect of parameter uncertainty on failure probabilities .based on the paper following conclusion can be drawn:

· The relative importance of loads largely depend on the limit state and the structure’s natural frequency.
· The ambient load increases the risk due to earthquake alone, especially a lower resistance levels.

· The coincidental load due to simultaneous occurrence of earthquake and sea-storm does not influence the long-term risk of offshore structures perceptibly.

· The failure probabilities are exceedingly sensitive to the mean and the variability of a structure’s natural frequency.

· The statistical uncertainty of load and structural parameters affects failure probabilities in a complex manner.
References: 
1) Multi hazard risk analysis: case of a simple offshore structure,B.K bhartia and E.H Vanmarcke,Princeton University,1988.

2) Dynamics of Offshore Structures , James F. Wilson - Technology - 2002 - 344     pages
3)  Sea Loads on Ships and Offshore structures , O M Faltinsen - 1993 - 340 pages

4) http://www.kuleuven.ac.be/bwk/materials/Teaching/master/wg15a/l0200.htm
5) Davenport,A.G., ”Gust loading factors”, Journal of the structural Division, ASCE, June 1967.
6) Pierson, W.J., and Moskowitz,Z.,”A proposed spectral form for fully developed wind seas based on the similarity theory of S.A.Kitaigorodskii,”Journal of Geophysical Research,Vol.69,nr.24,Dec,1964
7) Malhotra,A., and Penzien,J.,” Stochastic analysis of offshore structures,” Earthquake Eng.Res.Ctr.Report No.69-6,U.of California,Berkeley,Calif.1969
PAGE  
14

