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[bookmark: _Toc203808591]Preface
This book is authored by Jomar Tørset, a senior lecturer at NTNU, drawing from extensive experience in the structural analysis and design of offshore oil and gas structures. Jomar graduated in Structural Engineering from NTH in 1991 and obtained a Master of Technology and Management from NTH, NHH, and the National University of Singapore in 2004.
With over three decades of experience in engineering, Jomar has worked with notable organizations such as Aker Solutions, the Norwegian Public Roads Administration, Aibel, and GE, and has been involved in fabrication processes at Aker Verdal, Vigor Kristiansund, and Aibel Thailand.
This book serves as a comprehensive guide for designing load-bearing offshore structures in accordance with NORSOK requirements. The author believes that these standards should also be applied to onshore structures, aiming to inspire engineers in both offshore and onshore design 
practices.

The goal of this book is to provide practical knowledge essential for becoming a structural engineer, specifically tailored for bachelor students. Unlike master's students, who at NTNU take the course “TVM4116 Hydro meccanics,” this book focuses on the foundational concepts and skills that bachelor students need to succeed in their studies and future careers. The content will emphasize practical applications and relevant topics that are directly applicable to the field of structural engineering, ensuring that students are well-prepared for real-world challenges. What has been included is the essential knowledge needed to perform calculations on marine structures. This content focuses on the key principles and practices that are crucial for understanding and analyzing structures in marine environments.
The Bachelor's Degree emphasizes practical skills and teamwork for real-world problem-solving. The Master's Degree focuses on advanced theory with some practical application, encouraging collaboration. The PhD centers on theoretical research, requiring interdisciplinary cooperation for innovation. Each level has unique strengths, and cooperation is key to solving complex engineering challenges. This book provides a solid foundation for making practical choices across all levels, including technical vocational schools.
Jomar Tørset
NTNU
2025
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Structure Design Definition
In this book, structure design is defined as the design of load-bearing structures in ocean space. The content is primarily based on lectures from the courses TBYG3018 Design of Ocean Space Structures and BYGT2312, which share the same focus. This book describes the knowledge and principles applicable to the design of ocean space constructions.
Introduction video in Norwegian video about TBYG3018 tell something about for TBYG3018 from around 2020 provides an overview of the course, focusing on the design principles and challenges associated with load-bearing structures in ocean environments. The video likely emphasizes the course's practical applications and relevance to the ocean space industry, as well as its alignment with NORSOK standards.
Key Focus Areas:
1. Analysis, drawings, and documentation for fabrication, assembly, erection, maintenance, and inspection of load-bearing structures.
2. Emphasis on structural steel as the primary construction material.
Knowledge Objectives:
1. Familiarity with design codes, including NORSOK, DnV, and Eurocode.
2. Understanding of global and local structural concepts for floating, fixed, and subsea structures.
3. Basic knowledge of environmental forces such as waves, currents, and wind.
Skills Development:
1. Proficiency in material selection and hand calculations.
2. Competence in using 3D CAD and analysis software.
3. Ability to find practical solutions and document steel structures effectively.
Standards Covered:
1. NORSOK STANDARD N-001: Structural Design
2. NORSOK STANDARD N-004: Design of Steel Structures
3. Eurocode 3: NS-EN 1993-1-1 (General rules and rules for buildings)
4. Eurocode 3: NS-EN 1993-1-3, NS-EN 1993-1-5, NS-EN 1993-1-8 (Design of Steel Structures and Joints)
5. NORSOK M-001, M-101, M-120 (Material selections)
6. DnV: DNV-RP-C205 (Environmental Conditions and Environmental Loads)
This course equips students with the essential knowledge and skills needed for the design and analysis of offshore structures, ensuring compliance with industry standards and best practices.
Recommended Book as Background Information: Havromsteknologi - et hav av muligheter
[image: A blackboard with writing on it

AI-generated content may be incorrect.]
[image: A blackboard with writing on it

AI-generated content may be incorrect.]
[image: A blackboard with writing on it

AI-generated content may be incorrect.][image: A blackboard with white chalk writing on it

AI-generated content may be incorrect.]
[image: A blackboard with white text

AI-generated content may be incorrect.]


Summary:
Summary Part 1
- Loads and load combinations related to design, especially main steel.
Summary Part 2
Oppsummering:
- Design
- Material selection, criticality, and design solutions
- Fatigue
Summary of Node Design and Fatigue
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Definition of Structure Design
In this course, structure design is defined as the design of load-bearing structures specifically for the Norwegian ocean space.
Engineering Focus:
1. The engineering process involves selecting appropriate load-bearing structural shapes, dimensions, and material quality.
2. The primary aim is to teach students how to evaluate the behavior of structures under specific operational conditions in marine environments, particularly along the Norwegian coast.
Key Areas of Emphasis:
1. A strong focus on environmental loads, including wave, wind, and current forces.
2. Understanding the fundamental principles of structural design.
Materials Used:
1. While the course primarily emphasizes steel as the construction material, aluminum is also frequently utilized.
2. The use of aluminum helps reduce weight and can lower maintenance costs to some extent.
This comprehensive approach prepares students to design effective and efficient structures that can withstand the unique challenges of the marine environment.

Barenzwatch is indeed a valuable resource for understanding the harsh environmental conditions along the Norwegian coast. It provides real-time data on wave conditions, currents, and other relevant marine factors.
For current wave conditions in Trondheimsfjorden, you can visit the Barenzwatch website and navigate to the specific section for wave conditions. Here’s a general link to get you started: Barenzwatch.
Please check the site for the most accurate and up-to-date information on wave conditions in Trondheimsfjorden. Link to current wave conditions in Trondheimsfjorden.
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This figure gives an overview of different types of ocean structures in oil & gas.

Key information about different types of ocean space structures.
TLP concept: https://no.wikipedia.org/wiki/Strekkstagplattform
Subsea: https://en.wikipedia.org/wiki/Subsea_(technology)
Jacket: Jacket – Wikipedia 
Ship: FPSO – Wikipedia
North sea (floater): Åsgardfeltet – Wikipedia 
North sea (GBS-structure): Trollfeltet – Wikipedia 
Pironeering sprit (World biggest lifting vessel) (Youtube )
Offshore fishing farm: Ocean farm 1 (kart): OFFSHORE FISH FARMING - SalMar ASA 
Offshore fishing farm: Havfarm 1, Jostein Albert: (kart)
Floating bridge: Bergsøysundbrua
Floating bridge: Nordhordalandsbrua
Living on the sea: Houses on the sea




Bailey Bridge
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Floating bridges built during World War II, particularly by the Allies, were an innovative solution for ensuring transportation and logistics under challenging conditions. These temporary bridges were often constructed from lightweight materials such as steel and wood, designed for quick assembly and disassembly.
A notable example is the "Bailey Bridge," developed by the British. This type of bridge could be rapidly erected by soldiers without specialized equipment, which was crucial for maintaining supply lines in combat zones.
Floating bridges were especially useful in areas with water, such as rivers and lakes, where traditional bridges would have been too time-consuming or costly to construct. They significantly improved mobility for troops and supplies and played an important role in the war effort.
Reconstitution en images de synthèse du port d'Arromanches en 1944 - YouTube

Unique Solutions/Challenges Related structures in Water for Fosen Bridge: Fosenbrua.pdf
Molohåndboka (The Molo Handbook) is a comprehensive guide published by the Norwegian Coastal Administration, focusing on the design, construction, and maintenance of coastal structures, particularly breakwaters (molos) and harbors. It serves as a valuable resource for engineers, architects, and planners involved in coastal and marine projects.



Example Loads on H3 Rig: Eksempel H3-rigg
Here’s a translation and brief explanation of the terms related to design loads and considerations for floating structures:
Load Scenarios
1. Design Load Scenarios: These are specific conditions and load cases that must be considered during the design process to ensure the structure can withstand various operational and environmental loads.
Displacement of Floating Structures
1. Displacement of Floating Structures: This refers to the weight of water displaced by a floating structure, which is crucial for determining buoyancy and stability.
Still Water Condition (Design Basis)
1. Still Water Condition (Design Basis): This is the baseline condition used for design calculations, assuming calm water without waves or currents, which helps in assessing the structural response under static loads.
Wind Load on Derrick
1. Wind Load on Derrick: This refers to the forces exerted by wind on the derrick structure of the rig, which must be calculated to ensure stability and safety during operations.
Shape Factor (C_s)
1. Shape Factor (C_s): This is a coefficient used to account for the shape of the structure when calculating wind loads. It influences how wind interacts with the structure's surface.
Height Dependency Factor (C_h)
1. Height Dependency Factor (C_h): This factor accounts for the variation of wind speed with height above the water surface. It is used to adjust wind load calculations based on the height of the structure.
These concepts are essential for the design and analysis of floating structures, ensuring they can safely operate in marine environments while accounting for various loads and conditions.



Link to historical stories about Ocean Space Structures

-An Aker H3 rig at the Norwegian Petroleum Museum | Facebook
-Aker H3 platforms under construction at Aker Mek. Verksted.  
- Oslo Museum / DigitaltMuseum
-The story of Change – and Finding Solutions atAker Solutions
- Oil and Us – Oil and Us – and Those on the Other Side of the North Sea – NRK TV
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The Aleksander Kielland-accident marked a significant turning point in the development of safety philosophy within the oil and gas industry. In response to this tragedy, a comprehensive set of regulations known as NORSOK was developed to enhance safety standards. This book is centered around these regulations, which are specifically designed for offshore structures. However, the underlying safety philosophy is considered good practice and is applicable to land-based structures as well. This approach emphasizes the importance of safety in all engineering practices, ensuring that both offshore and onshore projects adhere to high safety standards.
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In recent years, several accidents involving onshore structures have raised questions about the need to clarify and possibly enhance the requirements for these structures, similar to those outlined in NORSOK. Notable incidents include the collapse of the Tretten Bridge in 2022 and the crane at Melhustorget that was blown down in 2023. These events highlight potential gaps in safety regulations and standards for onshore construction, prompting discussions about the importance of adopting rigorous safety measures and practices akin to those used in offshore structures to prevent future accidents and ensure public safety.
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Dagsrevyen – Monday – Bridge Collapsed at Tretten – NRK TV
The Bridge Collapsed Under Her: - Dramatic  (dagbladet.no)

The link to an article from NRK (Norwegian Broadcasting Corporation) discusses the collapse of Tretten Bridge. The article highlights findings from the Accident Investigation Board, which indicated that the bridge was weakened prior to its collapse. It also criticizes the Norwegian Public Roads Administration for its handling of the situation and oversight regarding the bridge's condition.

https://www.nrk.no/innlandet/havarikommisjonen_-tretten-bru-var-svekket.-statens-vegvesen-far-sterk-kritikk-1.16515705.
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The incident as described on NRK's website
The aim of this book is to demonstrate how to prevent structural collapses. It focuses on best practices, design principles, and safety measures that can be implemented to ensure the integrity and stability of structures, thereby minimizing the risk of failure.
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The core principles for structural design are outlined in Section 7.1 of NORSOK N-001. This section provides essential guidelines and considerations that engineers should follow to ensure the safety, reliability, and performance of structures. It emphasizes the importance of understanding loads, material properties, and environmental factors, as well as the need for a systematic approach to design that prioritizes safety and compliance with relevant standards.

[image: ]
Background information:

Microsoft Word - NORSOK -Design Fabrikasjon-MOM-2015 (konstruksjon.com)
Designers' Guide to EN 1990 Eurocode: Basis of Structural Design | Designers' Guide to Eurocodes (icevirtuallibrary.com)
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The corresponding text in EUROCODE may not be as clear, but I interpret it to suggest that the intention is similar: that the design does not comply with the established regulations. This implies that both NORSOK and EUROCODE emphasize the importance of adhering to specific standards and guidelines in structural design to ensure safety and reliability.
[image: A document with text on it
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The most important points regarding structural design are:
1. Ductile Behavior: The structure should exhibit ductile behavior, allowing it to deform without sudden failure, thereby enhancing its ability to withstand unexpected loads.
2. Damage Control: In the event of an incident, the design should prevent damage from escalating, ensuring that any failure is contained and does not lead to catastrophic consequences.
3. Minimize Stress Concentration Factors: Stress concentration factors should be minimized to reduce the likelihood of localized failures, which can compromise the overall integrity of the structure.
4. Force Absorption Philosophy: There should be a clear philosophy regarding how the structure is designed to absorb and dissipate forces, ensuring that it can effectively manage loads during normal operation and in the event of extreme conditions.
These principles are essential for creating safe and resilient structures.
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Engineering is not an exact science; it involves making informed judgments about sensible engineering solutions. We must carefully consider how the structure will behave and how we plan for it to function. Our goal is always to err on the side of safety.
When it comes to loads, we use load factors, but we can never know the exact loads or the center of gravity (COG) for self-weight. To account for uncertainties, we add extra loads in our analysis to cover contingencies and allowances. For the COG, we operate within an envelope to ensure we remain within safe limits. These factors tend to be larger in the early stages of projects, such as studies and Front-End Engineering Design (FEED), and will be reduced as we approach implementation and construction. This reduction is dependent on the level of experience we have with various aspects of the project.
To calculate the behavior of a structure in water, it is essential to know the mass (or to make an estimate of the mass and its distribution). This is crucial for determining buoyancy, stability, and dynamic behavior. Therefore, weight estimation is an important topic in the design process.

Allowance
1. Definition: An allowance in this context refers to a specific amount of weight or cost that is included in the budget to account for known variations in the weight of materials or fabrication processes.
2. Purpose: It is used to cover anticipated changes or additional requirements related to weight and fabrication costs that may not be fully defined at the time of budgeting.
3. Example: If a project estimates the weight of steel components but recognizes that the final design may require additional material, an allowance might be set for an extra 10% of the estimated weight. Similarly, if there are uncertainties about the fabrication methods that could affect costs, an allowance might be included to cover those potential increases.
Contingency
1. Definition: Contingency, in this context, refers to a reserve of funds or weight set aside to address unforeseen issues related to weight and fabrication costs that may arise during the project.
2. Purpose: It provides a financial buffer to manage unexpected changes or risks that were not anticipated in the original budget, specifically related to weight and fabrication.
3. Example: A project might include a contingency fund of 5% of the total fabrication cost to cover unexpected expenses, such as price increases in materials or additional labor costs due to unforeseen complexities in the fabrication process.
Summary
1. Allowance is for specific known variations in weight and fabrication costs, while contingency is a reserve for unforeseen changes or risks related to these factors. Both are essential for effective budgeting and project management in engineering and construction.
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Weight Estimation (a specialized field):
Weight estimation is a critical aspect of engineering, particularly in the design and analysis of structures. It involves determining the mass of various components and understanding how that mass is distributed, which is essential for assessing the center of gravity (CoG) and ensuring the stability and performance of the structure.
Center of Gravity (CoG):
The center of gravity is the point at which the total weight of a body is considered to act. Accurate knowledge of the CoG is vital for evaluating the buoyancy, stability, and dynamic behavior of structures, especially those operating in marine environments.
Equinor's Technical Requirements (TRs):
For your information, Equinor has different Technical Requirements (TRs) for new builds compared to modifications. This distinction ensures that the specific safety, performance, and regulatory standards are met for both new constructions and modifications to existing structures. Understanding these requirements is crucial for compliance and successful project execution.
Link to Equinors TR’er for newbuilts structures opp mot modifications.
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When estimating the mass and inertias of structures, there are generally two approaches: point mass and rod mass. Here’s a brief overview of each method:
1. Point Mass
1. Definition: The point mass approach simplifies the analysis by treating the mass of an object as concentrated at a single point. This method is often used for discrete masses or when the distribution of mass is not critical to the analysis.
2. Application: This method is useful for calculating the center of gravity (CoG) and inertial properties of structures where the mass can be approximated as being concentrated at specific points, such as in the case of weights, machinery, or other discrete components.
3. Inertia Calculation: The moment of inertia for a point mass about an axis can be calculated using the formula: [ I = m \cdot r^2 ] where ( I ) is the moment of inertia, ( m ) is the mass, and ( r ) is the distance from the axis of rotation to the point mass.
2. Rod Mass
1. Definition: The rod mass approach considers the mass distributed along a length of a rod or beam. This method is more accurate for continuous structures where the mass distribution is significant.
2. Application: This method is used for calculating the inertial properties of beams, rods, or any elongated structures where the mass is distributed along their length. It is particularly useful in structural analysis and dynamics.
3. Inertia Calculation: The moment of inertia for a uniform rod about its center can be calculated using the formula: [ I = \frac{1}{12} m \cdot L^2 ] where ( I ) is the moment of inertia, ( m ) is the mass of the rod, and ( L ) is the length of the rod. If the axis of rotation is at one end, the formula becomes: [ I = \frac{1}{3} m \cdot L^2 ]
Summary
1. Point Mass is suitable for discrete masses and simplifies calculations by concentrating mass at a single point.
2. Rod Mass is appropriate for continuous mass distributions along a length, providing a more accurate representation of inertial properties for elongated structures.
Choosing the appropriate method depends on the specific application and the level of accuracy required in the analysis.
Mass inertia description
Moment of Inertia for point mass and rod - YouTube 
MomentOfInertiaHibeler.pdf
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Design of Floaters
The design of floaters begins with an analysis of the still water condition. This condition consists of dead weight and ballast. The structure must be capable of floating and robust enough to withstand environmental loads such as wind, waves, ice, and ice spray.
Environmental loads like wind and waves occur at varying intensities and with different periods/frequencies. The design must ensure that the natural frequencies of the structure do not coincide with the most significant and severe loads, as this could lead to structural failure.
Both extreme loads and fatigue are critical considerations. It is often the medium-sized waves, with periods of approximately 5 to 10 seconds, that generate the most fatigue damage.
Displacement of Floating Structures
Displacement in floating structures refers to the volume of water displaced by the structure when it is floating. This is crucial for determining buoyancy, stability, and overall performance in marine environments. Proper calculations of displacement ensure that the structure remains stable and functional under various loading conditions.
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Stability Triangle Representation
1. The stability triangle visually represents how these three stabilization methods interact and contribute to the overall stability of a floating structure. Each method can be seen as a vertex of the triangle, and the effectiveness of the structure's stability can be assessed based on the relative contributions of each method.
Conclusion
Understanding the stability triangle and the roles of ballast, buoyancy, and mooring line stabilization is essential for designing safe and effective floating structures in marine environments. Each method has its strengths and weaknesses, and the optimal design often involves a combination of these stabilization techniques to achieve the desired performance and safety.

Stability Triangle Overview
1. Ballast Stabilized
1. Definition: This method involves adding weight (ballast) to the structure to lower its center of gravity, enhancing stability against external forces such as waves and wind.
2. Characteristics:
1. Increases the overall weight of the structure.
2. Lowers the center of gravity, which helps resist tipping or rolling.
3. Applications: Commonly used in ships, floating platforms, and offshore structures where stability is critical.
2. Buoyancy Stabilized
1. Definition: This method utilizes buoyant elements to provide stability. The upward buoyant force counteracts the weight of the structure, helping to maintain an upright position.
2. Characteristics:
1. Relies on the design of the structure to maximize buoyancy.
2. Can be effective in maintaining stability in rough sea conditions.
3. Applications: Used in floating structures like spar buoys, tension-leg platforms, and semi-submersibles.
3. Mooring Line Stabilized
1. Definition: This method involves anchoring the floating structure to the seabed using mooring lines. The tension in these lines provides stability and prevents excessive movement.
2. Characteristics:
1. Allows for dynamic positioning and can accommodate movement due to environmental forces.
2. Provides flexibility in stabilizing floating structures.
3. Applications: Commonly used in floating production storage and offloading (FPSO) units and other offshore installations.

[bookmark: _Toc203808602]	9. 	Calculation of hydrostatic pressure
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"Geir floats" from Marine Technology "A Sea of Opportunities." Page 89 in the PDF file: Bok.pdf (ntnu.no).
- SAP2000 calculation «Geir flyter»
- Mathcad beregning Geir flyter
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Morison's Equation
When is it used? Morison's equation is used to calculate the forces acting on structures submerged in fluid flows, such as offshore platforms, pipelines, and other marine structures. It accounts for both drag and inertia forces due to the fluid motion.
Potential Theory
When is it used? Potential theory is applied in fluid dynamics to analyze the flow of inviscid (non-viscous) fluids. It is particularly useful for calculating wave forces on large structures, where the effects of viscosity can be neglected. This theory helps in understanding the potential flow around objects and is often used in the design of marine structures.
Keulegan-Carpenter Number
The Keulegan-Carpenter number (Kc) is a dimensionless parameter that characterizes the relative importance of inertial forces to restoring forces in oscillatory flow. It is particularly relevant for distinguishing between large-volume and small-volume structures in fluid dynamics.
Drag vs. Inertia Forces and Phase Differences
1. Drag Forces: These are the forces exerted by the fluid on the structure due to the fluid's velocity. In wind, the drag force is significant because the mass of the wind is small, and the direct force from wind pressure dominates.
2. Inertia Forces: These forces arise from the acceleration of the fluid and the structure. In water, the effect of waves depends on the size of the structure relative to the wave size. For large structures, the inertia forces become more significant compared to drag forces.
Coefficients for Cd and Cm in Morison's Equation
1. Cd (Drag Coefficient): This coefficient represents the drag force acting on a structure due to fluid flow.
2. Cm (Inertia Coefficient): This coefficient accounts for the inertia forces acting on the structure due to fluid acceleration.
Summary
To find forces from fluid flows, whether air or water, we use Morison's equation. The first term corresponds to the drag component, which is significant in wind due to its low mass. The direct force from wind pressure dominates, although there is also an inertia contribution that is often negligible because the wind's mass is small and out of phase.
In water, the impact of waves depends on the size of the structure relative to the wave size. If the structure is large compared to the waves, it can "dampen" the waves, and we focus only on the energy (using potential theory). This scenario is referred to as "large-volume structures," where inertia forces become more relevant, allowing us to neglect the drag component since it becomes insignificant.
Inertia (Treghet) – Wikipedia 
Froude–Krylov force - Wikipedia 
Drag equation - Wikipedia 
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BYGT2312-Forelesning-20221123-DragKoefisienter.pdf
Regneeksempel med bestemmelse av dragkoefisenter
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BYGT2312-Forelesning-20221123-DragKoefisienter.pdf
Reinhold's Number is a dimensionless parameter that provides insight into the intensity of fluid flow, particularly in the context of wave dynamics. It helps characterize the flow regime and can indicate whether the flow is laminar or turbulent. This number is useful in understanding how structures interact with fluid flows, especially in marine environments.
Use of Morison's Equation with Wave Airy Formulas
Morison's Equation is often used in conjunction with Airy wave theory to calculate the forces acting on structures due to wave action. The Airy wave theory provides formulas for particle velocities and accelerations in waves, which are essential for determining the dynamic response of structures in oscillatory flow.
1. Particle Velocities: The Airy wave theory describes the motion of water particles in waves, providing expressions for the particle velocities at different depths. These velocities are crucial for calculating the inertia forces in Morison's equation.
2. Application: When using Morison's equation, the drag and inertia forces can be calculated based on the particle velocities derived from the Airy wave theory. The equation typically takes the form: [ F = \frac{1}{2} C_d \rho A V^2 + C_m \rho V \frac{dV}{dt} ] where:
1. ( F ) = total force on the structure
2. ( C_d ) = drag coefficient
3. ( C_m ) = inertia coefficient
4. ( \rho ) = fluid density
5. ( A ) = projected area of the structure
6. ( V ) = particle velocity from wave theory
7. ( \frac{dV}{dt} ) = acceleration of the particle
By combining Morison's equation with the particle velocities from the Airy wave theory, engineers can accurately assess the forces acting on marine structures due to wave action, ensuring that designs are robust and capable of withstanding the dynamic marine environment.

Morison Equation - wave loads on structures INERTIA force - YouTube
Wave pressure - how to calculate wave height and wavelength - YouTube
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https://no.wikipedia.org/wiki/Froude-krylov-kraft
Morison Equation - wave loads on structures INERTIA force - YouTube
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How to calculate forces on small structures. Morison’s equation - YouTube
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Flow visualization around simple building shapes in wind tunnel - YouTube
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Introduction
Global Winds
Introduction wind
Vindbelastning på hus
Vindavstivning
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Wind consists of a "static part", e.g. an average of 10 minutes, and a "dynamic part" called turbulence. For more dynamic structures, it may be necessary to use a spectrum to find the correct wind load. The turbulence is the measured wind minus this "average wind". This subject does not deal with spectrum analysis, but it is expected that one knows that in order to get the correct dynamic contribution for dynamic structures, one must take into account a "turbulence spectrum" that describes the dynamic part of the wind. If this turbulence spectrum changes character before it becomes a force when the wind hits the structure, then it is called "aerodynamic admittance". This gives a force spectrum that, multiplied by any resonance effects called "mechanical admittance" in the figure, gives a response spectrum. A response spectrum is a spectrum of stresses/deformations (repons). This subject does not go into this here more than that the problem is mentioned in connection with this review. This is reviewed with the aim of understanding that when the simplifying methods can no longer be used, the technique is to use spectrum to find the capacity of the structure. It is also an idea with this review that one should be able to start noticing how wind affects different structures and be able to better put into words what is happening.
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The formulas in Eurocode where the basis is a 10-minutes wind, NORSOK wind can be adapted to the structure or the part of the structure that we want to look at. We may look at a small or an overall big part.  How long the wind exposes the structure determine what gust in seconds we will use in our design of the structure. 
This means that you know more about what kind of wind you have if you use NORSOK formulas, but it also becomes a little more demanding as you have to make an assessment of what kind of wind load you have to use to dimension the structure. It is not just about taking the numbers from a table like in Eurocode where you distinguish between 1 m2 and 10 m2. For large offshore structures, 
For small but more dynamically sensitive structures, 3 seconds are used. NORSOK says 15 seconds for smaller structures. 1 minute wind can be used for the overall structure (main steel). 
TBA4265 Arctic and Marine Civil Engineering – wind calculations
Example with wind and snow on house
Wind calculations in SAP2000 on Youtube
Example with wind in SAP2000
Wind calculation in Mathcad according to NORSOK
Wind pressure loads 10 min mean-old NORSOK N-003.xmcd
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Wind calculation in Mathcad according to Eurocode  
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Mathcad-ark med beregninger av vindhastigheter ihht. NORSOK.
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Vindberegning ihht. Eurocode:  Vindberegning20220827.xmcd 
 
Oppgave 1 øving 1, vind gitt i SAP2000: TretekniskSenterOving-ver2.sdb 

Forskjell på grunt vann, endelig vanndyp og dypt vann. 

Formler (wave-airy) for strømning avhengig av bølgelengder og vanndyp er gitt. Dette er de mest brukte formlene for dette selv om vi vet at bølgene ikke alltid er er en sinusbølge så er det en god tilnærming som er godt nok i de fleste tilfelle for design. 
Beskrivelse av bølgebevegelser:

https://www.ck12.org/book/ck-12-fourth-grade-science/section/2.11/
Bølgebeskrivelse mer i detalj:
https://www.youtube.com/watch?v=hplb9HXM6KA

 
5. 	Interaction between landscape and wind
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Vind oppsummert 
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 Verdens høyeste bølger er i havet utenfor Norge (forskning.no) 

Bruk av Morisons formel sammen med "wave airy" formlene for partikkelhastigheter for bølger.  
Morison Equation - wave loads on structures INERTIA force - YouTube
Wave pressure - how to calculate wave height and wavelength - YouTube
Video "How to calculate forces on structures"
waves.pdf

Formler (wave-airy) for strømning avhengig av bølgelengder og vanndyp er gitt. Dette er de mest brukte formlene for dette selv om vi vet at bølgene ikke alltid er er en sinusbølge så er det en god tilnærming som er godt nok i de fleste tilfelle for design. 
Beskrivelse av bølgebevegelser:

https://www.ck12.org/book/ck-12-fourth-grade-science/section/2.11/
Bølgebeskrivelse mer i detalj: https://www.youtube.com/watch?v=hplb9HXM6KA
Beauforts skala er en gammel praktisk måte å beskrive vindinduserte bølger på og som fortsatt brukes for de som ferdes på sjøen. Dette er en erfaringsbasert måte å beskrive bølger på. Kanskje er det av dette man fant opp begrepet Hs som er den vanlige tekniske måte å beskrive bølgehøyder på en lokasjon ved et gitt tidspunkt/tidsperiode. Hs er gjennomsnittet av 1/3 av de største bølgene. Link for beskrivelse av Beaufort. 
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Definisjon av bølgehøyde i Wikipedia
[image: ]
[image: ]
[image: A table of numbers and a number of days

AI-generated content may be incorrect.]
[image: A screenshot of a math test

AI-generated content may be incorrect.] 

Formler (wave-airy) for strømning avhengig av bølgelengder og vanndyp er gitt. Dette er de mest brukte formlene for dette selv om vi vet at bølgene ikke alltid er en sinusbølge så er det en god tilnærming som er godt nok i de fleste tilfelle for design. 
Forskjell på grunt vann, endelig vanndyp, dypt vann. 
Empirisk sammenheng 
Wavelength: the distance between two identical points on successive waves, for example crest to crest, or trough to trough. Wave steepness: the ratio of wave height to length (H/L). If this ratio exceeds 1/7 (i.e. height exceeds 1/7 of the wavelength) the wave gets too steep, and will break. 
Wave airy har denne begrensningen men brukes konservativt for å finne bølgelaster 
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Wave airy regneark 
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Dispersjon – bølger med forskjellige lengder beveger seg i forskjellig hastighet
Calculations wave and movements

Gjennomgang av ulike fenomener knyttet til bølger og vann.

Det er ikke meningen at man skulle kunne regne på dette her i dette faget men det forventes at studenten vet sånn nogen lunde hva dette er og når disse fenomenene opptrer.

Dette for å kunne unngå problemer med dette her ved design av havromskonstruksjoner. 
For praktisk bruk så er det spesielt slamming vi kunne brukt mer tid på. 


Wind-Generated Waves: Directional and Terrain Dependence
1. Wind-Generated Waves:
1. Wind-generated waves are created by the friction between the wind and the surface of the water. The characteristics of these waves, such as height and direction, depend on several factors, including wind speed, duration, and fetch (the distance over which the wind blows).
2. Directional Dependence:
1. The direction of the wind plays a crucial role in wave formation. Waves will generally travel in the same direction as the wind. Understanding the wind direction is essential for predicting how waves will behave in a given area.
3. Terrain Dependence:
1. The local terrain, including underwater topography and coastal features, significantly influences wave behavior. For example, waves may be refracted, diffracted, or reflected by features such as islands, reefs, or shallow areas. This can lead to variations in wave height and direction as they approach the shore.
4. SWAN Model:
1. The SWAN (Simulating Waves Nearshore) model is a numerical tool used to simulate wave generation and propagation. It takes into account wind direction, wave direction, and local terrain effects.
2. While SWAN is effective for modeling waves, it was developed in the Netherlands and may not be fully adapted to specific conditions found in Norway, such as fjords and complex coastal topographies.
5. Application in Norway:
1. To improve the accuracy of wave predictions in Norwegian waters, it may be necessary to adjust the SWAN model based on local data and conditions. This could involve incorporating local wind patterns and topographical features.
2. Combining SWAN with other models or local observations can enhance the reliability of wave forecasts in specific regions.

Wave Effects Near Shore
1. Wave Refraction:
1. As waves approach shallow water, they slow down and change direction due to the decreasing water depth. This bending of waves is known as refraction. It can lead to concentrated wave energy in certain areas, affecting coastal structures and sediment transport.
2. Wave Breaking:
1. When waves enter shallow water, they become steeper and eventually break. This process can create significant turbulence and energy dissipation, impacting coastal erosion and sediment dynamics. The type of breaking (spilling, plunging, or surging) depends on the wave height and slope of the seabed.
3. Wave Reflection:
1. Some waves may reflect off structures such as seawalls, jetties, or cliffs. This reflection can lead to increased wave energy in certain areas, potentially causing erosion or structural damage. Understanding reflection is crucial for designing coastal defenses.
4. Wave Setup and Surge:
1. Wave setup refers to the increase in water level near the shore due to the energy of breaking waves. This can lead to higher water levels during storms, contributing to coastal flooding. Wave surge is the additional water level rise caused by wind and atmospheric pressure changes, which can exacerbate flooding.
5. Longshore Currents:
1. Waves approaching the shore at an angle can generate longshore currents, which move parallel to the coastline. These currents can transport sediment along the beach, affecting erosion and deposition patterns. Understanding longshore currents is essential for coastal management and engineering.
6. Interaction with Structures:
1. Waves interacting with coastal structures can create complex flow patterns and forces. Engineers must consider these effects when designing breakwaters, piers, and other marine infrastructure to ensure stability and functionality.
7. Coastal Erosion:
1. The combined effects of wave action, currents, and sediment transport can lead to coastal erosion. Understanding these processes is vital for developing effective coastal protection strategies and sustainable management practices.
Conclusion
Understanding wave effects near shore is crucial for marine engineering and coastal management. By considering factors such as wave refraction, breaking, reflection, and interactions with structures, engineers can design more resilient coastal infrastructure and mitigate the impacts of wave action on shorelines.
Wave-Coast Interactions | manoa.hawaii.edu/ExploringOurFluidEarth

Wave Effects Near Shore
1. Wave Refraction:
1. As waves approach shallow water, they slow down and change direction due to the decreasing water depth. This bending of waves is known as refraction. It can lead to concentrated wave energy in certain areas, affecting coastal structures and sediment transport.
2. Wave Breaking:
1. When waves enter shallow water, they become steeper and eventually break. This process can create significant turbulence and energy dissipation, impacting coastal erosion and sediment dynamics. The type of breaking (spilling, plunging, or surging) depends on the wave height and slope of the seabed.
3. Wave Reflection:
1. Some waves may reflect off structures such as seawalls, jetties, or cliffs. This reflection can lead to increased wave energy in certain areas, potentially causing erosion or structural damage. Understanding reflection is crucial for designing coastal defenses.
4. Wave Setup and Surge:
1. Wave setup refers to the increase in water level near the shore due to the energy of breaking waves. This can lead to higher water levels during storms, contributing to coastal flooding. Wave surge is the additional water level rise caused by wind and atmospheric pressure changes, which can exacerbate flooding.
5. Longshore Currents:
1. Waves approaching the shore at an angle can generate longshore currents, which move parallel to the coastline. These currents can transport sediment along the beach, affecting erosion and deposition patterns. Understanding longshore currents is essential for coastal management and engineering.
6. Interaction with Structures:
1. Waves interacting with coastal structures can create complex flow patterns and forces. Engineers must consider these effects when designing breakwaters, piers, and other marine infrastructure to ensure stability and functionality.
7. Coastal Erosion:
1. The combined effects of wave action, currents, and sediment transport can lead to coastal erosion. Understanding these processes is vital for developing effective coastal protection strategies and sustainable management practices.
Conclusion
Understanding wave effects near shore is crucial for marine engineering and coastal management. By considering factors such as wave refraction, breaking, reflection, and interactions with structures, engineers can design more resilient coastal infrastructure and mitigate the impacts of wave action on shorelines.
If you need more specific details or examples, feel free to ask!
Bølger langs kysten
Certainly! Here’s an overview of coastal waves, focusing on their behavior and effects along the shoreline:
Waves Along the Coast
1. Wave Formation:
1. Waves are generated by wind blowing over the surface of the water. The characteristics of these waves, such as height, period, and direction, depend on wind speed, duration, and fetch (the distance over which the wind blows).
2. Wave Propagation:
1. As waves travel from deep water to shallow water, they undergo changes due to the interaction with the seabed. This process includes refraction, which alters their direction, and changes in speed and height.
3. Wave Refraction:
1. When waves approach the coast at an angle, they slow down in shallower water, causing them to bend or refract. This can lead to concentrated wave energy in certain areas, affecting coastal erosion and sediment transport.
4. Wave Breaking:
1. As waves enter shallower water, they become steeper and eventually break. There are different types of wave breaking:
1. Spilling Breakers: Gradually release energy as they break, common on gentle slopes.
2. Plunging Breakers: Steep waves that break suddenly, often seen on steeper beaches.
3. Surging Breakers: Waves that do not break but surge up the beach, typically on very steep slopes.
5. Longshore Currents:
1. Waves that hit the shore at an angle create longshore currents, which move parallel to the coastline. These currents are responsible for transporting sand and sediment along the beach, influencing coastal morphology.
6. Coastal Erosion and Accretion:
1. The interaction of waves with the shoreline can lead to erosion (removal of sediment) or accretion (deposition of sediment). Factors such as wave energy, sediment supply, and human activities (like construction) play a significant role in these processes.
7. Impact on Coastal Structures:
1. Waves can exert significant forces on coastal structures such as seawalls, piers, and breakwaters. Engineers must consider wave height, period, and direction when designing these structures to ensure they can withstand wave action.
8. Tsunamis and Storm Surges:
1. In addition to regular wind-generated waves, coastal areas can be affected by tsunamis and storm surges, which can cause rapid and extreme changes in water levels, leading to flooding and damage.
Conclusion
Understanding the behavior of waves along the coast is essential for coastal management, engineering, and environmental protection. By studying wave dynamics, engineers and scientists can develop strategies to mitigate erosion, protect infrastructure, and maintain healthy coastal ecosystems.
https://www.youtube.com/watch?v=3yNoy4H2Z-o
Wave Shoaling
Definition: Wave shoaling refers to the process by which waves increase in height and decrease in wavelength as they move from deeper water into shallower water. This phenomenon occurs due to the interaction of waves with the seabed.
Key Concepts:
1. Wave Speed and Depth:
1. In deep water, waves travel faster and have longer wavelengths. As waves approach shallower areas, their speed decreases, and their wavelengths shorten.
2. Energy Conservation:
1. The energy of the wave remains relatively constant as it shoals. As the wave enters shallower water and slows down, the energy is concentrated in a smaller volume, resulting in an increase in wave height.
3. Wave Height Increase:
1. The increase in wave height can be significant, especially in areas with steeply sloping seabeds. This can lead to breaking waves as they approach the shore.
4. Breaking Waves:
1. As waves shoal and their height increases, they eventually reach a point where they can no longer maintain their shape and begin to break. The type of breaking (spilling, plunging, or surging) depends on the steepness of the wave and the slope of the seabed.
5. Refraction and Direction:
1. Wave shoaling is often accompanied by wave refraction, where waves bend as they approach the shore. This can lead to changes in wave direction and can concentrate wave energy in certain areas, affecting coastal erosion and sediment transport.
6. Practical Implications:
1. Understanding wave shoaling is crucial for coastal engineering, navigation, and marine activities. It helps in predicting wave behavior near the shore, which is important for designing coastal structures, managing beaches, and ensuring safety for vessels.
Conclusion
Wave shoaling is a fundamental process that affects wave dynamics as they transition from deep to shallow water. By understanding this phenomenon, engineers and scientists can better predict wave behavior and its impacts on coastal environments and infrastructure.

Wave shoaling - Wikipedia 

Wave refraction: https://www.youtube.com/watch?v=G1FIBuybN78
Wave breaking: https://youtu.be/aXuQC1qRuEM
Wave + current interaction: https://youtu.be/2tQz1_39eF0

Green Water ("Grønn Sjø")
Definition: "Green water" refers to the phenomenon where waves break over the deck of a floating offshore structure, such as a ship or platform, resulting in free water accumulating on the deck. This can pose significant risks to the integrity and safety of the structure.
Key Concepts:
1. Causes of Green Water:
1. Green water typically occurs during extreme wave events, where large waves break over the vessel or platform. Factors contributing to this include wave height, wave period, and the vessel's motion.
2. Airgap Problems:
1. The airgap is the vertical distance between the waterline and the lowest point of the structure (e.g., the hull or deck). Extreme waves can reduce this airgap, increasing the risk of water entering the structure or causing damage.
3. Slamming:
1. Slamming occurs when a wave impacts the hull of a vessel or platform, creating a sudden and intense force. This can lead to structural damage, especially if the vessel is not designed to withstand such impacts.
4. Impact on Safety and Operations:
1. Green water on the deck can create hazardous conditions for personnel and equipment. It can lead to loss of stability, increased weight on the structure, and potential damage to machinery and cargo.
5. Characterization of Extreme Waves:
1. Identifying and characterizing extreme waves is complex due to the varying physics involved in different wave phenomena. Factors such as wave height, steepness, frequency, and direction must be considered.
2. Advanced modeling and simulation techniques are often used to predict extreme wave conditions and their potential impacts on offshore structures.
6. Mitigation Strategies:
1. To mitigate the risks associated with green water and extreme waves, designers may incorporate features such as:
1. Higher freeboard (the height of the deck above the waterline).
2. Improved hull designs to minimize slamming.
3. Effective drainage systems to manage water accumulation on the deck.
Conclusion
Green water is a critical concern for the safety and integrity of floating offshore structures, particularly during extreme wave events. Understanding the dynamics of green water, airgap issues, and slamming is essential for effective design and operational strategies in marine environments.


✅ Wave Run-up
Definisjon:
Wave run-up refers to the maximum vertical extent of wave uprush on a structure above the still water level. It is the distance water travels upward on a surface (e.g., a monopile, a quay wall, or a breakwater) due to wave action.
Bruksområder:
· Offshore wind foundations (e.g., monopiles, jackets)
· Coastal and port structures (e.g., quays, breakwaters)
· Platform legs or sea walls
Faktorer som påvirker wave run-up:
· Bølgehøyde og bølgelengde
· Konstruksjonens geometri (skrå, vertikal, kurvet osv.)
· Vannstand og tidevann
· Overflatens ruhet og belegg

Hvis du ønsker en tilsvarende norsk formulering, brukes ofte:
· "bølgeopprulling" (vanlig i kystteknikk)
· "bølgepåløp"
· Eller ganske enkelt: "hvor høyt vannet klatrer opp konstruksjonen under bølgepåvirkning"

https://www.sciencedirect.com/science/article/pii/S0378383906001128

✅ Ringing – teknisk definisjon
Ringing er en type høyfrekvent, lav-amplitudebelastning som skyldes ikke-lineære bølgevirkninger, ofte knyttet til brå hendelser som bølgetopper, slam eller brudd i bølgeformen (wave slamming).
Den oppstår typisk ved:
· Kortperiodiske (steile) bølger
· Slanke, aksialsymmetriske strukturer (som monopæler)
· Dypvann og lange bølger (der klassisk Morison-last blir lite presis)
· Kombinasjon av bølgepåvirkning og strukturens egenfrekvens

📌 Kjennetegn ved ringing:
	Parameter
	Beskrivelse

	Type last
	Ikke-lineær, impulsiv

	Varighet
	Kortvarige utbrudd

	Frekvens
	Høyere enn bølgefrekvensen – typisk nær egenfrekvens

	Effekt
	Induserer svingninger i konstruksjonen (dynamisk respons)

	Forskjell fra "springing"
	Ringing er impulsiv og plutselig – springing er kontinuerlig resonans



🔍 Forsknings- og ingeniørmessig betydning:
· Ringing er utfordrende å forutsi med lineære bølgemodeller (krever ofte CFD eller empiriske modeller).
· Kan føre til utmattingsskader over tid eller uventede dynamiske responser.
· Er spesielt relevant for design av offshore vindfundamenter (som monopæler) og plattformer i utsatte områder.

📚 Standarder og verktøy:
· DNV-RP-C205 ("Environmental Conditions and Environmental Loads") omtaler ringing.
· Beregnes ikke pålitelig med Morison-ligningen alene – CFD eller fysiske modellforsøk anbefales for detaljert analyse.

https://draugen.industriminne.no/en/2018/05/14/the-ringing-phenomenon/


✅ Springing – teknisk definisjon
Springing er en lav-amplitude, høyfrekvent resonansrespons i slanke offshorestrukturer (f.eks. monopæler, søyleplattformer og skipsskrog), indusert av bølger med frekvens nær konstruksjonens egenfrekvens i vertikal (aksial) eller horisontal retning.

📌 Kjennetegn ved springing:
	Parameter
	Beskrivelse

	Type last
	Periodisk og harmonisk (resonans)

	Opphav
	Lav til moderat sjø – vanligvis ikke brå bølger

	Frekvens
	I eller nær konstruksjonens egenfrekvens

	Varighet
	Langvarig, vedvarende påvirkning

	Effekt
	Akkumulert utmatting over tid (kan være kritisk)

	Forskjell fra "ringing"
	Springing er en kontinuerlig resonans, mens ringing er en kortvarig, impulsiv respons forårsaket av brå last (slamming)



🔍 Eksempel på springing:
· En FPSO eller TLP (tension-leg platform) kan oppleve aksiale svingninger i strekkstagene, fordi bølgene treffer med en frekvens nær konstruksjonens naturlige egenfrekvens.
· Offshore vindmonopæler kan oppleve springing i moderat sjø, noe som over tid kan føre til utmattingsskader – særlig i overgangsområdet mellom fundament og tårn.

📚 Viktige momenter for ingeniører og forskere:
· Springing krever at bølgefrekvensen matcher eller nærmer seg egenfrekvensen i strukturens fleksible moduser (f.eks. 1. eller 2. bøyningsmodus).
· Er vanskelig å fange opp i klassiske lineære analyser, og krever hydroelastisk modellering (kombinasjon av hydrodynamikk og strukturens elastiske respons).
· Kan være avgjørende for utmattingsdesign.

📖 Standarder og metoder:
· DNV-RP-C203 og DNV-RP-C205 omtaler springing i sammenheng med utmattingsberegninger.
· Numerisk modellering må inkludere både bølgelast og strukturens modale egenskaper.
· Noen ganger brukes CFD eller spesialiserte analyseverktøy (som OrcaFlex, HydroD, SIMO-RIFLEX).

http://www.kvitrud.no/1994-Ringing.pdf
Slamming
Definition: Slamming refers to the sudden impact of waves against the hull of a vessel or floating structure, resulting in a sharp and intense force. This phenomenon occurs when a vessel moves through waves, particularly in rough sea conditions, and can lead to structural damage and safety concerns.
Key Concepts:
1. Causes of Slamming:
1. Slamming typically occurs when a vessel is navigating through steep waves or when it is airborne (e.g., when the bow rises and then falls back into the water). The sudden re-entry into the water creates a high-pressure impact.
2. Factors Influencing Slamming:
1. Wave Height and Steepness: Higher and steeper waves increase the likelihood of slamming.
2. Vessel Speed: Faster speeds can exacerbate the impact as the vessel may not have enough time to adjust to wave conditions.
3. Hull Design: The shape and design of the hull can influence how well a vessel handles slamming. Vessels with sharper bows may experience more slamming compared to those with more rounded designs.
3. Effects of Slamming:
1. Structural Damage: Repeated slamming can lead to fatigue and damage to the hull, deck, and internal structures.
2. Safety Risks: Slamming can create hazardous conditions for crew and equipment, potentially leading to injuries or loss of cargo.
3. Operational Disruption: The impact can affect the vessel's stability and maneuverability, complicating navigation and operations.
4. Mitigation Strategies:
1. Hull Design Improvements: Designing hulls to minimize slamming effects, such as using bulbous bows or other shapes that reduce the impact.
2. Speed Management: Reducing speed in rough seas can help minimize slamming occurrences.
3. Shock Absorbing Systems: Implementing systems that can absorb or dampen the impact forces can help protect the structure.
5. Modeling and Prediction:
1. Engineers use computational fluid dynamics (CFD) and other modeling techniques to predict slamming events and assess their potential impacts on vessel design and performance.
Conclusion
Slamming is a significant concern in marine engineering, particularly for vessels operating in rough seas. Understanding the causes and effects of slamming, along with effective design and operational strategies, is essential for ensuring the safety and integrity of floating structures.
Teori wave slamming (for spesielt interesserte) 
Eksempel beregning Slamming (fra Aibel)
 
Impact of Batterometry on Landscape
Definition: Batterometry refers to the study of the impact of wave action, particularly in relation to coastal and marine environments. It involves understanding how waves interact with the shoreline and the effects of these interactions on the landscape, including erosion, sediment transport, and coastal morphology.
Key Concepts:
1. Wave Action and Erosion:
1. Waves exert significant forces on coastal landscapes, leading to erosion of shorelines. The intensity of wave action can vary based on factors such as wave height, frequency, and direction.
2. Erosion can reshape coastlines, leading to the loss of land and altering habitats.
2. Sediment Transport:
1. Waves play a crucial role in the movement of sediments along the coast. This process, known as longshore drift, can lead to the formation of features such as beaches, sandbars, and coastal dunes.
2. The balance between erosion and sediment deposition is vital for maintaining coastal stability.
3. Coastal Morphology:
1. The interaction of waves with the landscape contributes to the development of various coastal features, including cliffs, beaches, estuaries, and deltas.
2. Changes in wave patterns due to human activities (e.g., construction of jetties or breakwaters) can significantly alter coastal morphology.
4. Impact of Extreme Weather Events:
1. Storms and extreme wave events can lead to significant changes in coastal landscapes, including increased erosion and flooding. Understanding batterometry helps predict these impacts and inform coastal management strategies.
5. Human Influence:
1. Coastal development, such as the construction of ports, marinas, and coastal defenses, can affect natural wave patterns and sediment transport. This can lead to unintended consequences, such as increased erosion in adjacent areas.
2. Sustainable coastal management practices are essential to mitigate negative impacts on landscapes.
6. Monitoring and Assessment:
1. Tools such as remote sensing, wave modeling, and field surveys are used to assess the impact of wave action on coastal landscapes. This data is crucial for effective coastal planning and management.
Conclusion
Understanding the impact of batterometry on landscapes is essential for effective coastal management and environmental protection. By studying wave action and its effects on erosion, sediment transport, and coastal morphology, scientists and engineers can develop strategies to preserve and enhance coastal environments.
 
Oppsummering krefter fra vann


[bookmark: _Toc203808607]11. 	Marine fouling


NORSOK S-002: This standard addresses the design and construction of offshore structures, including considerations for marine growth and fouling.

"Marin begroing" translates to "marine fouling" in English. It refers to the accumulation of various organisms, such as algae, barnacles, and mollusks, on submerged surfaces, such as ships, buoys, and marine equipment. This phenomenon can lead to increased drag, corrosion, and maintenance challenges in marine environments. If you have more specific questions about marine fouling, feel free to ask!

Marine fouling: Begoing på jacket konstruksjoner (kvitrud.no)
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Design av flytere starter med å se på stillevannskondisjonen (Se forelesning Wind for Aker H3). Stillevannskondisjonen består av dødvekt og ballast. Konstruksjonen må kunne flyte og være robust mot vind, bølger og andre miljølaster som is, issprøyt osv. Miljølaster som vind og bølger kommer i ulike intensiteter med ulike perioder/frekvenser. Konstruksjonen må designes slik at man unngår at egensvingninger treffer de største og verste lastene slik at konstruksjonen havarerer. Det gjelder ekstremlaster med også utmatning som kan være vel så kritisk. Det er typisk at det er de mellomstore bølgene som generer mest utmatningsskade med en periode på kanskje 5 til 10 sekunder. 

"Kilde sluk beregningsmetode"
Vi jobber nå med å forsøke å gjøre noen anslag rundt oppførsel av konstruksjoner av vann og "added mass". Enkle betraktninger og erfaringstall må gjøres i alle faser i et prosjekt. Øvelsene vi gjør her nå bidrar til at man skal kunne gjøre slike betraktninger. 
For å være helt sikker på at man har riktige laster må man bruke en "kilde-sluk"-beregning. Deretter settes lastene på manuelt evt. at man her et eget konverteringsprogram som sørger for at lastene blir satt på riktig i modellen. Fjærer da benyttes slik som i den første "Geir flyter" modellen. "Kilde-sluk" er ikke pensum i dette faget. Kilde-sluk samt panelmodellen er de mest vanlige beregningsteknikkene som gjøres på hydrodynamiske analys. Se KildeSluk.pdf
(In english this is called the source-sink method:
DNV-RP-F20: Global Performance Analysis of Deepwater Floating Structures (hvl.no) )

Fra faglærer sin side så er det også en ambisjon om at studentene skal få en følelse av hva dette her er og hva slags størrelser det er snakk om (deplasement koblet til bredde, lengde, egensvingeperioder) igjennom å gjøre noen enkle betrakninger rundt temaet. Hva er de kritiske parametrene for å bygge noe som skal ligge på sjøen?

Bevegelser i vann
 BYGT2312-Lecture2023.09.22-BevegelserIVann.pdf  
- Svingeligning:
   (m+m.a)a + uv + kx = f(t,x,y,z)
   Inneholder massekraft, motstandkraft og 
   forskyvningskraft.
-  Beregninger av vanntrykk
-  Beregning av tyngdepunkt
-  3 prinsipper: Balaststabilisert, buoyanc
    stabilisert, mooring stabilisert. 
- Egenperioder med og uten "added mass". 

 
Added mass:
Medsvingende vekt fra vann i bølger og luft i vind må tas med for å finne riktig oppførsel av konstruksjonen. For vind så er betyr added mass mindre siden luft veier mye mindre. 
Typiske rulleperioder for ulike flytekonsepter:
 BYGT2312-Lecture2023.09.22-TypiskeRulleperioder.pdf 
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Hvordan gjette på riktig massetreghetsmoment:
SDY_Natural Roll Period of a vessel - YouTube 

Eksempel på beregninger av bevegelser på en barge med transport av en flammebom mer nøyaktig ihht. DnV-standard:
 BYGT2312-Lecture2023.09.22.DnV-barge-movements.pdf  

Dynamisk forsterkningsfaktor er gitt på side 34. Svingning av konstruksjoner (nb.no)

Også beskrevet på side 181 i Havromsteknologiboka. Her er det også en figur som viser effekten av "dempning" på figuren her. Eksempelet med 2% dempning blir slik:
DAF-HavromsteknologiEksempel.pdf

Side 89 og side 93. Ser på grunnleggende flyte/stabilitetsprinsipper.
For å forstå hva disse egenfrekvensene er då kan man se beskrivelsene under her. Ifm. er jeg kun ute etter bruken her ifm. design men denne videoen var såpass enkelt og godt forklart så da tar jeg det med her.
Egenfrekvenser finnes ut fra ma + kx = 0
(svingeligning). Dette kan være matriser med mange frihetsgrader men for få frihetsgrader kan man enkelt regne ut både svingeform og svingeperioder. Denne videoen viser hvordan denne beregningen gjøres: 
Dette er eksempel på en egenverdiberegning. For mange frihetsgrader blir dette mer komplisert da det blir for mange ligninger og for mange ukjente. I dataprogrammer som SAP2000 finnes ulike algoritmer for å finne egenverdier målet er det samme. Dvs. å finne i hvilken form konstruksjonen svinger (evt. knekker) og hvilken energi skal til for at konstruksjonen skal svinge (eller knekke). 

Egenfrekvenser for rotasjon finnes ut fra rotasjonsstivhetfra det nedykkede vannet sammen med massetreghetsmomentsmomentet. I SAP2000 er massene knyttet til knutepunkter. M er om massetreghetsmomenter er beskrevet i denne videoen:

Moment of Inertia for point mass and rod - YouTube 
 Moment of inertia, masstreghetsmoment (fra Hibeler):
MomentOfInertiaHibeler.pdf
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Kjenne begrepene: Surge, sway, hiv, roll, pitch, yaw
Med tilleggsbegreper "heel" og "trim"

Ship motions - Wikipedia
Eksempel på beregninger av bevegelser på en barge med transport av en flammebom mer nøyaktig ihht. DnV-standard: Beregning ihht. DnV regelverk.

"Kilde sluk beregningsmetode"
Vi jobber nå med å forsøke å gjøre noen anslag rundt oppførsel av konstruksjoner av vann og "added mass". Enkle betraktninger og erfaringstall må gjøres i alle faser i et prosjekt. Øvelsene vi gjør her nå bidrar til at man skal kunne gjøre slike betraktninger. 
For å være helt sikker på at man har riktige laster må man bruke en "kilde-sluk"-beregning. Deretter settes lastene på manuelt evt. at man her et eget konverteringsprogram som sørger for at lastene blir satt på riktig i modellen. Fjærer da benyttes slik som i den første "Geir flyter" modellen. "Kilde-sluk" er ikke pensum i dette faget. Kilde-sluk samt panelmodellen er de mest vanlige beregningsteknikkene som gjøres på hydrodynamiske analyser.  Beskrive kilde-sluk
(In english this is called the source-sink method:
DNV-RP-F205: Global Performance Analysis of Deepwater Floating Structures (hvl.no) )
Fra faglærer sin side så er det også en ambisjon om at studentene skal få en følelse av hva dette her er og hva slags størrelser det er snakk om (deplasement koblet til bredde, lengde, egensvingeperioder) igjennom å gjøre noen enkle betrakninger rundt temaet. Hva er de kritiske parametrene for å bygge noe som skal ligge på sjøen?
Bevegelser i vann
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- Svingeligning:
   (m+m.a)a + uv + kx = f(t,x,y,z) [image: A black and white drawing of a straight line
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   Inneholder massekraft, motstandkraft og 
   forskyvningskraft.
-  Beregninger av vanntrykk
-  Beregning av tyngdepunkt
-  3 prinsipper: Balaststabilisert, buoyanc
    stabilisert, mooring stabilisert. 
- Egenperioder med og uten "added mass". 

Dynamisk forsterkningsfaktor er gitt på side 34. Svingning av konstruksjoner (nb.no)

Også beskrevet på side 181 i Havromsteknologiboka. Her er det også en figur som viser effekten av "dempning" på figuren her. Eksempelet med 2% dempning blir slik:
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Side 89 og side 93. Ser på grunnleggende flyte/stabilitetsprinsipper.
For å forstå hva disse egenfrekvensene er då kan man se beskrivelsene under her. Ifm. er jeg kun ute etter bruken her ifm. design men denne videoen var såpass enkelt og godt forklart så da tar jeg det med her.
Egenfrekvenser finnes ut fra ma + kx = 0
(svingeligning). Dette kan være matriser med mange frihetsgrader men for få frihetsgrader kan man enkelt regne ut både svingeform og svingeperioder. Denne videoen viser hvordan denne beregningen gjøres:  https://youtu.be/cD41LXKSyVU
Dette er eksempel på en egenverdiberegning. For mange frihetsgrader blir dette mer komplisert da det blir for mange ligninger og for mange ukjente. I dataprogrammer som SAP2000 finnes ulike algoritmer for å finne egenverdier målet er det samme. Dvs. å finne i hvilken form konstruksjonen svinger (evt. knekker) og hvilken energi skal til for at konstruksjonen skal svinge (eller knekke). 

Egenfrekvenser for rotasjon finnes ut fra rotasjonsstivhetfra det nedykkede vannet sammen med massetreghetsmomentsmomentet. I SAP2000 er massene knyttet til knutepunkter. M er om massetreghetsmomenter er beskrevet i denne videoen:
Moment of Inertia for point mass and rod - YouTube 

Added mass:
Medsvingende vekt fra vann i bølger og luft i vind må tas med for å finne riktig oppførsel av konstruksjonen. For vind så er betyr added mass mindre siden luft veier mye mindre. 
Typiske rulleperioder for ulike flytekonsepter:
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Løsningsforslag fra eksamen 2021 på spørsmål om stabilitet
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Forskjellen på: - Kvasistatisk, dynamisk, kvasidynamisk
Design handler om å tilpasse konstruksjonen til bruken og omgivelsene. På sjøen så har vi bølger med ulike perioder og størrelser. For periodiske laster gjelder det å unngå periodene til de største lastene. Både i industrien (verksted/maskiner/strømningshastigheter) og ute i naturen (vind) og spesielt havet (vind og bølger) er det viktig at vi designer konstruksjonen slik at disse periodiske lastene ikke ødelegger konstruksjonen. I eksempelet for Halten ser man typiske størrelser for havrommet utenfor Norge. Hvordan man regner på dette her avhenger av om man er i det kvasistatiske, dynamiske eller kvasidynamiske området. Konstruksjoner der de største lastene har en mer sakte frekvens enn egenperioden kalles kvasistatisk (f.eks. jacket). Hvis lastene har en raskere frekvens enn egenperioden er man i det kvasidynamiske området (f.eks. flytere).

Det som skal forstås av svingninger i dette faget er:

1. Stivheten av vannet styres av vannlinjearealet
2. Dynamikken styres av en sammenheng mellom masse og stivhet.
3. Klare å finne egenfrekvensen for et 1 frihetsgradssystem omega = rot(masse/stivhet)
3. En konstruksjon må designes slik at at ytre laster som er lik egenfrekvensen til konstruksjonen er små og påvirker konstruksjonens levetid og kapasitet lite.
4. Miljølaster som vind og bølger (+ jordskjelv) består av et spekter av frekvenser. Det er ikke til å unngå at noen laster (bølger eller vindkast) er lik egenperioden til en konstruksjon. Periodiske laster som er lik eller nær egenfrekveksen bør være små slik at den ikke blir kritisk for konstruksjonen. For konstruksjoner der periodiske laster er dominerende vi utmatning ("fatigue") ofte være dimensjonerene. Mer om dette her kommer senere i faget. 
5. Det forventes at begrepet "vortex shedding" er kjent men det forventes ikke at man skal kunne regne på dette her. 
A Brief Explanation on Vortex Shedding (Meca Enterprises Inc.) - YouTube 
6. Tiltak mot vortex shedding kan være enkelt:
A Brief Explanation of Helical Strakes (Meca Enterprises Inc.) - YouTube 
Det er å merke seg at løsning som "Helical Strakes" øker vindarealet og virker utgunstig på den måten.
Youtube: All about Damping
Eksempel med “Geir flyter” i SAP2000. 
Forskjellen på:-  Kvasistatisk, dynamisk, kvasidynamisk
Design handler om å tilpasse konstruksjonen til bruken og omgivelsene. På sjøen så har vi bølger med ulike perioder og størrelser. For periodiske laster gjelder det å unngå periodene til de største lastene. Både i industrien (verksted/maskiner/strømningshastigheter) og ute i naturen (vind) og spesielt havet (vind og bølger) er det viktig at vi designer konstruksjonen slik at disse periodiske lastene ikke ødelegger konstruksjonen. I eksempelet for Halten ser man typiske størrelser for havrommet utenfor Norge. Hvordan man regner på dette her avhenger av om man er i det kvasistatiske, dynamiske eller kvasidynamiske området. Konstruksjoner der de største lastene har en mer sakte frekvens enn egenperioden kalles kvasistatisk (f.eks. jacket). Hvis lastene har en raskere frekvens enn egenperioden er man i det kvasidynamiske området (f.eks. flytere).
Det som skal forstås av svingninger i dette faget er:

1. Stivheten av vannet styres av vannlinjearealet
2. Dynamikken styres av en sammenheng mellom masse og stivhet.
3. Klare å finne egenfrekvensen for et 1 frihetsgradssystem omega = rot(masse/stivhet)
3. En konstruksjon må designes slik at at ytre laster som er lik egenfrekvensen til konstruksjonen er små og påvirker konstruksjonens levetid og kapasitet lite.
4. Miljølaster som vind og bølger (+ jordskjelv) består av et spekter av frekvenser. Det er ikke til å unngå at noen laster (bølger eller vindkast) er lik egenperioden til en konstruksjon. Periodiske laster som er lik eller nær egenfrekveksen bør være små slik at den ikke blir kritisk for konstruksjonen. For konstruksjoner der periodiske laster er dominerende vi utmatning ("fatigue") ofte være dimensjonerene. Mer om dette her kommer senere i faget. 
5. Det forventes at begrepet "vortex shedding" er kjent men det forventes ikke at man skal kunne regne på dette her. 

Paper på rulleperioder
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-article-BWM2-0041-0006

Youtube: All about Damping

"Geir flyter" og egenperioder i vann:

A Brief Explanation on Vortex Shedding (Meca Enterprises Inc.) - YouTube 
6. Tiltak mot vortex shedding kan være enkelt:
A Brief Explanation of Helical Strakes (Meca Enterprises Inc.) - YouTube 
Det er å merke seg at løsning som "Helical Strakes" øker vindarealet og virker utgunstig på den måten. 

 Hvordan gjette på riktig massetreghetsmoment:
SDY_Natural Roll Period of a vessel - YouTube 

Paper - rulleperioder:
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-article-BWM2-0041-0006

Dynamisk forsterkningsfaktor er gitt på side 34. Svingning av konstruksjoner (nb.no)


Bok.pdf (ntnu.no)
Side 89 og side 93. Ser på grunnleggende flyte/stabilitetsprinsipper.
For å forstå hva disse egenfrekvensene er då kan man se beskrivelsene under her. Ifm. er jeg kun ute etter bruken her ifm. design men denne videoen var såpass enkelt og godt forklart så da tar jeg det med her.
Egenfrekvenser finnes ut fra ma + kx = 0
(svingeligning). Dette kan være matriser med mange frihetsgrader men for få frihetsgrader kan man enkelt regne ut både svingeform og svingeperioder. Denne videoen viser hvordan denne beregningen gjøres: 
Dette er eksempel på en egenverdiberegning. For mange frihetsgrader blir dette mer komplisert da det blir for mange ligninger og for mange ukjente. I dataprogrammer som SAP2000 finnes ulike algoritmer for å finne egenverdier målet er det samme. Dvs. å finne i hvilken form konstruksjonen svinger (evt. knekker) og hvilken energi skal til for at konstruksjonen skal svinge (eller knekke). 

Egenfrekvenser for rotasjon finnes ut fra rotasjonsstivhetfra det nedykkede vannet sammen med massetreghetsmomentsmomentet. I SAP2000 er massene knyttet til knutepunkter. M er om massetreghetsmomenter er beskrevet i denne videoen:

Moment of Inertia for point mass and rod - YouTube 

Design av flytere starter med å se på stillevannskondisjonen (Se forelesning Wind for Aker H3). Stillevannskondisjonen består av dødvekt og ballast. Konstruksjonen må kunne flyte og være robust mot vind, bølger og andre miljølaster som is, issprøyt osv. Miljølaster som vind og bølger kommer i ulike intensiteter med ulike perioder/frekvenser. Konstruksjonen må designes slik at man unngår at egensvingninger treffer de største og verste lastene slik at konstruksjonen havarerer. Det gjelder ekstremlaster med også utmatning som kan være vel så kritisk. Det er typisk at det er de mellomstore bølgene som generer mest utmatningsskade med en periode på kanskje 5 til 10 sekunder. 

"Kilde sluk beregningsmetode"
Vi jobber nå med å forsøke å gjøre noen anslag rundt oppførsel av konstruksjoner av vann og "added mass". Enkle betraktninger og erfaringstall må gjøres i alle faser i et prosjekt. Øvelsene vi gjør her nå bidrar til at man skal kunne gjøre slike betraktninger. 
For å være helt sikker på at man har riktige laster må man bruke en "kilde-sluk"-beregning. Deretter settes lastene på manuelt evt. at man her et eget konverteringsprogram som sørger for at lastene blir satt på riktig i modellen. Fjærer da benyttes slik som i den første "Geir flyter" modellen. "Kilde-sluk" er ikke pensum i dette faget. Kilde-sluk samt panelmodellen er de mest vanlige beregningsteknikkene som gjøres på hydrodynamiske analyser. 

(In english this is called the source-sink method:
DNV-RP-F205: Global Performance Analysis of Deepwater Floating Structures (hvl.no) )
Fra faglærer sin side så er det også en ambisjon om at studentene skal få en følelse av hva dette her er og hva slags størrelser det er snakk om (deplasement koblet til bredde, lengde, egensvingeperioder) igjennom å gjøre noen enkle betrakninger rundt temaet. Hva er de kritiske parametrene for å bygge noe som skal ligge på sjøen?
- Svingeligning:
   (m+m.a)a + uv + kx = f(t,x,y,z)
   Inneholder massekraft, motstandkraft og 
   forskyvningskraft.
-  Beregninger av vanntrykk
-  Beregning av tyngdepunkt
-  3 prinsipper: Balaststabilisert, buoyanc
    stabilisert, mooring stabilisert. 
- Egenperioder med og uten "added mass". 

 
Added mass:
Medsvingende vekt fra vann i bølger og luft i vind må tas med for å finne riktig oppførsel av konstruksjonen. For vind så er betyr added mass mindre siden luft veier mye mindre. 
Denne videoen viser de 3 første modene (de 3 første svingeperiodene fra egenverdiberegningen) for 2 SAP2000 modeller. For den siste versjonen av "Geir flyter" er fjærene som skal representere vannet flyttet til tyngdepunktet for Geir og isoporplate tilsammen. Dette er et forsøk på å finne en mer riktig representasjon av bevegelsen på for ROLL og PITCH. 
 Video roll og pitch i SAP2000
Ved analyser så bruker man vanligvis å representere vannet slik som i den første modellen. Det er for å gi konstruksjonen mest mulig riktig innspenningsforhold men for masseberegningen/svingeberegningen gir ikke det helt riktig svar. For rullebevelsene blir det mer komplisert. De fleste lærebøker har derfor ut fra hva faglærer har funnet så langt unnlatt å snakke om det. For flytende konstruksjoner så styres design stort sett av hiv og rullebevegelse sammen med "hogging" og "sagging". 

Video "mass and modal analysis":
SAP2000 - 04 Mass and Modal Analysis: Watch & Learn - YouTube 

Vi regner Mathcad på stabilitetet til Geir og hvor mye han må bevege seg før han evt. tipper rundt. 
Hva skjer i SAP2000 hvis tyngdepunktet til Geir blir for høyt?
Vi fortsetter med Geir flyter og regner med "Added mass". Vi legger inn masser i SAP2000 og i Mathcad. I tillegg ser vi på kombinerings av laster for å få inn usikkerheter plassering av vekt og tyngdepunkt. 
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[bookmark: _Toc203808611]17.	Ice

I et forsøk på å bli integrert i forskergruppa Marin byggrteknikk forsøkte jeg med et notat der alle med sine spesialiteter kunne bidra. Det var ikke noe suksess men med basis i det jeg fikk tak ble dette notatet laget i alle fall. 
Jeg har erfaringer med isproblematikk på brues i elver. Det vil si Melhusbrua og Kviteseid bru. I tillegg var det ei bru som ble feid på sjøen av issmasser som kom ned fra fjellet i Finnmark på grensen mot Troms. 
Notat islaster
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TBA
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19.	Earthquake
 
TBA
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Definisjon: ULS, SLS, ALS, FLS
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Laster, lastkombinasjoner
 BYGT2312-Lecture2024.09.09-LoadCombinationsNORSOK.pdf  
 

Definisjon: ULS, SLS, ALS, FLS

 Kjenne begrepene: Surge, sway, hiv, roll, pitch, yaw
Med tilleggsbegreper "heel" og "trim"
Ship motions - Wikipedia

Lastkombinasjoner
Vi ser på et enkelt eksempel med lastkombinasjoner


Laster, lastkombinasjoner
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Definisjon: ULS, SLS, ALS, FLS


Forskjellen på:-  Kvasistatisk, dynamisk, kvasidynamisk
Design handler om å tilpasse konstruksjonen til bruken og omgivelsene. På sjøen så har vi bølger med ulike perioder og størrelser. For periodiske laster gjelder det å unngå periodene til de største lastene. Både i industrien (verksted/maskiner/strømningshastigheter) og ute i naturen (vind) og spesielt havet (vind og bølger) er det viktig at vi designer konstruksjonen slik at disse periodiske lastene ikke ødelegger konstruksjonen. I eksempelet for Halten ser man typiske størrelser for havrommet utenfor Norge. Hvordan man regner på dette her avhenger av om man er i det kvasistatiske, dynamiske eller kvasidynamiske området. Konstruksjoner der de største lastene har en mer sakte frekvens enn egenperioden kalles kvasistatisk (f.eks. jacket). Hvis lastene har en raskere frekvens enn egenperioden er man i det kvasidynamiske området (f.eks. flytere).

Forskjell på grundt vann, endelig vanndyp, dypt vann. 

Formler (wave-airy) for strømning avhengig av bølgelengder og vanndyp er gitt. Dette er de mest brukte formlene for dette selv om vi vet at bølgene ikke alltid er er en sinusbølge så er det en god tilnærming som er godt nok i de fleste tilfelle for design. 
Beskrivelse av bølgebevegelser:

https://www.ck12.org/book/ck-12-fourth-grade-science/section/2.11/
Bølgebeskrivelse mer i detalj:
https://www.youtube.com/watch?v=hplb9HXM6KA
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[image: A drawing of a rectangular object
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Innføring i Tekla. Tekla er en del av "pakken" "Idea Statica" (knutepunkter), "SAP2000" (beregningsverktøy) og "Tekla"  (CAD-verktøy som er spesielt koblet til verksted og også roboter brukt i verksted) som tildels "snakker sammen". Det er mange "plugins som kan brukes her. 

Se "Tekla warehouse" for muligheter. 
Snarveier i Tekla: Tekla-snarveiene.docx

Tekla - introduction/modelling. 
Prinsipper for design og hvordan man skal tenke når man designer konstruksjoner og ikke minst regner på konstruksjoner er gitt i denne presentasjonen. 

 BYGT2312-Lecture2023.10.13-DesignOfStructures.pdf

Forskjell på "fagverk", "ramme" og plater. Dvs. skjønne hvor man ofte tenker fagverk selv om, men reelt sett som regel har en rammekonstruksjon. 
Betydningen av å lage en konstruksjon der man introduserer momenter når man ikke trenger det og hvordan det kan ødelegge hele ideen med konstruksjonen. Det kan medføre helt andre vekter og pris på en konstruksjon enn nødvendig. 
Hvordan velge profiler og utforming knyttet til om konstruksjonen skal ta skjær, moment eller torsjon. Dvs. hvordan velge tverrsnitt og utforming slik at den passer til konstruksjonens funksjon.
Skjønne begrepene "kraftdrevet" kontra "defomasjonsdrevet" i design. 

1. Kraftdrevet design av sekundundærkonstruksjoner Ja konstruksjonen står upåvirket at av hovedkonstruksjonen. Det betyr at hvis du forsterker konstruksjonen så vil spenningene til konstruksjonen bli mindre. 
2. Defomasjonsdrevet design av sekundærkonstruksjon Ja hvis sekundærkonstruksjonen «bare følger med hovedkonstruksjonen» og sekundærkonstruksjonen bøyer seg like mye til tross for at du har forsterket den så er den deformasjonsdrevet. Det betyr at spenningene i sekundærkonstruksjonen kan bli høyere hvis du forsterker den siden den blir stivere. Løsningen hvis spenningene er for store da er å lage konstruksjonen mykere slik at hovedkonstruksjonens bevegelser ikke påvirker kreftene i sekundærkonstruksjonen like mye. Situasjonen kan til og med bli bedre hvis man går ned i dimensjon. En sekundærkonstruksjon skal ikke påvirke kraftgangen i hovedkonstruksjonen. Det er derfor viktig at den står selvstendig og at den tåler de bevegelser hovedkonstruksjonen har. Hvis man ikke klarer å unngå at sekundærkonstruksjonen påvirker kraftgangen i hovedkonstruksjonen må man vurdere om den skal bli en del av hovedkonstruksjonen.
Eksempler på utfordringer og løsninger fra virkelige prosjekter:
 BYGT2312-Lecture2023.10.13-DesignOfSteelStructuresSolutionsFromRealProjects.pdf
Bruk av tverrskott kontra langsgående lukka profiler. Hva er mest effektivt?

Fotplateutforming mot dekk. Hvordan kan den overgangen lages koblet til grad av varierende laster som konstruksjonen utsettes for. Det vil si hvor utmatningspåkjent konstrusjonen er. 
Eksempel på utmatningsvennlig overgang fra flens til vegg.

Eksempel på hvordan man kan sette sammen overganger mellom ulike dimensjoner for å unngå "sveis på sveis". Sveis endrer konsistensen på grunnmatrialet. Flere sveiser på samme sted er derfor uheldig. Det er god designpraksis å forsøke å unngå "sveis på sveis".
Eksempel på overgang mellom liten og stor I-bjelke (IPE, HEA, HEB evt. oppsveist f.eks.)

Eksempel på overgang mellom firkantprofil og flens for å gjøre overgangen mer utmatningsvennlig. 
Eksempel på knutepunkt og overganger med bruk av firkantprofiler (RHS-profiler). Slike knutepunkter er mykere enn det vi normalt regner med i en globalanalyse i f.eks. SAP2000. Det medfører høyere momenter i knutepunktene enn det som er virkeligheten. Generelt sett så kan man også si at et slikt knutepunkt har mindre kapasitet enn hva det ville vært hvis man hadde brukt tilsvarende åpne profiler (dvs. IPE, HEA, HEB). 
For platedekke (som også fungerer for å ta opp skjær, det vil si at dekket har en dobbeltfunksjon. Det tar laster lokalt og fungerer for å ta skjærkrefter globalt) ville det vært med naturlig å velge HP-profil framfor sveiste profiler. Dette da dette gir ganske mye mindre jobb i verksted. 

Bulb Flats - Shipbuilding / Oil & Gas Profiles | Özkan Steel (ozkansteel.com) 
Hvis man ikke trenger denne platen/dekket til å ta skjær kan man heller velge en gratingløsning. 
GRP Grating | Marine and Rig Applications Photo Gallery (safetread.co.uk) 
Hva er en stiver? (fra Google)
Stiffeners are secondary plates or sections which are attached to beam webs or flanges to stiffen them against out-of-plan deformations. Almost all main bridge beams will have stiffeners.

Hva er hensikten med en stiver?
The main purpose of Stiffener in a plate girder is to prevent the buckling of web. In which different type of stiffeners are used. Stiffeners: Stiffeners are used to make plate girder stiff or rigid. a) Intermediate transverse web stiffener — to improve the buckling strength of a slender web due to shear.
Hva er rollen til en stiver i et knutepunkt?

Stiffeners have one or both of the following functions. One is to control local buckling and the other is to connect bracing or transverse beams. It is a common practice to provide stiffeners to achieve the necessary moment of resistance in the connection. 
Jeg vil kanskje legge til at man kan styre stivheten til knutepunktet slik at det får den funksjonen knutepunktet er tiltenkt. Skal det være fast innspent, leddet eller noe i mellom?
=======================================
Hva er systemlinjer i en konstruksjon?

Systemlinjer beskriver hvordan det statiske systemet fungerer. Det er ikke alltid lett å se hvordan en konstruksjon fungerer uten å ha litt trening men det kan også angis på en tegning (uten at jeg har sett at det har blitt gjort). Fant en referanse på dette her på denne linken:

http://files.noroff.no/lc/ted/courses/cad/05/m3-1/06.html

Systemlinjene er den informasjonen vi trenger for å kunne regne på konstruksjonen og lage en regnemodell av konstruksjonen. 
Vi ser på Idea Statica og noen ideer rundt dette med designløsninger på knutepunkter og hvordan dette programmet er satt opp. 
Studentene jobber med modeller i Tekla. Faglærer har leget en modell med ulike løsninger basert på problemstillinger presentert i foregåenede foreslesing. Tanken er å ta ugangspunkt i denne modellen. 
Teklamodellen for disse eksemplene finnes her:
PipeSupport.db1

I NORSOK klassifiseres sveier etter kritkalitet. Sveisen kan være kritisk av ulike grunner og som vi kommer tilbake til koblet til. Hvordan konstruksjonen er utformet og hvor høyt sveisen er utnyttet har noe å si selvsagt.  
Vi ser på sveiser i Tekla og sveissymboler. 
Vi ser på det å modellere sveiser i Tekla:
- Create welds | Tekla User Assistance
- Change a weld to a polygon weld | Tekla User Assistance

Vi ser på designproblemene i øving 3.
Materialvalg og kritikalitetsløsninger
 BYGT2312-Lecture2023.10.13-MaterialSelectionCriticaliyEvaluationsNORSOK.pdf
 
Begrepene "hovedstål", "sekundærstål" og "utrustningsstål" og hvorfor man deler inn en konstruksjon etter slike prinsipper. 

Design av konstruksjoner designes slik at man minimerer muligheten for brudd og skade. Prosessen er derfor slik:
1. Vurdere konstruksjonens viktighet
2. Finn riktig materiale ut fra kritikatlitet og utforming
3. Utform konstruksjonsdetaljen best mulig ut fra kriteriene kritikalitet, utnyttelse og det å lage løsningen byggbar
4. Finn og angi inspeksjonsomfang på tegningen
Vedlegg til eksamen - NORSOK (å laste ned standarder anbefales):
NORSOK-summary.docx
 
Ulike løsninger. Dårlige løsninger for forbindelser ble gjennomgått knyttet til dette eksempelet koblet til materialvalg, redundans, stivhetsbetraktninger i knutepunkter opp mot beregninger. Her er det mange dårlige valg spesielt hvis konstruksjonen er utsatt for sykliske laster (utmatning). Dette er underlag for refleksjon for øving 3.
 HusTaarn.db1
Hvis denne ikke lar seg åpne pga. gammel versjon av Tekla kan "IFC-fil" benyttes, men da mister man informasjon om sveis i modellen. 
out.ifc
Kritikalitet med tanke på brudd:
Det ble diskutert at knutepunktene må ikke ryke først i en konstruksjon for da får man et plutselig og ukontrollert brudd. Når man regner så er det bedre å ha for stor stivhet i knutepunktene enn motsatt med tanke på at dimensjonerende moment i knutepunktet blir konservativt og ikke i søyla/bjelken. Et alternativ kan være 2 modeller. En for dim. av knutepunkter og en for søyler/bjelker/staver. Et RHS-knutepunkt kan derfor være brudd på dette prinsippet, men for verkstedet er dette en foretrukket løsning da det er både lettere å kutte og sveise. Denne løsningen blir derfor likevel ofte brukt. 

Vi kommer i gang på Idea Statica - knutepunktsprogram

Vi ser på et slikt knutepunkt med RHS-profiler og regner på det.
 Conn-59.ideaCon
Overgang med stiver - hvor lang trenger flensen å være?
 Conn-23.ideaCon
 
Gjennomgang av ulike løsninger:
BYGT2312-Lecture2023.10.26-HusTaarnDiskusjon.pdf
Her det veldig mange dårlige løsninger som strider mot det som er angitt i NORSOK og god designpraksis. Det er å merke seg at løsningene er fabrikasjonsvennlige noe som kan være et dilemma mange ganger. Dette da fabrikasjonsvennlige løsninger også gir mer kostnadseffektive løsninger. 

Klassifisering av knutepunkter ihht. NORSOK:
BYGT2312-Lecture2023.10.26-KlassifiseringAvKnutepunkter.pdf

Design solutions - discussion
- linked to problem set 3

	Notat fra Måseide - underlag premisser design
 NORSOK -Design  Fabrikasjon-MOM-2015.pdf

Oppsummering sentrale stikkord for design:
 Forelesning20221019-Designløsninger-forklaring-tavleskisser.pdf
Klassifisering av knutepunkter:
BYGT2312-Lecture2023.10.26-KlassifiseringAvKnutepunkter2.pdf

Se også i Eurocode for knutepunkter der flere detaljer er angitt.
 
Vanlige desigDesign av jacket med bilde av "Airgap", "Splash Zone" og "korrosjonssbeskyttelse i splashsone" samt "anodebeskyttelse".
 JacketDesign20220906.pdf

Noen stikkord rundt val av tverrsnitt og z-kvalitet:
 BYGT2312-Lecture2023.10.27-StikkordKonsekvensValgAvTverrsnitt.pdf
 
Utforming inkludert stivhetsbetrakninger internt i et knutepunkt:
 BYGT2312-Lecture2023.11.02-UtformingAvKnutepunkter.pdf

Bolteberegninger:
BYGT2312-Lecture2023.11.02-Bolteberegninger.pdf
Sveiseberegninger - eksempler:
Sveiseforbindelser-statisk-forelesningnotater-15v.pdf

Hevarm problemstilling for bolteknutepunkter.
Forelesning20221031-SveisOgBolterHevarm.pdf

Supportering med stålplate:
JointBoltedSteel.ideaCon

Supportering mot betong:
 JointBolted-ver2.ideaCon

Sveissymboler:
BYGT2312-Lecture2023.10.26-SveiseSymbol.pdf
Forelesning20221026-SveisOgSveisesymboler.pdf

Bransjen er veldig engelskdominert så det er viktig å kunne noen av de mest sentrale begrepene både på norsk og på engelsk.
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https://www.colliewelding.com/filletconverter.php
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7. 	Buckling of beams and plates


[bookmark: _Toc194421034][bookmark: _Toc203808616]23.	Foundation and foundation design (Marine Geotechnical design)

Piles and pile cluster
Suction anchor
Mud mats

[bookmark: _Toc203808617]21.	Global buckling

Global og lokal knekkning samt interaksjon
TBYG3011-20181029-Beregningseksempel.pdf

Vipping fra forenklet metode til mer detaljert beregning hentet fra aluminiumsstandarden Eurocode
TBYG3011-20181029-Vipping1.pdf
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Innføring i Tekla. Tekla er en del av "pakken" "Idea Statica" (knutepunkter), "SAP2000" (beregningsverktøy) og "Tekla"  (CAD-verktøy som er spesielt koblet til verksted og også roboter brukt i verksted) som tildels "snakker sammen". Det er mange "plugins som kan brukes her. 

Se "Tekla warehouse" for muligheter. Link til oversikt over «kjappkomandoer». 
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young's formula tubular joints
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6. 	Cross section capasity and use of profiles
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Tverrsnittsklasser (orienterende stoff, relevant for design/valg av profiler). For å si noe kort om det så benytter vi tverrsnittsklasse 1 for bjelker. Det kommer riktig noe an på spenningsfordeling over tverrsnittet. Standardprofiler tilfredstiller nesten uten unntak tverrsnittsklasse 1.
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Viktig grunnlag med tanke på design, valg av profil samt for å bestemme riktige momenter/kapasitet):
For å unngå momenter pga. skjær må lasten plassers i skjærsenteret. Hvor skjærsenteret er og hvordan man finner det finnes i dette vedlegget. 

I tillegg er det greit å vite at hvis man har et vinkelprofil så går det ikke an å regne spenninger på vanlig måte. Det er også beskrevet i dette vedlegget.

Lukket profil har mye større kapasitet og stivhet en et åpent profil med tanke på torsjon. Det finnes 2 typer torsjon. St.Venant og Hvelvning. Temaet er behandlet i dette vedlegget. 
 SkjærsenterVinkelprofilTorsjon.pdf [image: Klikk for flere alternativer] SkjærsenterVinkelprofilTorsjon.pdf – alternative formater
 

For å unngå momenter pga. skjær må lasten plassers i skjærsenteret. Hvor skjærsenteret er og hvordan man finner det finnes i dette vedlegget. 

I tillegg er det greit å vite at hvis man har et vinkelprofil så går det ikke an å regne spenninger på vanlig måte. Det er også beskrevet i dette vedlegget.

Lukket profil har mye større kapasitet og stivhet en et åpent profil med tanke på torsjon. Det finnes 2 typer torsjon. St.Venant og Hvelvning. Temaet er behandlet i dette vedlegget. 
 Skjærsenter, vinkelprofil og torsjon

7. 	Design and dimensioning of welds

[image: A diagram of a beam

AI-generated content may be incorrect.][image: A diagram of a beam

AI-generated content may be incorrect.]
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[image: ]
[image: A screenshot of a document

AI-generated content may be incorrect.]
[image: ]
[image: A paper with a number of numbers

AI-generated content may be incorrect.]
[image: A diagram of a metal beam

AI-generated content may be incorrect.]

[image: ]
[image: A math problem with numbers and symbols

AI-generated content may be incorrect.]
[image: ]
[image: A maths paper with a rectangular object and numbers

AI-generated content may be incorrect.]
[image: A math equations and numbers

AI-generated content may be incorrect.]
[image: ]
[image: A math problem with numbers and symbols

AI-generated content may be incorrect.]
[image: A math problem with numbers and a red line

AI-generated content may be incorrect.]







7. 	Bolted connections
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Pga. av vind og bølger på havromskonstruksjoner så må man alltid ta hensyn til utmatning for lastbærende konstruksjoner på havet.

I faget så er det vist en god del ulike deltaljer som viser hvordan detaljene på en konstruksjon ser ut for en flyter kontra en konstruksjon på land. 

Utmatting – Wikipedia 

Understanding Fatigue Failure and S-N Curves - YouTube 

Understanding Vibration and Resonance - YouTube 
Fatigue Life: What it is and Why it Matters (sorbothane.com)
Levetidsbegrepet

SN-kurve, SCF (Stress concetration factor, spenningskonsentrasjon):
  [image: A graph with lines and numbers
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Working with Stress Concentration Factors - YouTube
Stress Concentration Factors - YouTube
SN-kurver og «giga cycles» 
[image: A close-up of a chalkboard
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Vi  har nå i øvingen sett på SN-kurver. Tradisjonelt har man sagt at under et visst
spenningsendringsnivå så får man ingen skade i stålet.
Det er en sannhet med modifikasjoner da betydningen av veldig høye frekvenser
med små amplituder kan kanskje også føre til brudd.
What is gigacycle fatigue? (moviecultists.com)
An Introduction to Fatigue Testing - YouTube

Stikkord fra tavla med DFF
[image: A chalkboard with writing on it
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Gjennomgang øving 2.
 ProblemSet2-task1-20231108.xmcd 
 ProblemSet2-Stabilitet20221006.xlsx 
 ArkimedesMetaSenter.pdf  
 
Masteroppgaver transport barge Damping:
https://ntnuopen.ntnu.no/ntnu-xmlui/bitstream/handle/11250/2564464/18591_FULLTEXT.pdf?sequence=1
Damping jacket:
DAMPING OF JACKET STRUCTURES
https://www.researchgate.net/figure/Advantages-and-Disadvantages-of-Mass-Dampers_tbl1_357380171

Tuned mass damper:
[image: A tall building in a city
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Vi ser på fjorårets eksamen og utmatningsoppgaven:
 Eksamen20231108-Losningsforslag.pdf 
 
 Fatigue.xmcd 

Veritas standard
 DnV-RP-C203.pdf  

Utmatingsberegninger fra gammel standard:
 NS3472-Utmatning.pdf  

Kapasitet av slanke konstruksjoner oppsummering:
BYGT2312-Lecture2023.11.10-Nominell-Dynamic-Fatigue.pdf


Beregningsprogram for utmatning: FATIGUE (må kjøres fra dos og navnet på programmet må endres til .exe)
Inputfil:  fatigue.inp
RP-C203 RP5 - snakker litt om hva man kan gjøre
7. "Improvement of Fatigue Life by Fabrication»
LifeExtensionDnV-203-RP5.pdf

Bølgelaster i nordsjøen kan forenkelt regnes å ha logaritmisk fordeling men fordi disse bølgene har ulike perioder vil man kunne finne at noen bølger vil kunne treffe resonansfrekvenser. Forhåpenligvis er de bølgene så små at spenningene ikke bidrar til utmatningsskade. Det må man tenke på når man designer disse konstruksjonene.
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Utmatningsforelesning oversikt
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[image: A close-up of several pieces of metal
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Se link til video av Vincentmoduler her
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Stress concentration factors
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Working with Stress Concentration Factors - YouTube
Stress Concentration Factors - YouTube
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SN-kurver og «giga cycles»
[image: A close-up of a chalkboard

AI-generated content may be incorrect.]
Vi  har nå i øvingen sett på SN-kurver. Tradisjonelt har man sagt at under et visst
spenningsendringsnivå så får man ingen skade i stålet.
Det er en sannhet med modifikasjoner da betydningen av veldig høye frekvenser
med små amplituder kan kanskje også føre til brudd. 

For dimensjonering av forbindelser så er Per. Kr. Larsens "Dimensjonering av stålkonstruksjoner" og kapitlene "10 Forbindelser og forbindelsesmidler", "11 Konstruksjonsdetaljer" og "12 Utmatning". 

Kapittel 12 Utmatning er spesielt aktuelt for havromskonstruksjoner naturligvis. 
Fra "Dimensjonering mot utmatning, Per Kristian Larsen" er det SN-kurve og detaljklassifisering som er det viktige. 

SN-kurve på sidene 492-493.
Detaljklassifisering på sidene, 494 og utover.
Begrepet SCF (Stress Consentration Factor) sier hvor mye større den lokale spenningen er opp mot den nominelle spenningen.

For kapasitetsberegning der man ikke har problemer med utmatning (gjentagende variasjon av last over tid) kan man regne enklere på kapasiteten enn der man har utmatning. Det holder at man sjekker kapasiteten opp mot nominelle spenninger. For utmatningspåkjente konstruksjoner må lokale spenningsendringer spesielt regnes på. En mer detaljert beregning som gjøres enn for en konstruksjon som ikke har disse variasjonene i lastene for å sjekke at man er innenfor kravene med tanke på utmatning, da lokale spenningsendringer kan bli starten på en sprekk som leder til en større skade og redusert kapasitet.
Per Kristian Larsen kategorisering av knutepunkter
Per Kristian Larsen beregning av utmatningsskade
Introduction to Fatigue Per Jahn Haagensen 

Notater fra maskin og faget Maskindeler 2 angående utmating:
Losningsforslag_Øving   9 Maskindeler2_Utmatting.pdf
Løsningsforslag_Øving 10 Maskindeler2_Utmatting.pdf
Løsningsforslag_Øving 11 Maskindeler2_Utmatting.pdf
Løsningsforslag_Øving 11 Maskindeler2_Utmatting.pdf
Losningsforslag_Øving 12 Maskindeler2_Utmatting.pdf
Løsningsforslag_Øving 13 Maskindeler2_Utmatting.pdf

Improvement of fatigue Life by Fabrication DnV
What is gigacycle fatigue? (moviecultists.com)
Mer generelt program utmatning
 FATIGUE2  kjører i batch .exe må legges til programmet. Må lastes ned en for å kjøres i DOS.  

Input til progammet:  fatigue2.inp 
 Kjøres slik:
FATIGUE2.EXE < fatigue2.inp > fatigue2.out
Resutatfilen med beregningsresultat ligger da i .out fila.
Den skal se slik ut: 
 fatigue2.out 
 
Tilleggsforklaring gitt her:
 EksempelFatigueBruAvProgram.pdf 
Dere finner igjen tallene i dette regnearket.
 Beregning i Mathcad  
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Vortex Induced Vibrations (VIV) refer to oscillations that occur in structures due to the shedding of vortices in the fluid flow around them. This phenomenon is particularly relevant in the context of offshore engineering, where structures such as risers, pipelines, and floating platforms are subjected to the combined effects of wind, waves, and currents.
Key Concepts of Vortex Induced Vibrations (VIV)
1. Mechanism of VIV:
1. As fluid flows past a cylindrical structure, vortices are shed alternately from either side of the structure. This shedding creates alternating pressure forces that can lead to oscillations in the structure.
2. The frequency of vortex shedding is influenced by the flow velocity and the diameter of the structure, and it can resonate with the natural frequency of the structure, leading to significant vibrations.
2. Factors Influencing VIV:
1. Flow Velocity: Higher flow velocities can increase the frequency of vortex shedding, which may lead to stronger vibrations.
2. Structural Properties: The mass, stiffness, and damping characteristics of the structure affect its response to vortex shedding.
3. Fluid Properties: The density and viscosity of the fluid, as well as the presence of turbulence, can influence the behavior of vortices and the resulting vibrations.
3. VIV in Wind and Wave Currents:
1. Wind: In offshore environments, wind can create additional forces on structures, contributing to VIV. The interaction between wind-induced forces and vortex shedding can amplify vibrations.
2. Waves: Wave action can alter the flow patterns around structures, affecting vortex shedding. The periodic nature of waves can lead to varying flow velocities, which can influence the frequency and amplitude of VIV.
3. Currents: Ocean currents can significantly impact VIV, especially in deep-water applications. The interaction between currents and the structure can lead to complex flow patterns and increased vortex shedding.
Implications of VIV
1. Structural Integrity: VIV can lead to fatigue damage in structures over time, particularly in risers and pipelines. Engineers must consider VIV in the design process to ensure the long-term integrity of these structures.
2. Design Considerations:
1. Damping: Incorporating damping mechanisms can help mitigate the effects of VIV. This can include using materials that absorb vibrations or designing structures with specific geometries that reduce vortex shedding.
2. Shape Optimization: Modifying the shape of structures can alter the flow patterns and reduce the intensity of vortex shedding, thereby minimizing VIV.
3. Monitoring: Continuous monitoring of structures for VIV can help in assessing their condition and implementing maintenance strategies.
3. Modeling and Simulation: Computational fluid dynamics (CFD) and other modeling techniques are often used to predict VIV behavior in various environmental conditions, allowing for better design and risk assessment.
Conclusion
Vortex Induced Vibrations are a critical consideration in the design and operation of offshore structures subjected to wind, waves, and currents. Understanding the mechanisms behind VIV and its implications is essential for ensuring the safety and longevity of these structures in challenging marine environments. Engineers must employ a combination of design strategies, monitoring, and modeling to effectively manage the risks associated with VIV.
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Vibration & noise is a multidisciplinary problem both technically and organizationally. It applies in the design phase and the operation phase. There are many compromises that are made in the design phase and choices that are made so that things do not become too expensive.
[image: A white paper with black text
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Figure 27 Vibration and the noise problem. This overview shows an overview of what the problem consists of which was created as a summary of the conference.
Lecture Vibration Oil & Gas.
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An Introduction to Fatigue Testing - YouTube

[bookmark: _Toc203808626]28.	Problem sets and examples

Repetisjon fra mekanikk 1
Skjærspenning 1
Skjærspenning 2
Skjærspenning 3
==================================================
Problem set 1 task 1 - 4
Problem set 1 Solution proposal

IdeaStatica Task 1
IdeaStatica Task 1 ver 2 
SapMovie5 - YouTube (turn off the sound)
sap2000 Spenningskomponenter 

IdeaStatica Task 2 ver 1
IdeaStatica Task 2 ver 2
IdeaStatica Task 2 ver 3

Problem set 3
IdeaStatica Task 3

IdeaStatica Task 4
IdeaStatica Task 4 ver 2 

Dette er regningsovingsoppgaver og ikke nødvendigvis eksempel på gode
designløsninger.
Problem set 2 Buckling
Problem set 2 Buckling solution proposal
IdeaStatica Problem set 2 Task 1

IdeaStatica Problem set 2 Task 2
IdeaStatica Problem set 2 Task 2 ver2
IdeaStatica Problem set 2 Task 2 ver3
IdeaStatica Problem set 2 Task 2 ver6

IdeaStatica Problem set 2 Task 3
IdeaStatica Problem set 2 Task 3 ver 3

IdeaStatica Problem set 2 Task 4
IdeaStatica Problem set 2 Task 5
IdeaStatica Problem set 2 Task 5 ver 5
IdeaStatica Problem set 2 Task 6
IdeaStatica Problem set 2 Task 7
IdeaStatica Problem set 2 Task 7 ver 2

IdeaStatica Problem set 2 Task 8
IdeaStatica Problem set 2 Task 9
MathCad Problem set 2 Task 10
MathCad pdf Problem set 2 Task 10
IdeaStatica Problem set 2 Task 10

================================================
Problem set 3 Weld and Bolt Connection
Problem set 3 Weld and Bolt Connection Solutions Proposal 
================================================
Exam 2014
Exam 2014 Solution proposal
IdeaStatica model
Exam 2015
Exam 2015 Solution proposal
Exam 2016
Exam 2016 Solution proposal
Exam 2017
Exam 2017 Solution proposal
Exam 2018
Exam 2018 Solution proposal
Exam 2019
Exam 2019 Solution Proposal
Exam 2020
Exam 2020 Solution proposal
Exam 2021
Exam 2021Solution proposal
IdeaStatica Stopper Plate
Exam 2022
Exam 2022 Solution proposal
IdeaStatica knutepunkt
Exam 2023
Exam 2023 Solution proposal
Exam 2024
Exam 2024 Solution proposal

============================================================
Øvingsoppgave   : Case Design Challenge  
=============
Vindstandard

[image: A table of names with a few words]
Problem set 1 – Wind 
SAP2000 model vindlast Treteknisk senter.
Problem set 2 – Waves and Dynamic
Problem set 3 – Design 
Problem set 4 – Fatigue
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Drag vs treghetskraft

KC « 20~30 : treghetskraft
jominerer

KC > 20~30 : drag dominerer

[Sumer and Fredsee]
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Eksempel Morison Kraft

En sirkuler kai-pilar med diameter D=2R = 0.5 m stir pd et vanndyp d = 2,5 m. Bruk g = 9,81 m/s?,
p=1025 kg/m’ og v =12 10 “ ms.

d. Finn belgelengden L for belger med bolgeamplitude a = 0,7 m og periode T'= 11 s, og vis at de er
gruntvannsbelger for dette vanndypet.

Finn total horisontal kraft pé pilaren p.g.a. belgene (sett inn tallverdier):

i) en belgetopp passerer pilaren.

ii) i det bolgen er midt mellom en bolgebunn og en bolgetopp (dvs 7(x,) = 0) ndr den passerer
pilarenc.
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Potensialstremning

potensialstremning:
Konsept for beregning av

- friksjonsfri
* roatsjonsfri } stremninger.

 inkompressibel

opprinnelse , potensialstremning*?
Newton potensial” i sammenheng med elektristet (G. Green. 1828)
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Drag & Loft
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Magnus-Effekt
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6.3.3  Mean wind actions

Structures or structural components that are not sensitive to wind gusts may be calculated by considering the
wind action as static.

In the case of structures or structural parts where the maximum dimension is less than approximately 50 m,
3 s wind gusts may be used when calculating static wind actions.

In the case of structures or structural parts where the maximum length is greater than 50 m, the mean period
for wind may be increased to 15 s.

‘When design actions due to wind need to be combined with extreme actions due to waves and current, the
mean wind speed over a 1 min period can be used. A longer averaging period may be used if properly
documented.

The mean wind action,F, on a structural member or surface, acting normal to the member axes or surface,
should be calculated by:

F %pCSAU_Zsina (11)

where
P is the mass density of air
Cs s the shape coefficient
A is the area of the member or surface area normal to the direction of the force
U, isthe wind speed
o is the angle between the direction of the wind and the axis of the exposed member or surface
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Example — Wind Load

(Simplifyed method from NS 1991-1-4:NA «Veiledning - Forenkelt beregning av
vindkasthastighetstrykket» )

Peak velocit . q(2), =ky -k, -ky-c% ¢ el et g 0(2)
eak velocity pressure: ¢ p — "1 "2 "3 “dir “alt “season ~ prob q po
Procedure: Page 4 — national tillegg 2

1. Find the basic wind velocity v, ,
according to Tabell NA.4(901.1)

2. Define the Terrain Category

3. Chose the graph in «Veiledning -
Forenkelt beregning av
vindkasthastighetstrykket» for
the v, , calculated in 1

4. Evaluate the reference height z
(see section 7 EN 1991-1-4,
p.35)

5. Read the reference peak
velocity pressure in the graph
Q(Z)po -

500 (/p()(z) 1000

Nm?

6. Evaluate the peak velocity
pressure q(z),

¢) Grunnverdi for hastighetstrykk fra vindkast g,o(2) for v, = 26 m/s

Terrain-Category, see EN1991-1-4, p.92
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Example — Wind Load

(Simplifyed method from NS 1991-1-4:NA «Forenkelt beregning av
vindkasthastighetstrykket» )

. 2 2 2 2
Peak velocity pressure:  ¢(2) , =K+ K3 “Cli €3 Couuon "€ prob 0 (2)
k)

7 Location Trondheim

Reference wind speed (Tabell
NA.4(901.1)

m
Voo =26

Reference height (according to
Fig. 7.4)

z,=h=8m+1m=%m

Reference peak velocity pressure
50 |4 p0(2)) (from graph beside)

N

—omy=730N,
40z =9m) =730 4,2

) Grunnverdifor hastghetsry Kk ra vindkast gofd for v=26 mis
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Wind load on walls
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Wind load on duopitch roofs
(Cl. 7.2.5 NS-EN 1991-1-4, p.44)
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Wind speed

* Wind measurement





image56.png
Wind speed

* Wind measurement
* Mean (10 minutes) ¢ " — L -
* Turbulence (10 seconds)





image57.png
Ll
Hurricane 27

‘Table 2.2 Relationship between 10 min mean vind

speec and the ust factor
B T —
Wind duration Gust factor
| B
C 3smen 135
| tosmem 130
~ 1Ssmean 127
| e 121
. imnmen 115

- 10min mean L7
L

ship between 1 h mean wind
factor




image58.png
6.3.2  Description of wind

For a short term condition the wind may be described by means of an average wind velocity and a
superimposed fluctuating wind gust with a mean value equal to zero, as well as a mean direction.
Unless a more detailed assessment is made, the average wind velocity at 10 m above sea level the
characteristic value with an annual probability of exceedance of 10 can be chosen as 41 m/s (10 min
average) or 38 m/s (1 h avalige) for the whole continental shelf. The characteristic value with an annual
probability of exceedance of 10~ can be chosen as 48 ms (10 min average) or 44 mvs (1 h average).

The characteristic wind velocity u(z,t)(ms ) at a height z(m) above sea level and corresponding averaging
time period t less than or equal to t, = 3600 s may be calculated as

u(zt) = U(2) (1-0,41k (2) In (V) ®)

where the 1 h mean wind speed U(z)(ms ") is given by

U(:):U,)[H(.‘In(m [yl
C=573"102(1+0,15Uy)*®

and where the turbulence intensity factor I, (2) is given by

[ ®
where U, (ms ") is the 1 h mean wind speed at 10 m

1,(2)=0,06[1+0,043U,

For structures and structural components with significant dynamic response under wind fluctuations a wind
spectrum shall be used to describe the longitudinal wind speed fluctuations.
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6.3.3  Mean wind actions
Structures or structural components that are not sensitive to wind gusts may be calculated by considering the
wind action as static.

case of structures or structural parts where the maximum dimension is less than approximately 50 m,
d gusts may be used when calculating static wind actions.

In the case of structures or sjpuetyal parts where the maximum length is greater than 50 m, the mean period
for wind may be increased tQ

When design actions due to wind need to be combined with extreme actions due to waves and current, the
mean wind speed over a 1 min period can be used. A longer averaging period may be used if properly
documented.

The mean wind action,F, on a structural member or surface, acting normal to the member axes or surface,
should be calculated by:

F:%pC:AU,ﬂ:sina (1)

where
P is the mass density of air
Cs s the shape coefficient
A s the area of the member or surface area normal to the direction of the force
U, isthe wind speed
o is the angle between the direction of the wind and the axis of the exposed member or surface
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5.3.2 Solidification effect

If several members are located in a plane normal to the wind direction, as in the case of a plane truss or a serie
of columns, the solidification effect ¢ must be taken into account. The wind force is:

Fyso =C.q S gsinex

where:
C, = theeffective shape coefficient, see [5.4.7]
g = the basic wind pressure according to [5.2.1]
§ = asdefined in [5.3.1]. To be taken as the projected area enclosed by the boundaries of the frame
¢ = solidity ratio, defined as the projected exposed solid area of the frame normal to the direction of the force
divided by the area enclosed by the boundary of the frame normal to the direction of the force
o = angle between the wind direction and the axis of the exposed member, as defined in [5.3.1].
- 03 st a2 R N VA SRS 2 L PAVJMA IS S AR L ML RS e bt sacssi
¢ = solidity ratio. defined as the projected exposed solid area of the frame normal to the direction of the force

dn::ded b\' Ihe area enclosed hy the bcnmdary of the frame nonnal lo the direction of the force
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5.3.3 Shielding effects
If two or more parallel frames are located behind each other in the wind direction, the shielding effect may be
taken into account. The wind force on the shielded frame F ;577 may be calculated as:

Fys = Fyn
(if equation in [5.3.1] is applicable)
oras:

Fy.sn = Fy sl
(if equation in [5.3.2] is applicable)
where:

7 = shiclding factor.
The shielding factor 1 depends on the solidity ratio ¢ of the windward frame, the type of member comprising
the frame and the spacing ratio of the frames. The shielding factor may be chosen according to Table 5-1.

If more than two members or frames are located in line after each other in the wind direction, the wind load on
the rest of the members or frames should be taken equal to the wind load on the second member or frame.
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Table 5-1 The shielding factor 7 as function of spacing ratio & and aerodynamic solidity ratio /5.

B 0.1 02 0.3 04 0.5 0.6 0.7 0.8
o
<1.0 1.0 0.96 0.90 0.80 0.68 0.54 0.44 0.37
20 1.0 0.97 0.91 0.82 0.71 0.58 0.49 043
3.0 1.0 0.97 0.92 0.84 0.74 0.63 0.54 0.48
4.0 1.0 0.98 0.93 0.86 0.77 0.67 0.59 0.54
5.0 1.0 0.98 0.94 0.88 0.80 0.71 0.64 0.60
>6.0 1.0 0.99 0.95 0.90 0.83 0.75 0.69 0.66

The spacing ratio ais the distance, centre to centre, of the frames, beams or girders divided by the least overall dimension
of the frame, beam or girder measured at right angles to the direction of the wind. For triangular or rectangular framed
structures diagonal to the wind, the spacing ratio should be calculated from the mean distance between the frames in the
direction of the wind.
The aerodynamic solidity ratio is defined by = ¢ a where
¢ = solidity ratio, see [5.3.2]
a - constant

= 1.6 for flat-sided members

= 1.2 forcircular sections in suberitical range and for flat-sided members in conjunction with such circular

sections

= 0.6 for circular sections in the supercritical range and for flat-sided members in conjunction with such
circular sections.
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5.4 The shape coefficient

5.4.1 Circular cylinders

The shape coefficient Ceo for circular cylinders of infinite length may be chosen according to Figure 6-6.
Reynolds number (Rc) is then defined as:

DU;.

V_

where:

R =

D = diameter of member
Ur. = mean wind speed

v, = kinematic viscosity of air, may be taken as 1.45x10 m?/s at 15°C and standard atmospheric pressure. See also
App.F.
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Table 5-4 Effective shape coefficient C, for single frames

Effective shape coefficient Ce

Solidi ';; ratio | Flat-side members Circular sections
Re<4.2x10° Re>42x10°
0.10 19 12 0.7
0.20 18 12 08
0.30 17 12 038
0.40 17 1.1 08
0.50 1.6 1 0.8
0.75 16 15 14
1.00 2.0 20 20
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For fleksible og vindsensitive konstruksjoner, kan bevegelsen til konstruksjonen i seg selv
generere acrodynamiske krefter. I ekstreme tilfeller kan denne kraften fore til acrodynamisk
ustabilitet. Dersom konstruksjonen er i en ustabil situasjon, kan sma forstyrrelser fore til ekt
amplitude pa vibrasjonen til for eksempel brodekke. Aeroelastisk oppforsel er et samspill
mellom aerodynamiske krefter og konstruksjonens bevegelser. Eksempler pa denne
aeroelastisk adferd er gallopering, flutter og virvelindusert vibrasjoner [7].

Aerodynamisk respons kan deles i to ulike deler:

- Kvasistatisk respons blir ogsa kalt bakgrunns respons da dette er respons som oppstar
pga. «bakgrunns turbulens», noe som vil si turbulens med lav frekvens. Dette er noe
som ikke fordrsaker dynamisk forsterkning.

- Resonant respons er respons pa grunn av turbulens med den frekvens naer

konstruksjonenes egenfrekvens, noe som kan fore til betydelig dynamisk forsterkning.
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Loads on Structures

Loads can be categorized:

See Clause 4.1.1(4)P and 1.5.3.3 of EN 1990:2002
* Permanent or variable

* Fixed or free

¢ Static or dynamic
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Time variability — e.g. wind speed/load
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Time variability — e.g. wind speed/load
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Wind load @garggard

Eurokode 1: Last 3 konstruksji
Del 1-4: Allmenne tastor Norsk Standard
Vindlaster NS-EN 1991-1-4:2005+NA:2009

Euracode 1: Actions on structures
Part 1-4: General actions
Wind actions Innarbeidet i standarden: / Incorporated i this standard:

Nasjonat tillegg / National Annex NS-EN 1991-1-1:2002/NA2008 eumkodeﬁ!
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Wind speed

¢ Reference wind speed

Kommune  [vea]  Fylke Kommune  |vu Fylke
mis mis
[Trondheim 26 |[Ser-Trandelag [Sieinkjer 76 [Nord-Trandelag
[Femne 28 [Sar-Trandelag [Namsos 26 [Nord-Trandelag
[Sniffora 27 [Sor-Trandelag [Meraker 25 [Nord-Trandelag
Fita 30 [Sor-Trendelag [Stordal 26 [Nord-Trandelag
Froya 30 [Ser-Trandelag Frosta 26 [Nord-Trendelag
[Griand 30 [Sor-Trandelag Coksvik 26 [Nord-Trandelag
[Agdenes 27 [Sor-Trandelag Cevanger 26 [Nord-Trendelag
Rissa 27 [Sor-Trandelag I [Verdal 26 |Nord-Trendelag

rE

(1)P Referansevindha

mellom enkelthindring

av vindretning og érstid, 1

0 m over terrengn

[SerTrondelag

[Ser-Trendeiag

[Ser-Trandelag

stigheten v, er den karakteristiske 10 minutters middelvindhastigheten, uavhengig|
iva i apent terreng med lav vegetasjon som gress og avstand
jer pa minst 20 ganger deres hayde.

vp = basisvindhastighet

Vb = Cair * Cseason * Calt * Cprob * Vb0

A ~

P A
retningsfaktor  rstidsfaktor nivafakior  returperioden
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Wind speed

* Direction effect

Vb = Cair " Cseason * Cate * Cpreb * Vb0

S

P A
retningsfaktor  arstidsfaktor nivafaklor  returperioden

NS-EN 1991-1-4:2005/NA:2008

Tabell NA4 (901.4) - Retningsfaktoren Ci,

Nasionalt tilegg NA

Region N No[ o [s6] s [sv] Vv [N
[ostancet o5t 10 |03 |05 |05 |10 | 1o 05 |08
[Sragerariyston. o3t 69 |09 [0 [ 09 | 10| 10|08 |08
[Seagerakiyston. vest 66 |09 |08 |09 | 10| 10|08 |08
[ostiancet. vest 05 05 [0 [03 [ 10 10 10|10
[@stancel. nora 10 |03 [09 |05 [ 10|10 10|10
[Serindel st 66 |09 [0 [o9 |10 10| 10|08
[Serindet vest 67 |08 [0 [09 |10 10 ] 10|10
[Hordatana. e 05 [ 05 [ 08 |05 [ 10 [0 [ 10| 10
[Rogaiand. yre 70 |06 |08 | 10| 10| 10|10 10
[Hordatand og Rogaland. ndre 05 |06 [08 |10 [ 10|10 [ 10|10
[Sogn og Fordane.yire 05 [ 06 [ 08 |05 |10 [0 [ 10| 10
[Sogn0g Flordene. nere 68 |06 |08 [ 10 |09 0s | 10|08
[isre og Romsaal e 05 | 05 |06 |06 [0 [ 10 | 10|08
[Msre og Romsaal, ndre 07 |06 [0 |10 |09 10| 10|08
[Trondoiag vest 69 |08 [0 [09 | 10| 10| 10|10
[Trondsiag sst 66 |07 [0 [09 | 10| 10 | 10|10
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Ed A
retningsfaklor  Arstidsfaklor nivafaklor  returperioden

Wind speed Uy = Catr* season ot Cprgy U0

* Altitude effect

NA.4.2(2)P (901.1) Faktor for vindekning med heyden over havet, c.x

Referansevindhastigheten v, er lavest i omréder der fielljedene virker mest skjermende pé den
sterkeste vinden, . figur NA 4(901.1). Denne skjermingsefiekten er det tatt hensyn fl v ~verdier under
regionalttregrenseniva, H; som er gt tabell NA 4(901.2).

Over regrensenivaet H aker v. som falge av nivafaktoren, c. 1,0 som kan bestemmes fa ligning
NA4(801.1) og som er en funksjon av heyden over havet A, samt geografsk region (distrik) som
fastlegger Hy 09 Hieg | tabell NA4 (901.2)

)(H-Hy)
Vo0 (i —Ho)

NA4(901.1)

1<y

der
Vo erenterskelverdi som skal velges, vo= 30 s

Vo erreferansevindnastioheten i laviandet (havnivé) 10 m over bakken, angit i tabell
NA4(S01.1),

H erhayde over havet for byggestedet
Hy  erhsyden over havet der nivkorreksjonen begynner, dvs. der ¢,y = 1,0 og skende, for > Hy,
se tabell NA.4(301 2)

Huus er hoyden over havet der maksimal nivakorreksion er nddd, dvs. der c.. ndr maksimurn og er
Konstant for H > H, s¢ tabell NA 4(801.2) og NA 4(803)

=
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image77.png
Terrain effects

Terrain category 0
Sea, coastal area exposed to the open sea

Terrain category |
Lakes or area with negligible vegetation and without obstacles

Terrain category I

Area with low vegetation such as grass and isolated obstacles
(trees, buildings) with separations of at least 20 obstacle
heights
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Terrain effects

Terrain category Il

Area with regular cover of vegetation or buildings or with
isolated obstacles with separations of maximum 20 obstacle
heights (such as villages, suburban terrain, permanent forest)

Terrain category IV

Area in which at least 15 % of the surface is covered with
buildings and their average height exceeds 15 m

UNaaY
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Reference pressure
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Oppsummering

Faget har blitt delt inn i 4 hovedbolker

¢ Vind

« Stabilitet av konstruksjoner i sjgen inkludert dynamikk
* Design
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Reference pressure
-> pressure on the structure
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Reference pressure
-> pressure on the structure
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Reference pressure
-> pressure on the structure

5.2 Wind pressure on surfaces

(1) The wind pressure acting on the external surfaces, we., should be obtained from Expression (5.1).
We =9,(2,) Cpe (5.1)

where:

qp(Ze) is the peak velocity pressure

Ze is the reference height for the external pressure given in Section 7

Cpe is the pressure coefficient for the external pressure, see Section 7.
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Reference pressure
-> pressure on the structure

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings

CDE

Cpe,1

Cpe,10 |-
r T T T T T >
0,1 1 2 4 6 810 Al

The figure is based on the following:
for 1 m*<A<10m* Coe = Cpe.1 - (Cpe.1 ~Cpe10) I0g10 A
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Reference pressure
-> pressure on the structure

upwind face

P ) i fovmind tacs
~Za @ lla<o
"

Pitch angle postive Pitch angle regative

(a) general

f—lo/t0  e—sfel10

e=bor2h
‘whichever is smaller
(b) wind direction 6=0°
b: crosswind dimension
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Reference pressure
-> pressure on the structure

-

15

NOTE 1 At 6= 0 the pressure changes rapidly betwsen positive and negative values on the windward
face around a pich angle of a = -5° o +45°, 50 both positive and negative values are given. For those.
ro0fs, four cases should be considered where the largest or smallest values of all areas F, G and H are.
‘combined with the largest or smallest values in areas | and J. No mixing of positive and negaive values is
allowed on the same face.

NOTE 2 Linear interpolation for intermediate pitch angles of the same sign may be used between values
of the same sign. (Do ot interpolate between a = +5° and a = -5°. but us the data for fiat oofs in 7.2.3)
“The values equal to 0,0 are given for nterpolation purposes
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Reference pressure
-> pressure on the structure
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NOTE The velocity pressure should be assumed to be uniform over each horizontal s!np considered.
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Problem - A simple structure in Reros

‘Consider the building with the dimensions as given in Figure /5.

Figure 1: Bulding with duo pitched roof and dimensions given i [m.

5

40

10

‘The buiding is planned in Roros Kommune on an altitude of 900 m a.s1. in open mountain terrain.

. Estimate the elevant wind load(s) on all surfaces ofthe bullding according to NS-EN 1991-1-4:2005+NA12009.

2. Estimate the relevant snow load(s) on al surfacesof the bulding according to NS-EN 1991-1-3:2003-At:2035-

3. The roof i supported by 2320 rof beams as givenin Figure /2. Which load (wind or snow) is more relevant or the design ofthe beams? Which i the corresponding
bending moment? Hint: Use theresultsfrom above.
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43 Middelvind

431 Variasjon i hoyde

(1) Stedsvindhastigheten vn(z) ved en hayde z over terrenget avhenger av terrengruheten, terrengformen
og basisvindhastigheten v, og ber bestemmes ved bruk av ligning (4.3)

Vnl2) = €(2) Co(2) ¥ “.3)
der
c(2)  er ruhetsfaktoren gitt 1 4.3.2

Co(2) e terrengformfaktoren, satt lik 1.0 med mindre annet er angitt i 4.3.3.

MERKNAD 1 Informasjon om co kan angs | det nasjonale tilegget, Hvis det er tatt hensyn terrengformen tl
basisvindhastigheten, er anbefalt verdi 1,0.

MERKNAD 2 Kart eller tabeller for vr(2) kan angis i det nasjonale tllegget,

Betydningen av omkringliggende konstruksjoner for vindhastigheten bor tas i betraktning (se 4.3.4).
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Tabell 4.1 - Terrengkategorier og terrengparametere

Kystirok som er eksponer for pent hav

I Innsjoer eller latt og horisontalt omrade med e vegetasjon og
uten hindringer

001

Il Omrade med lav vegetasjon som gress og spredte hindringer
(@1 bygninger) med avstand minst 20 ganger deres hayde

005

I Omrade med vegetasion ller bygninger eller med spredte
hindringer med avstand minst 20 ganger deres hayde (andsbyer,
forstadsterreng, permanent skog)

03

V. Omrade der minst 15 % av overflaten er dekket av bygninger, og
deres giennomsnitlige hoyde overskiider 15 m

10

10

VERKNAD Terrengkategoriene er lustrer | A1
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432 Terrengruhet
(1) Ruhetsfaktoren c,(z) angir variasjonen i stedsvindhastigheten pé byggestedet som folge av:

—~ hoyden over terrengniva
~ terrengruheten pé losiden av konstruksjonen i den aktuelle vindretningen.

MERKNAD  Fremgangsméten for bestemmelse av c,(z) kan angis | det nasjonale tilegget, Den anbefalte
fremgangsméten for & bestemme ruhetsfakioren ved hoyde z gis av ligning (4.4), og er basert pa et logaritmisk

hastighetsprofi
@)=k | = for  z,,<z<g,
A ) o S E S e (@)
€(2)=6(2) for  zsz,

der
2o er ruhetslengden
k:er terrengruhetsfaktoren avhengig av ruhetslengden zo som beregnes ved bruk av
@s)

k =019 [Lﬂ]
Zon

der
o0
Znner minimumshayden definert i tabell 4.1

settes Ik 200 m.

=0,05 m (terrengkategori Il tabell 4.1)

Zoax
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NS-EN 1991-1-4:2005/NA:2009
Nasjonalt tilegg NA

NA.4.2(2)P Merknad 2: Formel NA.4.1 brukes ved bestemmelse av basisvindhastigheten'

Vb =i Cseason it Cprob Vb0 (NA4.1)

Ga erennivafakior som kan settes lik 1,0 med mindre hoyere verdier folger av
NA.4.2(2)P(901.1),

Gar  er en retningsfaktor som kan velges 1,0 for alle vindretninger. Eventuelle lavere verdier for
enkelte sektorer kan brukes som angitt i NA.4.2(2)P(901.2).

Cucasen €7 €N rstidsfaktor som kan velges lik 1,0, Eventuelle lavere verdier kan velges som angit i
NA4.2(2)P(901.3), og

oo €1 en faktor som brukes nar returperioden velges forskiellig ra det normale som er 50 r, jf
ligning 4.

Voo er referansevindhastigheten, jf, tabell NA.4(901.1) og figur NA.4(901.1)

Dersom bare bestemte vindretninger eller en bestemt arstid er aktuell for dimensjonering av byggverket,
kan det ved beregning av basisvindhastigheten tas hensyn til dette ved hhv retningsfaktoren Ga i
NA4.2(2)P(901.2) 0g Arstidsfakloren Cuepson | NAA.2(2)P(901.3).

Normalt kan Coeb 0g Cseason Velges lik 1,0,
Dersom det er aktuelt kan verdiene 0,2 for K og 0,5 for n benyttes i ligning 4.2.
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NA.4.2(2)P (901.1) Faktor for vindekning med heyden over havet, ca:

Referansevindhastigheten vy o er lavest i omrader der fiellkjedene virker mest skjermende pa den
sterkeste vinden, . figur NA.4(901.1). Denne skjermingseffekten er det tatt hensyn ti i v o ~verdier under
regionalt tregrenseniva, Ho som er gitt i tabell NA.4(901.2).

Over tregrensenivaet Hy aker vi, som folge av nivafaktoren, G 1,0 som kan bestemmes fra ligning
NA.4(S01.1) og som er en funksjon av hayden over havet H, samt geografisk region (distrikt) som
fastlegger Ho0g Hgp i tabell NA4 (901.2).

103 for viyp2 v,

Vo= H-H,
LosBoTveo )Wy NA.4(901.1)
Voo (Higpy=Ho)
der
Vo erenterskelverdi som skal velges, vo= 30 ms.
Vo e referansevindhastigheten i laviandet (havniva) 10 m over bakken, angitt tabell
NA4(901.1),
H er hayde over havet for byggestedet

Ho  erhayden over havet der nivakorreksjonen begynner, dvs. der c = 1,0 og akende, for H > Ho,
se tabell NA.4(901.2)

Hegs er hoyden over havet der maksimal nivakorreksjon er nadd, dvs. der cq nar maksimum og er
konstant for H > Hiqg, se tabell NA.4(901.2) og NA 4(903).
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Figure 2: The beams span over 2 - 10 m.
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NA.4.5 Vindkasthastighetstrykket
NA.4.5(1) Kortvarig toppverd for vindkasthastighetstrykket bestemmes fra:

4, =05pv2 1+ 24,1, () = 1424, 1, () 4,0 2) (NA.4.8)
der

Gn(2)  er stedsvindhastighetstrykket som bestemmes ved: g,,(z) =0.5p-2 ()

If2)  bestemmes fra NA.4.4,

K  erentoppfakior som settes lik 3,5,
Vaf2) er gitt vedligning 4.3,

p erluftens densitet.

Luftens densitet avhenger av temperatur og luftrykk (bl.2. hoyden over have) og kan normalt settes li
1,25 kg/m® dersom det ikke kreves noyaktigere beregninger.

Forenklet beregning av vindkasthastighetstrykket er gitt i en supplerende veiledning.




image99.png
4 Overside av tak

Taktype: Saltak

LI=20000mm  L2=40000 mm

Cpe.10 Gjelder for hele bygget. (>~ 10m2)

]
e/
]

2. Vindhastighet

Fylke: Sor-Trondelag  Kommune: Roros _Referansevindhastighet: 25 m/s

Byggested, hoyde over havet (m): 900 Calt: |
Returperiode (&) S0 Cprob: 1
Asstidsfaktoren, Cseason: 1 hele dret

" Vindretning (region) Bruker retningsfaktoren C-ret: |

Basisvindhastighet 25 mis.
Hoyde Z over grunnivaet: 35 m

Tabell NAA (901.2) = Hy 00 Hupy

Region Distrikt Ho | Hum
m | m
Ovrade 1| SorNorge ekeki Nora-Trondolag | 900 | 1600
Orade 2| Nora-Trandelag, Nordand, Troms | 700 | 1200
[Owvade s [ Finnmark. Svaloara w0 | ow
Faktorfor byggestedats beliggenhet mh, hoh: +
Fiogp = 1500m
He:  Heowm
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¢
The wind speeds are-calculated-based-on formula 6.5 in ch. 6.3-in NORSOK N-003, i
all: winds-are-consideredto-be-extreme winds.-The-formula requires a1 hour mean
speed.-|

«
‘The-windspeeds usedin-the-calculations are:f

q
LAT-=~+78m-above-mudlinef

q
q

Topside: | Height | 10-yearwind§ 100-vear wind§ | 10000 vear-wind<

Reference:|  Z 35ec. Gusta 3sec. Guste 3sec. Guste

Elevationf| above-
(mp | LAT=

5 o mso | KNaro | miso | iNmfo| mss | kNaro

1 ) 1 1 b 1 1 T

49757 | 307 | 4437 | 1209 | 5257 | Leoy | 7037 3.029
50250 | 357 | 448y | 1237 | S3f | L73 | 7L0§ 3.099
50757 | 409 | 4527 | 1250 | s3sST | L767 | 7179 3159
51250 | 457 | 4557 | 1279 | s407 | L787 | 7237 3.209
51750 | S0f | 4587 | 1287 | 5437 | 1819 | 7287 3259
52250 | SST | 4619 | 1307 | 5479 | 1839 | 7337 3299
52750 | 605 | 463 | 131o | 550u | 1850 | 73.7m 3330
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1

Topside- | Height- 10-year-wind{ 100-year-wind | 10.000-year-windq
Reference- VA 15-sec.-Gusta 15-sec.-Gusta 15-sec.-Gust
Elevationy| above-
(m)= LAT=
o o m/sc kN/m2a m/se | kKN/m’o|  m/so kN/m2
] 11 1 T v 7
497.59 309 41.99 1.08% 49.59 1.509 65.89 2,659
50259 | 357 | 4249 110] | 5019 | 1.549 | 66.67 2729
507.5] | 407 4287 1129 | 5067 | 1579 | 6737 2789
512.59 459 43.29 1.14Y 5119 1.607 68.0 2.839
517.59 | 509 43.59 L16] | 5159 | 1.629 | 6859 2.889
52259 | 559 43.89 1.18] | 51.8) | 1.657 | 69.09 2,929
527.5a 602 44.1a 1.19a 52.20 1.67a 69.50 2.960

1
Table-1-2-Wind-loads for'1 5-sec gusts|
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The wave heights // may be defined as follows:

H,, = arithmetical mean value of all recorded wave heights during a period of
observation = 0.6/

H, = significant wave height, which is the arithmetical mean value of the highest one-third of the
waves for a stated interval
H,;, = average value of the 1/n highest waves in a series of waves, usually of length 15-20 min —

commonly used values of n are 3 (significant wave height), 10, 100
Hyjo = arithmetical mean value of the height of the highest 10% = 1.27H
H\ 100 = arithmetical mean value of the height of the highest 1% = 1.67H;
Hpax = maximum wave height = 1.87H or rounded to = 2H, when a high risk of danger is present,

or if storms of long duration are to be considered.
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Boyemomenter og skjarkrefter ved sagging
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Beregning av bayemomenter og skjarkrefter ved
hogging




image120.png
T—

E

[

6w

20

S—

asws mrew




image121.png
Fordetreputrendefeestning ot ot

o
14810
2410

o 4810

L2

P
+s010f

,.% T




image122.png




image123.png




image124.png
heave
A z-axis

A
sur;

Fig.3.1: Definition of the WADAM Coordinate System.
X- and Y-axis in the still water plane.
Z-axis through the centre of gravity.
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11.1.4 Determination of characteristic action effects

Characteristic values of the action effects (displacements, forces or stresses in the structure, mooring and
foundation) shall be determined in accordance with the methods given in 6.1.3 for relevant combinations
of actions. These methods shall take adequate account of the variation of actions in time and space, the
motions of the structure and the limit states to be verified.

The dynamic equilibrium equation for a structure may formally be expressed as
M+M)X+CX+KX=F (19)

where M, M4, C and K are structural mass, added mass, structural damping and structural stiffness,

respectively, X, X and X are the displacements, velocity and acceleration of the structure, and F is
excitation force.

It is noted that Equation (19) needs to be modified if stochastic time-domain analysis is carried out for
systems with frequency dependent dynamic properties. Terms should be added to adjust for the
frequency dependent added mass and damping coefficients.

Caution should be exercised when using this approach to determine wave excitation, added mass and
damping actions at intersections between large diameter members.

Nonlinear and dynamic effects associated with actions and structural response shall be accounted for,
whenever relevant.
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The natural period of heave of a ship or semi-submersible structure can be calculated using the
following formula from (Faltinsen, 1990):

M+ A
Theave = 210 ﬂgAT:,ass
Where:

- M is the total structural mass including the ballast
- Anmass 18 the added mass of the water from exciting the structure
A, is the area of the water plane.

For pitch and roll, the formula is similar (Faltinsen, 1990):
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M * (R)? + Amoment
PGVaisplacea * GM

Tpuch/rou =2

Where:

- Ry is Rx or Ry, radii of gyration around the respective axis, depending if pitch or roll is
being calculated

- Amoment is the added moment for pitch or roll, calculated from the added mass from heave
and the distance to the VCOG

- pis the saltwater density

- g is the acceleration of gravity

- Vispiacea 1s the structures displacementvolume

The added moment is the most problematic issue here. It is hard to estimate the shape and weight
of the added mass working with the structure with different moment arms. Some work with the
different geometries and added mass is therefore needed to get good results.
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Looking in (Baltrop, 1998) for rectangular and cylindrical shapes, the formule for added mass are
given:

7

7

Figure 14 Added mass for a submerged rectangle
With the hatched areas being the added mass, the following estimation for added mass can be used:
B,
Mz =mp (3)°L
Where:

- Bis the width of the rectangle.
- Lis the length of the rectangle.
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Figure 15 Added mass in heave for a semi-submerged cylinder
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Table 5-3: Typical natural periods of coupled deep water floaters, retrieved from [19] as Table 7-1

DOF FPSO Spar TLP Semi
Surge >100 >100 >100 >100
Sway >100 > 100 >100 >100
Heave 5-12 20-35 <5 20-50
Roll 5-30 50-90 <5 30-60
Pitch 5-12 50-90 <5 30-60
Yaw > 100 > 100 > 100 > 50





image133.png
Tk 1. Input ds of 9 selevsed whips in differens onuding condions Tah. 2 Caleulation resuits of mllig axis
Socution fu the sl ships

T
ship - 0106
WARSZAWA s L0102

vy cumgo ship
MAESTIND "

0482

tonker
GIEWONT 1 007

0004





image134.png
To sentrale begrep:

Metasenter (M) = punkt som oppdriften B alltid virker gjennom
Moment M, ="“dreiekraft” = kraft - arm

Med arm mener vi den vinkelrette avstanden
mellom oppdriftens retning og den akse skipet
dreier seg om.

La oss studere et snitt av et skip. Nar skipet krenger, vil oppdrifts-
punktet flytte seg:

Vi ser at oppdriftskraften virker gjennom det samme punktet M,
som kalles metasenteret. Dette gjelder kun sa lenge krengingsvinkel
erliten (typisk mindre enn 10°).
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Skipet kan krenge av mange arsaker, for eksempel lastforskyving
eller sidevind. Figurene over og til venstre llustrerer kreftene som
ermed i spillet. Tyngdepunktet er p samme plass, mens oppdrifts-
senterets plassering endrer seg som illustrert. Sammen danner disse
kreftene et opprettende moment. Starrelsen pa momentet er av-
hengig av den horisontale avstanden G'Z, som ogsa blir kalt oppret-
tende arm. Stor GZ gir god stabilitet.
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Viktig lov om stabilitet
Na vet vi alts4 at oppdriften alltid virker gjennom metasenteret. La skipet rulle med klokken.
Vi ser pa hva som skjer ved tre forskjellige plasseringer av tyngdepunktet G':

Moment
G
oV

[

Mye fast 5 dekk

Dersom tyngdepunktet G'ligger i G'1, gir oppdriften et opprettende.
moment.

Dersom tyngdepunktet G'ligger i G2, gir oppdriften null moment
(labil situasjon).

Dersom tyngdepunktet G'ligger i G'3 (mye tung last pa dekk), gir
oppdriften et veltende moment.

Vikan dermed fastsla kriteriet for at skipet skal vare stabilt:

G'M>0
Eller med andre ord:

Tyngdepunktet (G') for skipet ma ligge lavere enn
metasenteret (M).
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Visetter Inn | momentlianinaen overst. oa far:

1
M=2 22— 22 tna-Lpg= 53 b*Lop-tanag

Vikan ogsé regne opprettende moment ved  se pa endret posisjon
for oppdriftssenteret :

M=arm - kraft

Arm = horisontal avstand mellom B'og oppdriftens retning = B'M - tan a
Kraft — oppdrift for hele legemet = b -L-T-p.g

Vi setter inn og far :
M

BM-tana-b+L:T-p+g
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Bestemmelse av metasenterhoyden

Dersom vi nd setter de to uttrykkene for M, lik hverandre, ender
vi opp med folgende uttrykk for metasenterhoyden :

Mo Bl Bl 1 hemone
R TN R PR e ——

1=b'L/12 er en storrelse som kalles arealtreghetsmorment.
Uttrykket gjelder for et rektangel, og vi har her forutsatt at ned-
dykket del av skipet er et prisme, slik at vannlinjeplanet biir et
rektangel.

Eksempel 2.3 Beregning av metasenterhoyde for Geir pa flate:
Pa side 2.1 har vi regnet ut at volumdeplasementet for fliten med
Geir var 58 dm’. Med en bredde pé flsten b=8 dm og en lengde
L=12 dm, ble dypgangen for fliten T = 0.6 dm. Beliggenheten av
metasenteret kan beregnes slik:

Arealtreghetsmoment =L+ b*/12= 12 dm « (8 dm)*/ 12 =512 dm*

Metasenterhoyde BM = 512 dm*/ (58 dm’) = 8.8 dm
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Figure 15 Added mass in heave for a semi-submerged cylinder
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Bestemmelse av metasenter-
hoyde
B 0g B”: Oppdriftssentre

b
2
/ b
nl.\"/ 3 «tana
i
Neddykket kile

Etslikt legeme kan ogsd kalles
prisme. Planet i vannflaten er et

rektangel

Bestemmelse av arealtreghetsmoment

La oss se pa situasjonene over, hvor skipet har fatt en krengingsvinkel.
Etter krengingen dannes to langsgaende kiler, en neddykket og en
frilagt. Disse gir et opprettende moment.

My =2-arm - kraft.

To-tallet kommer av at vi har to kiler som virker i samme rotasjonsret-
ning.

Med kraft mener vi her oppdriften fra den hayre kilen

arm = horisontal avstand fra rotasjonssenter til kraftretningen

gjennom arealsenteret til kilen
=(2/3)* (b/2), se oppgave 20.

kraft = oppdrift fra hver kile = volum + p - g
=%+ (b/2)+ (b/2)-tan(a)+ L +p+g
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6.2.5.2 Slender structures

‘When the motion amplitude is greater than the diameter, the relative motion between the structure and water
should be taken into consideration when calculating wave and current actions by means of Morison’s
equation. The dynamic equilibrium equation for a structure may then formally be expressed as

(M+M,)X+CX+KX=F (5a)

where M, My, C and K are structural mass, added mass, structural damping and structural stiffness,
respectively.

NOTE Itis noted that Eq.(5a) needs to be modified if stochastic time domain analysis is carried out for systems with frequency
dependent dynamic properties.
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6.2 Partial action factors

6.21  General
The principles of the design format of partial factors are given in ISO 19900.

‘When checking the ULS, the SLS, the ALS and the FLS, the action factors shall be used according to
Table 1.

Table 1 - Partial action factor for the limit states

[ ™ | conpmtons |_scuone @) |_sotons @) | sctons(E)” | scuons O |
actions D )

“-E--E-_

For permanent actions and/or variable actions, an action factor of 1,0 shall be used where this gives the most unfavourable
action effect
® Actions with annual probability of exceedance = 10
© Environmental actions with annual probability of exceedance = 107
”Eunmmsrubommmns-wmmmlmwmnmmsﬂamhummu(manm)
* Aoplicable for concrete structures

The actions are to be combined in the most unfavourable way, provided the combination is physically feasible
and permitted according to the action specifications.
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NORSOK N-001 Integrity og Offshore Structures

The NORSOK standards are prepared and published with support by The Norwegian Oil Industry Association
(OLF), The Federation of Norwegian Industry, Norwegian Shipowners’ Association and The Petroleum Safety
Authority Norway.

This NORSOK standard specifies general principles and guidelines for the design and assessment of
offshore facilities, and the verification of load bearing structures and related maritime systems subjected to
foreseeable actions.

This NORSOK standard is applicable to all types of offshore facilities used in the petroleum activities,
including bottom founded facilities as well as floating facilities.

This NORSOK standard is applicable to different types of materials used including steel, concrete,
aluminium, etc.

This NORSOK standard is applicable to all structural parts of a facility including substructures, topside
structures, vessel hulls, foundations, mooring systems, and subsea facilities. The standard is also applicable
to crane pedestals, living quarters, maritime systems, helicopter decks, module support frames and structural
parts of lifeboat launching appliances.

This NORSOK standard specifies principles that are applicable also to the successive stages in construction
(i.e. fabrication, transportation and installation), to the use of the facility during operation, and to its final
disposal.
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NORSOK N-001 Integrity og Offshore Structures
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The definition of main steel as used in this book is the structure that is designed to
withstand the global load, both static gravity loads, dynamic loads from environmental
forces and dynamic loads from accelleration of the masses.

Secondary steel is made to transfer loads from different areas and onto the main steel.
Secondary steel capacities are not included in the main strength analysis of the
platform.

Outfitting steel has some of the functions of secondary steel, but is specialised (seatings
for equipment etc, or ladders, handrails or other specialities)
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Fig. 3 Section lifting frame (welded profile)
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Studentdiskusjon rundt innspenningsforhold og variasjon av momenter i en konstruksjoner
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Diskusjon rundt Tretten bru og hva skjedde egentlig — og diskusjon rundt
viktigheten av a en klar filosofi rundt hvordan krefter skal ga i en hovedkonstruksjon.





image211.png
ey

[MPa]

3550
325
300
275
250
225
200
175
150
125
100

75
50
2%





image212.png
Sone 1: hvis Sjini 2 ko Ely / Ly
g

k, =8 for rammer med et avstivningssystem som
reduserer den horisontale forskyvningen med minst
80 %

ki = 25 for andre rammer forutsatt at
Ko/K: 2 0,1 i hver etasje
Sone 2:  delvis stivt

Alle knu!epunﬂer 1 sone 2 bor klassifiseres som
delvis stlve Knutepunkter isone 1 eller 3 kan

2 0gsé behandles som delvis stive.
]
vis Syn < 05Eh/ Ly

or rammer der Ky/K; <0,1 ber knutepunktene
klassifiseres som delvis stive.

— 5





image213.emf

image214.emf

image215.emf

image216.emf

image217.png
Jacket
Komponenter

Cast

Trunnion
node

Stub
Kort (minimum 600 mm lang) del av rgret som
sveises mot can’en. Brukes for a fa mulighet til
a sveise pa innsiden av rgret.

Can
Lokal forsterkning av et rgr i et knutepunkt.

slide 39 30-Mar-25




image218.png
Some examples
of design challen|

Okay Preferable If detail critical
solution solution and already build
for fatigue solution





image219.png
Some examples
of design challenges





image220.png
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Can you check Implementation Or implement a gusset plate
this critical detail? Alternative 1 solution?
SHS Infill?
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Only HP-profile can give local
failure in the to plate if the
pipe support load is big

Big pipesupport load
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Big pipesupport load

Even with a flange you will have the
same problem
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This leads to the following solution
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Big pipesupport load

Hollow section is better in order to
to take the horizontal shear force and moments
at the horizontal direction.
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If the hp stiffener is not strong enough the most efficent is to strengthen
the profile as shown below:
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Fixed (welded)
connection

Figure: Fixed piperack support

Fleksibel end plate

Teflon bearing
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Diskusjon utnyttelse av tverrsnitt bjelke kontra fagverk
og utviklingen av standardprofiler IPE, HEA, HEB osv.
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Tverrsnittsklasser sier noe
om hvor mye rotasjon
tverrsnittet taler for det blir
satt ut av funksjon.

Tverrsnittsklasse 1 er et
tverrsnitt som holder formen
selv etter at hele tverrsnittet
flyter. Man kan fa en
«flyteleddmekanisme»

Tverrsnittsklasse 2 er et
tverrsnitt som kan utnyttes

helt til flyt men her stopper det.
Kun ett «flyteledd» i en slik
konstruksjon

Tverrsnittsklasse 3 tverrsnitt
kan utnyttes til flyt i ytterste fiber
men kan ikke utnyttes til full flyt.

Tverrsnittsklasse 4 er sa spinkelt
at det mister baerevnen fgr man
kommer til flyt

Alle standardprofiler (IPE, HEA ....) tilfredsstiller stort sett tverrsnittsklasse 1

Tverrsnitt som benyttes i praksis tilfredsstiller tverrsnittsklasse 1 i noen tilfeller
tverrsnittsklasse 2.
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Cantilevered beam welded to stiff wall

A cantilevered beam with USP200 profile is fixed to a stiff wall by a con-
tinuous weld along the entire cross section. The actions act through the
centre of area of the cross section. The steel 1s S355.
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Figur 4.5 — Spenninger i sveisesnittets plan
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(5) Ved fastsettelse sveisens kapasitet—wrmalspenningen 0| parallelt med aksen.

(6) Dimensjonerende kapasitet for en kilsveis er tilfredsstillende hvis begge felgende betingelser er
oppfylt:

(02 +3 (1 + 1 *°< £,/ (Bw #a), 09 015 0,9 F, / a2 (

der
fu er nominell strekkfasthet i den svakeste delen i forbindelsen;
Bu er en korrelasjonsfaktor fra tabell 4.1.

(7) Sveiser mellom deler med ulike stélsorter bgr dimensjoneres pa grunnlag av egenskapene til godset
med den laveste fastheten.
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MED PARALLELLE FLENSER

TABELL 1.9 VARMVALSEDE KANALPROFI

Dimensjoner etter svensk stansard 88 21 27 30

Materiale etter NS-EN 10025
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Stdl .

VEY.

TI0° [ wios | 1

mmt | mw | mm
gl

106 | 265 | 323

203 | a6 | 407
353 | sa9 | 485
507 | w53 | s6s
910 | 11a | 642
1327 147 | 718
1882 | 188 | 794
2619 - 238 | 880
495 | 21 955
5106 | 318 [ 108
7503 | 500 | 120





image242.png




image243.emf

image244.png
Total area:

A=((

Centre of area:

(70 {;
UNA =




image245.emf

image246.png
A - wac! switt
The stresses acting on the design throat secfion are
_—

Ny N 80-10° 9
n = =

! 675a

v, V,

g 10107 333
T A, (T0+80) 24 /a/\
J‘,[: ]\[~

( 10 - 1062 =0 1513
N * Ymax = =59
A 300 - 1034

|

(ol

a

)’\/\gokﬂ





image247.png
i

The stresses acting on the throat section are:
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7 is small and may be neglected such that:

(1154)2 ‘ (1154)2
+ -3 M
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The equation may be rewritten as:

1154

a

2 =436

The throat thickness is then given by:

1154

a=2- = 5.3mm — choose|a =6mm
436 — —
400 -
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Statisk analyse
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Dynamisk analyse
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Figure 26

SN curves in air
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2.45 S-N curves in seawater with cathodic protection

S-N curves for seawater environment with cathodic protection
are given in Table 2-2 and Figure 2-7. The T curve is shown in
Figure 2-8. For shape of S-N curves sce also comment in 2.4.4.

Table 2-2_ SN curves in seawater with cathodic protection

SNcurve | N<100cycles | N>100cycles |Faniguelimitar107 | Thickness exponent k| Stress concentration in the -
loga, cycles*) N detail as derived by the hot
™| loga mi=5.0 spotmethod
B1 40| 14917 17.146 10697 0
B2 40| 14685 16856 9350 0
C 30 | 12192 16320 7310 015
c1 30 | 1208 6081 6550 015
[&) 30 | 11901 15835 5848 015
D 30 | 1764 15.606 5263 020 T00
E 30| 11610 15330 4678 020 3
F 30 | 11455 15.001 4152 025 127
1 30 | 11290 14832 3684 025 5
3 30 [ 1116 14376 3275 025 T61
G 30 | 10998 14330 2024 025 80
Wi 30 | 10861 2101 2632 025 200
W2 30| 10707 13845 2339 025 225
W3 30 [ 10570 13617 2105 025 250
T 30 | 1764 15.606 5265 025 for SCEZ 100 T00
0.30 for SCE >10.0

*)seealso 211
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S-N curves for tubular joints in air environment and in seawa-
ter with cathodic protection are given in Table 2-1, Table 2-2

N curves for tubular joints

and Table 2-3.
0
= hair
= " Eseawatervith —
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@
0
'
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Number of cycles
Figure 28

S-N curves for rubular joints in air and in seawater with cathodic protection
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Table 24 Classification of welds in pipelines

Description
eting Geomerryand ot spor | TOeTenCe egurement S-Ncurve | Thickness exponent k| SCF
\/ 5<min (0151, 3 mm) 1 0.00 10
Single side &> min (0.15t, 3 mm) F3 0.00 10
Hot spot
5<min (011, 2 mm) F 0.00 10
Single side
on'backing 5> min (0.1, 2 mm) FI 0.00 10
Hot spot
Hot s]im
Single side \/ D 015 Eq (210)
Double side < D 015 Eq (210)

Hot spot
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Table A1 Non-welded details

Notes on potential modes of failure

In plain steel, fatigue cracks will initiate at the surface, usually either at surface irregularities or at comers of the cross-section. In welded
construction, fatigue failure will rarely occur in  region of plain material since the fatigue strength of the welded joints will usually be much
Tower. In steel with boltholes or other stress concentrations arising from the shape of the member, failure will usually initiate at the stress.
concentration. The applied stress range shall include applicable stress concentration factors arising from the shape of the member.

Reference is made to section 2.4.10 for non-welded components made of high strength steel with a surface finish Ra = 3.2 o better.

Detail | Constructional details Description Requirement

category

Bl 1 1 T2
Rolled or extruded plates and flats
3 —  Sharp edges, surface and rolling
Folled sections flaws to be improved by grind-

ing

|—  For members that can acquire
stress concentrations due fo rust
pitting etc_ curve C is required.

B2 3

3
Machine gas cut or sheared material
with no drag lines

— Al visible signs of edge discon-
tinvities should be removed.

| — No repair by weld refill.

| — Re-entrant corners (slope <1:4)
or aperture should be improved
by grinding for any visible
defects

— At apertures the design stress
area should be taken as the net
cross-section area

7.
Manually gas cut material or material
‘with machine gas cut edges with shal-
low and regular draglines.

—  Subsequently dressed to remove
all edge discontinuities

| — No repair by weld refill.

|— Re-entrant corners (slope <1:4)
or aperture should be improved
by grinding for any visible
defects

—  Atapertures the design stress
area should be taken as the net
cross-section area
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A2 Bolted connections

Table A2 Bolted connections

-—

Detail | Constructional deals Description “Requirement
category
c1 12 I Tand2
Unsupported one-sided connec-
tions shall be avoided orelse | —  Stresses to be calculated in the
effects of eccentricities shall be gross section.
taken into account when calculat- | —  Bolts subjected to reversal
ing stresses. forces in shear shall be
designed as a slip resistant con-
2 ‘nection and only the members.
Beam splices or bolted cover need to be checked for fatigue.
plates
3 3 3
Bolts and threaded ods in ten-
sion. — Tensilestresses to be calculated
using the tensile stress area of
o the bolt.

— For preloaded bolts. the stress-
range in the bolt depends upon
the level of preload and the
‘geomery of the connection. see
<.g. “Maskmdeler 2. sef. /23],

F1 Cold rolled threads with o fol-
lowing heat treatment ike hot gal-
vanising
w3 Cut threads
See 1 Thread not i shear plane
Section Bolts n single or double shear shear
203 Fitted bols sad normal bals | e, e 1 ¢ calculated on
- ‘without load reversal.
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A3 Continuous welds essentially parallel to the
direction of applied stress

Table A-3 Continuous welds essentially parallel to the direction of applied stress

Detail | Constructional details Description Requirement
category

Notes on potential modes of failure.

‘With the excess weld material dressed flush, fatigue cracks would be expected to initiate at weld defect locations. In the as welded condition.
cracks may initiate at start-stop positions or, if these are not present. at weld surface ripples,

General comments

@) Backing strips
If backing strips are used in these joints, they must be continuous. Ifthey are attached by welding, such welds must also comply with the

relevant joint classification requifements (note particularly that tack welds, unless subsequently ground out or covered by a continuous
‘weld. would reduce the joint t0 class F)

b) Edgedistance

Anedge distance criterion exists o limit the possibility of local stress concentrations occurring at unwelded edges as a result,for example.
of undercut, weld spatter. or accidental overweave in manual fillet welding (see also notes in Table A-7). Although an edge distance can
‘be specified only for the “width direction of an element, it is equally important to ensure that no accidental undercutting occurs on the

unwelded comers of. for example cover plates or bos girder If undercutting occurs it should subsequently be ground smooth.
c 1 1 Tand2
Automatic welds carried out from
‘both sides. Ifa specialist inspec- | — No start-stop position is per-
tion demonstrates that longitudi- | mitted except when the
‘nal welds are free from significant | fepair is performed by a spe-
flaws, category B2 may be used. cialist and inspection carried
by out 0 verify the proper exe-
Automatic fillet welds. Cover cution of the repair.
plate ends shall be verified using

detail 5. in Table A-8
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OPPGAVE 1

PA grunniag av en global stokastsk responsanalyse av konstruksjonen i figuren ovenfor har
‘man funnet at det m giennomfpres en utmattingskontroll for innforingen av stavkraften F til
det angite knutepunktet.
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Det antas at X-kurven (gjelder rorknutepunk)) i DnV’s regler kan benyties som dimen-
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(7] *fatigue2.inp - Notepad - a
| File Edit Format View Help
10000000000. CYKLER

2 T-KURVE / 2 ANDRE SNKURVER
21.05  SPENNING KNEKK SN-KURVE
3.0 ML - |

10.57  LOGAL

5.0 M2

13.617 LOGA2

70. MAKS SPENNING

10 ANTALL BLOKKER

14. CUT OFF

10
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Beregning fra Mathcad-ark:
Skade = Skadeo + Skadey, + Skades, + Skadeyy + Skadesy + Skadegy + Skades + Skadegy + Skadegy + Skadegy
Skade = 8.503

Levetidsfaktor = —-
Skade

Levetidsfaktor = 0.118

Beregning fra programmet:

Sul DE

CYKLER: Antall opptredende sykler som vi
regner med at konstruksjonen blir utsatt for.
Programmet antar at man har logaritmisk fordeling
av spenninger
2 T-KURVE /2 ANDRE SNKURVER:
1 Referer til regneeksempel gjennomgatt i timen
(kan egentlig ses bort fra)
2 Referer til generell SN-kurve. Input her er laget
slik at det passer med Mathcad-ark
Oppgave3-20241117.

SPENNING KNEKK SN-KURVE: referer til knekk pa SN-kurve

Her er det lagt inn for W3-kurve

M1 - Se W3 SN-kurve tabell

LOGA1 - Se W3 SN-kurve tabell

M2 - Se W3 SN-kurve tabell

LOGA2 - Se W3 SN-kurve tabell

MAKS SPENNING - Hgyeste spenning

ANTALL BLOKKER - Antall spenningsblokker

CUT OFF - Cut off. Spenninger mindre enn dette gir ikke
utmatningsbidrag.
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Wind velocity

Figur 3.3 Dynamisk respons under vindpdkjenning [5]
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Figure 9-11
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Table 9-3 Efficiency of helical strakes and helical wires

No.of windings | Height of Strakes Pitch Lip C"CEJLﬁ“"" Drag ‘;“;ﬁ“""'

" ] 3 0.11D 45D 0.238 16

Eitionl Stealicn 3 011D 15D 0.124 17

34 0.118D 5D 02 117

‘ 34 0.118D 0D 02 138
HARISS: 34 0238D 5D 02 v
34 0.238D 10D 02 -

No_ 09 07
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The physical problems are a combination of the following
> Rotating equipment
» Flow
> Vortex shedding
> Structure borne vibration and noise propagation
» Air borne noise
Methodical problems:
> Insuffcen evaluaon ofvbratons and nofses during poject phases (dlso before FEED)
> Inadeauate ssessmentof HAZID', HAZOR s speci o he robem
rd IDentification, som er en systematisk metode for & vurdere og
identifisere risiko ved et system eller en aktivitet. «Wikipedia»
- HAZard and Operability Analysis som er en anerkjent, strukturert
metode for a identifisere sikkerhetsmessige farer og utfordringer i
forbindelse med utforelse, vediikehold og drift av ef prosessanlegg.
«Wikipedia.

> Integrated toos o combin the physical problems may help o undersand more o he phenomena
Organizational problems:

> Lack offocus on nferdscipinaryresponsibiy and cooperation
Competence problems

> Lack offeedback ofproblems and involvement o the industry wihtaining nstuions (with NTNU, HIST and
igh schook)
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- Det var som & vaere i en film. Jeg ser at brua knekker, asfalten motes og
jeg er i midten, sier Mari Slden (24) til Dagbladet.

Hun var pé vei tl sin forste skoledag som leerer mandag morgen, da
I1illegg til bilen hun satt i, ble en lastebil revet med.

Tretien bru kollapsel mandag. Folo: Hans A Vediog / Dagbladet

Qlaan enm faret 1ittalta con til Inkalaviea N nravde fahrilek & runma da
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Maten krana traff kjopesenteret pa, sarget for at store deler av bygningsmassen ble berort. Foro: HAVARD HAUGSETH JENSEN
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7 General structural design

71 Design objectives

A structural system, its components and details shall be designed to comply with ISO 19900 and the following
principles:

« structures and structural elements shall normally be designed with ductile resistance behaviour;

+ an unintended event shall not escalate into an accident of significantly greater extent than the original
event;

« structures shall be designed to minimize overall stress concentrations and provide a well defined stress
path;

« the design shall secure that fabrication, including surface treatment, can be accomplished in accordance
with relevant recognised techniques and practices;

« the design of details, selection of profiles and use of materials shall be done with the objective to minimise
corrosion, degradation, and the need for special precautions to prevent corrosion and degradation;

* adequate access for inspection, surveillance, maintenance and repair shall be provided;

« satisfy functional requirements as given in the design premises.

Active operation (e.g. draft adjustment, re-location of cargo, etc.) may be taken into consideration on the
condition that it can be demonstrated that the operations have an acceptable degree of reli . Active
operation in an emergency situation should consequently not depend on a high degree of reliability of
personnel.

The facility may be designed on the assumption that individual components may be replaced to maintain an
acceptable overall safety. Replacement procedures should be prepared during the design phase.
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K-delen Pensum

+ Jorg Schneider
” Introduction to Safety and Reliability of Structures”

— Vi skal se spesielt pa kapittel 4.3
— Sikkerhet og palitelighet

Online (NTNU bib)
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+ Per Kristian Larsen
"Konstruksjonsteknikk, Laster og beeresystemer”

— Vi skal se spesielt pa kapittel 1 — 5
— Sikkerhet og palitelighet

— Laster og kombinasjoner
— Konstruksjonskomponenter
— Beeresystemer inklusive avstivningssystemer

— Noe prinsipper om fundamentering KGNS RE| S LERNTRE

M4 bestilles: http:/www.akademikaforlag.no/node/1195 I h Illllllllm





image19.png
Context within the Eurocode standards

Four principal fundamental requirements stated in the Eurocode 0:

Extract from Section 2.1 of EN 1990:2002 EN 1990:2002 (E)

Section2  Requirements

2.1 Basic requirements

(1)P A strueture shall be designed and executed in such a way that it will, during its

intended life, with appropriate degrees of reliability and in an economical way

~ sustain all ations and influences likely to occur during execution and use, and
remain it for the use for which it s required.

(2)P A structure shall be designed to have adequate:
~ structural resistance,

~ serviceability, and

~ durability.

(3)P In the case of fire, the structural resistance shall be adequate for the required period
of time.

NOTE See ako EN 1991-12

()P A structure shall be designed and executed in such a way that it will not be dam-
aged by events such as -

~ explosion,

~ impact, nd

~ the consequences of human errors,

to an extent disproportionate to the
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Det er usikkerheter knyttet til vektestimering som
man ma ha et bevisst forhold til

Paslag i estimering for “kjente-ukjente” faktorer (kjent, men lar scg

Allowance
vanskelig definere), samt usikkerhet rundt tilgjengelig informasjon.
Normalt 10-30%

Contingency Tillegg til estimatet for & kompensere for statistisk forventede hendelser

som ikke kan forutsees noyaktig
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Oppdrift - Arkimedesloven

Fa=pu-9 W
fortrengte
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Oppdriftsberegning

vannplanarealet A

legemevolumen Vi =A-H

S, : tyngdepunkt legeme
Sy: tyngdepunkt fortrengte volumen

fribord f
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Hydrostatisk stabilitet

o] o —

S.: tyngdepunkt legeme.

Ihvilestiling
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Ballast Stabllized

Tethered

Spar Buoy
MIT
Boat Taut-leg Spar
NREL
Barge TLP
Bu
Mooring Line
Stabllized cmMA Stabliized
(Weighted Water plane Dutch TLP
Area) Tri-floater

Figure 4 Stability triangle (S. Butterfield, 2005)
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Hydrostatisk Trykk

Hydrostatisk trykk

- virker i alle retninger og er
skalar (men ikke
resulterende kraft!)

Resulterende trykkraft
- virker alltid normalt p&
plane flater

P=pgz
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Olie + Vann

olje:
po = 900 kg/m?

ho=5m

vann (py>po):
Pw= pwghw

vann:
pw = 1000 kg/m*

hy=5m
pogho  pwghw
L2228
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Trykk pa undersiden:p,+ p+g-+h
Trykk pa oversiden : p, + p+ g« (T-H)

Kraft pa undersiden:F,=B«L+(p,+p+g-T)
Kraft pa oversiden:F,=B+L«(py+p+g+(T-H))
Netto kraft oppover : Fo4i. Fu,—F,=B<L+H-p-g

B« L-H ervolumet av fortrengt masse. Nar vi multipliserer med p - g,
far vi oppdriften, som nettopp er det Arkimedes lov uttrykker.

244

—’ ‘_
— - Oppdrift=B+L-T+p-g
_’ ‘_
—’ ‘—
—' ‘_
v

Trykk pd et legeme som holdes under vann

For et legeme som flyter med dypgang T, yngdey omt g

gjelder:
Oppdrift = tyngde
B-L-T-p-g=m-g Arkimedes lov:

og Tyngde og oppdrift balanserer
Vep=A

Volumdeplasement - tetthet
= vektdeplasement (massedeplasement).
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|6lorn

Data for bestemmelse av tyngde-
punktets beliggenhet for lastebil
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Eksempler
Eksempel 2.1. Beregning av tyngdepunkt/masse-
senter

Tore Toff kjorer lastebilen sin inn p3 et fergedekk. Vi skal
finne hvor hoyt lastebilens massesenter igger over
dekket. Vi kaller denne avstanden DG. Vi benytter tyn-
‘gdepunkisatsen, som vist pé forrige sic

DG'=3(hi+m, )/5(m,)=(1.5m+ 16 tonn + 25 m+ 20
tonn +4.5m + 12 tonn)/(16+20+12) tonn = 267 m
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ERE TR EEIEIEIaE aF I yHIHE"
punktets beliggenhet for lastebil

Eksempler

Eksempel 2.1. Beregning av tyngdepunkt/masse-

senter

Tore Toff kjorer lastebilen sin inn p3 et fergedekk. Vi skal

finne hvor hoyt lastebilens massesenter igger over

dekket. Vi kaller denne avstanden DG. Vi benytter tyn-

‘gdepunkisatsen, som vist pé forrige side :

DG'=5(hi-m, )/5(m;)=(1.5m+ 16 tonn + 25 m+ 20
tonn +45m 12 tonn)/(16+20+12) tonn = 2.67 m

Eksempel 2.2. Beregning av KG' og KB':
Geir Greiisitter pa fliten sin. Den er laget av isopor og har
mélene L=1.2 m, B=0.8 m og H= 0.2 m. Isoporen veier 7 =
5 kg. Geir veier 53 kg. Nér han sitter, vil Geirs tyngde- 2 BN
punkt ligge 0.4 m over flsten. KG'blir né: !ﬂ
KG'=(5kg+1dm +53 kg« (2dm + 4 dm))/(5 kg + 53 kg) P 0sdm

=56dm

Tam

Vi kan bestemme avstanden til oppriftssenteret KB'sik:
DypgangT:
(5kg+
T L

senter for Geir + lite.
Siden flsten er utformet som et prisme, vil oppdrifts-
senteret, B; ligge lik at

KB'=06dm/2=03dm
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Krefter i oscillerende stremning: Morison Equation

1 . .
F= 5pCDDU|U| + pCr AU + pAU

\
Froude-Krylov
drag treghetskraft kraft

Cum=Cm+1

1 .
F= épCDDUIUI + pCr AU
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