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Abstract 

This thesis examines the design of a subsea basket that meets the specifications of the oil service 

company DeepOcean, aiming to enhance operational efficiency in subsea tree operations. Subsea 

baskets are typically used in subsea operations to store equipment on the seabed. The thesis explores a 

solution that allows the basket to be used as a Dead Man's Anchor (DMA), a requirement from clients for 

the installation of subsea structures. 

The solution combines this with the ability to use a crane device with a lower weight capacity, making 

it easier for deck personnel to handle. The proposed solution in the thesis involves integrating a 

detachable weight into the subsea basket. This design will make the basket multifunctional, which will 

be unique in the market. 

The subsea basket is designed according to a specification list and complies with relevant standards and 

regulations. The design process is conducted using Creo Parametric software, and the basket is 

constructed according to Det Norske Veritas (DNV) and Eurocode standards. These standards provide 

clear guidelines for structures in the offshore environment and form the basis for weight limit 

calculations. 

Manual calculations have been used to ensure that the subsea basket meets the weight 

requirements. Additionally, various design and lifting factors have been considered, including quality 

control of the subsea basket and the selected lifting arrangement. This is done with the help of numerical 

methods for strength calculations using the simulation program Ansys. Structural analyses, both manual 

and numerical, have been carried out in accordance with Eurocode standards to ensure that the subsea 

basket can withstand the loads during lifting operations. 

The results from the analyses show that the subsea basket meets the requirements for allowable stress 

loads, confirming that the design is ready for further certification and testing required for subsea tree 

operations. 
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Sammendrag 

Denne oppgaven undersøker designet av en undervannskurv som oppfyller spesifikasjoner fra 

oljeserviceselskapet DeepOcean, og bygger på selskapets mål om å forbedre operasjonseffektiviteten 

innen juletreoperasjoner. Undervannskurvene brukes normalt i undervannsoperasjoner for oppbevaring 

av utstyr på havbunnen. Oppgaven vil se på en løsning som gjør at kurven operasjonelt kan brukes som 

et dødmannsanker (DMA), som er et krav stilt av kunder for installasjon av undervannsstrukturer.  

Løsningen vil kombinere dette med muligheten til å bruke en kraninnretning med lavere vektkapasitet, 

som gjør den lettere å håndtere for dekkspersonell. Den presenterte løsningen i oppgaven innebærer 

integrering av en avtagbar vekt til undervannskurven. Med dette vil designet kunne definere seg som en 

multifunksjonell, noe som vil være unikt i markedet. 

Undervannskurven er designet etter en spesifikasjonsliste, og overholder relevante standarder og 

forskrifter. Designprosessen er gjennomført ved hjelp av Creo Parametric programvare, og kurven er 

konstruert etter Det Norske Veritas (DNV) og Eurocode standarder. Disse standardene gir klare 

retningslinjer for strukturer i offshoremiljøet, og legger grunnlaget for beregninger av 

vektbegrensninger. 

Manuelle beregninger har blitt brukt for å sikre at undervannskurven oppfyller vektkravene. I tillegg har 

ulike design- og løftefaktorer blitt vurdert, som kvalitetskontrollerer undervannskurven og valgt 

løftearrangement. Dette med hjelp av numeriske metoder for styrkeberegninger ved bruk av 

simuleringsprogrammet Ansys. Strukturanalyser, både manuelle og numeriske, er utført i henhold til 

Eurocode standardene, for å sikre at undervannskurven tåler belastningene under løfteoperasjoner. 

Resultatene fra analysene viser at undervannskurven tilfredsstiller kravene til tillatte 

spenningsbelastninger, som bekrefter at designet er klart for videre sertifisering og testing som kreves 

av juletreoperasjoner. 
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1. Introduction 

This chapter provides an overview of subsea baskets and their role in subsea operations. It introduces 

DeepOcean's motivation for a multifunctional subsea basket. The chapter highlights the innovative 

design features of the proposed basket and describes the capabilities of the construction vessel Normand 

Ocean used in these operations. 

1.1. Background 

Subsea Baskets are used to store various tools and equipment needed for subsea operations. They serve 

as support by safely storing tools and equipment while lowered down to the seabed or recovered up to 

deck. One instance is subsea tree operations (XT operations), where these subsea baskets are deployed 

with equipment for the module and necessary tools for a Remotely Operated Vehicle (ROV). This 

increases the ROV's efficiency of accessing the tools and equipment needed to install the subsea trees. 

In the oil and gas industry, a subsea tree is a module that sits on top of the well and regulates the 

production flow. It also connects the well with tubing, other devices, as well as the topside. The trees are 

heavy constructions that can weigh up to 70 tons, which leads to challenges when deploying them from 

a construction vessel. If the subsea tree module is accidentally dropped due to calculation deviation or 

other unforeseen circumstances, the consequences could be catastrophic for the environment and 

operational assets. In the worst case, it can cause risks to the safety of personnel. 

To ensure safety in case of any accidents, it's crucial to use an offset method of landing the tree, as 

illustrated in Figure 1. This offset method is a requirement from operators in the oil and gas industry and 

is used in the installation of all types of subsea structures. 

The method involves a dead man’s anchor (DMA), which is a heavy object placed on the seabed to create 

a stable anchoring point. In XT operations the DMA is connected to guidewires passing through the 

funnels of the subsea tree structure. The DMA is placed on the seabed with an offset of 10% of the sea 

depth away from the structure manifold. Once the guidewires are connected to the DMA, the tree is 

gradually lowered to 30 meters above the seabed. Then, one guidewire at a time is transferred to 

guideposts at the tree's landing area for accurate positioning. The vessel is then moved over to the 

manifold position, and the tree is lowered the remaining 30 meters to be positioned at the landing area. 

 

Figure 1 - Illustration of a procedure for the offset method, obtained from DeepOcean. 
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1.2. Motivation 

According to feedback from DeepOcean supervisors, a shortage of subsea baskets in the market has led 

to high rental costs. The company is considering conducting further research to determine the feasibility 

of manufacturing its own subsea basket with multifunctional features for XT operations. Specifically, 

the basket shall be operational for transporting tools and as a DMA. It will be designed for the 

construction vessel Normand Ocean, where there are two types of lifting cranes for subsea lifts. When 

practical, it is desirable to use the crane with a lower lifting load capacity because of its time efficiency. 

This could be solved with a subsea basket equipped with the capability of changing its mean gross weight 

(MGW) by adding/removing additional weight.  

The company's target is to achieve a 45% reduction in CO2 emissions before 2030 and by 2040, further 

aiming to become carbon neutral [1]. A subsea basket with the mentioned features would help operations 

to become more cost-efficient and sustainable by reducing the amount of time. This design concept 

would be a unique product on the market, with customizations that specifically meets the company's 

requests. 

1.3. Novelty 

Given the existing subsea baskets in the market, the novelty of the subsea basket is established in its 

multifunctional design and adaptability to various operational needs within the subsea industry. Unlike 

traditional subsea baskets that serve limited purposes, this innovative design aims to integrate the ability 

to fulfill multiple roles. 

This implies including features such as regulated weight to meet requirements and enabling the use of a 

whip-line system (1.4). The basket can be used as an independent module or in combination with the 

integrated DMA. The structure is also designed to fit the basket without affecting the passthrough of 

water in any significant way. Additionally, the basket's design enhances efficient ROV handling and sea 

fastening for XT equipment, making it ideal for IMR operations. 

1.4. Construction Vessel and MHS Overview 

Normand Ocean is a multipurpose subsea construction vessel owned by Solstad Offshore, which 

DeepOcean charters for its wide IMR use. The vessel, presented in Figure 2, is designed to ensure safe 

and efficient subsea operations. The key vessel feature is a 1020-square-meter working deck plan, which 

accommodates a large amount of equipment and tooling. It is equipped with a 160te subsea crane 

configured with a main block hook and a secondary system called whip-line, capable of handling loads 

up to 12te. A 40te module handling system (MHS) equipped with a skidding mechanism is fitted, 

allowing efficient module handling during operations. The vessel also contains two ROVs which can be 

operated under the limitation of 5-meter significant wave height (Hs) [2]. 

 

Figure 2 - Normand Ocean, obtained from DeepOcean. 
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MacGregor provides the MHS designed for installing and maintaining subsea installations, as shown in 

Figure 3. This system ensures accurate and safe handling in challenging weather conditions. The key 

components include an integrated tower on deck, housing the main lift winch, guidewire, cursor, and 

moonpool doors system. The guidewire system ensures precise load handling and accurate positioning 

of the subsea modules on the seabed, which is particularly crucial during operations in rough weather. 

In addition, the cursor system plays a vital role in securely constraining subsea modules during 

deployment and recovery through the moonpool. This prevents swinging due to controlled handling that 

minimizes the risk of damage to the load [3]. 

 

 

Figure 3 - MHS system, MacGregor. [3] 
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2. Methodology 

Methodology concerns the different methods used to gather and approach information. When using the 

proper methods, the article is well-supported and with correct information. This chapter includes the 

methods of gathering information and the research approach of the project. 

2.1. Research Approach 

When there is not a substantial amount of information on a topic on the internet, interviewing engineers 

in different disciplines is a suitable method for acquiring knowledge. Interviewing experts is an 

inductive and qualitative method and a reliable and primary source of information.   

Another inductive and qualitative method is document analysis. This is done when reading articles and 

documents found on the internet, in literature, or in other sources. When analyzing documents, it is 

essential to be critical of potential misinformation. This can be checked by confirming that the 

sources are backed up by research and professionals. As an example, standards from DNV are well-

known and used by all companies operating in the jurisdiction of these standards. 

In addition to the research team's experience, the group includes an educated ROV pilot who has 

experience with various subsea basket alternatives in operation. This experience provides insights into 

the practical aspects of design choices and helps the group understand subsea operations. 

2.2.  Research of Design Alternatives 

There are a variety of subsea baskets on the market, where the different designs have certain advantages 

and disadvantages during subsea operations. A few features that are crucial for such baskets are time 

efficiency, safety, and easy management by the deck crew and ROV. The lifting of the basket is achieved 

using different types of lifting mechanisms, where the most common types are presented in Figure 4 to 

Figure 6. 

 

Figure 4 - Subsea basket 4-leg rigging. [4] 
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Figure 5 – Subsea basket with A-frame. [4] 

 

Figure 6 - Subsea basket with Center pole. [4] 
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2.2.1. Pros and Cons of Existing Designs 

Pros and cons of existing designs in Table 1 presents the different alternatives, outlining their advantages 

and disadvantages. This comparison affected the final decision regarding the design choice, as discussed 

in chapter 2.2.2. 

Table 1 - Pros and cons of existing designs. 

Alternatives Advantages Disadvantages 

4-Leg 

Rigging 

Require less structural analysis during 

the engineering process. 

Challenges for handling rigging 

components for ROV and deck personnel 

due to several lifting slings, potentially 

leading to operational delays. 

Provides a large storage area. The lifting slings may interfere with other 

subsea equipment, leading to the potential 

risk of damage to high-cost operational 

assets. 

Components can be designed with 

minimal complexity for efficient 

manufacturing, potentially lowering 

production costs. 

Uneven weight distributions would lead to 

increased dynamic forces. 

A-frame Spreader bar of the A-frame design 

helps distribute loads more evenly. 

Potentially higher production costs due to 

the A-frame. 

Efficient handling of rigging 

components for ROV and Deck 

personnel, reducing operational delays. 

 

 

A-frame application increases overall 

weight (advantage for DMA option). 
Better accessibility to tooling and 

equipment for ROV and Deck 

personnel, leading to increased 

operational efficiency. 

Center Pole Center Pole has fewer dynamic forces 

during lifting operations. 

Reduced accessibility to tooling and 

equipment for ROV and deck personnel. 

Center Pole provides centralized 

support for the subsea basket, 

contributing to stability during subsea 

positioning. 

Center Pole reduces basket area for 

tooling and equipment. 

One lifting point, the center pole 

arrangement simplifies the rigging dure 

to single lifting point. 

Increased risk of tether entanglement for 

ROV, leading to operational delays. 
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2.2.2. Final Design Selection 

To conclude the further design choice of lifting appliances, a case survey was conducted among 

personnel involved in operations onboard the construction vessel. This was initiated through a survey in 

a Facebook group dedicated to Normand Ocean staff. The aim was to map the most suitable alternatives 

for IMR operations. 

Given the results illustrated in Figure 7, 83% of the respondents chose A-frame applications out of the 

17 responses received. This preference contributed to the decision-making process, considering the 

advantages and disadvantages. The selected lifting application will be the A-frame due to its effective 

handling for deck and ROV personnel.  

 

Figure 7 - Survey results for lifting applications preferences.[5]  

2.3. Design Tools and Software 

In the engineering approach to designing a subsea basket, using computer-aided design (CAD) is 

essential for delivering a complete product. Results from simulations using finite element method (FEM) 

will reveal the structural integrity and push the design process in the right direction. Information from 

software is a primary source and a deductive and quantitative design approach. 

2.3.1. Design and Simulation Method 

Several software programs were used to design and simulate the subsea basket. Creo Parametric was 

used in the 3D design, using the Framework application for the structural frame. Other parts were 

modeled using sketching commands and feature commands (extrude, revolve, sweep, and blend). These 

were used for creating and dimensioning 2D profiles and creating and modifying 3D shapes. 

The simulation software Ansys, with the Static Structural analysis module, provided the simulations of 

the different components. Because of a limitation of nodes in the student version, the full-size basket 

was converted to a shell model through the geometry editing tool SpaceClaim in Ansys. The shell model 

provided a lower number of nodes and elements. The shell was only applied to the full-size basket and 

A-frame, as the other parts could be simulated as 3D models. 
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3. Project Description 

The task is to design a multifunctional subsea basket that can be used in subsea tree operations. In a 

typical offset operation, the subsea basket and DMA are handled separately. However, if the DMA is 

integrated into the subsea basket design, only one lifting operation would be required before deploying 

the subsea trees. This would enhance operational efficiency, resulting in considerable time and cost 

savings. The company has provided a detailed list of specifications and preferences for the project. This 

will guide the process of creating a multifunctional subsea basket that adheres to relevant standards and 

guidelines and meets the requirements of an integrated DMA function. 

3.1. Design Specifications  

From the key aspects of the subsea basket, the company has provided a specification list outlining 

requests and expectations that should be met: 

• DMA option, respecting the minimum weight requirement and adding GW receptacles 

• Minimal deck space 

• Transportability on a car with a width of 2.5m 

• Size equivalent to a 13-foot container  

• Zinc galvanization for corrosion resistance 

• Compliance with relevant standards and guidelines 

• Accessibility for a pallet jack 

• Consideration of a weight limit under 12te for use with whip-line 

• ROV accessibility 

• Fastening points for equipment inside the basket 

• Attachment points for grating 

• Fastening points for securing subsea basket on deck 

• Forklift pockets 

• Dynamic Amplitude Factor (DAF) set to 2 

Based on these specifications, the final design proposition aims to generate innovative solutions for a 

multifunctional subsea basket. Throughout meetings with the company, the requirements have been 

reviewed and discussed to prioritize the essential aspects for the primary purpose. This includes weight 

requirements, with a specified limit of 10 tons for the DMA option and a maximum of 12 tons for using 

the whip-line. These considerations are highly prioritized to ensure the design effectively meets all other 

specifications. 

3.2. Standards 

In the subsea industry, there is a wide range of standards and guidelines that need to be strictly followed. 

The subsea basket must comply with these standards to be certified and meet the specifications set by 

the company. Standards provide specifications, characteristics, and requirements that act as guidelines 

during the product design process. These standards comply with industry norms and contribute to the 

safety and integrity of operational assets. Relevant standards for this project include: 

• Eurocode3 

• DNV-STN001Marine operations and warranty 

• DNV-ST-E273 2.7-3 Portable offshore units 
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3.2.1. Eurocode 3 

Eurocode 3 is a European standard for the design of steel structures. It provides guidelines and 

specifications for material properties, design of steel members, connections, and the overall stability of 

structures. Eurocode 3 covers a wide range of structural elements, including beams, connections, welds, 

and bolted joints. 

3.2.2. DNV-ST-N001 

DNV-ST-N001 is a standard that focuses on a large aspect of marine operations and warranty. The 

standards provide several different aspects in the design process of structures used in marine operations, 

such as transportation and installation. The standard is also used extensively in the establishment of the 

loads used in the design calculations [6]. 

3.2.3. DNV-ST-E273 2.7-3 

DNV-ST-E273 2.7-3 contains information about the requirements and design principles for portable 

offshore units and is highly suitable for the design of subsea baskets [7]. In this design, the standard is 

mainly used in the structural design process and material selection. 

3.3. Material 

3.3.1. Material Selection 

Choosing a material that can withstand the different load scenarios that can appear is essential. The 

natural material for a subsea basket is construction steel because of its strength and durability. However, 

there are many different types of steel with different attributes. In this case, the steel should be ductile to 

manage sudden loads, and weldable. A low-carbon steel is the most suitable option for these two 

characteristics [8]. 

The basket should also be suitable for low temperatures to ensure that it can manage the North Sea 

climate. There is a test for determining the characteristics of materials under different temperatures called 

the Charpy V-notch test [9]. It uses a pendulum that hits a piece of steel with a V-notch from a given 

height. This shows how much impact load the steel can absorb when fracturing. Given from this test are 

steel subgrades: JR, J0, and J2. JR can absorb 27 Joules of energy at room temperature, J0 at 0 degrees 

Celsius, and J2 at -20 degrees Celsius. The standard DNV-ST-E273 states that in the absence of a design 

temperature designation, the design temperature should be -20 degrees Celsius [7, Ch. 3.2.1]. These 

factors yield the basis for choosing the material S355J2, with properties as shown in Table 2. This is a 

strong low-carbon steel with impact durability at -20 degrees Celsius. 

Table 2 - Material properties for S355J2 steel. [10] 

Material Property S355J2 Value 

Density 7850 kg/m3  

Modulus of elasticity 210000 MPa 

Shear modulus  81000 MPa 

Yield strength 355MPa 
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Ultimate strength  510MPa 

Poisson’s ratio in elastic range  0,30 

3.3.2. Galvanization 

According to DNV standards for portable offshore units (POU), suitable corrosion protection shall be 

applied to the material [7, Ch. 4.6]. The company will choose the best-suited corrosion protection, and 

galvanization of the subsea basket is a good option. Although this procedure is costly, it provides superior 

durability and maintains a better appearance over time compared to other coating alternatives. 

3.3.3. Allowable stress 

According to the POU standards, the von Mises equivalent stresses produced by the design load should 

not exceed 85% of the selected materials' yield stress [7, Ch. 3.4.3]. For the selected material S355J2 

steel grade, an allowable stress of 301,75 MPa is used as a maximum allowable value in the structural 

analysis, unless anything else is stated. 

 

Where:  

eR  : Yield stress of the material 

 

3.4. DNV Calculations 

DNV standards state guidelines used to calculate various factors and loads. These calculations create 

the basis for design choices and simulations. 

3.4.1. Factors 

Several factors are used in the calculation of forces that the subsea basket must be able to withstand. 

These factors contribute to establishing the most extreme scenarios to which the structure theoretically 

can be subjected. 

Weight margin factor 

A center of gravity (CoG) envelope is applied to accommodate for uncertainties and variations of the 

actual CoG. The lifting points which are closest to the CoG will normally be subjected to the highest 

loads [6, Ch. 5.6.2.3]. There will also be deviations due to the weight distribution of the cargo. 

A weight margin factor is applied to the MGW, which is an alternative way to accommodate for the 

uncertainties mentioned above [6, Ch. 5.6.2.3.2]. A factor of 1,10 is found in Table 3, which is suitable 

in cases with an estimated MGW of low certainty. 
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Table 3 - Unweighted object weight margin factors. [6, Ch. 5.6.2.2.2] 

 

Skew load factor  

The skew load factor (SKL) considers additional loading which can occur from fabrication tolerances in 

the rigging and lifting structures. This includes asymmetry and the distribution of forces in the rigging 

arrangement. The skew load factor is set to 1,33 which is suitable for 4 leg sling set. A 4-leg sling set is 

used as it resembles the A-frame structure the most [7, Ch. 3.5.5]. 

Dynamic amplifying factor 

The dynamic amplifying factor (DAF) is a factor that accommodates the influence of a variety of 

dynamic elements. In subsea operations, such influences include, among others, wave dynamics, 

buoyancy, etc. These elements affect the overall load subjecting the basket [6, Ch. 16.17.2.1]. A 

customer requirement is to set the DAF to 2, which is higher than the value found using DNV standard 

calculations for offshore lifts. The calculations below are found using the formula in Supplementary 

Table 6. 

 

3.4.2. Weight calculations   

The hook loads are calculated using the following formula [6, Ch. 16.3.2]:  

 

The rigging weight is the sum of the weights of the entire rig, excluding the A-frame, which is a part 

of the upper bound weight. The rigging includes shackles, wires, chains, etc. [6, Ch. 5.6.2]. An upper 

bound design weight (Wud) is used in the calculations to cover expected weight deviations, whether the 

structure is weighed or not. The upper bound design weight can be determined by multiplying the 

estimated weight (W) with an appropriate weight margin factor (also known as the weight contingency 

factor). 
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As shown in Table 3, the margin factor is 1,10. The estimated weight value is set to be ten tons. The 

actual weight of the structure is estimated using Creo Parametric. The upper bound design weight 

becomes: 

 

Because the crane has a maximum weight limit of 12 tons, the dynamic hook load is set to 12 tons. The 

maximum weight of the structure including the A-frame and tools becomes 5,45 tons as shown in the 

calculations below. This weight value is used in the dimensioning of the basket design. 

 

3.4.3. Design Loads 

The design load used in the simulations and dimensioning of the subsea basket is based on the design 

load basis values, which are established for both the subsea basket and the extra weight. 

Design Load Basis 

The design load (F) is the highest design loading which is found based on subsea lifts and the dynamic 

loading regarding POUs. For subsea lifts the design load can be found using a design factor of 2,5 [7, 

Ch. 3.5.1]. By adding the weight of the extra weights, the MGW is 10 tons. By adding the weight margin 

factor the MGW becomes 11 tons (upper bound value). 

  

The extra weight has a desired weight of 4,55 tons. By adding the weight margin factor of 1,1, the total 

weight is 5 tons. A design load for the pad-eyes which connect the extra weight to the subsea basket is 

calculated below. Here, only the subsea design load is relevant.  
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Lifting Point Design Loads 

As mentioned, the lifting points that are nearest the CoG will carry the most loads. The highest vertical 

reactional force in a lifting point is calculated in the most extreme scenario possible. For a 4-point lift, 

the following equation can be used to calculate the highest vertical reaction load [3, Ch. 16.3.3] [4, Ch. 

3.5.5]: 

Lift point loads 

 

 

Forklift Pocket Loads 

The design loads for the forklift pockets are found using a design factor of 1,65 multiplied by the MGW 

of the subsea basket with the extra weight and without the extra weight, respectively [7, Ch. 3.5.7]:  
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3.5. Guidelines for Calculations 

3.5.1. Structural Analysis  

General 

The guidelines outlined in Eurocode3: Part 1-1, Design of steel structures. Are applied in the structural 

analysis of the bottom beams within the subsea basket’s framework. The objective is to evaluate the 

structural integrity of the beams under the two different member loads illustrated in Figure 8. This is 

commonly encountered for a subsea basket with different dimensions of tooling and equipment [11]. 

According to EC3 applications, the most used member load criteria are concentrated and uniformly 

distributed loads, as illustrated in Figure 5. The member loads working on the bottom beams will mainly 

be caused by tooling for ROV handling. During mobilization preparation, the deck crew tries to achieve 

an evenly distributed load. 

 

Figure 8 - Concentrated and uniformly distributed loads on the bottom beam section. 

The bottom beams, constructed of Rectangular Hollow Section (RHS) 250x150x12.5, were originally 

designed as forklift pockets, as mentioned in chapter 4.1.1. However, these beams are the main load-

bearing elements for supporting loads from the operational tool’s equipment in this application. The 

forklift pockets are supported by 3x3 HEB100 beams to obtain structural integrity and stiffness in the 

bottom structure. 

Classifications of cross-sections 

The purpose of classifying cross-sections is to evaluate the behavior of their limitations on resistance 

and rotational capacity by local buckling resistance. As an underlying factor affecting cross-sections, 

the subsea basket will primarily be classified as class 1 and 2 cross-sections [11, Sec. 5.5.2]. 

Class 1: These cross-sections can form a plastic hinge with high rotation capacity according to plastic 

analysis, without reducing resistance. They sustain plastic deformation without any loss of strength. 

Class 2: Cross-sections that can develop plastic moment resistance but have a limited rotation capacity 

due to the occurrence of local buckling. These resist plastic deformation to some extent, and local 

buckling limits the ability to rotate. 

Figure 9 shows the dimensions and axis of the bottom beams of the subsea basket, which are used for 

Eurocode3 part 1-1 calculations. 
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Figure 9 - Dimensions and axis of cross-sections used in calculations. [11] 

Ultimate Limit State 

According to the plastic global analysis approach in EC3, the ultimate limit state (ULS) principle verifies 

when a structure reaches its ultimate capacity to resist loads before global failure occurs. This implies 

that the structural state is in the elastic region, avoiding further plastic deformation. This can lead to 

permanent deformation over time, resulting in fracture. It means that if the bending, shear, and buckling 

stresses are below the calculated resistance, the structure will satisfy the ULS criteria according to [11, 

Sec. 6] 

Lateral Torsional Buckling  

Lateral torsional buckling (LTB) is a buckling phenomenon that occurs within structural members under 

specific loading conditions. When critical forces are reached, it can result in both lateral displacement 

and torsional twisting [12]. 

There are three methods for determining the cross-section capacity against LTB in EC3 [14, Sec. 6.3.2]. 

1. General case 

2. For rolled sections or equivalent welding sections 

3. Simplified assessment methods for beams with restraints in buildings 

For the structural behavior, the general case will be used to determine if the bottom profiles will be 

subject to buckling. 

Critical buckling moment 

In this analysis, the EC3 does not provide guidelines on how to calculate the critical buckling moment 

for cross-sections. However, the method of determining the critical buckling moment is obtained from 

a previous master thesis [13, Ch. 4.3]. 
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3.5.2. Welding  

General 

The subsea basket’s structure behaves like trusses consisting of various nodes that form the basis for 

welding calculations. The structural analysis, based on a Staad.Pro analysis provided by a supervisor 

from the company, is found in Supplementary Table 11. The welding calculations are conducted 

according to Eurocode3: part 1-8, Design of joints [14]. DNV provides guidelines related to EC3, which 

are considered later in the chapter. 

Guidelines from Eurocode 

The standards cover different principles of welding features. The most common types of welds intended 

for use in the structure are fillet welds and butt welds. Fillet welds are considered valid when the angle 

of the cross joints is between 60 and 120 degrees. However, angles under 60 degrees are also acceptable 

but should be considered for partial penetration butt welds [14, Sec. 4.3]. For fillet welds, an all-around 

weld is effective for transferring shear forces to avoid potential shear lag, meaning that there can be a 

loss in the strength of the structure if the cross-section is not directly connected [15]. 

Figure 10 and Figure 11 illustrate various types of cross joints within the frame. Angles at KT and N-

joints are less than 60 degrees but greater than 30 degrees, which makes them suitable for welding [14]. 

 

Figure 10 – Joints at the right and left side of the basket. 

 

Figure 11 - Joints at the back of the basket. 
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The effective throat thickness (a) determines the structural strength of a welded joint and should not be 

less than 3mm. The effective throat size represents the height of the largest triangle that can be inscribed 

in the cross-section of the fillet weld. It is dimensioned sufficiently to ensure the welds support the 

structural load [14, Sec. 4.5.2]. 

 

Figure 12 - Fillet weld throat thickness. [14, Sec. 4.5.2] 

The design resistance of fillet welds is determined by using the directional method, where uniform stress 

is assumed to be evenly distributed for the internal forces of the fillet weld. Resulting in normal and 

shear stresses, leading to equivalent stress values compared against the criteria. 

 

Figure 13  – Stresses that are located on the throat section of fillet welds. [14, Sec. 4.5.3.2] 

The design resistance of fillet welds will be validated if both criteria are satisfied: 
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Where: 

⊥ : Normal stress perpendicular to the throat   

 : Normal stress parallel to the axis of the weld  ⊥  

 ⊥ : Shear stress (in the plane of the throat) perpendicular to the axis of the weld 

 : Shear stress (in the plane of the throat) parallel to the axis of the weld 
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2M : Partial safety factors for resistance of welds = 1,25   

βw: Correlation factor for fillet welds, S355J2 = 0,9 (EC3) 

Guidelines from DNV 

According to DNV for portable offshore units, the allowable stresses in the welds shall equal the design 

load criteria for allowable stresses mentioned in section 3.3.3. However, the permissible stress in the 

structure does not need to be less than 355MPa for fillet welds in structures [7, Ch. 3.4.5]. 

The normal stress parallel to the axis is not considered when verifying the design resistance of the weld. 

Perpendicular stress conditions to the axis of the welds may be equal in cases where the load acting on 

the cross-section is applied parallel to the axis of the weld [6, Ch. 5.3.9.4]. The design resistance of fillet 

welds will be validated if both criteria are satisfied:  
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4. Design, Calculations, and FEM Simulations 

The simulations are done with the software tool Ansys by running a FEM simulation of parts subjected 

to significant loadings. In this chapter, the results from the FEM analysis will be presented. Assumptions 

made in the analyses are that the material is linear and isotropic, the welds are not included, and the 

weight load is included in the simulations instead of gravity. 

The subsea basket consists of 3 main sub-assemblies, as illustrated in Figure 14. The A-frame is 

illustrated in orange, the basket in yellow, and the extra weight in blue. These subassembly terms are 

used throughout the report, each explained in detail in their own subchapters 4.1 to 4.3. 

 

 

 

Figure 14 - Subsea basket sub-assemblies. 
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4.1. Basket 

4.1.1. Design Choice 

The design of the basket is primarily determined by the specifications set by the company. 

Structural Beams 

A variety of beam profiles are used in the design of the basket structure. The ones used are HEB, SHS, 

and RHS beams with varying dimensions. HEB profiles are mainly used in the design as these are easier 

to handle during the galvanization process, and they have more efficient drainage with no need for 

additional drainage holes compared to hollow beam sections. SHS profiles are added in each corner of 

the basket, mainly to simplify the manufacturing process by avoiding complicated beam joints. SHS 

profiles were also applied at locations where HEB profiles would have shown high stress levels, which 

is explained in detail in the FEM simulation chapter 4.1.2.  

Skeleton 

The skeleton of the design was inspired by existing subsea baskets. Features such as forklift pockets and 

lifting points were considered when designing the frame. The beam placements and orientations enhance 

the structural integrity and are optimized for the lifting loads. Figure 15 illustrates the skeleton design 

of the basket. 

 

Figure 15 - Skeleton sketch of the basket. 

Dimensions 

The basket is designed to meet the company's demands regarding the dimensions of the overall structure. 

As mentioned in the demand list from the company, the basket should take as little deck space as 

possible. It should also be transportable on a car with a width of 2.5m and be equivalent to the size of a 

13-foot container. These demands have been met in the basket design as shown in Figure 16 and Figure 

17. 
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Figure 16 - Width of basket. 

 

Figure 17 - Length of the basket. 

Drainage 

Drainage holes are included in the vertical hollow corner beams to prevent implosion. These drainage 

holes also provide access to the inside of the hollow section during the galvanization process. The 

drainage holes are shown in Figure 18. The other hollow section does not require any additional drainage 

holes, as the end sections are kept open, as shown in Figure 19. 
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Figure 18 – Square hollow profile with drainage holes and closed ends. 

 

Figure 19 - Square hollow profile with open ends. 

Beam Stiffeners 

Web stiffeners are added to critical points in the construction to prevent web buckling. The critical 

sections are sections where the risk of buckling is the highest. Other locations where stiffeners are of 

interest are sections with point loads, or in beam connections such as K- or T joints. Point loads are the 

forces exerted by a support, or at the location of lifting loads. Stiffeners also contribute to resisting 

longitudinal member stresses, which are found in the web plane.  
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The stiffeners are designed according to EC3 standards and the design at the end posts comprises of two 

double-side stiffeners. The distance between two stiffeners shall not be less than 10% of the height of 

the inner section of the beam profile [16, Ch. 9.3.1]. 

 

 

Forklift Pockets 

The forklift pockets are designed to meet the minimum criteria of 200mm x 90mm [7, Ch. 3.9.3]. In both 

the extra weight and the subsea basket, the forklift pockets go through the base of the structures. As 

shown in Supplementary Table 1, the center distances of the pockets are designed to be above 25% of 

the length of the basket. 1400mm is used. Figure 20 shows the forklift pockets mounted on both the 

basket and the extra weight. 

 

Figure 20 - Forklift pockets on basket and extra weight. 
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Doors 

The doors on the basket are inspired by doors from other subsea baskets, with some customizations. 

They consist of a frame made of 80x80x5mm hollow steel beams, as well as two hinges, a handle, and 

a locking mechanism for the left door. This adds up to each door weighing approximately 80kg. Figure 

21 shows how the doors look when closed. 

 

Figure 21 - Subsea basket doors. 

The locking mechanism is easy to understand and operate. The handle is turned 90 degrees towards the 

operator and pushed all the way to the left until it stops. Here, the operator drops the handle, and as 

shown in Figure 22, the handle locks in place. Then, each of the top handles on the doors can be lifted 

to open the doors individually. Both locking mechanisms must be unlocked to open the doors, which 

provides additional safety. 
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Figure 22 - Locking mechanism. 

The small plate at the bottom of each door prevents the door from opening or closing beyond intention. 

The plate is designed to stop the door when it is entirely parallel with the basket in both locked and 

opened positions, as can be seen in Figure 23. This stops the hinges from colliding with the corner beams 

and lines up the hole for the locking mechanism. 

 

Figure 23 - Right door fully open. 
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When the door is fully opened, it can be locked in that position. The handle can be lifted to make one of 

the pipes go out of its hole in the door. When this pipe gets above the beam on the basket, there is a ring 

on the other pipe that stops the handle from going entirely out of position. This is illustrated in Figure 25 

and functions for both doors. When the handle is lifted above the beam on the basket, it can be turned 

slightly and placed in a hole that will be drilled into the beam. This way, the door can be locked in an 

open position using a mechanism with only one moving part. 

 

 

Figure 24 - Locked door in open position. 

 

Figure 25 - Stopper when locking door in open position. 
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4.1.2. Basket FEM Simulation 

A method of creating remote points to represent the A-frame was used to simulate lifting the basket, as 

shown in Figure 26 and Figure 27. The remote points are based on the pad-eyes and have coordinate 

systems that are fixed in position where the connection points at the A-frame spreader bar would be 

located. This leads to the simulation showing the basket hanging like in a lifting operation. The force 

that has been added is the calculated main LL of 324kN, presented in Figure 28. LL represents the weight 

of the basket, DMA, and tools, with every safety factor as well as the DAF added. The load was 

distributed on the beams that make up the basket floor to create the most realistic scenario. 

 

Figure 26 – Remote displacements for basket simulation. 

 

 

Figure 27 – Pad-eye constraints for remote displacements, highlighted yellow inside each pad-eye. 
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Figure 28 - Force for basket simulation. 

Figure 29 shows the von Mises stress results from the basket simulation. The highest concentration of 

stress appeared at the pad-eyes positioned on the inside of the basket. Here, the stress was 157.11MPa, 

which is well within the calculated maximum allowed stress value of 301.75MPa. The rest of the basket 

had evenly distributed stress, with concentrations at the connection points of the beams and in the middle 

of the basket. These stress concentrations were, however, not significant, showing that the basket would 

handle the forces with a substantial margin. 

Figure 30 shows the stress values at one of the lifting points. SHS profiles result in smaller stress levels 

around the area of the pad-eye. If the SHS beam were replaced with an HEB beam profile, the stress 

levels would increase above allowable limits. 

 

 

 

Figure 29 - von Mises stress results hanging simulation. 
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Figure 30 - Stress concentrations in basket corner. 

The deformation of the basket can be seen in Figure 31. There was minimal deformation, given the size 

of the basket. Only a few of the stiffeners were included in the simulation. The resulting deformation is 

expected to be lower in real-life scenarios.  

 

Figure 31 - Basket deformation. 

4.1.3. Door FEM Simulation 

The structure of the door is built up by strong beams, which can withstand much more force than what 

realistically will appear. Therefore, only the hinges and the handles are presented in this simulation 

segment. Figure 32 presents how the door looks fully assembled without grating and shows the hinges 

and handle that are analyzed in this chapter. The left door is identical to the right, but with a locking 

mechanism under the handle. 
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Hinges 

Different worst scenarios were simulated to figure out what the hinges on the doors would be able to 

handle. The first load case was based on something crashing on top of the door in a halfway-opened 

position, where the hinge would be weakest. A weight of 1 ton was added as a force to the end of the 

hinge as seen in Figure 33. Because there are two hinges for each door, the weight was divided into two, 

giving 4905N per hinge. 

For load case 1, the constraints were a cylindrical support and a fixed support. The cylindrical support 

was added to the hole of the hinge, as shown in Figure 34, to allow some movement in the z-axis for a 

most realistic simulation. Fixed support had to be included to fully constrain the hinge, which was placed 

at the bottom of the hole, as presented in Figure 35. This made sure that most of the results were realistic, 

but the lowest part of the hole would most likely get an unrealistic result. 

 

Figure 33 - Hinge load case 1 force. 

Figure 32 - Right door assembly. 
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Figure 34 - Cylindrical support hinge load case 1. 

 

Figure 35 - Fixed support hinge load case 1. 

Figure 36 shows the von Mises stress results for the first hinge simulation. 500kg on each hinge leads 

to a stress of 245,24MPa, which is close but lower than the maximum allowable stress of 301,75MPa. 

This stress appears where there was added a fixed support as shown in Figure 37, so it is not completely 

realistic. The stress would realistically be lower, but the hinge was able to handle even this worst-case 

scenario. 
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Figure 36 - Hinge load case 1 results. 

 

Figure 37 - Max stress hinge load case 1. 

For load case 2, the hinge was tested for a pull force equivalent to 200kg. The length of the door is 

1045mm, so the moment would be 2050Nm. Given that there are two hinges, the moment was divided 

by 2, which gave 1025Nm. It was added to the end of the hinge, as shown in Figure 38, around the Z-

axis. 
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Figure 38 - Hinge load case 2 moment. 

 

Figure 39 - Hinge load case 2 fixed support. 

The results from load case 2 can be seen in Figure 40. Each hinge got a maximum stress value of 

131,74MPa, which is much lower than the maximum allowed stress of 301,75MPa. This means they 

will hold if the hinge is stuck, and the door is pulled by a force equivalent to 200kg. 

 

Figure 40 - Hinge load case 2 results. 
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Handle 

The handle would have to endure the same amount of pulling force as the hinges if the hinges got stuck. 

Therefore, the handles were also tested for a pull equivalent to 200kg or 2050N. Figure 41 shows how 

the force was applied to run the simulation, and Figure 42 shows the fixed support. The force was placed 

where the ROV would pull, and a fixed support was placed where the handle is in contact with the door. 

The locking pin is the same diameter as the handle. Therefore, there is no need to do a simulation on the 

locking pin as well, as it will withstand approximately the same force. 

 

Figure 41 - Force for handle simulation. 

 

Figure 42 - Fixed support for handle simulation. 

Figure 43 shows the results from the handle simulation. The maximum stress was 173,63MPa, which is 

well within the maximum allowed stress of 301,75MPa. This shows that the handle can manage a pull 

equivalent to 200kg. Although some deformation occurs, it remains within acceptable limits and is not 

problematic. 
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Figure 43 - Results from handle simulation. 

 

Figure 44 - Deformation handle simulation. 
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4.1.4. Structural Analysis Calculations 

Simplifications 

Static calculations regarding the loads on the bottom beams are simplified for FEM, 1D beam 

simulation. They apply for design values of shear force and bending moment for bottom beam cross 

sections. These are extracted from the shear bending moment diagrams for the different load cases from 

Supplementary Figure 7 to Supplementary Figure 10. 

Classification of RHS 

The epsilon factor is given for further cross-section classification: 
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Table 4 - Result of classification of total cross-section. 

 

Load Conditions for Bottom Beams 

The loads acting on the bottom beams are based on the Design Factor(DF) that is defined for the 

operational class for POU [7, Ch. 3.5.1]. The member load equals a payload combined with tare 

weight. 
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Table 5 - Total shear and moment forces, from Supplementary Figure 7 to Supplementary Figure 10. 
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Bending Moment 

The design value of the bending resistance verification: 

,

1,0Ed

c Rd

M

M  [11, Sec. 6.2.5] 

The design resistance for bending about the major or minor axis of a cross-section: 
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Shear Resistance 

The design value of the shear force resistance verification: 

,

1,0Ed

c Rd

V

V
 [11, Sec. 6.2.6] 

The design plastic shear resistance is given by: 

,

0

f

3



 
 
 

=

y

v

pl Rd

M

A

V  

Where: 

Av: Shear area  

Shear Resistance RHS250 

For rolled rectangular hollow sections of uniform thickness, load parallel to depth: 
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For the shear force along y-y: 
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2
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Arbitrary cross-section 

The general equation for the critical buckling moment: 


= z t

cr cr

b

EI GI
M

L
 

Where: 

µcr: Relative dimensionless critical moment 

E: Modulus of elasticity 

G: Shear modulus 

Iz: Moment of inertia by z-axis  

It: Torsion constant  

Lb: Buckling length. 

The moment factor µcr is simplified due to a doubly symmetric cross-section: 

21 1
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 

=

cr wt

z

w
wt

w t

C
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C1: Load factor 

Kwt: Torsional parameter 

Iw: Warping constant  
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Figure 45 - Load Factor based on given constraints in the beams. [13]  

LTB General Case 

Non-dimensional slenderness: 

 [11, Sec. 6.3.2.2] 
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LTB for HEB100 
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LTB for RHS250 

There were limited literature findings regarding LTB for hollow cross-sections. While the standard 

provides primarily guidelines for Rolled and Welded I-sections, other cross-sections are also mentioned. 

However, hollow sections do not have warping properties, which can be an important factor in the 

approach to the calculation for buckling. With this, the calculations can be ignored as they will not be 

critical.  

ULS summary 

The loads analyzed as member loads acting on the bottom beams of the structure indicate that the results 

from the ULS approach for the subsea basket are validated and considered safe according to the 

standards and guidelines. 

4.1.5. Weld Calculations 

The welding calculations are based on the direct method outlined in Eurocode3. While a simplified 

method is available, the direct method is preferred due to its familiarity within the company. This method 

follows a load and resistance factor design (LRFD) approach, with criteria provided by DNV for both 

the LRFD and allowable stress design (ASD) methods.  

For the cross-joints experiencing the highest stresses in the structure, calculations are based on T-joints 

with fillet welds at an angle of 45 degrees. This ensures that calculations comply with the company 

calculation method, which is based on the direct method. This is to ensure the safety and structural 

integrity of the overall subsea basket. Detailed welding calculations for pad-eyes are covered in their 

respective chapter 4.4.4. 

Assumptions and Simplifications 

The angles in the KT- and N-joints are below the valid angles for using fillet welds. T-butt joints, also 

known as K-joints, should be considered. The design resistance is determined using the method for a 

fillet weld. This implies that the effective throat thickness is assumed to be greater than 3mm. 

Additionally, welding calculations for stiffeners are not taken into consideration. 

Fillet Weld Calculations 

The stress values in the nodes used to calculate weld dimensions are found in Supplementary Table 7.  

HEB160 weld calculations: 

Bending stress due to moment about the major and minor axes: 

3 6
Ed,x Ed,z

3 3 3 3

eff,x ,

M M 7 10 Nmm 1.149 10 Nmm
9,52

2 W 2 W 2 247,85 10 mm 2 85,48 10 mm


 
= + = + =

     
b

eff z

MPa  

The factor 
1

2
from trigonometric identity is due to the sine of the 45-degree fillet angle.  

The shear stress equals the normal stress due to bending because of the angle of the fillet: 

 =b b  
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Shear stress parallel to the axis of weld in the web, assuming 5mm throat size: 
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Perpendicular stresses are equal due to symmetrical loads acting: 
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The combination of the effects of normal stresses and shear stresses in the different directions of the 

weld gives the equation for von Mises: 
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Table 6 - Node calculations for von Mises stress and permissible usage factor, based on welding equations. 

 

Weld Summary 

The welding calculations indicate that the von Mises stresses are within acceptable limits while using 

the direct method in Eurocode3. The various principal stress methods are also acceptable. This means 

that the effective throat thickness is calculated to be 5mm, which is the required welding dimension for 

the basket and A-frame. An average permissible usage factor of 26% provides a substantial margin of 

safety. 

Table 7 – Principal Limitation criteria for welding calculations, according to the relevant standards. 
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4.2. A-Frame 

4.2.1. Choice Of Design 

An A-frame is a type of lifting frame often used in subsea baskets. The A-frame consists of a spread 

bar, beams, shackles, chains, and pad-eyes. The beams are connected to the spread bar at one end and 

have a hinge mechanism on the other end. This hinge mechanism and gravitational forces allow the A-

frame to be laid down flat on the basket when not under load. Figure 46 and Figure 47 show the A-frame 

position with applied load and without applied load, respectively. This feature effectively saves space 

during ROV operations and transportation. 

 

Figure 46 - A-frame position during lifting operation. 
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Figure 47 - A-frame position when no load is applied. 

The fork-like geometry of the A-frame leaves the basket entirely open. The hinge mechanism is located 

on the same side of the basket as the doors, which results in unobstructed access into the basket both for 

the ROV and the deck crew. This is illustrated in Figure 48. 

 

Figure 48 - Basket with A-frame when no lifting load is applied. 

The presence of a single connection point centered on the spread bar enhances time efficiency, 

simplifying operations. Chains are used on the opposite side of the A-frame and are more suitable than 

wires as they exhibit a more predictable falling pattern when they are not under tension. This prevents 

potential tangling. 
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4.2.2. Side beams 

To begin with the side beams were designed using HEB profiles. Through an update of the structural 

simulation using SAP2000, as advised by the supervisor from DO, it became clear that the utilization 

ratio of longitudinal beams of HEB140 had a utilization ratio above 1. By using hollow profiles such as 

SHS140, this leads to the desired utilization ration being below 1. This is due to the side loads that may 

occur during a subsea operation. 

Drain holes are added at the end sections to allow water to flow in and out of the beam profiles. This is 

illustrated in Figure 49. 

 

 

Figure 49 - Drainage holes of end sections of A-frame, highlighted in green. 

4.2.3. Spreader Bar 

The load point connections on the spreader bar result in uneven load distributions. Many stiffeners would 

be required to keep the stress levels below yield when using H-profiles. Alternatively, to avoid stiffeners, 

a larger H-beam size could be used. This, however, would not be suitable for design purposes. Therefore, 

a hollow profile beam is chosen as a spreader bar. A rectangular profile oriented with the longest surface 

along the vertical plane results in the highest moment of inertia compared to other hollow sections, such 

as circular or quadratic hollow sections. 

The end sections of the beams are kept open to avoid hydrostatic loading [6, Ch. 16.6.3.5]. Figure 50 

shows the spreader beam attached to the rest of the A-frame.  
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Figure 50 - A-frame spreader beam. 

4.2.4. A-Frame Hinge Pins 

According to NS-EN ISO 286-1 2010, a clearance fit between the hole diameter and the pin/bolt can be 

used in the design to allow for an easy assembly and, at the same time, unobstructed movement of the 

parts when in operation. A tolerance of C11/h11 is used in the design [17, p. 17]. The 

maximum/minimum clearances for these tolerance grades are calculated in the equations below.  

 

The bolts used in the design are secured with R-clips to prevent the bolted connections from unscrewing. 

It is designed with the dimensions of an M39 bolt according to Eurocode 3 and the tolerances given 

above. The length of the unthreaded section is designed to carry all the shear forces. Figure 51 shows 

the hinge mechanism where the bolt is placed. 

 

Figure 51 - Hinge mechanism between basket and A-frame. 
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4.2.5. A-frame FEM Simulations 

In the A-frame simulation, the forces added were the same as the pad-eye forces. The main pad-eye on 

top of the A-frame was fixed, as shown in Figure 52. The pad-eye forces were directed down with an 

angle to simulate the subsea basket, as can be seen in Figure 53 and Figure 54. Because of the limits to 

the student version of Ansys, this simulation did not include the stiffeners that were added at the sides 

of the main pad-eye. The simulation did, however, show to some degree realistic results of the pad-eyes 

and beams on the bottom side of the A-frame. 

 

Figure 52 – Fixed support for simulation of A-frame. 

 

Figure 53 - Upper forces for simulation of A-frame. 
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Figure 54 - Bottom forces for simulation of A-frame. 

Figure 55 shows the von Mises stress results from the A-frame simulation. The maximum stress is 

concentrated around the main pad-eye, where the stiffeners will be placed. There are no stress 

concentrations elsewhere, and the stress looks otherwise well distributed. Even though the maximum 

stress is not completely accurate because of the lack of stiffeners, a stress of 217,72MPa is within the 

maximum allowable stress of 301,75MPa. 

 

Figure 55 - Results from A-frame simulation. 

A simulation of just the spreader beam was also initiated including the stiffeners shown in Figure 56, 

which would show a more realistic stress distribution for the spreader beam and the top pad-eye. To get 

a worst-case result for the beam, the ends in this simulation were fixed, and the force was the main pad-

eye force of 324,4kN. 



Multifunctional subsea basket for XT operations 

52 

 

 

Figure 56 - Force and constraint for spreader beam simulation. 

The von Mises stress results from the simulation of the spreader beam are displayed in Figure 57. With 

the stiffeners added, the maximum stress is inside the hole of the pad-eye. The stress on the rest of the 

beam is distributed better, and the effect of the stiffeners is good. The maximum stress of 183,24MPa is 

lower than the maximum allowable stress of 301,75MPa. The deformation is shown in Figure 58. 

 

Figure 57 - Spreader beam simulation results. 
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Figure 58 - Deformation for the spreader beam. 

4.2.6. Weld Calculations  

The values obtained from the node analysis, necessary for calculating the equivalent stresses in the 

welds, are in Supplementary Table 7. This section includes the calculations for the longitudinal A-frame 

beams intended for welding to the spreader bar. Following a similar approach as the basket, the final 

summary of the welding application is presented in chapter 4.1.5. 

SHS140 weld calculations: 

6 3
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3 3
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4.3. Extra Weight 

4.3.1. Choice Of Design 

The extra weight is constructed with the same outer dimensions as the subsea basket. This minimizes 

the flow restrictions through the construction, as mentioned earlier. As shown in Figure 59, the extra 

weight is fitted with ISO corners for sea fastening and transportation, connection points for tooling 

inside the basket, and forklift pockets. 

The beam elements used are made from S355J2 steel plates because this is the only option available on 

the market. Lower-strength steel would have been acceptable, as the assembly is constructed of solid 

elements with abundant strength. For assembly purposes, when connecting the extra weight to the 

basket, the steel plates are cut to the same width as the lower beam elements on the basket (200mm). 

The only relevant thicknesses available are 200mm and 250mm. 

 

Figure 59 - Extra weight design. 

4.3.2. Weight 

The desired weight of the extra weight is approximately 4,54 tons. 200x200 and 250x200 rectangular 

profiles, bolted plates, iso corners, and forklift pockets sum up to a total weight of 4,58 tons, as shown 

in Figure 60. This is an acceptable weight given the estimated desired weight of 4,54 tons. The weight 

value is found using Creo Parametric with a material density of . 

 

Figure 60 - Mass of extra weight structure. 

The extra weight could also be designed using reinforced concrete. However, this would result in a 

density of , which would require 3,14 times the volume. As the aim is to keep the surface 

area to a limit, the more expensive option (J355S2 steel plates) was chosen for the design. 
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4.3.3. Bolted Joints 

The extra weight is connected to the basket using bolted joints. This is an effective, cheap, and easy-to-

maintain option. The bolt plates are designed to be as short as practical to reduce bending stresses on 

bolt plates. This is obtained by adding plates/stiffeners parallel to the H-beam of the basket. A bolted 

joint is located in each corner of the construction, resulting in a symmetrical and evenly distributed load 

on each joint. The bolt diameter is designed to withstand the shear forces created by the weight load of 

the extra weight. The bolted connection is illustrated in Figure 61, where the extra weight is colored 

green, and the basket is colored yellow. 

 

Figure 61 - Bolted joint connection. 

Bolted Joint Calculations 

Plates and holes 

The number of connection points is kept to a minimum to make the assembly of the extra weight to the 

basket simple. Four connection points are used in total, with a pair of bolts in each connection. To make 

things easier, oversized round holes are used. According to Eurocode 3, the minimum load-bearing 

capacity per mm of connected plate thickness for S355 steel is 19,6 kN/mm [18]. For 20mm steel plates, 

this results in 392kN. Assuming a worst case where the load is carried by only one out of the two bolts 

in each bolted connection, the largest possible load is 49kN. The bearing capacity of 392kN is therefore 

considered to be more than adequate for this design. 

Bolt Calculations 

The bolted connection is mainly loaded with shear forces and is categorized accordingly. For assembly 

purposes, there is a distance tolerance between the two bolted plates. Because of this gap, an accurate 

preload calculation is not possible. The bolted connection is categorized as a bearing type [14, Ch. 3.4.1]. 

Therefore, the design's ultimate shear load shall not exceed the design shear resistance. 

Hole Positioning  

The locations of the bolt holes concerning the plate edges and the center distances, as illustrated in 

Supplementary Figure 1, are within the limits stated in Supplementary Table 3. The maximum values are 

calculated assuming the steel is exposed to weather or other corrosive conditions. The equations listed 
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below show the respective values. All the dimensions used in the design are within the given values, as 

shown in the calculations below.  

 

Shear resistance for individual screw: 

A reduction factor is added to the shear resistance because the total thickness of the bolted plates is 

greater than 1/3 of the nominal diameter of the [14, Ch. 3.6.1].  

 

 

Bolt and Hole Design 

M30 bolts are used in the design. Oversized round holes for M30 bolts have a diameter of 38mm [14, 

Ch. 3.6.1]. As a redundancy, two bolts are used in each corner. If a bolt connection should fail, a second 

bolt will hold the load. Safety pins are added in the threaded section to prevent the bolts from being 

unscrewed. The bolt is designed so that the threaded section is not included in the shear plane. According 

to Eurocode 3, the length of the threaded section, which is included in the bearing, shall not exceed 1/3 

of the thickness of the respective plate, as illustrated in Figure 62. 
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Figure 62 - Length of bearing part of the threaded portion. [14, Ch. 3.6.1] 

Every bolted connection is provided with washers both for the nut and the bolt head.  

Assembly 

Preloading is not required in the bolted connections. However, the same torque as for preloaded 

connections can be used in the assembly to prevent overtightening of the bolts. 

 

Recommended torque 

The torque needed for the tightening of the bolts is made up of the moments needed to overcome the 

friction in the screwed-in thread, and the friction between the bolt head/nut and the steel plates [19, p. 

533]. As shown in the calculations below, the tightening torque is 1379,4Nm. The calculations below 

are based on the approach of [19]. 
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4.3.4. FEM Simulations 

The extra weight is made of strong solid beams that will withstand the stresses that occur during the 

operations it will be used for. However, the lifting points must be strong enough to hold a weight of 4,5 

tons. To simulate this, the LLextraWeight load of 49kN mentioned in chapter 3.4.3, was used. This was added 

to every lifting point, as shown in Figure 63. Fixed support was added under every corner, presented in 

Figure 64. 

 

Figure 63 - Extra weight simulation forces. 
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Figure 64 - Extra weight fixed support. 

The von Mises stress results from the simulation are presented in Figure 65. As mentioned, the extra 

weight is designed using solid beam elements. The stress values in the entire extra-weight structure are 

low, with a maximum value of 122,99MPa found in the connected plate regions and the ISO corners. 

These values are well under the 301,75MPa max allowed stress. The maximum stress occurs on the 

bottom of one of the corner stiffeners and looks like a singularity occurrence, as seen in Figure 66. Using 

fixed support does not give completely realistic results in this simulation. However, this gives an 

indication of what forces the lifting points are capable of withstanding. When evaluating the lifting point 

in Figure 67, the max stress is 38,68MPa. This was the maximum value of stress for all the lifting points. 

 

Figure 65 – von Mises stress result for extra weight. 
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Figure 66 - Max stress value extra weight. 

 

Figure 67 - Stress in lifting point on extra weight. 

4.4. Pad-Eyes 

4.4.1. General Geometric Criteria 

The design of the pad-eyes shall have the following geometry criteria [7, Ch. 3.8.4]:  

1. The main plate radius is not less than the pin hole diameter.  

2. The pad-eye thickness (including the cheek plates) cannot exceed 75% of the inside width of a 

shackle. This criterion is also used when shear pins or bolts are used.  

4.4.2. Hand Calculations 

In the entire construction (basket with A-frame and the extra weight), a total of 7 different pad-eyes are 

used. All pad-eyes are designed using the tear-out and bearing formula listed below. Here, the pin 

diameter is designed to be equal to or larger than 94% of the pinhole diameter [7, Ch. A.3] [7, Ch. A.4]. 

The thickness value, t, is calculated using the highest value found in the bearing and tear-out pressure 

calculations below. Table 8 shows all the values for the different types of pad-eyes. Figure 68 shows the 

different pad-eyes and their respective number tags used for the project. The bolted plates of the extra 

weight are also included in the calculations. 
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 Bearing pressure:  

 

Tear out pressure: 

  

 

The rest of the pad-eyes are based on the diameter of the pins. These are established in the calculations 

below, with regards to a S355J2 solid steel shaft and a safety factor of 2.  

A-frame pad-eye pins:  

  

 

Table 8 - Results of pad-eye calculations. 
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Figure 68 - Number tags for the location of different pad-eyes. 

4.4.3. FEM Simulations 

The number for each pad-eye from Figure 68 will be used in this chapter. Pad-eye no. 2 and no. 5 have 

the same dimensions but get different angles on the loads, which is why they have been given different 

numbers. The force used for every pad-eye except number 1, is the LLAFrameSub which was calculated in 

chapter 3.4.3. 

Pad-eye No. 1 

For the top pad-eye, the simulation was run together with the beam on which it is placed. The force of 

324.4kN shown in Figure 69  is the LLmain from chapter 3.4.3. Fixed support at the ends of the spreader 

beam gave the needed constraints to evaluate the capabilities of this pad-eye as well as the beam. 
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Figure 69 – Fixed support on both sides of the beam. 

 

Figure 70 - Bearing load for pad-eye no. 1. 

The von Mises stress result from the simulation is shown in Figure 71. There was some stress 

concentration inside the hole where the shackle should be placed, but this is higher than it would be 

realistically. The stress of 183,24MPa is however quite below the maximum allowed stress of 

301,75MPa. The deformation is 1,157mm as illustrated in Figure 72, but given the length of the beam, 

this is not a high value. 
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Figure 71 - Pad-eye no. 1 simulation result. 

 

Figure 72 - Deformation for pad-eye no. 1. 

Pad-eye No. 2 

The force and constraint used in the simulation for pad-eye no. 2 were fixed support and a bearing force 

of 124,4kN, as shown in Figure 73 and Figure 74. The fixed support simulates the welded connection 

that the pad-eye has with the A-frame spreader beam. This pad-eye sits under the A-frame spreader 

beam, and Figure 73 shows how it is oriented in a lifting scenario. 

 

Figure 73 - Fixed support for pad-eye no. 2. 
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Figure 74 - Bearing load for pad-eye no. 2 

Figure 75 shows the von Mises stress results for pad-eye no. 2. The stress of 130,35MPa is much lower 

than the maximum allowable stress of 301,75MPa, which shows that this pad-eye will hold the forces 

that can occur. The deformation is not significant, as shown in Figure 76.  

 

Figure 75 - Pad-eye no. 2 simulation result. 
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Figure 76 - Deformation for pad-eye no. 2. 

Pad-eye No. 3 

Figure 77 shows the fixed support used for the pad-eye no. 3 simulations, while Figure 78 shows the 

bearing load. These are the same as for pad-eye no. 2, but the force for this one is normal to the bottom 

of the pad-eye. This pad-eye is welded to the end of the side beams of the A-frame. 

 

Figure 77 – Fixed support for pad-eye no. 3. 
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Figure 78 - Bearing load for pad-eye no. 3. 

Figure 79 shows the von Mises results from the simulation of pad-eye no. 3. The maximum stress value 

occurred inside the hole on each side. Other than this, there were no high stress concentrations. The 

maximum stress of 153,97MPa was within the maximum allowable stress of 301,75MPa. The 

deformation of this pad-eye was also not significant, as shown in Figure 80. 

 

Figure 79 - Pad-eye no. 3 simulation results. 
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Figure 80 - Deformation of pad-eye no. 3. 

Pad-eye No. 4 

The fixed support used in the simulation for pad-eye no. 4 is shown in Figure 81, while the bearing load 

is shown in Figure 82. There are 4 of these pad-eyes, one on each side of the beam. Since there are two 

on each side of the basket, the force in the pad-eyes was divided by 2, giving 62,2kN. The force was 

applied with a 60-degree angle to simulate the A-frame. The fixed support simulated the welded contact 

point. 

 

Figure 81 – Fixed support for pad-eye no. 4. 
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Figure 82 - Bearing load for pad-eye no.4. 

For pad-eye no. 4, the maximum stress of 146,97MPa was a good margin below the maximum allowable 

stress of 301,75MPa. The von Mises stress results are displayed in Figure 83, and the deformation is 

minimal, as shown in Figure 84. 

 

Figure 83 - Pad-eye no. 4 simulation results. 

 

Figure 84 - Deformation for pad-eye no. 4. 
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Pad-eye No. 5 

Figure 85 shows the fixed support for pad-eye no. 5, representing the welded connection. The orientation 

shows how the pad-eye sits on the hollow section at the back of the basket. The load used in the 

simulation is a bearing load, which is shown in Figure 86, with a value of 124,4kN in the direction of 

the A-frame. 

 

Figure 85 - Force and constraint for pad-eye no. 5. 

 

Figure 86 - Bearing load for pad-eye no. 5. 

Figure 87 shows the von Mises stress results for the simulation of pad-eye no. 5. The maximum stress 

of 209,95MPa is below the maximum allowable stress of 301,75MPa, and the deformation is minimal, 

as shown in Figure 88. 
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Figure 87 - Pad-eye no. 5 simulation results. 

 

Figure 88 - Deformation for pad-eye no. 5. 

4.4.4. Welds  

The pad-eyes are welded according to DNV standards, with full penetration T-butt welds [7, Ch. 3.2.4]. 

The chamfer on the pad-eyes is designed to leave a gap of less than 1/5 of the pad-eye thickness, and 

the sum of the a-values found on each side of the pad-eye shall not be less than the thickness of the pad-

eye as illustrated in Figure 89 [14, Ch. 4.7.3]. The welding parameters and their respective values are 

given in Table 9. Pad-eye 4 is only welded on one side. This is for assembly purposes because of the 

limited access to the welding area. 
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Figure 89 - Full penetration of T-butt welds [14, Ch. 4.7.3] 

 

Table 9 – Pad-eye weld parameters and values 

Pad-Eye  

(see Figure 68) 

   t 

Pad-eye 1 25mm 25mm 3mm 50mm 

Pad-eye 2 12,5mm 12,5mm 3mm 25mm 

Pad-eye 3 15mm 15mm 3mm 30mm 

Pad-eye 4 25mm 0 3mm 25mm 

The cheek plate welds in pad-eyes 2 and 3 are calculated for the a-value with the formula below [7, Ch. 

A.5]. The results are shown in Table 10. According to Eurocode 3 standards, fillet welds have a minimum 

throat thickness of 3mm [14, Ch. 4.5.2]. All cheek weld throat thicknesses are set to 3mm to meet this 

criterion. 

Cheek plate welds  
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Table 10 - Cheek plate calculation parameters and results 

Pad-eye 

name 

LL (kN)    t  a 

Pad-eye 2 124,4kN 8mm 104mm 0,6 41mm 301,75MPa 1,3mm 

Pad-eye 3 124,4kN 8mm 104mm 0,6 46mm 301,75MPa 1,2mm 

4.5. Accessories 

4.5.1. Guidewire Receptacles 

The guidewire receptacles are designed by the company and are included in the subsea basket assembly. 

They accommodate the guidewire anchors when the subsea basket is used as a DMA. The guidewire 

anchors are designed to snap at a specific load to prevent the DMA from shifting location during 

unwanted loadings. 

Guidewire receptacles must be installed to use the basket as a DMA. The diagonal distances between 

the receptacles are based on which guide tubes are used on the XT structure. Normally, XT structures 

have four guide funnels, of which two are used at a time. The guide funnels are oriented in a square 

pattern with a diagonal distance of 3657mm and an edge length of 2586mm. During DMA operations, 

one of the two orientations is used. Figure 90 illustrates the two optional distances between the guidewire 

receptacles, where one is at 3657mm and the other at 2586mm. 

 

Figure 90 - Guidewire receptacle distances. 
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Figure 91 - Top view of the receptacle locations on the subsea basket 

Because the chain may come in conflict with one of the receptacles during lifting operations, a cover is 

designed to prevent the chain from tangling on the receptacle. Figure 92 shows the cover of the 

conflicting receptacles. 

 

Figure 92 – Receptacles with chain guide to prevent tangling. 

Since the design of the receptacle is based on the company’s drawings, an assessment with a FEM 

simulation is something that will validate further use of the design in the subsea basket. The guidewires 

contain a shear pin that breaks at a load of 2,5 tons. This load is provided in the load conditions for the 

analysis, which are based on a lifting factor and consequence factor [6, Ch. 16.4.3]. 
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Where: 

SDF : Sling design load 

sf : Design factor for slings and grommets 

h : Lifting factor 

c : Consequence factor 

 

Figure 93 - Boundary condition of receptacle analysis. 
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Figure 94 - Applied force on the receptacle. 

 

Figure 95 - Receptacle analysis results. 

 

From the FEM simulation, the design is validated for further use in the subsea basket by including the 

load conditions and breakout force. The analysis results are presented in Figure 95. Compared with the 

allowable stress (3.3.3), the utilization factor results in 68,5% of the guidewire's capacity against the 

applied loads. 
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4.5.2. Sea fastening 

(DNV-ST-E273 [3.7.2]) During transportation on deck, the basket is secured in each corner. The sea 

fastening points are D-rings. The pair of D-rings on each side are secured to a single connection point 

mounted on the deck via 16mm chains, as shown in Figure 96. The ISO corners also contribute as sea 

fastening on deck and are mounted on a rail system with a twist-lock locking mechanism. The extra 

weight and the basket are supplied with this feature. 

 

Figure 96 - Location of deck fastening. The picture is obtained from DeepOcean. 

4.5.3. Grating 

GRP grating 

The floor grating must withstand the load of the tooling. Fiber-glass grating will be used as it is strong, 

as well as easy to cut and assemble. The assembly is done by using 316L steel M-clamps shown in. The 

M-clamps are bolted through the HEB100 beams below. The floor consists of 9 GRP grating plates with 

four different dimensions as illustrated in drawing number 7(67). Suitable GRP grating plate dimensions 

are listed in Supplementary Figure 5. 

Expanded Metal 

For the sides of the basket and the doors, expanded metal is applied. If something gets loose in the 

basket, the expanded metal will be able to stop the item from falling outside of the basket. These sheets 

of metal are easy to spot weld onto the basket, and cheap to replace if needed. 

4.5.4. Shackles  

The shackle sizes are determined by establishing their respective workload limit (WLL) in tons by adding 

a safety factor of less than 6 [7, Ch. 7.3.3]. A factor of 3 is used in the calculations below. CERTEX 
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provides all shackles with a safety factor of 6 [20]. The WLL of the four load point shackles on the 

basket and the two on the spread bar are limited to: 

 

The shackles between the crane hook and the main pad-eye are limited to: 

 

Shackles with a WLL of 9,5 tons and 25 tons are acceptable in this construction. The shackles used are 

designed and manufactured by CERTEX, according to EN 13889, which is suitable for offshore units in 

the North Sea [20]. Shackles dimensions and their respective parameters are given in Supplementary 

Table 5 and Supplementary Figure 3. 

4.5.5. Chain Slings 

DNV standards demand a safety factor of 2 to be multiplied by the LL when dimensioning the chain 

slings [7, Ch. 7.3.2]. The safety factor of CERTEX chain slings used in this design is 4 [21]. Therefore, 

it is not necessary to add a safety factor of 2 to the LL. Chain slings are found in tables by choosing an 

MBL closest to the respective LL. As shown in Supplementary Table 4, the smallest diameter of chain 

slings in class R45 for multiple use is 8mm. 

The A-frame pad-eyes have a LL of 124,4kN. When choosing a suitable chain sling, the closest minimal 

breaking load more significant than the respective LL, is usually used. The chain size is found using the 

dimensions of the shackle to make the assembly possible. Therefore, the chain chosen for the A-frame 

has a minimal breaking strength of 760kN, which is sufficient. The chain dimensions and parameters are 

given in Supplementary Figure 2. 

 

 

 

 

 

 

 

 

 

 



Multifunctional subsea basket for XT operations 

79 

 

4.6. Total weight 

The basket including the A-frame and accessories has a weight of 4,5 tons, as shown in Figure 97. When 

adding the weight of the tooling of 1500kg this results in a total weight of 5,5 tons. When adding the 

extra weight to the structure, the total weight becomes approximately 10,5 tons, and fulfills the criteria 

to be used as a DMA. 

 

Figure 97 - Weight of the basket, A-frame and accessories. 
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5. Discussion 

5.1. Contributions 

A contribution to the structural analysis was made when a supervisor performed an analysis using 

Staad.Pro, which offers node analysis capabilities. This data has been valuable for the welding 

calculations, as mentioned in chapter 4.1.5. The contributed structural analysis provided connection 

properties and beam results, such as axial forces and bending moments along (x, y, z) components. 

The analysis inserted horizontal forces perpendicular to the A-frame, specified as a Serviceability Limit 

State (SLS) [11]. Based on the design loads, a high utilization ratio for the longitudinal beam sections 

of  > 1, indicated that they were operating above the cross-section’s capacity of 100%. As 

a solution, replacing HEB140 beams with SHS140 beams reduced the utilization ratio to 36%. 

5.2. Result Discussion 

Table 11 presents the results from the simulations, where the results with the highest utilization factor 

are highlighted in a darker color. The calculated forces used in the simulations are all worst-case 

scenarios, where multiple factors have been included in accordance with standards (3.4). If the stress 

results are below the utilization factor of 1, even with the worst-case forces, failure is unlikely to occur. 

Load Case 1 of the Door Hinge was closest to the maximum allowed value, with a utilization factor of 

0,84. As mentioned in subchapter 4.1.3, this hinge simulation had an unrealistic stress concentration 

where the highest value appeared. Realistically, the stress result is lower than what is presented in the 

table. However, the value remains within the limit despite the unrealistic stress concentration. 

This also applies to the A-frame Total simulation in Table 11, which had the highest stress value where 

a stiffener was placed. The stiffener was not included in this simulation to simplify the geometry. The 

stiffener was, however, included in the A-frame Spreader Bar simulation, where the value at that point 

was significantly lower than for the A-frame Total simulation. 

Overall, the values are within the limitation of 1, revealing that the basket withstands the forces that can 

appear. The parts not included in FEM simulations are either hand calculated, dimensioned according 

to tables, or both. 
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Table 11 - Results from simulations. 

 

5.3. Future Work 

Testing and certification of the basket upon completion is crucial to ensure the design is suitable and 

safe for subsea operations. These processes serve to validate the accuracy of the FEM analysis and 

manual calculations performed during the design phase. Subjecting the basket to real-world conditions 

and rigorous testing, can confirm that it meets all necessary standards and specifications, verifying the 

structural integrity and functionality. It ensures the reliability and safety of the basket in demanding 

underwater environments, identifying any potential defects or weaknesses before deployment. 

It is recommended to address the design challenge posed by the high edges of the basket, which currently 

hinder the use of a pallet jack for loading and unloading equipment. Exploring solutions to improve 

accessibility will have to be considered. One potential solution to consider is the use of a ramp. 
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6. Conclusion 

Developing a multifunctional subsea basket for XT operations potentially improves subsea tool and 

equipment management. The proposed design combines the ability to act as a transport module for tools 

and equipment and as a DMA, ensuring safe and efficient subsea tree installations. This multifunctional 

approach addresses the high rental costs and market shortage of subsea baskets, offering a cost-effective 

and sustainable solution. By enabling the adjustment of the basket's mean gross weight, the design 

supports using the whip-line, enhancing operational efficiency on the construction vessel Normand 

Ocean. 

The design can reduce time during operations, which aligns with DeepOcean's goal of reducing CO2 

emissions by 45% before 2030. The enhancements not only meet the company's specific needs but also 

position the product as a unique offering in the market. In accordance with relevant standards, the 

company's requirements and wishes have been met. Technical drawings for all parts are included, 

making the product ready for production.  
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Appendix  

 

Supplementary Table 1 - Recommended fork pocket distances and operational limitations. [7, Ch. 3.9.3] 

 

Supplementary Table 2 - Bolt and hole dimensions. [18] 
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Supplementary Table 3 - Minimum and maximum spacing, end and edge distances. [22, Ch. 3.5] 

 

 

Supplementary Figure 1 - Hole positioning parameters. [22, Ch. 3.5] 
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Supplementary Table 4 – Minimum sling diameter. [7, Ch. 7.3.2] 

 

 

Supplementary Figure 2 - Chain sling parameters. [21] 
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Supplementary Figure 3 – Shackle parameters. [20] 

 

 

Supplementary Table 5 – Shackle dimension values. [20] 
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Supplementary Table 6 – DNV table for establishing DAF. [6, Ch. 16.2.5.6] 

 

 

Supplementary Figure 4 - Metal clamps used for GRP grating. [18] 
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Supplementary Figure 5 - GRP grating specifications. [23] 

 

Basis for Welding Calculations  

 

Supplementary Figure 6 - T-joint with axes aligned with Staad Pro coordinates. 

 

 

Supplementary Table 7 – Highest Node stress values from Supplementary Table 11. 
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Design properties of HEB and SHS profiles 

The cross-sectional values of the HEB profile have been simplified as it follows the same procedure 

the company has utilized from a previous bachelor thesis [23, app. IX]. 
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The design properties of SHS [25]. 

3 3

2

, ,

W 236,1 10 mm

A 6207mm

l 150mm

= 

=

=

el

weld x z

 

Where: 

, ,Weff x z  : Effective section modulus for major(x) and minor(z) axis, in the elastic region 

Wel  : Elastic section modulus  

Aeff  : Effective Area of cross-section (HEB) 

A  : Area of cross-section (SHS) 

lweld  : Length of the weld 

Further design properties for its cross-section can be found in tables from Eurocode Applied [26]. 
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Supplementary Table 8 - Correlation factor for fillet welds. [6, Ch. 5.9.8.4.5] 

 

 

Supplementary Table 9 – Correlation factor for fillet welds[14, Ch. 4.5.3.2]  

 

 

Supplementary Table 10 - Permissible usage factor for welds for ASD/WSD. [6, Ch. 5.9.7.6] 
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FEM simulation basis for ULS Calculations 

 

Supplementary Figure 7 - Shear and moment diagram for HEB100 under concentrated load. 
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Supplementary Figure 8 - Shear and moment diagram for HEB100 under uniformly distributed load. 
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Supplementary Figure 9 – Shear and moment diagram for RHS250x150 under concentrated load. 
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Supplementary Figure 10 - Shear and moment diagram for RHS250x150 under uniformly distributed load. 
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Staad.Pro analysis 

 

 

Supplementary Figure 11 - Applied load and beam numbers in Staad.Pro analysis. 
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Supplementary Table 11 - Beam end forces results. 
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Crane specifications 

 

Supplementary Figure 12 - Crane specification, obtained from DeepOcean. 
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