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Abstract 
In this paper, Patran finite element analysis software is used to optimize the structure of 
offshore access gangways (OAG). First, according to DNVGL, ABS and other relevant 
regulations, the checking calculation criteria of offshore landing bridges, such as 
strength, deformation and buckling, are obtained. Secondly, Patran is used to perform 
finite element modeling according to the emergency disconnection conditions of the 
offshore access gangways, and the model is divided into four different schemes 
(including the initial scheme) by assigning different materials to the model, Nastran is 
used to perform strength check, deflection check, and buckling check for the four 
schemes to determine whether each scheme meets the requirements. The lightest of the 
four schemes is the best scheme. In this paper, four schemes of steel gangway, aluminum 
alloy gangway, composite material gangway and composite material-aluminum alloy 
gangway are checked. Finally, it is determined that the composite material-aluminum 
alloy gangway achieves the lightest weight under the condition of satisfying the various 
check criteria, which further verifies the feasibility of the application of composite 
materials in the offshore access gangways. 
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1. Introduction 

With the impact of climate change and other environmental conditions, renewable energy has become 
the object of attention of all countries in the world, among which offshore wind power is particularly 
prominent [1]. Currently, most existing offshore wind farms are located in shallow waters within an 
average of 25 kilometers offshore, with an average wave height of 1.5meters.The deep-water wind 
farm is located more than 50 kilometers offshore, and the wave height can reach 3 meters or even 
higher (Wind EUROPE 2017) [2]. Once the wind turbine fails, in order to avoid serious losses to 
power generation efficiency and profit, the wind turbine should be repaired and inspected as soon as 
possible. However, the cause of wind turbine failure is often bad weather, and in bad sea conditions, 
the traditional methods of helicopter transfer and direct boat docking have a high risk factor and are 
even impossible to achieve. Therefore, the motion compensation offshore access gangways (OAG) 
that compensates for the influence of waves by the hydraulic rod structure has received wide attention 
and application [3]. 

In response to the increasing number of offshore access gangways appearing on the market, In order 
to ensure the safety, function and quality of the offshore access gangways, DNV (DET NORSKE 
VERITAS) issued the first standard document for the offshore access gangways in 2015 [4], this 
standard document sets requirements for the materials, strength, safety, function, testing and tracking 
services of OAG, and provides work guidelines for the design of OAG. In 2016, ABS (American 
Bureau of Shipping) and BV (French Bureau of Shipping) also issued a certification document for 
OAG [5, 6].In addition, some researchers have successively carried out research on the strength of 
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the OAG [7]. Y. Shen uses MPC (Multi-Point Constraint) method to simulate the connection of the 
fixed ladder and the movable ladder in the gangway, and calculate the structural strength of the 
gangway [8].Sebastian Hamre studied the buckling, fatigue, fiber damage, displacement, impact load 
and temperature change of glass fiber composite gangway, and proved that glass fiber material has 
certain advantages over traditional materials through price estimation [9]. 

In this paper, a steel OAG is used as a template, Patran is used for finite element modeling, and 
Nastran is used for finite element analysis of the most dangerous working conditions, and the 
gangway is replaced with different materials such as aluminum alloy and glass fiber. Through the 
comparison of strength, deformation, buckling and quality, the materials used in this type of OAG 
are optimized. 

2. Method 

2.1 Strength check 

In this paper, the strength, buckling and deformation of the OAG are mainly checked, which is mainly 
based on the relevant regulations of classification societies such as DNV, ABS, and BV. According 
to DNVGL-ST-0358, marine landing bridges can be divided into 4 types, see Table 1 for details. 

Table 1. Types of the offshore access gangways 

Types feature 

I 
Personnel can move freely between the two connected equipment, general personnel can be 

transported, and the overlap time is not limited 

II 
The personnel must comply with certain traffic requirements or follow the instructions of the 

gangway operator,general personnel can be transported,the overlap time should generally be less 
than 24 hours. 

III 
Personnel passing is limited, only used for the transfer of engineering personnel. Including fixed-

length, non-hydraulic operation, complete passive motion compensation and other types of 
gangways. 

IV Other gangways with simpler structure 

The OAG studied in this article is type II, and its working conditions and load conditions are as 
follows Table 2. 

Table 2. Types of working conditions of the offshore access gangways 

Working conditions Live load (kg) Design live load (N) Live load application position 
Normal working condition 240 2354.4 Tip 
Emergency disconnection 

condition 
350 3433.5 Tip 

Parked condition - - - 
Deployment/retrieval condition - - - 

Note: The acceleration of gravity g is 9.81m/s2. 

All working conditions are affected by its own weight. In normal working conditions and emergency 
disconnection conditions, the OAG is at the maximum operating length, and the OAG is also 
subjected to centrifugal force under the Deployment/retrieval condition.The centrifugal force is 
calculated by the following formula. 

CF=(G/1000)×(n2×r).                               (1) 

Where, CF is the Centrifugal force of OAG (kg), G is the weight of OAG (kg), r is the distance from 
the axis of rotation to the center of gravity of the OAG(m), n is the number of revolutions per minute 
(rev/min). 

In addition to the above loads, the OAG is also affected by wind loads. The wind load on plane A is 
calculated according to the method in DNVGL-ST-0378, As shown in the following formula. 

P=A·q·c·sinα.                                  (2) 
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Where, P is the wind load(N), A is the Air infiltration area(㎡), q is the air velocity pressure, q =ρ 
v2/2(N/㎡), C is the The average pressure coefficient of the exposed area (tubular truss C=1.1, leeward 
side tubular truss C=1.1x2/3=0.733), α is the The angle between the wind direction and the exposed 
surface, ρ is the Air density (1.225kg/m³), v is the Wind speed(m/s). 

Under operating conditions (normal working conditions, emergency disconnection conditions), the 
design wind speed should not be less than 20 m/s, and the design wind speed should not be less than 
the operating design wind speed at the Deployment/retrieval condition. The design wind speed is 20 
m/s in this article, When placing the operating condition, the design wind speed should not be less 
than 44 m/s. In this paper, the design wind speed is 44 m/s. 

Determine and ensure that the allowable stress meets the specification requirements according to the 
safety analysis method shown in Table 3, and σy is the minimum yield strength of the structure.For 
aluminum structures, the safety factor in Table 3 should be multiplied by an additional safety factor 
of 1.05. At the time of writing, there is no specific standard for fiber-reinforced OAG. The standards 
DNV OS-C501 and DNVGL-ST-0358 are the main basis for literature research. This paper uses the 
same criteria as the aluminum structure for glass fiber. 

Table 3. Criteria for the checking with respect to excessive yielding 

Method of verification 
Acceptance criteria 

I 
Acceptance criteria 

II 
Acceptance criteria 

III 

Safety factor 
Elastic analysis 1.50 1.33 1.10 
Plastic (ult. str.) 

analysis 
1.69 1.51 1.25 

Permissible 
stresses 

Elastic analysis σy /1.50 σy /1.33 σy /1.10 

2.2 Buckling check 

The unique feature extraction algorithm in Nastran can accurately obtain the critical instability point 
and the N-order buckling factor. The buckling factor is the ratio of the buckling load to the calculated 
load. The load corresponding to the lowest buckling factor is the critical buckling load for eigenvalue 
buckling analysis. The buckling load calculation formula is as follows. 

PA= PC                                                     (3) 

Where,PA is the critical buckling load;  is the Critical buckling factor; Pc is the calculated load. 

According to the specification DNVGL-ST-0358, when the critical buckling factor meets Table 4, it 
indicates that the OAG meets the stability requirements under this working condition. 

Table 4 .Safety factors for the checking with respect to buckling 

Type of buckling Acceptance criteria I Acceptance criteria II Acceptance criteria III 
Elastic buckling 1.86 1.66 1.38 

Elastic-plastic buckling 1.69 1.51 1.25 

2.3 Deflection check 

According to the standard DNVGL-ST-0358, the Deflection check is carried out. For the gangway 
supported at both ends, the gangway is extended to its maximum operating length, and a test load 
equal to 1.25 times live load but not less than 300 kg is applied to the middle of the gangway.For a 
gangway designed to be used as a cantilever, the gangway is in the cantilever position and extended 
to its maximum operating length, and a test load equal to 1.25 times live load but not less than 300 
kg should be applied to the tip of the gangway.This article only discusses the cantilevered gangway, 
the deflection δ0, δ1 and δ2 should be measured at the tip (free end) of the gangway.The deflection 
limit of the OAG is shown in Table 5, and the deflection diagram of the OAG is shown in Figure 1. 
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Table 5. Deflection limit of OAG 
 Limit for δmax Limit for δ2 

Cantilever gangway 
G<2×TL 

L/100 
L/150 

G=2×TL L/200 
G>2×TL L/300 

 

 

Figure 1. Deflection diagram of the OAG 

Where, G is the self-weight of the gangway, TL is the test load, L is the maximum operating length 
of the gangway, LL is the live load, δmax is the total deflection of the gangway, δ1 is the initial 
deflection of the gangway caused by gravity,δ2 is the deflection caused by TL. 

Based on the above analysis, the stress on the OAG is the most complicated under the emergency 
disconnection condition, and the following will focus on the analysis as the most dangerous condition. 
Since the OAG is a device installed on a ship, its quality is required to be as light as possible while 
ensuring its structural safety. That is, the quality of the OAG is also an important criterion for material 
optimization.  

3. Modeling and analysis  

3.1 Project overview 

The OAG of this project is divided into movable ladders, fixed ladders and operating platforms. This 
article only optimizes the materials of the step bridge ends of the OAG, that is, movable ladders and 
fixed ladders. The fixed ladders are fixed in place by 4 bolts On the operating platform, the movable 
ladder is connected to the fixed ladder through 20 pulleys. 

When the OAG extends to the longest position, the total length of the step bridge is 17612mm, of 
which the movable ladder is 12036mm long and 950mm wide; the fixed ladder is 7700mm long and 
1030mm wide; the overlapping part of the two is 2124mm, and the structural material thickness is 
4mm.When the lifting range of the OAG does not exceed ±15°, it is the normal operating range; when 
the lifting range of the OAG exceeds ±15° but not more than ±20°, the transfer of people should be 
stopped. If there are people on the OAG at this time, it should be evacuate immediately.When the 
lifting range exceeds ±20°, the OAG shall be disconnected urgently. The structure of the OAG is 
shown in Figure 2; the movement mode of the OAG is shown in Figure 3. 

 

Figure 2. The structure of OAG              Figure 3. The movement mode of OAG 

 

In this article, the material of the OAG is Q345D. It is planned to replace the material with  
aluminum alloy 6061 and glass fiber composite material. Through different material schemes, the 
strength, buckling, deflection and quality are used as the criterion to judge the bridge ladder. The 
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materials are optimized. The study condition is an emergency disconnection condition. Under this 
condition, the strength check is carried out according to the standard III of Table 3, and the buckling 
check is carried out according to the standard III of Table 4. The material parameters of each scheme 
are as follows Table 6 and Table 7. 

Table 6. Material parameters of aluminum alloy 6061 and steel Q345D 

Parameter 6061 Q345D 
Elastic Modulus E (GPa) 70 206 
Shear modulus G (GPa) 26 79 
Yield Strengthσy (MPa) 276 345 

Poisson's ratio v 0.3 0.3 
density  (t/mm³) 2.7 × 10  7.85 × 10  

 

Table 7. Glass Fiber Reinforced Plastics (FRP) parameters 

Parameter Value 
E1(GPa) 48.074 
E2(GPa) 7.959 

G12(GPa) 3.005 
G21(GPa) 1.616 

v12 0.286 
v21 0.018 

σy(MPa) 2000 
 (t/mm³) 9.905x10-10 

Hierarchical sequence (degree) [(45/0/-45/90)5] 

 

Generally speaking, the 0°layer will help to improve the stiffness, at least 25% of the 0°layer, 25% 
of the 45°layer, 25% of the -45°layer, and the maximum direction difference between the layers is 
45°. The layering of composite materials is very complicated and is not the focus of this article. The 
layering sequence of composite materials in this article is shown in Table 3-2, with each layer 0.1mm, 
and totaling 40 layers. 

3.2 Project overview 

The finite element software Patran is used to carry out finite element modeling of the OAG. Because 
the thickness of the structure is much smaller than that of the other two directions, shell elements are 
often used to model composite materials in the study [9]. The movable ladder and the fixed ladder are 
connected by MPC (Multi-point constraints), a total of 20, to simulate the pulley at the connection; 
16 fixed nodes are set at the connection between the fixed ladder and the operating platform. The 
number of nodes in the finite element model is 22,704, and the number of shell units is 25,338. The 
finite element model is established as shown in Figure 4. 
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Figure 4. Step bridge finite element model 

4. Results 

Through the finite element software Nastran, the static analysis and buckling analysis of the model 
are carried out. According to the different structural materials, 4 schemes are proposed (as shown in 
Table 8), and the values are as follows. 

Table 8. Different material schemes 

Schemes Movable ladder Fixed ladder 
1 Q345D Q345D 
2 6061 6061 
3 glass fiber glass fiber 
4 glass fiber 6061 

4.1 Stress 

The maximum stress of the four options is shown in Figure 5 to Figure 8. 

 
Figure 5. Maximum stress of scheme 1          Figure 6. Maximum stress of scheme 2   

 

 
Figure 7. Maximum stress of scheme 3          Figure 8. Maximum stress of scheme 4 
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4.2 Deflection 

The maximum deflection δ1 of the four scheme models under their own weight is shown in Figure 9-
12. 

 
Figure 9. Deflection δ1 of scheme 1            Figure 10. Deflection δ1 of scheme 2     

 
Figure 11. Deflection δ1 of scheme 3            Figure 12. Deflection δ1 of scheme 4  

The maximum deflection δmax of the four scheme models under live load and wind load are shown in 
Figure 13-16. 

 
Figure 13. Deflection δmax of scheme 1        Figure 14. Deflection δmax of scheme 2 

 
Figure 15. Deflection δmax of scheme 3         Figure 16. Deflection δmax of scheme 4 

4.3 Buckling 

Take the first-order buckling coefficients of the four schemes as shown in Figure 17-20. 
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Figure 17. 1st order  of scheme 1            Figure 18. 1st order  of scheme 2 

 

Figure 19. 1st order  of scheme 3            Figure 20. 1st order  of scheme 4 

4.4 Summary 

The stress, deflection, buckling and quality of the four schemes are summarized as follows table 9. 

Table 9. Summary of data for each scheme 

schemes Max-stress (Mpa) δ1 (mm) δ2 (mm) δmax (mm)  (1st order) M (t) 
1 141 24.1 17.6 41.7 4.7217 2.2250 
2 90.2 24.4 53.3 77.7 4.6638 0.7652 
3 71.2 29.6 179.4 209 3.8721 0.2807 
4 148 17.5 110.5 128 6.3018 0.4894 

 

According to Table 3 Acceptance Standard III, the strength check calculation requires that the yield 
stress divided by the safety factor 1.1 is greater than the maximum stress of the structure. When the 
structural material is aluminum alloy and composite materials, the safety factor must be multiplied 
by 1.05.The maximum stresses of the four schemes all appear at the connection between the movable 
ladder and the fixed ladder, and the maximum stresses are in compliance with the strength check 
calculations. Among them, scheme 3 is the best. According to Table 4 Acceptance Standard III for 
buckling calculation, the first-order buckling coefficients of the four schemes all meet the 
requirements, and scheme 4 is the best. 

Check the maximum deflection according to Table 5. When the OAG is extended to the longest 
position, the total length L of the OAG is 17612mm. Among them, the self-weight of the OAG in 
Scheme 1 and Scheme 2 is more than twice the live load. Therefore, δmax is required to be less than L 
/100 (176.12mm), δ2 is less than L/300 (58.71mm).Scheme 3 and Scheme 4 The self-weight of the 
OAG is less than twice the live load, and δmax is required to be less than L/100 (176.12mm), and δ2 is 
less than L/150 (117.41mm). Scheme 3 does not satisfy the deflection check calculation, that is, when 
both the movable ladder and the fixed ladder use FRP composite materials, the deflection check 
cannot be satisfied. The remaining three schemes all satisfy the deflection check, among which 
scheme one, that is, the scheme has the smallest deflection before optimization. 

Comparing the optimization scheme 2 and scheme 4, both schemes meet the above-mentioned check 
calculations. The maximum stress and maximum deflection of scheme 2 are smaller than scheme 4. 
However, the weight of the OAG of scheme 4 is 36.04% lighter than scheme 3, and the quality of 
scheme 4 is only 22% of the original scheme. After comprehensive comparison, the scheme 4 is the 
best scheme. 

 

 





International Core Journal of Engineering Volume 7 Issue 12, 2021
ISSN: 2414-1895 DOI: 10.6919/ICJE.202112_7(12).0070

 

514 

5. Conclusion 

In this paper, the finite element model of the OAG structure is established by using patran, and the 
post-processing analysis is carried out by Nastran. Through the strength check, buckling check, 
deflection check, and weight comparison of 4 schemes composed of different materials, The 
conclusion is as follows: 

1). Compared with the original scheme of the all-steel OAG, the use of aluminum alloy materials can 
greatly reduce the weight of the structure while meeting the requirements of the structure. 

2). Compared with OAG of traditional materials, the use of composite materials can greatly reduce 
the weight of the structure. However, due to the low stiffness of composite materials, when the 
structure is a long-span truss or cantilever beam, it may appear despite its strength. To meet the 
requirements, the structure will produce greater deflection, which will affect the operation of the 
structure. The use of composite materials in combination with other traditional materials will increase 
a certain self-weight, but can alleviate the excessive deflection of the structure. 

3). In this paper, the original steel OAG is optimized through the joint use with composite materials. 
In the case of meeting the strength requirements, buckling requirements, and deflection requirements 
in the corresponding specifications of the OAG, minimize the weight of the OAG. Compared with 
the original scheme, the final optimized scheme in this article is 22% of the original scheme, which 
further proves the feasibility of using composite materials in the OAG structure. The self-weight of 
the structure is greatly reduced, the impact of the OAG on the ship's operation is also reduced, and 
the possibility of the OAG being arranged on a ship with a smaller load capacity is improved. 
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