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ABSTRACT 

In this paper, the seismic response of a simple dynamometer model of a real outdoor jacket platform in Bohai 

Gulf in China was explored using experimental LabVIEW®2020 software and using ANSYS-2020 R1 software 

numerically, the experiments were carried out at the University of Baghdad on a shaking table with earthquake 

acceleration and on two different types Of the tremors: the first was uniform with a displacement (4.75 mm) and 

the second was EI Centro (PGA = 0.32 g). In order to simulate the actual operating conditions. The model was 

subjected to a series of random wave loads. A finite element model was created to determine the seismic 

response of the model. The results were obtained, and there was an excellent agreement between the numerical and 

experimental results 
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INTRODUCTION 

Since the early 1940s, the offshore structure business has been thriving, mainly for discovering and producing oil 

and gas [1]. Fixed steel jacket platforms, which can be found in water depths ranging from a few meters to more 

than 300 meters [2,], are one of the most common types of offshore platforms. Jacket offshore platforms are also 

frequently employed for offshore resource production, particularly in China, owing to their short building time, 

straightforward design technique, and low cost of production. These platforms are primarily found in the vicinity 

of seismic activity—zones that surround the Pacific Ocean and the seismic zone that covers Eurasia. As a result, 

earthquakes are expected to occur during their whole service spans. Platform damage can occur as a result of 

severe earthquake events [3,4]. Offshore jacket platforms are frequently found in coastal areas to extract oil and 

gas production, such as China's Bohai gulf (as indicated by the yellow dot in Figure 1), America's Mexico gulf 

(see a black spot in Fig. 1), and other sites. Following an investigation of the geologic structure, it is determined 

that plate movement is the principal cause of the accumulation of oil and gas. As a result, many of the world's 

most significant oil and gas resources are located near fault lines.  

The bulk of earthquakes occurred along fault zones because of strong Between continental plates. The impact of 

earthquakes on offshore jacket platforms must be considered more thoroughly than the impact of earthquakes on 

other types of offshore platforms because offshore jacket platforms are bolted the seabed directly using large 

piles. During 1969 and 2018, two powerful earthquakes with magnitudes of (7.4 and 8.2) occurred in Bohai Bay 

and the Bay of Mexico. They are both located within the most active fault zone on the planet, known as the 

"Pacific Ring of Fire," which generates about 80% of earthquakes with a shallow focal point (i.e., earthquakes 

with depths of (0–70 kilometers), 90% of earthquakes with a mid-range focal point (70–300 kilometers), and 

nearly all earthquakes with a deep focal point (300–700 kilometers). Aside from that, the Bohai gulf is located 

within the Danlu fault system, the primary rifting system mechanism within a seismic belt extending across 

Eurasia. In geology, an earthquake is defined as an earthquake that causes the stress waves that cause the Earth's 

surface to tremble [5]. They arise from a stress failure in the Earth's crust that causes an abrupt change in the 

equilibrium stress state. [6] resulting in the production of seismic waves [6], resulting in the propagation of 

seismic waves.  
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Tectonic earthquakes could occur in the case that enough The lithosphere has accumulated a significant amount 

of strain energy. To induce crack propagation along a fault line is released unexpectedly, causing the fault line to 

rupture. Earthquakes can be categorized into numerous sorts based on the technique and source of their 

formation. For example, Examples of thrust include megathrusts, semipunchings, pulses, and deep-focusing 

sings, to name a few examples. There are a variety of factors that can contribute to earthquakes. These elements 

may include the depth of the focus point, the geological conditions, and various other parameters, among other 

things. Even when two earthquakes strike in close proximity to one another at almost the exact moment, the 

seismic waves are substantially dispersed. During significant earthquakes, it is likely that gravity and significant 

displacement can produce. A Directly supported offshore platform on the seabed may collapse due to gravity and 

considerable displacement. Earthquakes are the cause of Particularly relevant is the case for media that are 

directly supported by the seabed. It is estimated that the economic costs and environmental repercussions of the 

platforms' collapse will be catastrophic. This is true both in terms of monetary losses and ecological consequences. 

Through the use of seismic collapse analysis, it is able to acquire a more comprehensive understanding of the 

dynamic behavior of large offshore platforms. 

 

Figure 1. The map of global earthquakes 1900-2013 [7] 

SEISMIC RESPONSE METHODOLOGIES 

A typical procedure for computing the dynamic response of structures subjected to earthquake stresses includes 

the following steps: I development of a model; (ii) mathematical formulation of the governing equations of 

motion; and (iii) computation of structural response. It is necessary to simplify the entire full-scale structure in 

order to formulate a model. The use of trials, which may include precise measurements of similar or related 

systems, observations of general trends in full-scale structural response, or observations of selected 

characteristics of full-scale response, may be required. Trials may also be required. When studying the specific 

aspects of the desired response, the model geometry and properties can be selected to be suitable. Equations of 

motion for the structure are the mathematical formulae that define dynamic displacements in a system. By 

applying d'Alembert's concept to a basic design, it is possible to immediately determine the dynamic equilibrium 

of all forces operating on it.  

For complex systems, such as those containing substantial deformations, time-wise fluctuation of the 

submergence, buoyancy, additional mass, and other nonlinearities, direct vectorial equilibration may prove 

challenging; as a result, work or energy formulations may prove more convenient. In most cases, direct 

integration of the governing differential equations is used to compute structural response. A time-domain analysis 

is preferable when the Excitation has a well-documented temporal history. A frequency-domain analysis can be 

performed on a linear system that can make use of the superposition concept. Probabilistic approaches of 

response estimation appear to be appropriate when there is uncertainty about the time history of the Excitation. 

When specifying seismic inputs at a site, design response spectra or time histories with peak ground can be used 

to identify the information. 



A Examination of the Dynamic Behavior of Offshore Jacket Structure in Bohai Gulf Under Seismic Excitation Experimentally and 

Numerically 

 

268  

FINITE ELEMENT MODEL 

When it comes to seismic analysis in ANSYS, two general methods are used. Transient analysis and response 

spectrum analysis are two types of analysis. With the first method, you can get an overall response to the 

structure's dynamic behavior, while with the last process, you can only get the peak reaction of the system [20]. 

Since seismic loading occurs in both the time and frequency domains, transient analysis has been used for a more 

in-depth assessment of the dynamic response of offshore structures. In this section, two types of earthquakes are 

uploaded, the first is regular, and the second is the EI Centro large-scale earthquake. The determinant, finite 

element model of the fixed jacket offshore platform, is Established. Natural Frequencies and Modes of Offshore 

Platform Calculated whose dynamic responses under seismic loads have been studied numerically. Random loads 

are applied to the model, which is a multi- degrees of freedom system with many possible outcomes. A second-

order matrix differential equation can be used to describe the structure's dynamic response, which can be written 

as 

Mẍ (t) + Cẋ (t) + Kx (t) + F (t)                                                                                                                                 (1) 

where M is the mass matrix, C is the damping matrix, and K is the stiffness matrix. The displacement, velocity, and 

acceleration vectors are denoted by the letters x (t), ẋ (t), and ẍ (t), respectively. The coercive response of the 

model is obtained from solving the equation. (1). The free-response is achieved by reducing the right-hand side of 

the equation. (1) to zero and apply appropriate starting conditions to the equation. The overall goal of finite 

element software, such as ANSYS, was to answer the problem at hand. Eq. (1). The Finite element model 

includes (105514) elements with (105370) nodes. In the numerical simulation, steel is applied as the material for 

jacket structure; Young's modulus is 200 GPa, and the Poisson ratio is 0.3. For real conditions, the bottom level of 

the jacket structure is fully constrained. This Fig. 2 shows the finite element model that was used to predict the 

dynamic response. Figure 2. 

 

Figure 2. Finite element model of jacket offshore platform. 

EXPERIMENTAL SETUP 

During the vibration test experiment, a physical model of a graded steel tube frame of a real offshore platform in 

Bohai Gulf was constructed to test the model on a shaker. The model consists of four columns and other cross-

columns of steel welded to each other, while the upper part consists of one piece of monolithic steel plate welded 

with the columns. Approx. 1.52m high and 0.77m (x- direction) and 0.54m (y-direction) primary dimensions. 

Fig.3 and the material sectional dimension are shown in (Table 1). Experimental exemplary tests are carried out on 

the model using two Shaker tests, the first regular (4.75mm) Fig.5 and the second EIcentro (0.32g) Fig.4 tests in 

Modal Analysis Laboratory of the University of Baghdad using the scaled model. Two (LVDT) were used, the 

first to measure the displacement of the edge of the deck Fig.6 and the second to measure the displacement of the 

edge of the Table of the shaker Fig.7 Using the LabVIEW® 2020 data acquisition system and software suite, 

they were recorded on a computer. 
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Figure 3. Scale model 

 

Figure 5. The EI Centro seismic loading (0.32g) 

 

Figure 4. The regular seismic loading (4.75mm)
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Table 1. The sectional dimensions of the material. 

Member Size(mm) 

Leg (20)*(2) 

Brace (10)*(2) 

Deck (20) 

 

Figure 6. (LVDT) at the edge of the deck 

 

Figure 7. (LVDT) at the edge of the table of the shaker 

RESULTS AND DISCUSSIONS 

In this study, the offshore jackets platform was examined experimentally and numerically. The structure's natural 

frequencies are determined using model analysis, also known as free vibration analysis, and the shapes of the 

system are laid out. Model analysis was performed to determine its vibration characteristics, natural frequencies, 

and mode shape for the model. It was possible to extract the first three vibration modes of the model and their 

associated natures (see Fig. 8). The frequencies are listed in the table below (Table 2). 

Table 2. The first three natural frequencies 

Model No. Numerical Experimental Reduction (%) 

1 10.176 11.202 9.16% 

2 10.999 12.105 9.1378% 

3 14.236 15.562 8.521% 
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mode shape (1) 

 

mode shape (2) 

 

mode shape (3) 

Figure 8. First Three mode shapes of the model 

The seismic response of the jacket platform has been studied experimentally and numerically Through the form 

under El Centro Seismic acceleration and regular seismic acceleration to conduct a detailed investigation of 

system response. The behavior of the platform model is evaluated by Using Newmark β technology [21]. Date 

time of displacement, velocity, and acceleration The platform jacket is shown in Fig 9, 10, and 11, The 

acceleration of the Centro earthquake, and Fig 12, 13, and 14 for the uniform earthquake acceleration, respective. 

The maximum peak responses of the model experimentally and numerically for the Centro earthquake are listed 

in table (4). and for the regular earthquake in table (5). 
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Figure 9. Displacement Time history of the Jacket Response under El Centro Excitation 

 

Figure 10. Velocity Time history of the Jacket Response under El Centro Excitation 

 

Figure 11. Acceleration Time history of the Jacket Response under El Centro Excitation 
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Figure 12. Displacement Time history of the Jacket Response under regular Excitation 

 

Figure 13. Velocity Time history of the Jacket Response under regular Excitation 

 

Figure 14. Acceleration Time history of the Jacket Response under regular Excitation 
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According to the results of the acceleration of time in history (Fig. 9) for the El Centro earthquake and (Fig. 12) 

for the regular earthquake, good agreement is shown Between structural behavior and dynamic response. From the 

jacket inaccurate and simplified models. Based on the results of Fig (10 and 11) for the El Centro earthquake and 

on the results of Fig (13 and 14) It can be seen that the proposed method Can be used to simplify the calculation 

process. Reduce bias error, reduce time and cost Procedure in essential research projects due to Simplified 

behavior and response efficiency Models. 

Table 4. Maximum peak responses of the model experimentally and numerically for the El Centro earthquake 

 Numerical Experimental Reduction (%) 

Maximum 16.23 19.09 14.98 % 

Displacement (mm)    

RMS 5.79 6.81 14.97 % 

Maximum 559.43 658.15 14.99 % 

Velocity (mm/s)    

RMS 111.7 131.41 14.79 % 

Maximum 19720 23200 15 % 

Acceleration (mm/s2)    

RMS 4555 5359 15.002 % 

Table 5. Maximum peak responses of the model experimentally and numerically for regular earthquake 

 Numerical Experimental Reduction (%) 

Maximum 9.85 11.33 13.06 % 

Displacement (mm)    

RMS 5.13 5.9 13.05 % 

Maximum 401.461 461.45 13 % 

Velocity (mm/s)    

RMS 162.58 186.88 13.003 % 

Maximum 15834 18200 13 % 

Acceleration (mm/s2 )    

RMS 2336.5 2685.7 13.002 % 

CONCLUSIONS 

The findings of a pilot program were acquired through the use of a scale model of the Navy jacket structure 

previously discussed. AccuRate accelerometers were used to measure the model's natural and forced responses. 

The model was put through its paces in both air and water. It was possible to obtain the dynamic reaction of the 

model. When a fixed external random stimulation was used, the results were as follows: Experiments were 

conducted to investigate the effect of altering the excitation characteristic. It was decided to create a finite 

element model. Both numerically and empirically, it was discovered that the model's dynamic reactions matched 

up with each other well. This offers us confidence in the finite element model that we are utilizing. Response 

predictions in other circumstances have not been taken into consideration in this study. 
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