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Abstract 
 

The present work was an attempt to investigate the applicability of truncated mooring systems to KRISO’s deep 

ocean engineering basin (DOEB) with ratios of 1:100, 1:60, and 1:50. The depth of the DOEB is 15 m. Therefore, 

the corresponding truncated depths for this study were equal to 1500 m, 900 m, and 750 m. The investigation 

focused on both the static and dynamic characteristics of the mooring system. It was shown, in a static pull-out 

test, that the restoring force of a FPSO vessel could be modified to a good level of agreement for all three trunca-

tion cases. However, when the radius of the mooring site was reduced according to the truncation factor, the surge 

motion response during a free-decay test showed a significant difference from the full-depth model. However, the 

reduction of this discrepancy was achieved by increasing the radius up to its maximum possible value while con-

sidering the size of the DOEB. Especially, in terms of the time period, the difference was reduced from 24.0 to 5.3 

s for a truncation ratio of 1:100, 54.1 to 8.6 s for a truncation ratio of 1:60, and 31.7 to 3.9 s for a truncation ratio 

of 1:50. As a result, the study verified the applicability of the truncated mooring system to the DOEB, and there-

fore it could represent the full-depth mooring system relatively well in terms of the static and dynamic conditions.  
 
Keywords: Truncated mooring line, Static load optimization, Dynamic load optimization, FPSO, Deep Ocean Engineering Basin 

 

 
 
1. Introduction  

Nowadays, the growing demand for hydrocarbon energy resources and the reduction in the number of oil 

reservoirs in shallow water have led the oil and gas industry to divert their attention toward the deeper ocean. 

In order to construct and manage a floating structure safely in the ocean, it is necessary to conduct a model 

test on its stability, under both static and dynamic conditions. However, because the depths of the existing 

water basins are limited to only a few meters, a full-depth mooring system could not be tested. Thus, trun-

cated mooring systems are considered to be an alternative way to conduct such tests. The goal of a truncated 

mooring system is to provide static and dynamic responses that are identical to those of a full-depth system.  

Numerous studies have been conducted for such a truncated mooring system. In particular, the following 

studies are the most well known on this subject. First, Waals and van Dijk (2004) emphasized the im-

portance of the initial mooring factors for the truncation process, and suggested static load optimization cri-

teria for such a system by developing the mooring factors from a catenary and semi-taut mooring system, 
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based on the static load for the surge. Furthermore, in order to satisfy the dynamic condition of the truncated 

system, Cho et al. (2002) developed a dynamic load optimization process and verified its applicability 

through an experiment. Ming-Yao Lee (2003) investigated the well-known truncation methodology “hybrid 

verification” by comparing the motion response at a model test depth to those at various ranges of the proto-

type depth ratios. The study showed that a high truncation ratio could be well modeled by the existing meth-

odology. However, when a higher truncation ratio was modeled, numerous problems occurred, which led to 

a significant error in the motion response. In addition, a similar problem for the truncated system was inves-

tigated by Sheng (2003), where the study established that the large discrepancies in the motion response 

were due to the insufficient horizontal damping of the system. Moreover, the study suggested that increasing 

the diameters of the truncated mooring lines could be an effective way to solve this problem. 

In the present study, the applicability of the truncated mooring system to the deep ocean engineering basin 

of the Korea Research Institute of Ships and Ocean Engineering (KRISO) was examined. Such a system was 

designed to represent an internal turret-moored floating, production, storage and offloading (FPSO) vessel 

located at a depth of 2090 m, and three corresponding truncation ratios were chosen: 1:100, 1:60, and 1:50. 

2. Preparation of Mooring System 

The turret-moored FPSO consisted of two main parts: a vessel and mooring lines. The system model was 

modified from the previous work in KRISO’s study involving a “model test of motion and mooring behav-

iors of IMP FPSO” (2014). 

2.1 Modelling FPSO Vessel  

The configuration of the proposed system is shown in Fig. 1, and the characteristics of the FPSO vessel are 

presented in Table 1.  

The position of the FPSO vessel was fixed with the help of an internal turret and the mooring system, 

which allowed the vessel to remain stationary under the impact of waves. The overall length of the vessel 

(Lpp) was 270 m, and the internal turret was located at a distance of 0.2Lpp from the bow of the vessel, 

where it connected each of the mooring lines to the seabed. As shown in Fig. 1, 10 mooring lines were con-

nected from the turret to the anchors. Thus, they were evenly distributed at intervals of 36° at a water depth 

of 2090 m. 

As listed in Table 2, each of the mooring lines consisted of three parts, with an overall length of 3250 m. 

Therefore, the radius of the mooring site was 2508 m. The top and bottom parts of the mooring line were 

made of chain, with the same part length, axial stiffness, and diameter, which means their weights in the 

water will be identical for both parts. Meanwhile, the mooring line predominantly consisted of polyester in 

the middle section, which had a lower axial stiffness.  

 

 
Fig. 1 Configuration of turret-moored FPSO 
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 Table 1 Characteristics of FPSO vessel 

Property Value Unit 

Lpp 270.0 m 

B 50.0 m 

T at mid-

ship 
12.627 m 

Displace-

ment 
132000 m^3 

VCG 18.762 m 

LCG 134.380 m 

Troll 20.5 sec 

Water depth 400.0 m 

 

Table 2 Properties of mooring line 

2.2 Modelling Truncated Mooring System 

In order to verify the design specifications for the truncated mooring system, the dimensions of the testing 

basin must be identified. In this study, KRISO’s deep ocean engineering basin (DOEB) was used to conduct 
the model testing. This basin has dimensions of 100 × 50 m, with a depth of 15 m. With the truncated ratio 

of 1:100, the model testing could represent a depth of up to 1500 m. However, because the actual depth 

where an FPSO vessel will be placed is 2090 m, using the identical mooring system would distort the initial 

static and dynamic properties of the FPSO vessel, which could result in the inapplicability of the model test. 

Thus, to overcome the depth limitation, a corresponding truncated mooring system had to be designed and 

developed to fulfill the requirement. The design procedure for the truncated system was modified from the 

previous work on a “Numerical study on designing truncated mooring lines for FPSO stability analysis,” and 

it consisted of four main parts: 

 

1) Initial truncation 

2) Static load optimization 

3) Dynamic load optimization without consideration of hydrodynamic load  

4) Hydrodynamic load optimization  

 

This procedure for designing the system focused on two main aspects: the static and dynamic loads. How-

ever, in this study, an investigation of the hydrodynamic load was not included, which is represented as step 

4 in the above-presented procedure. A detailed outline of the design procedure is presented in Fig. 2. Initial-

ly, establishing a truncation factor and applying it to the FPSO vessel model would allow the general charac-

teristics of the truncated system to be determined, including the length and position of the mooring line. 

Once the modified model with the applied truncation factor was constructed using OrcaFlex, static pull-out 

and free-decay tests were conducted repetitively until the data obtained from the tests matched the results for 

the initial full-depth model reasonably well. Prior to the static pull-out test, the properties of the mooring  

 Material 
Length MBL M W (kN/m) EA 

m kN Kg/m Dry Wet kN 

Top  Chain 150 10217 241.4 2.0413 1.7759 788207 

Middle  Polyester 2950 9192 23.26 0.2364 0.0622 151574 

Bottom  Chain 150 10217 241.4 2.0413 1.7759 788207 
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Fig. 2 Design procedure for truncated mooring system 

 

line were adjusted to set the pretension of a single truncated mooring line to match the pretension of the full-

depth model. Then, the full truncated mooring system was constructed using the FPSO model, and the re-

storing force was measured while the vessel was pulled over the range of the surge distance from 100 to -

100 m. The free-decay test was conducted by releasing the FPSO vessel from the surge offset of -100 m, and 

the corresponding vessel’s motion in the x direction was observed. In order to filter out the inapplicable data, 
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the free-decay test was only recorded for 1000 s because other studies have found that the vessel motion 

varies too much after 1000 s. Thus, an appropriate measuring procedure could not be used to find the time 

period of the wave. 

In this study, the above design strategy was used for two different truncation scenarios: one with a constant 

radius for the mooring site, which was determined from the truncation factor, and the other with the radius 

varying up to its maximum allowable distance,     , according to the size of the water basin. 

During the initial truncation process, the lengths of the top and bottom chain were fixed, and only the 

length of the polyester wire was altered. This was because changing the chain length caused a significant 

reduction in the pretension of the mooring line, whereas the variation of the pretension due to the change in 

the polyester length could be compensated by modifying the other factors.  

The truncation factors of 1:100, 1:60, and 1:50 with the corresponding depths of 1500 m, 900 m, and 750 

m, were considered, and the analysis was carried out based on the time domain, with the help of a marine 

dynamic program called OrcaFlex, where a lumped mass element was assumed, which allowed the user to 

simplify the complicated mathematical formulation and conduct quick static and dynamic analyses of a sys-

tem (Orcaflex).  

3. Numerical Results & Analysis  

3.1 Case 1-Preserved Radius of Mooring Site According to Truncated Factor  

As previously mentioned, the design process for the truncated system was guided by Fig. 2. In this case, 

the radius of the mooring site was reduced according to the truncation factor, and the corresponding radius 

was set to be equal to 1800 m, 1080 m, or 900 m for a truncation ratio of 1:100, 1:60, or 1:50, respectively.  

Prior to the analysis, the pretension of a single mooring line for each truncation ratio case was adjusted to 

minimize the difference between the full-depth and truncated-depth values, which resulted in a difference of 

less than 10%. The adjusted properties of the mooring line and corresponding pretension of the system are 

presented in Table 3. As a result, the axial stiffness values of the polyester wire for each truncated model 

(1:100, 1:60, and 1:50) were reduced to 75.6%, 45.2%, and 40.05%, and the diameters of the chain’s middle 

section were increased up to 0.261, 0.410, and 0.474 m, which reflected the increase in the weight of the 

polyester wire in water. 

Fig. 3 shows the restoring curves obtained from the static pull-out test for each of the FPSO vessels on the 

truncated mooring systems. Although it can sometimes be seen that there are slight discrepancies in the re-

storing forces, generally the graph shows good agreement of the restoring forces for the full-depth model 

and each of the truncated mooring systems. The largest difference in the restoring force during the static 

pull-out test was observed at a surge offset of -100 m for the 1:50 truncated mooring system. The difference 

was measured as 419.5 kN. However, in terms of the percentage, this number only contributed a 6% error. 

In addition, the differences for the other truncated systems over the range of the surge offset were kept at 

less than 5%. 

For the free-decay test, the surge motion of the vessel was recorded against the time. As can be seen from 

Fig. 4, a distinct difference between the graphs for the full-depth model and each of the truncated mooring 

systems was found. In more detail, the time table is represented in Table 4. Because the motion waves after 

1000 s were scattered too much, only the two full complete waves were considered in the calculation of the 

average time period and amplitude of the vessel’s motion waves. The time period of the full-depth model 

was found to be equal to 396.1 s. However, the study showed that the time periods for the truncated depth 

models were increased by 24.0 s for the 1:100 model, 54.1 s for 1:60 the model, and 31.7 s for the 1:50 

model. Furthermore, as can be seen in Table 4, a significant discrepancy was observed in terms of the ampli-

tude of the motion wave. However, there was no clear trend in the change in the amplitude according to the 

truncation factor. In the case of the 1:100 truncated model, the amplitude was reduced by 4.8 m, whereas, 

the amplitudes for the 1:60 and 1:50 models were increased by 4.9 and 7.3 m, respectively.   

  



232  Hyun-Woo Jung, Yun-Ho Kim, Seok-Kyu Cho, Sung-Chul Hwang, and Hong-Gun Sung 
 Journal of Advanced Research in Ocean Engineering 1(4) (2015) 227-238 

 

 Table 3. Truncated mooring line properties and corresponding pretension values 

 Chain diameter,   , 

(m) 

Polyester diameter, 

  , (m) 

Axial stiffness of 

chain,    , (kN) 

Axial stiffness of 

polyester,    , (kN) 

Pretension, (kN) 

Full-depth model 0.098 0.174 788207 151574.00 929.15 

1:100 0.098 0.261 788207 114589.94 893.52 

1:60 0.098 0.410 788207 68602.39 853.33 

1:50 0.098 0.474 788207 60705.39 852.06 

 

In order to reduce the difference in the time periods of the motion waves, it was decided to examine the ef-

fect of adjusting the drag coefficient of the FPSO vessel. As can be seen in Fig 5, the range of the drag coef-

ficient was tested for the 1:100 truncated mooring model, and the measured time period and amplitude are 

listed in Table 5. Although changing the drag coefficient changed the time period of the wave motion, no 

clear trend in the change was observed. In contrast, the amplitude showed a clear reduction due to an in-

crease in the drag coefficient. Trial and error showed that the most suitable drag coefficient that matched the 

time period for the full-depth model was equal to 0.25. As seen in Fig. 6, the difference in the time period 

was reduced to 9 s. However, a significant difference of 19.45 m was still found for the amplitude of the 

motion wave.  

 

 
Fig. 3. Comparison of restoring curves for full-depth and truncated models 

 

 

Fig. 4. Surge free-decay test with initial offset of -100 m  
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 Table 4. Average time periods and amplitudes of motion waves for full-depth and truncation models 

 Average Time period,      (s) Average crest amplitude,       ,    (m) 

Full-depth model 396.1 45.8 

1:100 420.1 41.0 

1:60 450.2 50.7 

1:50 427.8 53.1 

 

 Table 5. Average time periods and amplitudes of motion waves with different values of drag coefficient, Cd 

 Full-depth model Cd = 0.2 Cd = 1.0 Cd = 3.0 Cd = 5.0 

Full-depth model 396.1 402.55 423.05 411.1 409.8 

1:50 45.8 69.5 44.15 25.6 20.5 

 

3.2 Case 2-Optimizing Radius of Mooring Site 

Next, the radius of the mooring site and overall length of the line were increased based on the size of 

KRISO’s water basin. The most suitable value for the radius was obtained through the process of trial and 

error. As Fig. 7 shows, the range of the radius from the maximum value     , considering the size of the 
water basin, to the geometrically truncated value     , was modeled using OrcaFlex. For each truncated 

mooring system, four different radii were tested. For the 1:100 truncated model, radii of 2500, 2212, 1924, 

and 1636 m were tested, with 1500, 1436, 1170, and 900 m for the 1:60 truncated model, and 1250, 1078, 

907, and 735 m for the 1:50 truncated model.  

 

 

Fig. 5. Surge free-decay test with variation in drag coefficient, Cd 

 

 

Fig. 6. Optimization of free-decay test with Cd of 0.25 
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Table 6. Truncated mooring line properties and corresponding restoring forces 

 

Full-

depth 

model 

1:100 truncated model 1:60 truncated model 1:50 truncated model 

 l                                                 

Length 2508 m 2500 m 2212 m 1924 m 1636 m 1500 m 1436 m 1170 m 900 m 1250 m 1078 m 907 m 735 m 

   (m) 0.174 0.176 0.222 0.116 0.149 0.273 0.368 0.320 0.424 0.334 0.380 0.428 0.474 

    (kN) 151574 116400 118500 104500 120900 69300 68000 72500 65590 59300 56500 54500 52900 

Pretension at -100 

m (single line), (kN) 
3944.61 3953.71 3944.23 3945.26 3941.01 3943.67 6941.23 3948.02 3941.40 3942.36 3938.80 3944.03 395260 

Restoring force,    

at -100 m (truncat-

ed system), (kN) 

6971.24 7859.28 7312.34 7265.52 6339.25 8156.41 7356.92 
7815.2

9 
6724.84 8171.96 7829.21 7438.82 6977.77 

Modified    , (kN) 151574 10500 11500 100000 133000 59700 64500 64900 68000 50900 50500 51150 52900 

Restoring force,    

at -100 m (modified 

truncated system), 

(kN) 

6971.24 6999.02 7090.31 6942.08 6984.64 6989.52 6968.19 6971.32 6976.82 6979.67 6974.70 6971.01 6977.77 

Difference in    

(%) 
 0.4 1.7 0.4 0.2 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

 
In all cases, the diameter    and axial stiffness     of the polyester wire were modified in order to 

match the pretension of the truncated model to that of the full-depth model. However, unlike the previous 

case, matching the pretension for a single mooring line did not ensure the equivalent effect on the restoring 

force of the truncated model during the static pull-out test. Table 6 lists the properties of each truncated 

model for the different site radii, and the corresponding pretension and restoring force at the surge offset of -

100 m. As can be seen from the table, the diameter and axial stiffness of the polyester were initially changed 

to match the pretension of the full-depth model. As a result, the pretension of a single mooring line for each 

truncation ratio was adjusted to 3944.61 kN within the range of ±2%. However, when the same properties 

were applied to the truncated mooring system and a static pull-out test was conducted, a significant differ-

ence was observed in terms of the restoring force at the surge offset of -100 m. For example, in the case of 

the 1:50 truncated model with the site radius of 1250 m, the difference in the restoring force was 1200.72 

kN. Because the present study was aimed at achieving substantial agreement on the vessel’s static load, a 

further modification of the axial stiffness of the polyester wire was carried out.   

As seen in Table 6, by modifying the axial stiffness of the polyester wire again, the difference in the restor-

ing force at a surge offset of -100 m was reduced down to less than 1%, with one exception, where the 1:100 

truncated model with a site radius of 2212 m showed a 7090.31-kN restoring force and the difference was 

1.7%.  

After the modification, the static pull-out test was conducted again, and the restoring curve shown in the 

Fig. 8 was obtained. Generally, from the graphs, it can be clearly seen that the restoring forces for the trun-

cated and full-depth models at surge offsets of 0 and -100 m showed good agreement. However, between -

40 and -70 m, slight differences were observed. Especially, in case of the 1:100 truncated model with the 

site radius of 1636 m, the difference in restoring force at the surge offset of -60 m was found to be equal to 

447.15 kN. The results showed that increasing the mooring site reduced the difference in the restoring forces 

between the truncated and full-depth models. For all three truncated models, when the maximum site radius 

was applied, the differences were kept smaller than 10%. 
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Fig. 7 Configuration of truncated mooring system 

 

 

 

 
 

Fig. 8. Restoring curve comparison with full-depth model and a) 1:100 truncated model, b) 1:60 truncated model, and c) 1:50 
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Table 7. Properties and time period of optimized mooring system 

 

 

Fig 9. Surge free-decay test with -100 m initial offset for a) 1:100 truncated model, b) 1:60 truncated model, and c) 1:50 trun-

cated model 

 Full-depth model 1:100 truncated model 1:60 truncated model 1:50 truncated model 

  , m 0.174 0.098 0.273 0.221 

   , kN 151574 115000 59700 50900 

     , radius of the moor-

ing site 
2508 2212 1500 1250 

Time period 396.1 405.3 387.5 400.0 
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Based on the results of the free-decay test, the motion waves were plotted against the time, as presented in 

Fig. 9. In terms of the time period of the wave, a reasonably good agreement between the truncated and full-

depth models was found for the first half-full wave. However, as the waves became longer over time, a vari-

ation in the time period was observed. In addition, when the radius of the mooring site was reduced, the time 

period of the motion wave was increased. For the 1:100 model, when the radius of the mooring site was 

reduced from its maximum possible value of 2500 m to the geometrically truncated value of 1636 m, the 

time period increased from 372.7 to 463.3 s. Furthermore, for the 1:60 and 1:50 models, the time period 

increased from 387.5 to 428.9 s, and from 400.0 to 417.6 s, respectively. By comparing the time periods for 

the truncated models with different mooring site radii, the most suitable site radius was obtained. In the case 

of the 1:100 model, the radius of 2212 m showed a minimum difference in the time period of 5.3 s, whereas 

at 1500 m the 1:60 model had a difference of 8.6 s, and at 1250 m the 1:50 model had a difference of 3.9 s. 

From the previous static pull-out test, these selected radii also showed good agreement with the full-depth 

model in terms of the restoring force. Table 7 lists the time period and properties of the mooring line that 

satisfied the initial objective set in terms of both the static and dynamic conditions. 

4. Conclusion 

This study designed and developed three different truncated mooring systems with ratios of 1:100, 1:60, 

and 1:50, and their applicability at KRISO’s deep ocean engineering basin was investigated in terms of stat-

ic and dynamic conditions. Using static pull-out and free-decay tests, numerical analyses were carried out 

for both the truncated and full-depth models, and their results were compared and contrasted to develop the 

designed truncated model to satisfy the required similarity in terms of the restoring curve and time period of 

the surge motion.  

In this study, it was possible to satisfy the static characteristics for all the testing cases by adjusting the axi-

al stiffness and weight of the polyester wire. However, when the radius of the mooring site was increased to 

its maximum possible value, according to KRISO’s DOEB size, matching the pretension for a single moor-

ing line did not assure the same effect on the truncated mooring system and showed a significant difference 

in the restoring force, compared to the value obtained from the full-depth model. Thus, a further adjustment 

of the axial stiffness was required during the static pull-out test for the truncated mooring system. In contrast, 

when the radius was reduced according to the truncation factor, this adjustment was only carried out at the 

stage of testing a single mooring line.  

On the other hand, when the site radius was reduced according to the truncation factor, it showed a signifi-

cant difference in the time period of the motion waves from the free-decay test, compared with the full-

depth model. Although the restoring force curve showed good agreement with the full-depth result, because 

the time period and amplitude could not satisfy the dynamic condition originally set by the full-depth model, 

the study verified that case 1 could not be used to represent the full-depth model in KRISO’s DOEB. This 

was because reducing the overall length of the mooring line reduced the damping effect induced on the ves-

sel. Therefore, it was not possible to reproduce the same dynamic response as the full-depth model.   

However, when the radius of the mooring site was increased to its maximum possible value, the dynamic 

response after matching the static condition to that of the full-depth model showed very good agreement in 

terms of both the amplitude and time period of the motion waves obtained from the free-decay test. In addi-

tion, the difference in the time period decreased to 10 s. Therefore, the study showed that static and dynamic 

responses that were closer to the full-depth model could be achieved by increasing the radius of the mooring 

site. Furthermore, the study verified that radii of 2212 m, 1500 m, and 1250 m showed the most satisfying 

results for the 1:100, 1:60, and 1:50 truncated models, which could be used to reproduce the full-depth mod-

el in KRISO’s DOEB.  
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