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6.2.2.3 Hooking angle 
 

 

Figure 37 Relationship of hooking angle and hooking ratio in Scenario b 

 

6.2.2.4 Span height 
 

 

Figure 38 Relationship of span height and hooking ratio in Scenario b 
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6.2.3 Comparison of scenario a and b 

 

 

Figure 39 Hooking ratio comparison of scenario a and scenario b 

In Figure 39 it can be found that hooking ratio of scenario b is higher than that of 

scenario a. This is due to anchor velocity of scenario b is slower than scenario a 

velocity. In Chapter 3, section 3.3.1 can be used to explain this phenomenon. 

Direct impact load on the pipe is represented by an impulse loading I (5), which is 

equal to integral of impact load F over the entire duration from time t1 to t2: 

𝐼 = ∫ 𝐹 𝑑𝑡 = 𝑚𝑣2 − 𝑚𝑣1
𝑡2

𝑡1
                              6-7  

First anchor moves to pipe with velocity 𝑣1, then it hits the pipe with velocity 𝑣2, 

thus   𝑣2 − 𝑣1 < 0, the impact load F is negative due to equation 6-7. The impact 

load can be increased by increasing the difference value of 𝑣1 and 𝑣2. Then the 

anchor will be bounced off the pipe when the load is large enough. Thus the faster 

anchors cause lower hooking ratio.  
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6.3 “LONG” PIPE MODEL SIMLA RESULTS 

Short pipe with linear material is replaced by long pipeline with elastoplastic 

material to investigate typical pipeline responses when subjected to anchor hooking. 

Four hooking cases of scenario b straight pipe cases with highest span height are 

selected in this section. When the pipe is hooked by the anchor, the model shows an 

obvious bending, shown in Figure 40. Bending moments versus cable forces at the 

impact sections on the pipelines are plotted in the following sections. 

 

Figure 40 long pipeline model 

6.3.1 Case l1114 

 

Case l1114  

Anchor mass 3780 kg 

Pipe diameter 0.4 m 

Hooking angle 90 

Span height/Pipe diameter 3 

Table 18 Case l1114 input data 
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Figure 41 Case l1114 cable force and the capacity limit 

Figure 41 shows that the cable force reaches the capacity limit at 81 s, thus the cable 

fails at that time. 

 

Figure 42 Case l1114 cable force and pipeline bending moments under cable capacity limit 

 

6.3.2 Case l3114 

 

Case l3114  

Anchor mass 9900 kg 

Pipe diameter 0.4 m 

Hooking angle 90 

Span height/Pipe diameter 3 

Table 19 Case l3114 input data 
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Figure 43 Case l3114 cable force and the capacity limit 

Figure 43 shows that the cable force reaches the capacity limit at 96 s, thus the cable 

fails at that time. 

 

 

Figure 44 Case l3114 cable force and pipeline bending moments under cable capacity limit 

 

6.3.3 Case l4114 

 

Case l4114  

Anchor mass 15400 kg 

Pipe diameter 0.4 m 

Hooking angle 90 

Span height/Pipe diameter 3 

Table 20 Case l4114 input data 
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Figure 45 Case l4114 cable force and the capacity limit 

Figure 45 illustrates the cable force does not reach the capacity, thus the pipeline 

ruptures before the cable line fails. 

 

Figure 46 Case l4114 cable force and pipeline bending moments before pipe ruptures 

 

6.3.4 Case l4214 

 

Case l4214  

Anchor mass 15400 kg 

Pipe diameter 0.6 m 

Hooking angle 90 

Span height/Pipe diameter 3 

Table 21 Case l4214 input data 
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Figure 47 Case l4214 cable force and the capacity limit 

Figure 47 shows that the cable force reaches the capacity limit at 97 s, thus the cable 

fails at that time. 

 

 

Figure 48 Case l4214 cable force and pipeline bending moments under cable capacity limit 
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6.4 “LONG” PIPE MODEL SIMLA RESULTS ANALYSIS 

Cable force increases at a near-linear trend during hooking process until the cable 

reaches the capacity limits. The cable with lower capacity will fail earlier than others. 

All the four cases shows that the pipeline bending moment variation trends are 

similar when anchor hooking occurs, the bending moment experiences linear 

increase at the beginning of hooking , then turns into a slow growth until it reaches 

peak, after that, the bending moment starts to decrease slowly. This phenomenon 

can be explained by material characteristic strain-stress relationship. Strain increases 

linearly with the increase of stress until yielding occurs. The pipe experiences two 

different strains; True strain that occurs at loading moment and the permanent 

strain that occurs after removing the load. In addition, the largest bending moments 

of same pipe diameter are almost equal and larger diameter will cause larger 

bending moments.    
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7 CONCLUSION 

This thesis focuses on anchor loading on pipelines, 512 short pipe models and 4 long 

pipe models have been investigated for analyzing hooking circumstances and 

pipeline responses respectively. The following conclusions are drawn from the thesis 

work. 

 The anchors that move with lower velocities can hook more pipelines than 

those move with higher velocities. 

 The span heights of pipeline have the effect on the hooking ratio that higher 

span heights represent lower hooking ratio. 

 The hooking ratio is decreased with the increasing hooking angle due to 

composition and separation of mechanics. 

 Anchor mass has a significant effect on the hooking results, heavier anchors 

that owns larger dimensions are able to hook more pipes. In addition, the cable 

capacity limits of heavier anchors are higher, thus the cable of heavy anchor is 

not easy to fail when the hooking event occurs. 

 Pipe diameters also have effects on the hooking cases that: larger pipe 

diameters cause lower hooking ration. In the long pipeline models, the results 

show that larger diameter cause larger bending moments.  
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8 RECOMMENDATIONS FOR FURTHER WORK 

Only several circumstances limits were selected for investigation in this project due 

to a large number of hours needed to run cases. However, the real sea 

circumstances are more complex, thus more situations should be selected to do the 

sensitivity study in the further work, including water depth, other vessel velocities, 

and other seabed conditions.  

In this project, only global analysis is performed. Local analysis should be further 

carried out in the future. 
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APPENDIX 

Short pipe model SIMLA results: 

Anchor mass 3780 kg 
Number Result Number Result 
a1111 Hook a1311 Hook 
a1112 Hook a1312 No 
a1113 Hook a1313 No 
a1114 No a1314 No 
a1211 Hook a1411 No 
a1212 No a1412 No 
a1213 No a1413 No 
a1214 No a1414 No 

Anchor mass 6000 kg 
Number Result Number Result 
a2111 Hook a2311 Hook 
a2112 Hook a2312 No 
a2113 Hook a2313 No 
a2114 Hook a2314 No 
a2211 Hook a2411 Hook 
a2212 Hook a2412 No 
a2213 No a2413 No 
a2214 No a2414 No 

Anchor mass 9900 kg 
Number Result Number Result 
a3111 Hook a3311 Hook 
a3112 Hook a3312 No 
a3113 Hook a3313 No 
a3114 Hook a3314 Hook 
a3211 Hook a3411 No 
a3212 Hook a3412 No 
a3213 Hook a3413 No 
a3214 No a3414 No 

Anchor mass 15400 kg 
Number Result Number Result 
a4111 Hook a4311 Hook 
a4112 Hook a4312 Hook 
a4113 Hook a4313 No 
a4114 Hook a4314 No 
a4211 Hook a4411 Hook 
a4212 Hook a4412 No  
a4213 Hook a4413 No 
a4214 No a4414 No 
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Anchor mass 3780 kg 
Number Result Number Result 
a1121 Hook a1321 No 
a1122 Hook a1322 No 
a1123 No a1323 No 
a1124 Hook a1324 No 
a1221 Hook a1421 No 
a1222 Hook a1422 No 
a1223 No a1423 No 
a1224 No a1424 No 

Anchor mass 6000 kg 
Number Result Number Result 
a2121 Hook a2321 Hook 
a2122 Hook a2322 No 
a2123 Hook a2323 No 
a2124 Hook a2324 No 
a2221 Hook a2421 No 
a2222 Hook a2422 No 
a2223 No a2423 No 
a2224 No a2424 No 

Anchor mass 9900 kg 
Number Result Number Result 
a3121 Hook a3321 Hook 
a3122 Hook a3322 Hook 
a3123 Hook a3323 Hook 
a3124 Hook a3324 No 
a3221 Hook a3421 No 
a3222 Hook a3422 No 
a3223 Hook a3423 No 
a3224 Hook a3424 No 

Anchor mass 15400 kg 
Number Result Number Result 
a4121 Hook a4321 Hook 
a4122 Hook a4322 Hook 
a4123 Hook a4323 Hook 
a4124 Hook a4324 No 
a4221 Hook a4421 Hook 
a4222 Hook a4422 Hook 
a4223 Hook a4423 Hook 
a4224 Hook a4424 No 
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Anchor mass 3780 kg 
Number Result Number Result 
a1131 Hook a1331 No 
a1132 Hook a1332 No 
a1133 Hook a1333 No 
a1134 No a1334 No 
a1231 Hook a1431 No 
a1232 Hook a1432 No 
a1233 No a1433 No 
a1234 No a1434 No 

Anchor mass 6000 kg 
Number Result Number Result 
a2131 Hook a2331 No 
a2132 Hook a2332 No 
a2133 Hook a2333 No 
a2134 Hook a2334 No 
a2231 Hook a2431 No 
a2232 Hook a2432 No 
a2233 Hook a2433 No 
a2234 No a2434 No 

Anchor mass 9900 kg 
Number Result Number Result 
a3131 Hook a3331 No 
a3132 Hook a3332 Hook 
a3133 Hook a3333 No 
a3134 Hook a3334 No 
a3231 Hook a3431 No 
a3232 Hook a3432 No 
a3233 Hook a3433 No 
a3234 Hook a3434 No 

Anchor mass 15400 kg 
Number Result Number Result 
a4131 Hook a4331 Hook 
a4132 No a4332 Hook 
a4133 Hook a4333 Hook 
a4134 Hook a4334 No 
a4231 Hook a4431 No 
a4232 Hook a4432 No 
a4233 Hook a4433 No 
a4234 No a4434 No 
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Anchor mass 3780 kg 
Number Result Number Result 
a1141 Hook a1341 No 
a1142 Hook a1342 No 
a1143 Hook a1343 No 
a1144 Hook a1344 No 
a1241 No a1441 No 
a1242 No a1442 No 
a1243 No a1443 No 
a1244 No a1444 No 

Anchor mass 6000 kg 
Number Result Number Result 
a2141 Hook a2341 No 
a2142 Hook a2342 No 
a2143 Hook a2343 No 
a2144 Hook a2344 No 
a2241 No a2441 No 
a2242 No a2442 No 
a2243 No a2443 No 
a2244 No a2444 No 

Anchor mass 9900 kg 
Number Result Number Result 
a3141 Hook a3341 No 
a3142 No a3342 No 
a3143 Hook a3343 No 
a3144 Hook a3344 No 
a3241 No a3441 No 
a3242 Hook a3442 No 
a3243 No a3443 No 
a3244 No a3444 No 

Anchor mass 15400 kg 
Number Result Number Result 
a4141 Hook a4341 No 
a4142 Hook a4342 No 
a4143 Hook a4343 No 
a4144 Hook a4344 No 
a4241 Hook a4441 No 
a4242 Hook a4442 No 
a4243 Hook a4443 No 
a4244 Hook a4444 No 

 

 



 NTNU  Trondheim 

 Norwegian University of science and technology 

 

83 

 

 
  

 

Anchor mass 3780 kg 
Number Result Number Result 
b1111 Hook b1311 No 
b1112 Hook b1312 No 
b1113 Hook b1313 No 
b1114 Hook b1314 No 
b1211 Hook b1411 No 
b1212 Hook b1412 No 
b1213 No b1413 No 
b1214 No b1414 No 

Anchor mass 6000 kg 
Number Result Number Result 
b2111 Hook b2311 Hook 
b2112 Hook b2312 No 
b2113 Hook b2313 No 
b2114 No b2314 No 
b2211 Hook b2411 No 
b2212 Hook b2412 No 
b2213 Hook b2413 No 
b2214 No b2414 No 

Anchor mass 9900 kg 
Number Result Number Result 
b3111 Hook b3311 Hook 
b3112 Hook b3312 Hook 
b3113 Hook b3313 No 
b3114 Hook b3314 No 
b3211 Hook b3411 No 
b3212 Hook b3412 No 
b3213 Hook b3413 No 
b3214 No b3414 No 

Anchor mass 15400 kg 
Number Result Number Result 
b4111 Hook b4311 Hook 
b4112 Hook b4312 Hook 
b4113 Hook b4313 No 
b4114 Hook b4314 No 
b4211 Hook b4411 Hook 
b4212 Hook b4412 Hook 
b4213 Hook b4413 No 
b4214 Hook b4414 No 
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Anchor mass 3780 kg 
Number Result Number Result 
b1121 Hook b1321 No 
b1122 Hook b1322 No 
b1123 No b1323 No 
b1124 No b1324 No 
b1221 No b1421 No 
b1222 Hook b1422 No 
b1223 No b1423 No 
b1224 No b1424 No 

Anchor mass 6000 kg 
Number Result Number Result 
b2121 Hook b2321 Hook 
b2122 Hook b2322 No 
b2123 Hook b2323 No 
b2124 No b2324 No 
b2221 Hook b2421 No 
b2222 No b2422 No 
b2223 Hook b2423 No 
b2224 No b2424 No 

Anchor mass 9900 kg 
Number Result Number Result 
b3121 Hook b3321 Hook 
b3122 Hook b3322 Hook 
b3123 Hook b3323 Hook 
b3124 Hook b3324 No 
b3221 Hook b3421 Hook 
b3222 Hook b3422 Hook 
b3223 Hook b3423 No 
b3224 Hook b3424 No 

Anchor mass 15400 kg 
Number Result Number Result 
b4121 Hook b4321 Hook 
b4122 Hook b4322 Hook 
b4123 Hook b4323 Hook 
b4124 Hook b4324 Hook 
b4221 Hook b4421 Hook 
b4222 Hook b4422 Hook 
b4223 Hook b4423 Hook 
b4224 Hook b4424 Hook 
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Anchor mass 3780 kg 
Number Result Number Result 
b1131 Hook b1331 No 
b1132 No b1332 No 
b1133 No b1333 No 
b1134 No b1334 No 
b1231 No b1431 No 
b1232 Hook b1432 No 
b1233 No b1433 No 
b1234 No b1434 No 

Anchor mass 6000 kg 
Number Result Number Result 
b2131 Hook b2331 No 
b2132 Hook b2332 No 
b2133 No b2333 No 
b2134 No b2334 No 
b2231 Hook b2431 No 
b2232 No b2432 No 
b2233 No b2433 No 
b2234 No b2434 No 

Anchor mass 9900 kg 
Number Result Number Result 
b3131 Hook b3331 Hook 
b3132 Hook b3332 Hook 
b3133 Hook b3333 Hook 
b3134 Hook b3334 Hook 
b3231 Hook b3431 No 
b3232 Hook b3432 No 
b3233 Hook b3433 No 
b3234 Hook b3434 Hook 

Anchor mass 15400 kg 
Number Result Number Result 
b4131 Hook b4331 Hook 
b4132 Hook b4332 Hook 
b4133 Hook b4333 Hook 
b4134 Hook b4334 Hook 
b4231 Hook b4431 Hook 
b4232 Hook b4432 Hook 
b4233 Hook b4433 No 
b4234 Hook b4434 No 
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Anchor mass 3780 kg 
Number Result Number Result 
b1141 No b1341 No 
b1142 No b1342 No 
b1143 No b1343 No 
b1144 No b1344 No 
b1241 No b1441 No 
b1242 No b1442 No 
b1243 No b1443 No 
b1244 No b1444 No 

Anchor mass 6000 kg 
Number Result Number Result 
b2141 Hook b2341 No 
b2142 Hook b2342 No 
b2143 Hook b2343 Hook 
b2144 Hook b2344 No 
b2241 Hook b2441 No 
b2242 Hook b2442 No 
b2243 Hook b2443 No 
b2244 No b2444 No 

Anchor mass 9900 kg 
Number Result Number Result 
b3141 No b3341 No 
b3142 Hook b3342 No 
b3143 Hook b3343 Hook 
b3144 Hook b3344 No 
b3241 No b3441 No 
b3242 Hook b3442 No 
b3243 Hook b3443 No 
b3244 Hook b3444 No 

Anchor mass 15400 kg 
Number Result Number Result 
b4141 Hook b4341 No 
b4142 Hook b4342 Hook 
b4143 Hook b4343 Hook 
b4144 Hook b4344 Hook 
b4241 Hook b4441 No 
b4242 Hook b4442 No 
b4243 Hook b4443 No 
b4244 Hook b4444 No 

 


