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A study on the Risk Analysis of the Anchor Impact
Scenario of the Buried Structures in the Seabed
and the Design Criteria of Rock-Berm
for the Additional Protection

Mun-Beom Shin

Department of Ocean Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

In this study risk analysis of subsea pipeline was carried out by
dropping and dragging of ship anchors, which are major risk factors for
structures installed on the seabed. Firstly, impact scenario of a ship anchor
dropped vertically and impacted an installed subsea pipeline was considered
to calculate the impact force through terminal velocity. For that a
computational fluid dynamic program, FLUENT, and MDM (Moving
Deforming Mesh) technique were applied. Then, impact analysis of subsea
pipeline was carried out using the dynamic finite element program,
ABAQUS/CAE, considering seabed soil properties and pipeline buried depths
in the seabed. Then, preliminary simulations were performed to determine

the initial anchor penetration depth, anchor drag velocity, drag angle, and
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the distance between the anchor and the rock-berm before simulating
dragging of anchor. Based on the preceding simulation results, risk analysis
of dragging anchor was carried out to calculate the anchor dragging
penetration depth according to the seabed soil properties using
CEL(Coupled Eulerian Lagrangian) technique of the ABAQUS/CAE program.
Lastly, based on the risk analysis of subsea pipeline, Rock-Berm was
designed for additional protection, and risk analysis were carried out
through the dropping and dragging of anchor for verification of safety.
Based on the results of the additional simulation, the design criteria of
Rock-Berm considering the seabed soil properties and pipeline burial depths

in the seabed was suggested.

KEY WORDS: Drop anchor X, Drag anchor FX; Terminal velocity &%
% %; Rock-berm =H; Subsea pipeline d|# }o]zz}2l; Finite element
method #3224 %, MDMMoving Deforming Mesh)method MDM7”|®H;
CEL(Coupled Eulerian Lagrangian)method CEL~”]H;
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Table 2.1 Dimension of stockless anchor according to weights

Weight B, B, D, D, L, L, L, e ey
(ton] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm]

10.5 580 2520 338 400 3958 980 1644 380 71
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Table 2.2 Air and water properties
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=5 S8l 9A WA 2o e o THA FH o7 421
13 &2 (Drag force, F)2 A 22.2= otelet 2o
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md—:z F=mg— (pwgv—i—fdv2) 2.3)

= (m—p0lg

—mg _deQ

AN mi Ree G wAF BA Ak 9 A 2T W5 £
F gue ARHy A5F U AU e 2ol TREEE AN
& 9E AL 48 F A

v= =9 tanh(t @ ) (2.4)
fa m

e f5d Ae ngon fHow 429 A7 5% 2 FLASE Ao
e AR Fig 280 JERAYLL, sldlol ofs) 445 Spswe] of Ao
ot FEEE v ZAA(E Fig. 2.99 UHERRUI, xt&0] 2%HHE Aol 9
3 SN2 25 e HA

Adte] s AHAES A A F= sl A
o FHEE A3 gow FEsUn.

Table 2.3 Area and volume according to the weight of the anchor

Weight Area Volume
[Ton] [M] [M]
10.5 2.216 1.393
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Fig. 2.8 Terminal velocity of anchors by

the equation

100

mmm Terminal velocity of numerical analysis
7+ Terminal velocity by the equation
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Fig. 2.9 Error rates of the two kids of terminal

velocity results
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23 47 TR 3 2E 4

BA} iAoz FE HHE AT FFL4L 2D Finite element
modeling) 2 |4 = E 2017¢] HAdy & A9 A
I A5 FE, T A2 Yo =2 AF&E X = Explicit dynamicsE ©]
3ot FAT T FA Y FEEEE GA AAFANA S S 59

9 9 geo] nE A7 FUEE AWNE LA, FE F AAY
= 4R

Burial depth Om Burial depth 0.5m Burial depth 1Im

anchor anchor anchor

l velocity l velocity J/ velocity

®
pipeline

@ pipeline
@ pipeline

seabed seabed seabed

Fig. 2.10 Case used for analysis
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2.3.1 37 24

= e APsr] Sl A, HAARE s A golzeile] o]l Ao
Hojok st Z}zbo] A4S =AY stk AAE P mdEde THEE 5
A3} 10.5tone] FAE 3AY &£ =Golid) 842 ZEdH-E FPsHAT

Eo] o mjdy dojzol 9PA BAHL vo|=Eele My} iz
2 g mjAdzlole] S Hrlskr] fAFelBR YA FE A WSE 16
A &= ZARigid body)= A AL A-sA A A (Automatic) 22 A=
ottt melgd 7ol ¥4 Fig 2.11¢ 2o

Fig. 2.11 Finite element model of
anchor (10.5 ton)
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2.3.2 Jto] =gl AP

vjo]zg}ele] mee S API(American petroleum institute, ©]==4-f& 3])9)

%48 779 API 5L X52 PSL 20] 74 B2 3349 £gE 84
o] 7bs3 SAA(Elastioz Y-S FPsAT FdolzEile] ndF
4 Fig. 2.12¢9F Zomn, AZAZ E4X = Table 2.49] YeERH ATHESscoe.,
2006). do]zZgele s A uke] Hls] 1 =77} AiFow 1, YFolmg
SwA AAS HLste] Zo] wEkm YA} Eo] WA= =9
A& Z2YskA A8t Folxzele] F7= Mapped mesh 7%
of 27) FRte® AFGAHS B s, #3F3] ool do]zZE]l
or wdy 7] I Aot WY JFS H43) 7] fls 10m=
7hgste] mdg stglom, Rdy H do]zele] &F Edte] WA Uk |
2l (Displacement)+= T4 (Fix)dls 2H& A &390

' X

oﬁL oftt :\0
b
(i,

Fig. 2.12 Finite element model of subsea pipeline

Table 2.4 Geometrical and mechanical properties of pipeline

Out Wall Density ~ Poisson’s Elasticity Yield

Grade diameter thickness [ke/m?] ratio modulus strength
[mm] [mm] gfm [MPa] [MPa]
X52 508 25.4 7850 0.3 2x10° 360
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2.3.3 ARG 2

Ao 2 A A Hke] malg e npr AR Ak EEE 84AFE AESlY,
o] 73k BrAaAA(Elastic-plastic) o2 =d# o) o7)A, xuke 2
AgAoln 8818 E(Stress-Strain)e] H]A ol B2 FA ANk HLEEHE= o
gtz B4 gkt 87 F(Failure criteria)% A7 33 A] $o] 32
o] o2 yetu= Mohre| w3 7]&3 424 (Cohesion, )3 W F-rpazy
(Inner friction angle, )¢ ZAE=ATE 33 AHdAAE Zr=th= Coulomb]

=/ 1T
NEe FAT Hom HEAYD ok A259 Lol BA T % At

Lo

T=c+otan® (2.5)

AZIAM, 7 = FY AGZE, ot AA5Holr. Mohr-Coulombo] &&7]&<
S 1=

Fig. 2.130] Yelfl o, o]etz-e& Mohr-Coulombe] & 71&& HEANA =
dgH siAA R FogH S5ty EA XS Table 2.59] YERY A tHDas., 2009)

) [e3
Fig. 2.13 Mohr-coulomb failure criterion
Table 2.5 Material properties of seabed
Vsat Friction angle Cohesion

[kg/m?] [-] [kPa]

Soft clay 1611 0.01 5.9

Loose sand 1952 29.2 0.5
Dense sand 2020 36 0.5
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TR FRE AN AAH R mdysty] ffs) o]zl AEF2 10D
U2 JtE A ExEol7F 10mx10mx5mel FSHA FHE AGFA =dy
st nAE WHolA Y Bdu FIFS HAs) o, AR st~ W
A g due HA B ME FESte 2AES Fostdoh =3 a4
A ZEe] A= ES bt A AAIZAMHalf symmetry)Zd S A 83t 3
A NS GEAAT HE"H AAZAS Fig. 2140 YeERSa, 2dPE 3§
| =25 Fig. 2.159 YehfAo.
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<l
o
K
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r (%]
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¢
1o
o
r
fo
B
=
N

X Displacement Fix
uonipuod ANsWwwWAs

Y Displacement Fix
Fig. 2.14 Boundary conditions
applied to the analysis

Fig. 2.15 Finite element model (Burial depth 0.5m)
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24 94 2% R AYY B

B R 3 FF e AHRA S T FUEE ARE PA<
Sxol ot GaA S BAYel YHY SEE Gl WSl

Hojgom, sto]zgiele FE7FE(Yield strength, 360Mpa)S Z#3t= Lo
g A9 A g webA gpolzeiile] mjAdE = Zlo] 9l s A A
Hhol EA A Wislel] mE 7 TR Y3 FE T golzle YEehte H
o} Von-mises stressg E=Zst FEAL 3t vluste] @S 4 A

=

A Soft clay®] AWl A% dA} FEE AT vo]xzgkqle] Von-mises
stress 232 Fig. 2.169] YERRATH

(a) Burial depth Om (b) Burial depth 0.5m

(c) Burial depth 1m

Fig. 2.16 Results of maximum von-mises stresses (Soft Clay)
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Fig. 21604 & Aol siAAG W ¢+ wjd 52 g FH = Hstst
= QYA 2= AL, HY Von-mises stress o] o] spo]Zgielel FJEAT
5 A AT =8 olet Zo] 9k wiAdEA e do|lzEile] Ii=
A Fao] e PFS W= Ao E vehgon, AAE YA FR F A
FEFEGL FTEIE F9ol Ao Yol AR FH= AAHE BT

SHA AR A= 1m o] vl = ofof dojzefjle] FRAFE

2754 @ F, AF ulAZelr FFHTL ¥ 5 Yok

b
ok
(@p)
(@]
=
[N
£
o

nlzk7E A 2 Loose sand$} Dense sande] a4 ZA3E Fig. 2.17 2 Fig. 2.189]
UER AT

(a) Burial depth Om (b) Burial depth 0.5m

(c) Burial depth 1m

Fig. 2.17 Results of maximum von-mises stresses (Loose sand)
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(a) Burial depth Om (b) Burial depth 0.5m

(c) Burial depth 1m

Fig. 2.18 Results of maximum von-mises stresses (Dense sand)

EE HAA 420 w2t " vto]l=zeiele] Ag- m=z I midd
T e SEsts A7 Aol ARHAd FFS LA Fgen, 47
FEo] WA= Flo]xzEiele] HAE FUHoolA 7FF & Von-mises stress7f

A stE Ao 2 Yl

2E A A o A3 vwE Y 7FF 2 Von-mises stress7t @Ay sf
ylo]iz 249l %%”%-‘21 A X 4 (0m), &-& wjA0.5m, Im¥E =E 3f4 Case
of g Aj7to] WE o]HS Fig. 2.199} o] iz = JeRfATH

rr

Fig. 2.19¢] T#= o]"& HW Soft claye] A¢ T& =7]de %*ﬁﬂv‘:—

Von-mises stress7} Loose sand¢} Dense sandel] ®la] ©A =4 HuY, =%

Collection @ kmou



vjo]zg}elo] WA= Von-mises stress < © =A ERsTh

ol= Om=Z

vtolzeijle] ¢ wido] obd A widH Caseol 79-9F zpolE HRIY. =

g Dense sand Aol 7Hg e 7 £=7F WL £57F HE olF 9

-

A qEe] B o2 Q3 S5V thAl EAYT. olXH dA FEHE UZ kA
A HEE 8l FdeLdAd] Ao PAS £=7F Zero(O)7F H7l A HA™
Von-mises stress < AFEsG A, 1o wE AHE Al nloj=giele] dHE
FE HE Tl siAAREE AFE 2 gfo]zelle] ujdzlo] Wle] mE kA
A& HE 3T
e 1ev0 v Y
= Burial deph 1m
§ Be+B E Ba+B
]
% Betd g Bett
%
T de+d T de+d \\
g g
2048 2648
Q T T T 0 T
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(a) Soft clay (b) Loose sand
s el
= Burial depth 1m
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| -
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g

¥
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Time (sec)

(c) Dense sand

Fig. 2.19 Von-mises stress probe of subsea pipeline
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ek HEAQ HlwE Y] A Von-mises stress A3} nlo]za}ele] ¢
F=o Hled3E Table 2.60 YetAT. 0mE JFjdd do]=e}gle
T EE A Caseolld] FEHAEE At 5, A ¥ AHA7 YE
o, 0.bm wWAdE ZAANAMNE 7R 2 25 bdEA] &
ou, siAA A gl wjAd o] FEe wet 2ol

TR Im=E ojAdE Folzele] A 2F b
7HAZ AR dEe wel A xpole Hole AS & F AU Soft
clay, Loose sand, Dense snad =22 A& += Von-mises stress 7} ZFA ek
Peag

ol

5 &

= 47 2 A% -G 24 Ade EE AR Ao 1Imold

i dsjof dpojzeiele] ko] BHAHS & & AL, L otz widE

ojzziele] Ffv FERE AT Aol EAHA dee v & 5 dth
o

Table 2.6 Ratio of maximum von-mises stress to the yield strength

Soft Loose Dense
clay sand sand
Burial depth 9.89 10.44 10.83
0 m) ' ' '
Burial depth
0.5 m) 149 Lt L
Burial depth 0.37 0.27 0.24
(1 m) ' ' '
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A3 F BA FEA QT AIAHE £4

31 47 FE AL

°§7 FH(Drag anchor)el 23t 93 A EAL s Axuk ) mjAdd sjo]=Zg}
Aol A FH| o7 F= Al FIFFE 4oz E4s= A ol &
Al AARE FAE )4 Cases EF

Wadzielsh kdEtA e Wddels AR Fhet.

.

A7 FEH AUgeE EHODrop anchor) Alvte] 2o mpz7tx] 2 A A gk
A& 37FA(Soft clay, Loose sand, Dense sand)® #7353+, 9¥7+10.5ton =
Fo] 2&Eg 2~ PA(Stockless anchon =2 AP oH, o]zl kg3 &
S fsted FH a4 Avge AA-S £13 Cased AP HS AT
TR YAZE FRH| o8 dojzaile] FE Al AT EAHZTE HHS T
off Fo]ZYJAANAAL E4S AASAL, siAATE T o7 AT &4
I m7A 2 gEA EEMultilayer soiDo] obd T+ x| ¥KSinglelayer soi)Z 7}
Akt

A= HAA T Tt s gelA Ak g FEES AR AFAITI
A7 AAolm T3t e Antef Al &) FHo| #3I VlE 2A
o] Rttt webA F7A FHE AT AFE EAS AT sAS AAEH]
A3l A FE AU o] ik Ao aFHo AW, B 4AY FE #
¥ 7}go] B etk

ﬂJl

ok

Fig. 3.1 Conceptual diagram of anchoring
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32 4A FE AUFL AAL 93 AP
3.2.1 9A FE AU AL A AFAY /g

A7 FHEH AV AL Y& gA 7] FEZol(nitial Penetration)d
A3 YAl &9 £%(Drag velocity) ¥ H#3 Zt=(Drag angle)d =, 183l 4
Ao g HAAH Fasd P el o)A Azl (Anchor-rockberm distance)
of thek Aol BasiH, Fig. 3.294%0] o] & g Ay AN, b+
I e AA Y 471A] WS AASAT

HA YA Z7] AAR A FZlolo thdt dA 2 ¥77F FsKDrop anchor)
sto] A AT & Al A A RS W9l= 0.074m ~ 0.351m 7bA] A A4k

=73 X|(Material properties)?} B7 e F&Fol| w2t A xto]E H S ™W(Shin
and Seo.,2017), sjA A ¥kl UERt= WL7E 2 BATE A Ao M FHE
Zol o Zolth. =gk dugk ARk FS(Dense sand) Y#7F FHol| o) 3A
Ato] A FHE Zole & AolH, AFTF HslHo] sA ARk FE £
7 AARHE Algko]l Aol met Aol o) © ZAA IF & A=
o geo] 4.

D % oF T\

Anchor

chain

Fig. 3.2 Settings required for dragging simulation
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whebA gA ] A AR 27 HAFEZlo] AAE 9 AME, F7 Flukeo] 3f
A Aol HAEF3] A= AEI(PD<} Flukee] 1.541(P2), 0.581(P3)e] =x7] FEFZo]
£ AAste] Cased Wua|d e TP

=M=z, Ede £ 2 A0 we} g7t AR R JFEHE Zojek &
< 47 FE tE A8 E4T ] o B FF] e AoE A
Z A A [k HAFEH Qe 77t E8=(Drag anchor) £%(3)
gk AAol Fasit. weA & AFolAE 479 EF
A3 BAHeE g H 3 AMuto] PAE I e SEo FAS
2m/s(VDS 71F2 2 1.5m/s(V2), Im/s(V)ZE Cases 7393, E4H =
“(AD¥ 30°(A2)E E7F3ot nlas)d S F3st3

mplepo 2 47e] = AA S A AE8E A7et FHH oA A o
g Mol Fasty, ol EFE RE AYsy AHE Bosto b 24
JA Ao oAAYE AT eI Aol My HelA AFE HA
#HES Fig. 3.3 YeER AL

SN Flukex0.5 - P3
Y /| Flukex1.0 - P1

/ Flukex15 - p2

Fig. 3.3 Settings values considered for the
preceding analysis
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3.2.2 AP3A S 3 FFaidY 7Y

FEM(Finite Element Method)& E& B 7|23 EofdllA thdFetA &85
o gon, E3 AM-TxE 43LS 1} AF 2
g =72 AREHAA stk AT dF EH AlEelAd 22 O
(Large deformation)o] A== s o= A AMesh)2] f F(Distortion) &7
HAEH A So=2 3 AARASS FodUed A7 dtKim and
Jeong., 2014). wetA B AFd A= olgd tHAY ZAE ;A 57 A o
Al #f4M el CEL(Coupled Eulerian Lagrangian)7]|¥ & Ab&3le] o7 T3 &4
< 738 st o

o

CEL 7"ol&t A&EAY Ass 49 HxE 9 AR Folsto]
Z 9 4k Z38e] Ao ALgE = Lagrangian BEAPH I F3F #HE @ OA
2 AYste F= FAHGSY | o) ALRE = Eulerian RAPHS X Ao =
Euleriano. 2 =AFH I Lagrangian 849 AFS ZF 249 AAH|Q
EVF(Eulerian volume fraction)=2 uWEN ™, Fig. 3.43 #Zo] Z+zte] Eulerian
element= &4°] AAA A= HIE=E AT

ft
-

o=

N
|
r:]_‘

o

|
o
13

00|00,00,00|00]00

0.0 |0. 32( 0.0
0.0 0.0
0.0 0.0
0.0 0. 32| 0.0

00 00 00|00 00|00

Fig. 3.4 Eulerian Volume Fraction
(EVF)
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o]#1%+ Eulerian 2AFHS AAES vleg oz g thdk HEHo| Y} of =
o] A AR P o3k YA AT EAPE Jbsdtnt. AAlE CEL7IW S
o] &3t thw ol #HF ATV thFsA FAEHAA gtom, CELa|A71E <] o
Ay el A gl tigk HFol o] FoIHHQiu et al, 2010). =3k CEL7IHS &
|t e nEekA 2 FEjolA e dA E™ A siAARE T #F

Case 97+(Zhao and Liu., 2015)5°] F3iEox ko

B Aol A= Eulerian ZAPHO 2 siA XN =HRlS e &1,
Lagrangian ZAPHO. 2 P79} FA AQS BdF 3t d# EF A EH A

& sasar

3.2.3 A4S 3 331 F¢84A B

e

&

x20x10mQl H{HAA 2 T3] o]o]R HAAL HAAHoE wdy Yo
H, o]& Flg. 3.5¢] YetHAt. =35 ) A *jk-5 Eulerian® 2 =dlg] 31,
79} BAE AAs= A 2(Chain)e Lagrangiano® Rd# d¢on AA =
Aol A oF 25%7) 9] AxHMesh)7F AR&H T

Fig. 3.5 Finite element modeling using CEL method
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WA= 2o FH 3 fdAH 43 mx7kAIE 10.5tone] ~Ee 2~ 9
7(Stockless anchor)E 17 314 (SPS-KSA0127-V331105978., 2014) %37 Flukeo]
Hojd = Qe AU 4=xQl 42° 2 ndg Fgon, 34 A HyS 17}
2 ¢k ZAIRigid body)E AR, =AHH FAS Fig. 3.600, ¥ Al
< Table 3.1¢] JERH AT

o7 A ¢l(Anchor chain)e] ZH gL A9} npxrtx = z+zhe] A ¢l
g 3 4 A HYES TEsHA e AAE 2dE 3 T AJAG A

3

o

o, o] = Fig. 3.7¢] JeERiLch

Fig. 3.6 Shape of stockless anchor

Table 3.1 Parameters of the stockless anchor

L F B H P 0
[m] [m] [m] [m] [m] []
10.5
[Ton] 3.13 1.65 0.9 2.52 1.11 42
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3 A o] TAl(Analysis step)E A A WOl ApFo] 3 27] ESHE 11y
at7] s FY(Gravity)& 83t At AFS s3] ATH FAAY
o] sfA AR FFAT = ZPE A8l 3HAE ERFRH, 1A N A 3] A]
A gtol] AAFH &S st 29A= °§?ﬂ ARJNE AR k3= A S 3
Row, npxu 3GA A FFA ARl AAFE AY EF FE o] YA

7} ER T S AR 4YsY.

l‘

i

=
a

4

Fig. 3.7 Modeling of the chain and connecting type

Step 1

Fig. 3.8 Analysis step

29
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2 #(Loose sand), =L3+ =
(Dense sand), Ak E(Soft clay)Z F 37FAE e stP o), £ do] A8 3

A& A FEA OF AFAH BAS A8l A& Hokdte i AvEle A3
< 98l Y= Aolr=E, AP nHT fAARS AR E7H
24 71eH 19 AEE z2tE= w23 ZE(Loose sand)E AFE5te] A A
a9tk o9 Loose sand® 2AE AW mdege WPo] 7}5d vi

‘g Al (Elastic-plastic) 0.2 A3t o, sfA A =4 X #3 8 2334
o] A ARE R o) A Azttt

AgafHolA E4E W&S A BEstd o3 2o

A FH o3 APAH A4S s FE AU dAFo] dasiH, FA

o] sAARE 7] MFZo], A7Y EF £= @ A& g 4739 2AE
al

weba] YA A AR 7] FFEZ o] 37FX|(Fluke, Flukex 1.5, Flukex0.5)%}
dAL EH &% 37FX|@2m/s, 1.5m/s, 1m/s), ¥AHL & 4= 27}X]0°, 30°)
2 dAsto Cased Ay AAst F7] FH o3 @8 B4 9
gt FH AU LE AAstaA}; gk

zt BRE 4 Cased A7 FHol| o7 siAAN HFEZo]S st
7 Bzl Augler AAsien, 7|4 7o HFEZol SAHL &4
Case®d FH A P# HsldHF< Fluked] EHE Node Pointe] #H4-<S
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3.2.4 AP3|A A3 BN 9 Ayge AH

=) H g A ARk A FZlo] A¥E Fig. 3.109
Fig. 3.1101] QE}WMD}. T3 dA FE AEHIMC 2%t A%5S Fig 3.1290
e AT

Ave Y YA 27 YR AHL WA Y42 By o WEZ
A

ol EH 7AYol wel AolE HolAR, &1 A 8m o] FelA e 27 HF

zo] P1, P2, P3oll tigh a8 2-5% thE Bluz e JFS e e ¢
T AU
Drag distance [m]
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20
Fig. 3.9 Preceding simulation results of different
initial penetration, drag velocity and drag angles
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Drag distance [m]

0.0 : : - < ; ; < : :
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Fig. 3.10 Preceding simulation results of different
initial penetration and drag velocity

Drag distance [m]
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Fig. 3.11 Preceding simulation results of different
initial penetration and drag velocity
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Fig. 3.12 Preceding simulation results of anchor trajectory
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ZY &£o= V1Y g ¢ HE = ATy JeElG oL, npasix 2
T3 7E 8m o] AglelA &&= V2ol V3o Aot wim A dAHo=
3-6%TH 2 Swol o o] EG vl He 0T vehuth webd P
%7] I EZo]E Flukeo] A At A4 A=Y= AHPDZE, Y £5=
1.5m/s(V2)2 A3kl

470 Sy A HFol =2 PF e FHel o4 AE = Fig 3.99] Pl 2
e} Fig 3109 P2o] Aol A9 A7 Tl oja] WEZol7t A RolA
i zY A 8m ol F AR} YR ARe RAoH, o= Y A
2 8m old S|AAl B FEaoF Ry HAHYL YEL Ytk W=
Fig 3.119] P3e] Azl 47 Zaol ofs)] AEZo|7t Hah oA ZYAT
gm o F AFZol7t YA 1L A%e noow, o ZUAY 8m olF
Aol B3} FEaoF REA HAAL Yehl Utk olHe PEZo|7} &
el A= Ty Ag wdsie] WA e o) AAE sm A4 AT

webd B Fgo) o3k o g4 EAS 98] Adys)ao) o) AAHE IA F
B AUEl 2= Fig. 3.139] YERL

Drag angle - 0°(Al)

Fig. 3.13 Determined anchor dragging scenario
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w3 Mg LT FHaA HA7IHA 32 Fesh REdEH S HE
3ol s A R uke] A &S 371X]|(Soft clay, Loose sand, Dense sand)@ Z 83}
Z}7] & A ARk A o] BA FH A AFEHE ZHolE 4HASY, mjAdE I}

N

olZeilde] FE FFE dFstel APHL EBASE AdoR FEHA
]

SRAAR A FE A AEHE Dol Are] HiwRal Fluke EBRE
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34 314 23 9 AP A

B ozuo o7 FEaAe daadel oa AAE Fr AdLe Ade
Hgatel SAAN Hdo] we A7 FEZols Asle] Tolmeste] &
5 452 Bl 9P4e BASYT AAA ddo] g2 A7 FEzo|

of g A g4 A7 AW ATE Fig 3149 JepnA.

l
|

Soft clay

Dense sand

Fig. 3.14 Simulation results of anchor trajectory
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Fig. 3.149] 947 FHol| o3 H 2 Aol gAdof we} zol& Heon,
Soft clayellAle =7] AARH AFZolnt t A HAFHSIIL, Loose sande}
Dense sandollA= %7] AAE JEZolHt ¢A AFEFHHW wye: ZAx
7F Vet
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Fig. 3.15 Result of anchor penetration
depth(Soft clay)
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Fig. 3.16 Result of anchor penetration
depth(Loose sand)
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Fig. 3.17 Result of anchor penetration
depth(Dense sand)
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Hd fFAZIYE MEYAE o] 83 HIFHT U RaFol Axd
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e
il

<= H3st7] 93 FgHo A AFHo
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Rock-Berm FCM (Flexible Concrete Mattress) Concrete Duct

Fig. 4.1 Types of additional protection methods
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AFst7] wwol FHE AA RS FA3 FEE FAHsta AVHA EolE &
Zt 29y skt 270l A 37 FHO o3 I EA49 A= AR
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AEsS AT Fd8s 2dy 9 AlEGolHddA A Ao, wjAdzo] Om
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Rock-berm height Rock-berm height
0.5m 1.0m

Rock-berm height
1.5m

Fig. 5.1 Finite element modeling of Rock-berm (Burial depth Om)

Rock-berm height Rock-berm height
0.5m 1.0m

Rock-berm height
1.5m

Fig. 5.2 Finite element modeling of Rock-berm (Burial depth 0.5m)
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3k Ao AgEHE EAXE RXVIAE 3AY EPE Q4AE AFESHY
A2 53, Mohr-coulomb FARRS 28319
oo z0x] omm, uwu}%?#

2
(Inner friction angle, qﬁ)ﬁk—% A A&53 A= (Cohesion, )& HlA =

Hg3tel P TASAT 4ol HEH eEel Gata BA4L Table 5.1
JERRITh EF 2hgol Frbd A ROl oF AA FEasY mde
Fig. 5.3% Fig. 5401 Jehilth sldo] 599 Caser} woldol wet a4
4ol oF AL TR BE AgElel MAZelE ¥ 24 FERHUC
o, el RS Agstel 2 ¥olE A £AE TReQR AW Cased
Table 5.2 &3}t

Fig. 5.3 Finite element model Fig. 5.4 Finite element model

(Burial depth Om, Rock-berm height  (Burial depth 0.5m, Rock-berm height
1.0m) 1.0m)

Table 5.1 Material properties of rock-berm

fysat P C
(kg/m?] (-] [kPal
Rock-berm 2650 48 0.05
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Table 5.2 Analysis Case

Burial depth Burial depth

Om - Bl 0.5m - B2
Rock(;tS)frllrrri }éelight S_Bl R1 S B2 R1
T
ROCkl__tS)iI;n} f;{egight S_B1_R3 S_B2_R3
ROCk&gfnrrrf f;{elight L_B1_R1 L_B2_R1
ROCkl_,tS)fI{Hi Tfl{%ight L_B1. R3 L_B2_R3
ROCk&gfnrrrf fl;\elight D_BI_R1 D_B2_R1
ROCkl_,tS)fI{Hi ffl{e;ght D_B1_R3 D_B2_R3

5.1.2 i A8 47 R 4 2% 2 994 24

F3o ot AR HY AT sy Aol = 283 nRVIA R o]
2il o] EZF=(Yield strength, 360Mpa)$} a4 €] Von-mises stress A= H]
wste] AAE HHom B A AdAe drid 2 A=AE 2463

=

I OE EUE A7 FH T A AN 44 5l mjdzle
A

o
i)
i
E
oL

Collection @ kmou



AE = Jolxzglle] Hto Von-mises stress df4e] wlw A3E Fig. 55 ~
510 R AT

Fig. 5.5+ Soft clay®Z ZA ™ ) # A=+ A5 mjdE o]zl
d7 FHo| o3 Aoty A5 B = olaff yfo]zz}lof LAY

== Hg Von-mises stress’} Zojt= AL & & Yt}

1:195;':
e 5
oy
2

:

- +08
— +9.130e+07
L 42.495e402 T
L +6,129e-06

(a) Burial depth Om (b) S_.B1_R1

(c) S_B1_R2 (d) S_B1_R3

Fig. 5.5 Results of maximum von-mises stresses (S_B1)
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Fig. 5.6 Soft clay= =A% sAA 4 0.5m= wjAdE Fpo]ze}ele] <
FHo| 93 Aoty AA}E B g HT o] o3 do|xzzile Y=
o} Von-mises stress7}t &1+ AL & F Aoy, FH Fol7t 1.5meold

= R34 Von-mises stress7} to]ze}le] FEJTE 23431A Y= AHE
HJa ymA Casedll A= tio] BAEHOE do]xzgile] diH = AdRE
Hot

+5.5650-06

(b) S_B2_R1 |

- 41, 08
+1.255e+08
+9.411e407
Bt

+ e+
I +3.818e-06

(c) S_B2_R2 (d) S_B2_R3

Fig. 5.6 Results of maximum von-mises stresses (S_B2)
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Fig. 5.7= Loose sandZ ZA¥ 3NAX® Y Om=Z IF vjdE so]xzgkjl
o] Y7 FXH o3 Aoty AHE KW g BAo| o3 A3 g =

7} 1.5m(R3) Caseoll 4] Von-mises stress7} do]xzeglle] dEATE Z335}A
t= AdE RYa, ImR2) Casedl & HlwZ A& zpo]2 mlo]xzglele] &

FEg zdete A ¢ 4+ AN

&0

e

+9.997e-03 T
|- +5.828e-06

(a) Burial depth Om (b) LLB1_R1

.814e408
+1.512e+08
+1.20% 408
+9.070e+07

- +6.047e+07
— +3.023e+07
L +1,10%e-05

(c) LLB1_R2 (d) L_B1_R3

Fig. 5.7 Results of maximum von-mises stresses (L_BI)
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Fig. 5.8= Loose sand® ZA ¥ ;AX% U 0.5om=Z wjAd ¥ zlo]xzg}le] of
71 FHA 93 Ayolty. A¥E HW =Y HA o3 A g Folvt
1.5m(R3) Case2} 1Im(R2) Caseoll4] Von-mises stress7} }o]izzile] qEIF=
2334 F= AFRE BRYa 0.5mR1) Casedt o] RAEojx do]Zg}

Ll

3lo] erhshA ke ATl e,

(b) Burial depth 0.5m (b) L B2 R1

0
+1.050e+08
+7.872e+07

L +5.248e+07
=t +2.624€+07
- +6.156e-06

(c) LLB2_R2 (d) L_B2_R3

Fig. 5.8 Results of maximum von-mises stresses (L_B2)
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Fig. 5.9+ Dense sandZ ZAH dAA ) OmZ 5 ujdd o]zl
o] PA FHe| o Aoty AHE HH o] Loose sande} Soft clay#| vt
I 24 0mE 4F wjdd golzelgddx 2FH Fo|7t 1.5m(R3) Cases}
Im(R2) CaseollA] Von-mises stress7} }o]zg}iele] JEBATE Z3slx] e

ANE B

+4.085e+08
+3.405e+08
2.7248 408

L 41,31 )
+8,69%+07
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= +1.954e-05
+6.721e-06

(a) Burial depth Om

+1.495¢-03

(c) D_B1_R2 (d) D_B1_R3

Fig. 5.9 Results of maximum von-mises stresses (D_B1)
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Fig. 5.10& Dense sandZ ZA ¥ siA A% U 0.5m=Z wjAdE so]xzielo]
d7 FHol| 23 Aoty ZAE KW Dense sandz2 FAE A A HHY

0.5m=Z wjdHE mtojazzile] A W =o] 0.5mR1D CasedlA = wfo]zetl
o] FEARTE 233}A] ¢ Von-mises stress 237} e

A3 muE s 7+4 2 Von-mises stress7t A3}
GollA el BE 4 Caseoll gk Alztol] whg ol¥g < A A

= o]zl
wa mjd o] B2 BJF3e Fig 511 ~ 169} o] == Yehf Ut

+2,172e-05

(a) Burial depth 0.5m (b) D_B2 R1

- +1.0178+08

- +8.136e+07
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+4,0688+07 ! +3.0632407
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(c) D_B2_R2 (d) D_B2_R3

Fig. 5.10 Results of maximum von-mises stresses (D_B2)
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Fig. 5.11 Result of von-mises stress
probe(S_B1)
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Fig. 5.13 Result of von-mises stress
probe(L._B1)
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Fig. 5.15 Result of von-mises stress
probe(D_B1)
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Fig. 5.12 Result of von-mises stress
probe(S_B2)
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Fig. 5.14 Result of von-mises stress
probe(L_B2)
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Fig. 5.16 Result of von-mises stress
probe(D_B2)
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Fig. 5.18 Scenario of anchor dragging analysis
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Table 5.3 Dragging analysis case

Simulation Seabed Rock-berm heights
case type [m]
S05 Soft clay 0.5
S10 Soft clay 1.0
S15 Soft clay 1.5
L05 Loose sand 0.5
L10 Loose sand 1.0
L15 Loose sand 1.5
D05 Dense sand 0.5
D10 Dense sand 1.0
D15 Dense  sand 1.5

5.2.2 B¢ A4 IA FE AN 2% 2 994 24

Bz o7 AAE 2 A% 4 AFME 347 vpslAR FR
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Fig. 5.19% Soft clay® 2=4® slAAuA el FHol 9@ 47 27 A 3
AW AEZolo] the Astolw], 1Yo ofehE e o] AAT 8mZ o] Zeel

o WiEH At JHEH= TREAAMY dFA Hu HFLE eI A3
E 29 = Bl o8 AL sAA|He] A EFH= do)rl EdE= A
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g Folo HUARI 1omE EAsE HY HFZort iAHOME 7E
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0.5mz 7} Fol7l &2 FHES BASHE AW 7|F +043m=E F
ge AFAE Btk wEkAl 0.5me] =R nhE BAFEte = 2’gE ARk

B7 Fuol o3 AFHL glee HolFm ek,

BE SN AR gS Boh B8] gelstr] Sl EF Al wE 3AY
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Fig. 5.19 Simulation results of anchor trajectory(Soft clay)
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T +0.28m

Fig. 5.20 Simulation results of anchor trajectory(Loose sand)
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Fig. 5.21 Simulation results of anchor trajectory(Dense sand)
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Fig. 5.22 Results of anchor penetration
depth(Soft clay)
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Fig. 5.23 Results of anchor penetration
depth(Loose sand)
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Fig. 5.24 Results of anchor penetration
depth(Dense sand)
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Aol o3 dAE =Y ASS T8l siAAN 42

M Ye

i} 4zl o] 9 I Edi2 AgE AskA X3 siAAN 44
vtolzejle] widd zlolo ths F7t REE 9T =Y AAVIES 48]
A8l AA 47 TR AIRE wFT B 7S Table 5.40) YERAH

1%

£ Table 54914 A FE Ao do]zglo] HA == H Von-mises
stress #kol™, ©9l= MPaolth. w9 AaE vpo]zejle JEF=s} vl
& T AR A vpolzeiqle] widzlole] wE 47 FRERH <t

Az = e A sk

Table 5.4 Design criterion of rock-berm based on the results of drop

analysis
Burial Rock berm height [m]
Seabed depth
[m] 0 0.5 1.0 15
0 1096 621 411 349
Soft 0.5 811 514 376 332
clay
1.0 319 _ - _
0 957 508 363 288
Loose 0.5 529 431 315 269
sand
1.0 257 _ - _
0 817 522 284 204
Dense 0.5 461 345 244 184
sand
1.0 214 - _ _
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Aelel Aol PAe] 8H?<17<1‘1 ARZolE YA, BIE musl olh
BA FE A4 FEANHY el vho|zeel

Txd A Grie dlAe 27 AA w AU 7 FO

BA FRo| % A sholmekele] wjuole] met FAV ARHeIE
FEA G, HAFEE AAHOZ YA FHo| o3 FPHol Fuo| o

PR o 23 Y AA JFE =3 9 2 A0S BYth

Table 5.5 Design criterion of rock-berm based on the results of drag

analysis
Rock berm height [m]
Seabed
0 0.5 1.0 15
Soft _1.78 “1.23 ~0.44 ~0.13
clay
Loose ~0.75 ~0.41 +0.28 +0.64
sand
Dense ~0.42 +0.43 +0.97 +1.48
sand
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Table 6.1 Design criterion of rock-berm based on the results of drop and
drag analysis

Burial Rock-berm height [m]
Seabed depth
[m] Drop Drag Total
0 1.5 15 + @ 15 + @
Soft 05 15 1.0 15
clay
1 0 1.0 1.0
0 1.5 1.0 1.5
Loose 0.5 1.0 0.5 1.0
sand
1 0 0 0
0 1.0 0.5 1.0
Dense 0.5 0.5 0 0.5
sand
1 0 0 0
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