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Numerical Simulation of Arch-type Submarine Cable Protector
under Anchor Collision

Jinho Woo*, Won-Bae Na* and Heon-Tae Kim*
*Department of Ocean Engineering, Pukyong National University, Busan, Korea
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ABSTRACT: In 2006, Jeju Island in South Korea experienced a crisis, no electricity for three hours anywhere in the entire island. This incident
was caused by a domino effect that occurred after one of the submarine power cables connecting the island to Haenam, a coastal city on the
mainland, was damaged by an external load, probably from a ship anchor or a steel pile being used in marine farming. This study presents a
collision analysis of a new submarine power cable protector called arch type reinforced concrete. For the analysis, a dynamic finite element program,
ANSYS AUTODYN, was used to examine the displacement and stress of the submarine power cable protector using different material models
(RHT concrete model, Mohr-Coulomb concrete model). In addition, two reinforcing bar spacings, 75 mm and 150 mm, were considered. From the
analyses, the effects of the parameters (concrete model and spacing) on the results (displacement and stress) were analyzed, and the relations
between the damage and parameters were found.

LM = o et FES N0l B AFH AB oM, 123 Ax A}
V7] 3% H2ER TAUG 1 F FEHM0) B AEY

2
>
i
Rt
S
rn
=2
E)

Sepere shwo] Wt SUMQ) AEd SHog A @ AFolE BAYEY FEo] B ol
ek del wel AdadA) 2 Aol A9, A%, B4 A 1A AAAZ} meislolel shel BAE AR A, A
QAR dA AolEol ol A=} glrk. T3] AFEe SOl mE FEAT S4e B4o] apHch

A1) RES A ALS Falel 4R 4 EALEY FE ABRdMe A% tRRe A} wF

o)

o, i
rr
2
frl
td
i

s

[e)
°
By QriekEE 5, 2007). 20061 49 19 AF FxAee] AA|, e Fof FAlA o] gk Ho AFFEFS A
A5 A A AolEe oz HASIHTh ARFRAN] @b HEWE 5454 S5k ZAES] FE34(Tham, 2005 Gran
2m AMute] PAZE oJste] Ao|Bo] o] AP A et al, 1997), AF Fre] ZIE BE AP B3 FX] A
o2 FHHALE AF A AolEe] AXXH H AFHFe  E# )M (Berg et al, 2004), AFHAA FE=o| opd Fide] ot
A, A B 2AA Y, T 2H0] PEAE AGe  FAYES] 3] 54 E4(Zhou et al, 2008), 1E]il AHE
ZA Aute] go] wol Mulso] A o3t A AolEe o AsSEA I A (Riedel, 1999) Tl AT ol AT=
£493o] & A YGo|t} FTEAZ g5 22 gyt ayEYy 14 FEolge ¥

7189 §A-AFY A Aol BHE FRELS F 2m, ¥ FAHo Aok wHH A Yete BAQ] TEF o] AuF
o] 20cme] LATE wjER X FEHZ 1990dd] A AlolEe]  oE AEKY FE, IAAL olF FEAY FATE FEHA
A& Ao ZFol| o3k AlojBe] ojgtA|s} 9]Ho) o3t up o] B3I AFE Folh Y] o)) 53] AMSE FEAH v|X
&8 vy 95ty AXHTE a2 AFel o283 wWErA E T P ZIIE AErd] 9IS BXS A3E
o] AEATIL FAS BE FREQ V)5S st ok F3E b gtk

a0 wet 7|Ee] ZIYE WEHEE AT MRS 23 et B Apde Z23YE BE PRE PF FE3

ZE B3 F2RE g8t A7/ FAeEo] gtk ATE A 28 galgAxa T3 ANSYS AUTODYNS o] &sle] 43038}
Aol Hx] K9] &g f|FsHE AL BA 59 9F A& Atk o] W HZo wiawd), & 7H4, agla F3E AR

AR -l FabgA] G gi13%, 051-629-6588, wna@pknu.ar.kr
B =22 2008 109 St NHE el dests] FAStedl T = 4%

it
o

AR

BRIk

96



oFAE siA AlolE HE FEE] 47 FE FA AlEdolA 97

=2 d(Mohr-Coulomb 29, RHT Edl)o] FE3[4] Aol m]X|
= TS AR EHstara Stk

2. pelg

21 W3 Dz

melgo] ARgE f3F 2484 22 92 ANSYS AUTODYN
oltt. ol HIAE T EAIE s|4E] S8 Alte Tt
Zgadon e/ ud A, wA-FH e ARRA,
AE s, 9, FEXHY 9 f 92N ZRafogE
Hatr] o wadde] 4 93t EAES {a waA 3
A% e YT s SFAeth

UutH oz <P7ie duto] Auts) gl A 2l o Ad
ko] o)5- WAShs BHog AMGETh E BAY AHE B
2 FET FA A F FHsE P22 o glofof g
ot B dAqeA 13" dAT AupllA F2 AM-EE Stock
7 o]th StockYAE R Ao] olr 25 A ByEo] 7}
Z ez B A FEAE aEHAn ezt &
2 F1 el Yol Fshe Adute] 717t AlgkEe] ek
2 e FYshke Adulx FE ASEHE 379 FAs
2tono|#] AlEH o) el e E F7 e FA A T3}k
A B oA Aol AL 479 == FHAE 4 (Shell) £
S AHgste] R S d9EQ E(Steel) o] E
g a#ste] mdgHgon A2 7Ptk ol
4|91 Z32 E(Concrete) ] I}l Blsle] PFAL] 442
n)23k7) wEolok Rda)e] AHEE YA EAX|= Table 1
of hehhgic TElw AAS) Fe BT A FHKS)) Vi
V311006 7122 STk @5 4k AAke] 4] gL
Fig. 13} 2o Fig. 2= 4719 32+l &ej=rdolth

Fig. 2 Anchor modeling

Fig. 3 Concrete mattress modeling

A

off ox b

NS
OSSR
NSRS
S RIOSES
OSSR

S

B

Table 1 The material properties of the anchor

Density (kg/m’)  Young’s modulus (GPa) Poisson ratio

7850 210 0.292
Fig. 4 Arch type cable protector modeling and positions of
A gauge points and collision point
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Table 2 Material properties of the rebar

Density Shear modulus Poisson Yield stress
(kg/m’) (GPa) ratio (MPa)
7830 77 0.27 792

Fig. 5 Arch type cable protector and position of rebar
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3.1 Mohr-Coulomb model
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Fig. 6 Pressure-density curve for piece-wise porous EOS for
Mohr-Coulomb concrete model
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Fig. 7 Pressure-yield stress curve for Mohr-Coulomb concrete
model
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Table 3 Material properties of Mohr-Coulomb concrete model

Yield
strength, Y

X AlEd o)A 99

Failure Surface

Elastic Limit Surface

Parameter Value
Ref. density (kg/mm’) 24x10°
Porous sound speed (mm/s) 2.92 x10°
Solid sound speed (mm/s) 292 x10°
Shear modulus (kPa) 1.67 x 10/
Hydro tensile limit (kPa) 24 x10°
Fracture energy (J /) 120
Porous EOS
Density31 919 x 10° Pressure 1 0
(kg/mun) (kPa)
Density 2~ 218 x10° Pressure 2 7.69 x 10*
Density 3~ 2.24x10° Pressure 3 223 x10°
Density 4 ~ 2.34x10° Pressure 4 483 x10°
Density 5 245x10° Pressure 5 7.52 x10°

Mohr-Coulomb strength failure equation

Pressure 1 Yield stress 1 4
212 x10
(kPa) (kPa)
Pressure 2 143 x 10* Yield stress 2 41 %10
Pressure 3 1.0 x 10° Yield stress 3 145 x 10°
Pressure 4 2.0 x10° Yield stress 4 252 x10°
Pressure 5 30x10°  Yield stress 5 354 x10°
Pressure 6 40x10°  Yield stress 6 3.71 x10°
Pressure 7 50 x 10° Yield stress 7 4.63 % 10°
Pressure 8 6.0 x 10° Yield stress 8 521 x 10°
Pressure 9 70x10°  Yield stress 9 548 x10°
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Fig. 8 Pressure-stress curve for the RHT concrete model

Table 4 Material properties of RHT concrete model

Parameter Value
Ref. density (kg/mm’) 24x10°
Porous density (kg/mm’) 2.0 x10°
Porous sound speed (mm/s) 292 x10°
Initial compaction pressure (kPa) 233 x 10*
Solid compaction pressure (kPa) 6.0 x10°
Compaction exponent 3

Bulk modulus Al 3.527 x 107
Parameter A2 3.958 x 10/
Parameter A3 9.04 x 10°
Parameter BO,B1 1.22
Shear modulus (kPa) 1.67 x 107
Compressive strength (kPa) 3.50.1 x 10*
Tensile strength (fi/f.) 0.1

Shear strength (fi/f:) 0.18
Intact failure surface constant, A 1.6

Intact failure surface exponent, N 0.61
Brittle to ductile transition 0.0105
Fractured strength constant, B 1.6
Fractured strength exponent, M 0.61
Damage constant, D1 0.04
Damage constant, D2 1
Principal tensile failure stress (kPa) 5.0 x 10°
Fracture energy (J/ m’) 120
Erosion strain 1.5
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Table 5 The spacing of rebar and material model of each case

Spacing of rebar Material model

Case 1 Plain concrete Mohr-Coulomb
Case 2 Plain concrete RHT
Case 3 75 mm Mohr-Coulomb
Case 4 75 mm RHT
Case 5 150 mm Mohr-Coulomb
Case 6 150 mm RHT

4.000e-01

0.000e+00

Fig. 10 Damage contours of the arch type cable protector (case 1)
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0.000e+00

Fig. 11 Damage contours of the arch type cable protector (case 2)
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Fig. 12 Damage contours of the arch type cable protector (case 3)
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Fig. 13 Damage contours of the arch type cable protector (case 4)
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Fig. 14 Damage contours of the arch type cable protector (case 5)
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Fig. 15 Damage contours of the arch type cable protector (case 6)
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Table 6 Principal stress of each case (gauge 1)

1st Prin. stress 3rd Prin. stress

Case 1 13.2~-0.8 MPa 0~-304 MPa
Case 2 45~-0.15 MPa 0~-227 MPa
Case 3 14.1~-5 MPa 0~-359 MPa
Case 4 3.8~-04 MPa 0~-240 MPa
Case 5 13.9~0 MPa 0~-350 MPa
Case 6 3.8~2.3 MPa 0~-236 MPa
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