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Development of Hybrid Protection Block for
Buried Submarine Pipelines and Cables

Sang-hun Lee

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

Abstract

The construction, maintenance and prevention of disaster related
damage on the structures are major upcoming task in the era, due to
the facts of reduction of national economy expenses on securement of
energy source and other communication infrastructures. Increased
construction of various domestic ocean plants and terminal facilities for
Oil, LPG, LNG, and other chemical products, it is necessary to protect
submarine pipelines to these facilities. However, as time goes, the
damages on submarine pipeline, communication and power cable are
increased due to various factors such as fishing and anchoring of
illegal fishing boats, or shark attacks on exposed lines and cables.
This study suggests designing of hybrid protection blocks for burying
submarine pipelines, power and communication cables, with various
modification process on module design carried to stabilize the buried
blocks at the bottom.

Due to enormous damage on coastal facilities caused by natural

external forces, or erosion to the ocean bottom, the protection of the
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new or operating plants and terminal facilities are inevitable. Dredging
could be a solution, however it could cause environmental pollution,
with this limitation hybrid block have major advantage. Each block
unit size have been deduced its optimum size for efficient field
placement and working conditions with introduction of sockets which
can be assembled to mat form for maximize stability.

To support the research, investigation of preceding cable protection
method have been analyzed, with other survey of theoretical
background for design development. Until the final unit have been
produced, many modifications were taken. The design have been
depicted from traditional Korean roof unit "Giwa” and the assembled
mat unit could fit on curvature or sea bottom slopes with support of
polypropylene rope on each units. The units have mid-hole which
reduce uplift pressure forces and many other advantages. Before actual
field analysis, numerical calculations to extract the proper block weight
under design wave condition at the selected field (Ulsan) were carried
out.

Results show the socket structure on the unit block could assemble
to larger blocks with mat structure is much simpler for block
placement, and this leads to time and expense reduction up to 25%
than riprap mound for burying pipes. Although the reduced block size
might lower stability, polypropylene rope connection had overcome the
problem.

This study contributes not only to reduce the amount of riprap
mound, but also to speed up the whole building process. Another
major advantage is that this block can be placed whether its trenched
or not. Also the block has wing units which can be extended

horizontally for secure stability and the group of blocks can fit well in
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various sea bottom topography

For erosion protection field, utilization of blocks as method to control
directly lead to the reduction of applied forces by scattering of wave
forces at eroding area. These are capable of protection media for
buried pipeline and bottom at the river and lakes, too. Hybrid unit are
also eco—friendly, and the developed hybrid blocks are helpful to the
new ocean industries for marine eco restoration such as natural kelp
and coral farming. This blocks might be not only capable to fill the
industrial demand and supply for disaster prevention, but also proper

to eco restoration with lowered budget.
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Table 1.1 Type of protection method of submarine pipe and cable
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Fig. 1.9 Protection method of submarine pipeline and cable
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Table 2.2 Analysis of submarine pipe and cable protection blocks(1)
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Table 2.4 Analysis of submarine pipe and cable protection blocks(3)
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Table 2.6 Analysis of submarine pipe and cable protection blocks(5)
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A3F AT 9 JE& 2 243
3.1 tAele] ¥ 7

710 HwEEE vl Ade Fig. 1.9914 AlAE wrel oy of
Het P4 ZR-HoR Fikad Fo dA-E AfetA gk w4 EE
ARG tE FFS FAtel s Nl FA¢HT A (ripples)> EAMOlEE

i fdo]l YUY AAUY gut e A$E EAPF 47 06mm wrh

s okH-toll = Fig. 313 o] 2 (Ripple)S A &S dety=d (314

FA #HAg HAHxA), o A2 sFH AR HAEY olFS A
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Y
o
>,
e
i
o,
AL
il
%.
S
T
gY
0,
N
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B
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i)
o,
o
s
o,
o
m\l

ol (Irie et al.,

1994 & 1998).
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1/4 4“""" Wave

] n

— A

Fig. 3.1 Shape and scale of fixed bed ripples (after Irie, 1994)

2 AT UAee Fig 31 AEFH #99) 7% mFe 2 o A
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SEEe AFgH] Fdg Ao APsAon BF oy s
gz FJEHE AZ4E 935t polypropylene rope &A]e] AolES AFF ol

AA - AFsAY. o= ZAZE BA olF AFH AA Aol 53 Ao

1) 4% B3 F(Center unit)

obefl Fig. 3.3& AFHT & wolw 35 7ok Heks mbgeit &=
& #RuES 9 HIr] fFol mE Aold dolzel ARV EERS
At o, Alg Al FEd 3 A T
o2 AzsPrh A E f18te] AP W2 VRG] FRE dA g
2 7157 g en g2 Fee dlA AuS $989 Polypropylene rope 4

A Aol Bg ol ME ¥ BATEE I WPtk
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Fig. 3.3 Center block (Block A & B) without the trench for submarine pipeline

1500

. 1500 .
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Ueks xeketl om Polypropylene Rope &A1e] Alolas o83 mMEY &

grzd Ao A48 7hedtA AT AR neEt g A A%

ol dad wWE dulgte] TIE=F I 2ol A2 Jted AETNE =9
K

Atk Fig 35 & Fig 36 52 9 E¥PE9 AARZ vddE EF5s ved A

2400

.525,

3000

Fig. 3.4 Common wing block (Block C)

_23_

Collection @ kmou



Bal7] Qi B9 Tuzey B A g Al BB

RS\ o '\‘ nﬁh
Eup) Hg A 2E2S 14
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Eap] g A 2L 24

Hybrid protection block types (1, 3 & 5 lanes)

T=Rijd o] e 4% T20jd Hopr] A (SU2FH)

Fig. 3.6 Placement type of hybrid protection blocks (3 lanes) with or without

trench
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32 4% AA 2 AF

3.2.1 A2z BAAZA A=

E7% 4L A5 AWE RASES HPov, Fig 372 ol ¢

=3

rlo
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2 =Y BYEsed ZAAFHOR As] @ wve W

o
ftlo

Fig. 3.7 CAD drawing for the final hybrid protection blocks
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Fig. 3.8 CAD drawing for the center block mould absence of trench
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Fig. 3.9 Manufactured iron center block mould absence of trench case
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8 B 5 f;fﬂ,fmmz =

Fig. 3.10 CAD drawing for the center block mould with of trench
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Fig. 3.11 Manufactured iron center block mould with trench case
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Fig. 3.12 CAD drawing for the wing block mould
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Fig. 3.13 Manufactured iron wing block mould
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322 AETAAY PBE A%

gub 9 o]3 AAZE (2014 E Bl EE

ol

[e)
A9 35MPa o)A o 2 slo]of sk}

Table 3.1 Concrete mixing plan for prototype hybrid protection block

D AAE dEAE 35MPa
2) 2ESYIR] 150mm
L AAz
P Z2TA Hh A4 25mm
4) F7NF 5%
D AHE 1 0.00315g/mm?

0.0026g/mm?

2. Mg 5§74
) w22 EHYE 0.00265g/mm’®
4) Zr2A1 AHE 2.7

3. HjgHt e BEFRN 43.5MPa

4. S-ZAGAH] D 2-Z3Ae] W/B 37%

5. AhEAlg ¥ o4 | D EAlE Sa 40.9%

o 2) Helad W 203kg/m’
1) THoJA|ulE2F 548.65 kg
2) AJHE AL 174.17L
3 L7 50L

6. ol A Gy | o S A Tt
5 ztEA1e] Aoi8A 234.29L
6) ©ro] A+ZAjF 609.14 kg
7 we=Ae Ad8A 338.54L
8) D= AT 897.13 kg
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= AME, B, A, =, gelofuiArt e HgEFoR WEES 74

A] ploypropylene ropeE 4% % F7}31% ).

Table 3.2 Amount of concrete mixing materials for prototype hybrid protection

blocks
1) £94=2 (Block A) 0.08m°
1. AA 2) =4E=2 Block B) 0.14m?
3) dZE= Block ) 0.019m?
) A|HE 43.85kg
2. Block A 2 & 1622k
3) TrEAN 48.68 kg
4) F2ENZ 71.70kg
1) A|HE 77.03kg
2) 2 28.50 kg
3. Block B 3) FE2ARE 8552k
4) F2=MF 125.96 kg
) A|HE 10.20 kg
4. Block C 2= 3-78kg
3) =R 11.33 kg
4) F2=MF 16.69kg

ARGl A 2AAE FEFE AGS A5l FAANG AL, 224
e AAX FEAPS At thHFig. 3.14 & Fig. 315 #x). Alg43 AA

71 AEAE 35MPaS %335 HUY 38MPeS 71E35EA Y (Fig. 316 %+
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Fig.

Fig. 3.15 Compressive strength test of concrete test pieces

A BE
38.08 MPa
0 1 2 3 4 =
Stroke movement (mm)
3.16 Result of compressive strength test of concrete test pieces
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Fig. 317 ~ Fig. 3192 <9 S5 Aagda Az 5 AA

Fde e Aol

AR AFR FH (AFRE O gfofo} o3} x| U Rope U

Fig. 3.17 Preparation for hybrid protection block manufacturing
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Fig. 3.18 Concrete placement to the hybrid protection block mould
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A Block - 5922 (Eu}7]2 MRS 4 9)

C Block - 94422 (wing block)

Fig. 3.19 Disassemble of hybrid protection block mould
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Fig. 3.-26 Placement method (Ropé type)
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3.3.2 Hookd A&+

Hookd Al &WH 2 Fig. 3213 2o AAsh A2 ofgje}
(1) Rope¥ ¥} mla7iA 2, @982 A & Hozojy 79 A=z JH=
AZ2st7] #1s8te] Polypropylene Rope 2279 7Alol&4& 7

1

FRel 1A AR R
(2) ZAYE BAER EJo5S A% F upAdd gAsit
(3) tholw o} A AAFER AFTHh

(4) ARzl AA

_‘_4

G5 - T2 ATl ofste] AdJeAM E=

5
e w BAXA o

Fig. 3.21 Placement method (Hook type 1)

(5) ©elM 7t Hooks F+ #A - F329 Aol ofsf HAAA &
o= E5AA Hx tolw”

!
(6) Z#elo] HookE ol £°
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Fig. 3.22 Placement method (Hook type 2)
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Fig. 3.23 Placement method of the prototype hybrid protection blocks
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ey =)Ao AFEE SWAN(Simulating Wave Nearshore) 282 4]
E FIsH(Delft University of Technology, 2008)l 4 7R3l s}

g doln, o]rde] SR Fojxl YA AN o v ~HAER] npghdt
h A, 35 B otre] BES Alste] 7bs ettt

SWAN EdoA 18 % = H 334 (propagation processes)< A 2] 4 &3t
del Au, AT 55 9% - d(refraction), TA Y EFo 99 A
4 & (shoaling), Wal&el <t Hd 2L A - ¥HAK(blocking and
reflection), &3} &7kl thsk 3] 4 (diffraction)o]th. 3k 2L nlgte] 2
g Sptol ] A, Wake] ogh o |q ] &4k FA4l FhAe] wE gt

g% sl A 24 AR vido] o3 stFeluA A, H@ FE4EM
=

Bl 49

RS

v}
i)

Fo) 24 mHlE sAEY BrE oo sHselr] wEolth o714
E

rr
[
g,

g oy Wx A3 EH(energy density spectrum) E(o,0)7} o}
Ui 328 A9 E 2 (wave action spectrum) N(o,0)ZE on| 3t}

G4 2AEYR U4 WE 2FEe wAE gt 2

o714, o= ZF3(intrinsic angular frequency)©]

—E K

(absolute angular frequency) we} T3} 2 A 7F
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(4.2)

OEELEE

(4.3)

o)

W
N

Nro

o

(4.4)

+ U

ok,
k2

2kd
[1 + sinh2kd }

¢, =

aky

2kd
[1 + sinh2kd }

(4.5)

+ U,

€y

k2

|

(4.6)

R
—cgk: .

Y U-vd

od
ot

|

0o
ad

o
dt

(4.7)

o)

il
2=

A7, s me ZH7t 93¢ (wave ray)@ I}
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Hyurg A o] MO A3 (source and dissipation)S YWERRH, o= I}

Fol A4, 2% % A FEAG] % UA AL Tk

W) Hpgell dd A {4

ARG vFEAS HeR A, vl % ST e v P

S, (0,0) = A + BE(0,8) (4.9)

o714, A= AP 7S ovstd, Bp= #e AA deolth

Hheko] 93t wto] M AAS ALEE AE Phillips(1967)9] 93 5217

_—

TE W93t A2 Pierson-Moskowitz(PM) S35 Htp v #5119

AAAS Agral7] 9 ste] Cavaleri and Malanotte-Rizzoli(1981)9] 2]S A&

1.2 Pa
27Tg p’u}

A= {U.max|0, cos (09, }4H (4.10)

7((7(:}) * ]-
H = ¢ PM 0. 392

TP T S5 (4.11)
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wdo] 85 mEE T (friction velocity) s &3 o] Aol Ht)
Ul = C,U;, (4.12)

o714, F&H U, HWE 10me FHolW, ¢, mHEAS(drag

=
coefficient) & TFS 3} Zto] Ao ¥},

1.2875 < 10”3 for Uy, < 7.5 m/s

Cp(Uh) = (0.840.06 Uyy) <10~ ° for Uy = 7.5 m/s

(4.13)

5= = * QN ) £ =
0,5 &%, Hi ZE, opyic Plerson-Moskowitzell e &3] @

ro

&
73 Hl (fully developed sea state)ll A& ¥ T3} (peak frequency)©]t}.

Komen et al.(1984)2] 212 Snyder et al.(1981)2] 2o &AHE T+ o
e Aow yed 4 Q.

pa 28U*
B= 0.25p—max 0,

cos(@—0,)—1|o (4.14)

o714, &= 94 E(phase speed), p, 9 p, = 27 &7 g Do
ok o] A2 WAM EdoA] &5 1 e 2 o2 Janssen(1991)2> AAF
ket sie] ol o3 nigdt o] Ao AES agdte] v Zol
e T

U?
B= ﬂﬁmgml(), —20052(0—910)]0 (4.15)
c

w
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o714, = Miles 4524 P49 AATOE AHgate] T Ho A

8= 1—'22)\1n4)\ forA <1 (4.16)
K
6=0 for A>1
gz, € KC
)\ = _— — R .
2 "7 TUcos(0—0,)] 417

o7]A, k& von Karman 3524 041 FHslH, 2, & WY F8 =%
ol t}.
FTHY TEE TS Zol (55,

& | 2. 5%,
Ulz) = In . } (4.18)
K z,
TEEEACE e AR AdEn
ZO
2, = —pF— (4.19)
T’U}
1——
J

o] 7|14, 1 Z$H(total stress)o|H, £& Zol= thgo AAXOR F

2},
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2 = a— (4.20)

o714, a = 001°]¥, 3} S (wave stress)> AFEZ 0 2 RE Aiky

o,

7= pu | [ oBBG.0)  dois (4.21)

SWAN EHoA = flolA Aggh Ao A3 z = 10 m FrelAe &%

A Q
Upe AHE3ste] W o2 BE T3

R

s8] glntn JHgSn ALH Fhe 2HEY Tl el gl 4
ol Ao AoEEE O, ,,C %G, 2 gt} o5 v o] Fox
=3

ow
ow
00 = E«%n(@) (4.23)
1 6w dh
C970 = E%% (4,24)
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o5 o] eikonal¥ A4S A -835tH

K*=1(1+46) (4.25)

o714 o= vk ol golH= Aol

A(cchH)
0= ‘ (4.26)
cchS
4ol o9 Astswe g P
~ - ~ 9 80
Cz = GL 05’ C;/ = %,06’ C'é’ 3 % 05_ %q;,() + (9_yC:U’O (427)

714 5= V1+dolth
g TFEE A7 BFe] A R RkAL
2 wdol stk A9y wiAE Zdsy] 9 WHoew vy g

of mAsATh TRl @ v F b wyon wdAnth AME 4

kAL (specular reflection) @ WHAFZbo] QIALZ 3 A Sttt spgeit A

a9

o Age FRES FAR MY, ALAS K& Hus duozry

TZ2E AS7tA A Frolth(Goda et al., 1967).
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(4.28)

o]7|A, F=h—dv WA o fi, g+ YATIL, e FEREY Fo,
de B, a9 g T+2E F
A}-g3 T (Seelig, 1979).

oh) ARl o7 A 24t

Ao o3k oYX Ak AW whE(bottom friction), A W& (bottom
motion), #F(percolation) ¥ 32 AWl 2keH(bottom scattering) Sl
o] gte] WAt (Shemdin et al, 1978), = T8 S84 oA &
M-S FE2 upzo] &gt whAlght
JONSWAP A gollA ~dES dhaf wde] AR & Qe wha 24k o]
Fr =¥ = dl(Hasselmann et al., 1973), o] 212 A3 Ry o2 A npzA 9]
o] I3 Fg o2l £ 53] va FFo daid £ dAiE F

Aoz d4#A Utk

o

Hasselmann and Collins(1968)+= & ¥ v}z (drag friction)el] 7] %3slo] A
npz Aske]l WAdE EES Acksld e, Madsen et al.(1988)3}
Weber(1991b)i=  Hup  H34gh o7 oo 7% EP& kst
SWANE Hol = Weber(1991b) ¢ 215 Ab§sto] AwWnta A4k AARSH
t}.

Suplo0) = —G E(0,0) (4.29)

bottom ¢*sinh’kd
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A7NH, Cpuone AWPRAGTEZA T8 How AoHt ms AW f&o

ottom =

25E e,

2
2= / / T B(0,0 )dods (4.30)
’ sinh“kd

Aol myo M= Gpm = 0038 mPsec 3 A}

JONSWAPo| A A% 743

Aetst G .. = 0067 misec & Be AfolA FEI AO al
t}H(Luo and Monbaliu, 1994). Collins(1972)2] &=&Hn}z 2o A= thS 29

A e

(4.31)

Cbottom 3 wa G Upps

171, ¢, = 0.015°] % (Collins,1972), Madsen et al.(1988)°] <34 Rl

A o 42 A

Cbottom -

g
—= [ Uy 4.32
\/gfwr u7ms ( 3)

o17]14, f.& Johnson(1966) &2 S &5 E A= 29 np&A 5o]t},

(4.33)
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o] 714, m; =—0.08(Johnson and Carlsen, 1976), ax= A FZollA FHAt
5

$%5 9 AZ(excursion amplitude), Ky AWl Zolt}

= 2// - 12 E(0,0 )dodd (4.34)
sinh“kd

o

1714, a/Kyol 157 Bt} Zow R wpRAL f = 03002 )

(Johnson, 1980).

Hh) o) o ogA &4

dejo] g FAlol ot WA= HTfel] ok T A A
o] Aitel = @3k(bore) B3 o] A8= F dtk(Battjes and Janssen, 1978;
Thornton and Guza, 1983). 3} A4ke] 23 E" B ¥ EXS Battjes and
Beji(1992)2} Vincent et al.(1994)9] Ao =ZHY {33 HH 7} Iz

sAERY PPl FF

T [e]

o
N
>
&2
rir
S,
o
tt
o
&
)
)
-0,
9,
ry
)
=
&

Eldeberky and Battjes (1995)+= 3& ~FEZ ] v 3= Ha 24 A4S
=EoAon, ofzlo] SWAN Rdo A ARg ¥ = 23k &4 g4 elt

apy @, o Han E(0,0)

. . (4.35)

Sds,ln’ <U’0 ) = -

A7, ape BAETEA B 105 AHESH. Qe He Aoz ALt
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SWAN =Edo|x  Huutz H =~yd= AiEw, 9o Albedl&
Nelson(1987)¢] 2]& A}-g-3t
v = 0.55+0.88¢ M01200 for  0< 5<0.1 (4.38)
A7, B A H] HAke]th
4.2 X AL 2 B4
4.2.1 3Z8A d8xz0 @ ZAdFA
508 Ad Wx AsiAATe] A Al 248 dolE lEFE NAIE S I+
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gteke] o] b F Aog dAE+= SAY(SE, S, SSE)o] 3#HS AE
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14.0kmx20.0km (F4 100m), &A% 5.0kmx4.0km (1+4 20m) o2 43}

otz 9] (Approx. HHW)SQ! 0.61lm< 7]

+=3lHS A8 A H(Fig. 4.2 & Table 4.2).

Fig. 4.2 Grid of wide area & narrow area

Table 4.1 Input data for offshore design waves

e

=]

T SE SSE S
THl(m) 1009 1066 951
Z7(s) 1208 1344 1316

Table 4.2 Formulation of numerical model system

" A9y §
T 39 | A
AR D ek e S
o 2 14kmx20km Bkm4km
3 AR dx=dy=100m dx=dy=20m
° AR 140 x 200 250 x 200
skl A 921129 DL(+) 06lm
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Fig. 4.3 Calculated design waves for SE, SSE, S wave
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Fig. 4.4 Calculated design waves for SE, SSE, and S waves
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Table 4.3 Summary of unit block weights (S)

Wave Direction : S
712](m) o7 (m) TuEAm | BHESHKke) | AHSHKk)
5 1.94 1.49 203.84 92.19
30 1.95 1.28 207.01 58.63
50 2.88 1.97 666.91 213.21
100 4.46 1.69 2476.8 135.68
200 5.61 1.31 4929.19 62.27
300 5.70 0.68 5170.25 8.72
400 5.86 0.55 5617.97 4.68
500 6.01 0.49 6060.53 3.27
1000 6.42 0.52 7387.41 3.82
1500 7.17 0.66 10290.69 8.13
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Table 4.4 Summary of unit block weights (SE)

Wave Direction : SE
A2](m) oy (m) oty EAm | xHESFEke | AEESFK)
5 1.43 0.75 81.64 11.99
30 1.62 0.82 118.69 15.61
50 2.34 1.21 357.71 49.5
100 5.05 2.01 3595.51 225.83
200 7.1 1.91 9992.22 195.39
300 7.81 1.14 13299.64 41.46
400 8.12 0.94 14947.03 22.99
500 8.24 0.81 15619.55 14.69
1000 8.72 0.83 18511.28 16.01
1500 9.32 0.98 22601.36 26.31
Table 4.5 Summary of unit block weights (SSE)
Wave Direction : SSE
A2](m) oy (m) ntpEAm | BHSHFke) | AHESHke)
5 1.51 0.84 96.12 16.73
30 1.92 1.16 197.6 43.58
50 3.04 2.05 784.35 240.44
100 5.38 2.3 4347.44 339.39
200 7.55 2.2 12015.11 298.41
300 8.23 1.31 15562.75 63
400 8.42 1.05 16665.69 32.61
500 8.52 0.91 17266.55 20.92
1000 8.87 0.91 19483.09 20.89
1500 9.28 1.03 22311.61 30.07
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Fig. 4.9 Field installation of the linked protection blocks
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