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summary

L Title

Development of connection method of wave energy dissipating blocks

II. Objectives and necessities of the project

O Increase of design wave height against coastal structures by climate change
- The design wave height would be increased by the water level rise and high
tyohoon power induced by climate change more than before and the trend
would keep going on.

O Need to reparr and newly build the wave energy dissipating blocks for
breakwaters as the design wave height increase
- The weight of blocks(for example tetrapod) should be increased to meet the
demand of the breakwater stability against the wave height increase.

O Need of reinforcement method using existent blocks without installing new
blocks
- The replacement of blocks would not only cost too much but affect the
environment maliciously.
- It is very necessary to strengthen the breakwater without replacing the
existing blocks that the binding technics would be very helpful to guarantee
the stability of breakwater against the wave action.

O Development of new wave energy dissipating blocks block

- It is no longer safe against the wave action to TTP, widely used in our
country, over 64 ton weight from the view of structural stability.

- It is so necessary to adopt the huge blocks to the breakwater according to
the increase of design wave height that the Japanese made products are
used to cause the payment of royalty. It is time to develop new blocks to
replace the tetrapod.

_iV_



I1I. Contents and range of the project

O Development of connection method of wave energy dissipating blocks
- Hydraulic experiment to verify the effect of binding
- Binding experiment in the field
- Monitoring for the reliability check

O Development of new wave energy dissipating blocks
- Design of environment friendly new blocks
- Hydraulic experiment to investigate the wave dissipating function
- Breaking test to investigate the function of structure itself

IV. Results of the project

O Development of connection method of wave energy dissipating blocks

- We tried many ways to seek the best connection method, in the end
connecting two TTP with the high strength rope was selected as the best.

- Hydraulic experiment was executed to verify the finding. It was more effective
to the bound TTP than single one under the high wave action that the
connection method was tuned to be useful to keep the breakwater from
wave attacking.

- Field experiment was executed in Kangneung and Jeju. It was done in 2010
for 40 ton TTP of Kangneung port, 16 ton TTP of Shimgok port, 6.3 ton
TTP of coast road and in 2011 for 16 ton of Moseulpo port, 64 ton of
Seokwipo port and 40 ton of Sungsanpo port.

- |t was wondered that the binding would be useful to protect the breakwater
because there was no big wave surging the test however, showing the
possibility from the incidence of rope cutting.

O Development of new wave energy dissipating blocks
- The leg of TTP is subject to break by the wave action when the size
becomes as large as 50 ton approximately.
- The new block was developed to prevent it from breaking by installing fiber



bar inside, looking similar in shape with TTP.

- It was named Eco-TTP representing the eco friendly shape, giving the fish
and sea weed the living space.

- The reinforcing steel bar was fiber glass material rather than steel to prevent
it from corroding by the crack on the surface.

- An FEM numerical simulation was done to investigate the stability of block
and load test was done with the prototype weighing 6.7 ton. In the result, it
was unbroken under the load of b times self weight.

- It showed that the damage coefficient(KD) was 10.8 which is better than 7.8
of TTP and the porosity is 65% which is also better than 50% of TTP.

V. Application plan of the project result

O Binding technics would be available in ports and harbors managed by
Ministry of maritime affairs

O Eco-TTP would be useful to increase the stability of breakwater by
replacing the steel bar which is weak to corrosion with fiber glass in the
area of high wave coming. It would be better in the fishing port from the
characteristics of eco friendly shape.
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¥ 3.1.1 SuperMax?] A&7 %=

SuperMax® 12-Strand Braided Rope

DIA Breaking Strength
MM ~INCH Ton kN
6 1/4 42 g 412 ® Melting poift; 150C
8 ' 516 67 657 ® Specific gravity : 0.97 (Float)
10 ' 13/32 108 | 1059 ¢ Elongation at break : 4~5%
12 I 15/32 165 1619 °Waterabiorption: Nene
14 : 9/16 220 I 2158 eV resistaﬁc_e “Good
6 5 75 298 :
i  am B0 | Charactegisties
- : 178 = | e e M.‘-]Ammu;n stre.ngtl': to weight
=z ! 7% = e ratlol, and strength'comparable to
= steel Wi e
24 1516 s80 5690 cel VI
| ® Lowest elongation
26 B B VY, 660 647.4 ‘ .
| ® Longer life, a andling
28 11178 740 7259 : \ ,
: ! ® Superior abrasion resistance
0 - 136 B15 : 7995 g :
| ; ® Non-kinking, and non=rotating
2 = 1-1/4 885 | 8682 : |
! ® Easy to Splice
E" C1maA2 %0 941.7
% 16 1040 10202 Applications
| i
- T L ® Mooring Lines
40 111932 1270 ' 12458 ® Anchor Lines
2 12 400 13734 sLifting Sling &Nets
4 13 1520 1491 ® Towing Rope
46 113016 1650 . 16186 ® Heaving Rope
' ;
48 I 1790 17559 ®Tug Rope




Breaking Load(%)

Strength(Ton)

Diameter(mm)

138 4.1.2 SuperMax®] A &3 AA4E AHA Y=



sttt W TTPE

S

Wslars Wl

dF 44

2.
2011d3< <]l

ol

Mo

A 2UEE
© oty

“E

[e)

R

1%
M % TTP7} ol 5% A%

Aoy TTPO

o

s

2 oA

A 201111 3% o793 686m7t H gl

el
ojn

i)
bl

-

o
=0

A7)

o

[e)

H#

O]

>

= °|5

1

TTP

1

o]
AA -

Aol =

I R

Ry

4

oAt £

o

3

17171 v

ol HA o

7

)

obgfe] ™2 Al el A

HA .

O]

oA iAo

SR T

3=

O

~n
o
w
ol

[y
)
X
)
Bl

-

—

0



E

LN

—~

[~

SN—

D

(@]

—_
S
— e
IS |
[\] ¥ .
— |
—~

o

SN—"

[\

S

—_

=

©w

[\

Nej

313 A& TTP 9A

A

o



- S——— —

- ¥

72010412721

ey

", 201'T/e8yY 30

a9 314 Aol TTP 1A W3t (a)2010.12.21 (b)2011.3.30



s -
19 315 st =ol el TTP 914 W3} (a)2010.12.21 (h)2011.3.30



Lt A=

20100 ZEeol olojA 2011l AFoA dFAHS HAAsA. EPs %
Feol e RUEEY 77k 2 sxEr) BAekx] ol 2
o g Fueld serh vad Ao Gzl A5 8
R R A
a3t ’
Ao dhgith. AFL 2011720 AAEGEH o2 gEo] 97 Aol A s}ol
Bl Zo] 93 3 BuA stgul. ey B3| s HEo] wrss]= ot
AFE2E 9 ol w3 ma2 AT A
FroAel AP ud "Fel st A& RUEFAS HAAIE oot} off

=

o age A 2e

—
,%
s
1o,
Hu
N
H
UM O
AC)
QL












A A=

=

A A

A=

7t.

R

el

el

o

el

—_
file)

_ﬁ_v

ol
Jo
nzel
®
Tor
Br

—~
fite)

= 1 56.4kN)

: 61.8kN(H

© 2.5m

53

=
=

=N
=

W

e

O

o
e
wr
gl
=y
.

=
o =

= I
- g

FH, 22k2 vo] 1Akl A

S

+ 67hE A

S]] =
Al =

A A

Aol A=

o]

i

03
ot
=

1052

099t

0S¢

§5e

=

I

A

11T 1)

AL

& .e‘,::




0095

300

‘mwo

300

f L8

94

6

94

280




60




() SAYEE BHA

(4) 4+




Ch 232 E MEAH

E 321 #1, #2 A¥A 2AYE FEFE Y A3
Ag A
NP G ex T 3} R
FERE MPa 1 317 KS F 2405 : 2005
FERE MPa 2 30.1 KS F 2405 : 2005
FERE MPa 3 286 KS F 2405 : 2005
FEAE MPa 4 30.1 KS F 2405 : 2005
FERE MPa 5 305 KS F 2405 : 2005
FEAE MPa 6 30.6 KS F 2405 : 2005
3t MPa 30.27
¥ 33243 ~#6 APA FAYE dF5AE A A
s} A
A Az}
Ax | AR
gu [y | F L TEEE ey P gz | araEra
HS (MPa) (mm?)
1-1 239,400 30.481
1-2 20.59 28 7,854 242,293 30.850
iz ks p 1 233,996 29.793
gz | o 21 228,593 29.105
. 2-2 20.59 28 7,854 247,098 31.462
2-3 256,895 32.709
2 30.733
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(1) 350kN AsHA] 2725 Bed $ERE
¥ 3.23 350kN A|etA] AFESE Y SHEXE
A-Type B1-Type B2-Type
(6.3 ton, 2.502 m) (6.3 ton, 2.070 m) (10 ton, 2.620 m)

YAV
%

VA’

VAV
S

SO0,

Vi

Y

AYA
K
T

\VAVAVAY}
INERS
SOAV

g
&
&
X
%

1A%
Lavar %
1hsg

o off A

o1 : 1.15 MPa 1% : 0.90 MPa
t= 1 1.74 MPa QF= @ 342 MPa (X #) et= 1 3.18 MPa (X1 %)

X7
2
V4

58
s
g

15;5';
Y N\
=
el
o)
1%+ 2.29 MPa 1% 1 1.39 MPa 1% 1.08 MPa
%= 1 2.12 MPa 4= 1 3.33 MPa (A1#) St 1 3.26 MPa (X1#)
X
Z
Z
=
el
5}

1% @ 0.21 MPa o1 2.82 MPa (X 4) e17% 1 274 MPa (X 4)
9= : 3.18 MPa (A #) otz : 7.80 MPa (A1) ¢tz : 733 MPa (A 3A)
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2 (2.20MPa)o] HAsk= Aststs (A

A5 &9 ALl

3E 324 sdg HJAE-EH(2.29MPa)o] LA st= Alstels (AAF &8 A9)
A-Type B1-Type B2-Type
350 kN A3} 605 kN A sk 821 kN A3}
PO
=
iy
o}
o1 : 1.89 MPa o1 1 1.89 MPa
4= 1.74 MPa 4= 1 555 MPa 4= 649 MPa
oy
#ﬁagg
Y N\
=
%
3
1% 2.29 MPa o1& 2.29 MPa o1z 1 2.29 MPa
%= 212 MPa $+= 1 540 MPa 3= 6.66 MPa
Z
=
iy
o}

:0.21 MPa

=}
% 1 3.18 MPa (A %)

455 MPa
0 12,65 MPa (X #)

e o
Aol

557 MPa
1499 MPa (X A)




Mode: |Solid Face Polygon Select  ~

LoadCase :  |CB:D+P(3) -
ol

IA
S
9

-671,409, -0, 306528, 231,266 ]
-498 142, -0.413072, 536,172 ]

3,213, -0, 225485, 320,44 ]
6,48, -0,118342, -75,5342 1
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Calculate | All Load Case/Comb

Result Output

At X=-43, 31112
e

z “7=—0, 26603 47 £ =308, 8525
Fu:™ B315le+004 M -3,4574e+002
Fy: 2122504001 My: F3609e+008
F2: 30339+001 Mz: 50925 +006

Neme  [Beam
Add Mody Delete

mEeam

JAVAY

Aa
BN

s
v

%

iﬁ'ﬂlﬁﬂ
S AVAVAVAYY
SV

s
%

/Yy

N
e
i ‘i\‘\%‘.{'

b

3

SO
7

unit: N, mm
xx FUNCTION NAME : Beam
at X=-432.31112 Y=-0.26603747 Z=-305.85293
Fx: 6.3151e+ 004 Mx: -3.4574e+002
Fy: -2.1225e+001 My: 6.3609e+ 006
Fz: 3.0399e+ 001  Mz: 5.0925e+ 006




b ArALE
300
<
[e2]
O
94 94
| — | —

374

a9 3213 AvESE B

o ¥

GlzFyE, ARE 2%)

280
400 MPa #+ 7]&
B A vE 984.2
Az A2SZH(nm?) -
(2 ETZAA7Z 6.3.2) z5 269.7
A e =9
HAx AZZF(mm?) 224 .4
(EIYEFZAA7IE 11.3)
A Z3IYE &Y B9
& AZ=H(mm?) 224 .4
(E2YEFZEAVIE 5.7.2)
I #1 AFA 9 N2EGYF) 2 - D13 : 253.4 NG
AZFH(mm?) 1 3-D13 | A2Z(z2) 1 - D13 : 126.7 NG
D16 #6 A T2EEHGF) 2 - D16 : 397..2 OK
(400MPa) | AZF(mm?) : 3-D16 | AZZ(z2) 1-1/2 - D16 : OK

198.6+99.3=297.9




() H ey Al
ZAYE #F A AZ 0 p=350kN
F, = 63.15kN, M, = 6.36kN o m, M, = 5.09kN o m

@ 3-D13 2 A
A, =380.1mm*(Dy3 —3), (F, = 300MPa)

19 4 oW HZ 3 A=
F 166 166 166
M, -0.34 84.4 84.4
M. 78.2 -1.32 165.5
F,+ M, + M, 243.86 249.08 415.9° > 300
x* Hto] &3 AP ARt dXF - o] FFHste] d i Al &

@ 3-D16 2 A
A, =595.8mm*(3— Dy4), F,=400MPa

oW A2 PR @ A
2, 106 106 106
M, 8.68 61.4 61.4
M, 40.8 13.7 67.5
F,+M,+ M, 155.48 181.1 234.9
F Ak ATFE wE:AY, dos FRAEMA AR 9




A& R H A oy Sl A - e Al
S (mm) NO. (cm2) (kgt) (Mpa) weE (Gpa)
1 0.2826 3532.0 1225.7 241 50.9
6 2 0.2826 3614.0 1254.1 2.42 51.8
3 0.2826 3666.6 1272.4 2.43 52.4
T 1250.7 2.42 51.7
D 1 0.6359 7816.6 12055 2.30 52.4
W 9 2 0.6359 7910.0 1220.0 241 50.6
G 3 0.6359 7886.0 12163 2.38 51.1
R b3 12139 2.36 51.4
1 1.2661 14568.0 1128.4 2.20 51.3
13 2 1.2661 14234.0 11025 2.18 50.6
3 1.2661 14126.0 1094.1 2.14 51.1
ot 1108.3 217 51.0
2-D163 SUYHXEE ZE
0, 1 CE ) 127.0 (2-DWGRY)
S22 W4 DWGRI = 6359mm”  (63.59+2=127.18)
DWGRI3 = 126.61mm”
ch AZSEE 2 ASMA
BoAge NYaREE M H5e S A% Aoz A A%
F A 2ge A% ASANE AAHAT



% 326 AFAAN T7F L ALY
5 o] || A ALF
o > A :120Q
e e P AR W9 1 -20 ~ +80C
= P 2mRA W9 420 ~ +80T
CEE e
Ag g &E b Ao glojA el Strain 37 : 3%(30000 x 10~ %)
i (B 2 eo] QolMe] HESA 1 x 10 (1500 x 10~ )
L > EZ=Ao]x PM Type < ZAYEY E"] ujidst]
L === = wy sEdae 2ae0. AGAEE AT 29
gy |
2 g3} o},
=EE > AFA : 1200
b oo gojA el Strain 37 : 2%(20000 x 10 %)
p =M Zgo] 28l Ao]A "P” Seriest ZoAd F£X
| 2 Wol22 & A AoAZ ud o RAH 9]
¥4 ok AlolA @xpe] FFoju} Ado]l HastA ] wE
e o ZhgiAgbo] Wt
MY E7 A=A 1200
AR W9 20 ~ +80T
e glol e Strain 37 1 2%(20000 x 10 %)
2 o] Ag A&y = AFAAY FFS vy 2
¥ 327 AFAAM 5
Steel Gauge Concrete Gauge
A A ) ¥ HAA | 7 A
Beam Column
Concrete Concrete
#1 8 8 1 17
#2 12 4 8 1 25
#3 6 2 3 1 12
#4 6 2 3 1 12
#5 3 2 3 1 9
#6 6 2 3 1 12
3 A 33 12 8 28 6 87




(2) ASAA A

A B2 2 AR, Al i AR & oS 19 3.2.14, 3.2.159 2t

APA AN PF F A A

19 3214 H AolA 2y
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a9 3216 7Fg =g (a) 7+E 7] (b)
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a9 3217 A1 A skw-A A (a), WHB A A (b), A CIA(c), ¥ EAXI(d)

(3) BAA ] &3t

stz Alstel  digk BAAe] 'dE EAs7] $8ke], 3-D13-300MPa,
3-DWGR9, 3-DWGR9-E.xH* 1-DWGRI13, 3-D16-400MPaz H 7 A& A
2,3, 4,5 61 A5 Hug.

(7}) #2 3% A (3-D13-300MPa)
#2 AYAE 3218l A REvksh 2ol 38tonfe] dEel Asse W T
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*MAT_ELASTIC

$# concrete

$# mid ro e pr da db not used
3 2.3000E+3 26115.E+6 0.180000 0.000 0.000 0

*MAT_ELASTIC

$# soil

$# mid ro e pr da db not used
4 2,0000E+3 159.00E+6 0.300000 0.000 0.000 0
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Contours of Max Prin Strain
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max=0.013556, at elem# 1013683
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