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SUMMARY

1. Title

Technologies for Breakwaters in Deep Water and Soft Ground Improvement (VII)

2. Objectives and necessities

Contrary to conventional ports which were constructed in good environments, new ports are
being constructed under severe or extreme environmental conditions including deep underwater,
high waves, very soft grounds and etc. Therefore, it is necessary to introduce some advanced
technologies and instruments of foreign countries to the design and construction of domestic
area and, eventually, the development of independent technologies is required.

The final objectives of this project are to develop a new type of breakwater applicable to
deep water and soft ground, and to establish the improvement method of soft ground as seabed

and reclamation.

3. Contents and scope

In this year, the seventh fiscal year, a detailed design of newly suggested breakwater and
experimental construction of suction pile were conducted. The experimental construction of
suction pile type breakwater with 50m length, which could be applicable to deep underwater,
high waves, very soft grounds, is under consideration at the location where northern breakwater
of Ulsan new port were scheduled to be constructed. Suction piles with 25m length as deep

foundation were completed as well as detailed design.
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4. Results and Discussions

In order to perform the experimental construction of suction pile type breakwater at Ulsan
new port area, the detailed design and In this year, the seventh fiscal year, a detailed design
of newly suggested breakwater was performed and 4 suction piles correspondent to 25m were
manufactured and installed at the site. The final detailed design indicate that the height of
clayey layer is 12.4m and the underlying sandy gravel layer plays a role of supporting layer.
Therefore, dimension of the suction piles was determined as diameter 11lm, thickness 0.55m
and length 14.9m including the embedded depth to gravel layer 2.5m.

The installation processes were terminated after confirmation of no more penetration to the
supporting layer even with the water-jet and maximum suction pressure. The results of the
construction process of 4 suction piles are as follows; during installation no inclination of the
suction pile was generated but due to the slope of the lower sandy gravel layer some degree
of inclination of 0 to 4 degrees were occurred. The maximum lateral distance between piles
was 3.29m and the vertical difference was 0.7m, and the height between pile head and the
ground surface was 1.4m~3.0m. The difference of distance and height may be satisfactorily

solved because of sufficient height of the leveling mound.

5. Practical Application of the Results

Suction pile system is a foundation for marine structure and can be applicable to various
fields. Based on the results of this research, the design and construction technology for the pile
foundation of very large marine structures is predicted to be guaranteed. Furthermore, a more
practical research on the newly proposed structures will be succeeded with high concern

through a successful experimental application of a new type of breakwater to the field.

6. Achievements and Contribution

The objectives of this project in this year were completely achieved as scheduled, and the

,iV,



contribution to another fields is encouraging. With considerations of Korean coastal
environments with highly distributed soft ground and deep sea, the contribution to another
fields will be also outstanding. Especially, the suction pile breakwater can be expected to
contribute to the economical efficiency of 30% budget reduction, which is compared to the
previous breakwater. Therefore, the researches herein will be helpful to develop the Korean

coastal environment with high efficiency in the economical and constructive aspects.
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Max
at
Min
at
Max

Min
at

X+
nod

nod
T+
nod
¥ -
nod

2.535e-03
e PART-1-1.15911
3.149=-04

= PART-1-1.11222
£.537e-05

e PART-1-1.43 =
3.946=-03
e PART-1-1.5911 ]

FORDI - 3TUCTIONL
ODE: suctionl. odb ABAQUS /Standard 6. 4-1 Mon Now 23 14:22:03 GMT+02:00 2004

1St:ep: Step-3
Increment 37: Step Tinme = 1.0000E+10

Deformed War: T Deformarion Scale Factor: +3_000=+03

19 434 9 A7) 99 A

ofX
e
A
o2
0%

POR
[Ave.

+1.
+9,

.286=-03
.500e-03
S714e-03
.928e-03
.424e-04 Ny
.6442-03

.4202-03
.215e-03
.001=-03
.787e-03

Crit.: 75%)
08 fe-02
072e-03

057e-02

2 EOEDT - STUCTIONL
ODE: suctionl.odb ABAQUS /Standard 6. 4-1 Mon Now 22 14:22:03 GIT+05:00 2004

1Step: Step-3

Increment 18: Step Time = 1.0489E405

Primary Var: POR

Deformed War: T Deformation Scale Factor: +3.000=403

a9 435 o A dHe] g =aet A
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5, Pressure

Eottom, (fraction = -1.0)

[Ave. Crit.: 73%)
+1. 53 1e+02
+1.384e+02
+1.238e+02
+1.081e+02
+9.4382+01
+7.969e+01
+6., 500e+01
+5.031e+01
+3.562e+01
+2.083e+01
+6. 24 6e+00
-§.444e+00
-Z.313e+01

2
FORDI - 3TUCTIONL
ODE: suctionl. odb ABAQUS MStandard &.4-1 Mon New 22 14:2Z:03 GMTH+02:00 2004

1St:ep: Step-3

Increnesnt 18: Step Time = 1.0489E+05

Primary War: &5, Pressure

Deformed Var: U Deformation Scale Factor: +3.0002403

19 436 9 AA @] HE

o
=
-%N
i
it
b

3, Mises

Bottom, (fraction = -1.0}

[Ave. Crit.: T5%)
+2.300e+02
+2.108e+02
+1.916e+02
+1.72 5e+02
+1.533e+02
+1.342e+02
+1.150e+02
+9. 58 3e+01
+7. 667e+01
+5.750e+01
+3.834e+01
+1.918e+01
+1.593e-02

2 EOFLT - SUCTIONL
ODE: suctionl. odb ABAQUS /Standard 6. 4-1 Mon Now 23 14:22:0% GMT+H02:00 2004

1St:ep: Step-3

Tnorement 27: Btep Time = 1.0000E+10

Primary War: 5, Mises

Deformed Var: U Deformation 3cale Factor: +3.000e+03

A
b

a9 437 94 AA wwHe HE 228
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F—

EDEDI - SUCTIONZ

ODE: suctionZ. odb ABAQUS fStandard &.4-1 Tue Now 30 00:43: 57 GMT+H0S:00 Z004
1Step: Step-3

Increment 37: Btep Time = 1.0000E+10

Deformed War: U Deformation Scale Factor: +3.000e+03

% 438 A4 A e HE AS G

FOR
[Awve. Crit.: 75%)
+7.298e-03
+6.017e-03
+4, 73 6e-03
+3.455e-03
+2.174e-03
+3.925e-04
-3.885e-04

-1.670e-03
-2.951e-03
-4.,232e-03
-5.513e-03
—6.794e-03
.075e-03

EOFDI - SUCTIONZ
ODE: suctionZ. odb ABAQUS fEtandard &.4-1 Tue Now 20 00:432: 57 CMT+09: 00 Z004

1Step: Step-3

Increnent 13: Step Time = 5. 3417E+04

Primary Var: POR

Deformed War: U Deformation Scale Factor: +3.000=+03

ofN
A=
0%,
L
il
RN
o
M
2]

19 439 A AA dde] F
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5, Pressure
Bottom, [(fraction = -1.0)
[Ave. Crit.: 75%)

+1.540e+02
+1.399=+02
+1.248e+0z2
+1.098e+02
+3,477e+01
+7.974e+401
+6.470e+01
+4.967=+01
+3.464e+01
+1.960e+01
+4.,568e+00
-1.047e+01
-2.550e+01

EOIRI - EUCTIONZ
O0E: suctionZ. odb ABAQUS Etandard . 4-1 Tue Neow 20 00:43: 57 GMT+09:00 Z004
1

Step: Step-3
e p—— 18: Step Time = 9. 3417E404

Irimary Var: %, Prassurs

Deformed Var: U Deformation Scale Fastor: +3.000e+0%

19 4310 A AA ] HFE HdFS8Y

M
kel

3, Mises
Eottom, (fraction = -1.0
(Ave. Crit.: T73%)

+2.34Ze+0Z

+2. 14 6e+02

+1.951le+02

+1.756e+02

+1.361le+02

+1.366e+02

+1.171e+02

+9. 73 7e+01

+7.806e+01

+5.855e+01

+3.904e+01

+1.953=+01
. 419e-02

2 EORLI - SUCTIONZ
ODE: suctionZ.odb ABRQUS /Srandard 6. 4-1 Tue Nov 30 00:43:57 @MT+02:00 2004

Tnorement 12: Etep Time = 9.32417E4+04
Primary Var: &, Mises
Deformed Var: U Deformation Scale Factor: +3.000=2+03

i
el

29 4311 B4 24 wHel HE FAeY
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Max X
at no
Min X
at no
Max ¥
at no

at no

+3.045e-07

de PART-1-1.10027
-2.962e-07

de PART-1-1.27
+2.698e-08

de PART-1-1.3537
-1.703e-08

de PART-1-1.4108

FOIDI - LAEL
ODE: labl.odb

Tstep: srep-z

Incr emerntc 11:

Deformed Var: U

9 4314 9 A REAH F

POR
[Ave.

Crit.: T5%)
.06%e-09
.90%e-10
.127e-10
.346e-10
.ab6e-10
.785e-10
. 746e-13
L776e-10
.356e-10
.33%7e-10
.11%7e-10
.898e-10
.0g8e-09

2 FOIDI - LAB1
ODE: labl.odb
1

Step: Step-3

Incremert s

Primary War: POR
Deformed War: T

% 4315 o AA YA A

ABAUS/Standard &.4-1 Tue Now 30 13:50:43 GMT+03:00 Z004

Step Time = 3600,

Deformation Scale Factor:

+Z.000=+04

o\

ABAQUS/ Standard &6.4-1 Tue Mow 30 13: 50:42 GMT+02:00 2004

Step Tine = 13s.0

Deformarion Scale Factor:

+Z.0002+04
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3, Pressure

Bottom,

[fraction = -1.0)}

[Ave. Crit.: T5%)

+5.
+4,
+4.
+3.
+3.
+2.
+i.
+1.
+1.
+7.
+3.
-1.
-6,

03 3e+00
S62e+00
09Ze+00
62 1e+00
150e=+00
B8 0=+00
209e=+00
738e+00
Z68e+00
973e-01
267e-01
439e-01
146e-01

R KOIDI - LAEL
DE: labl.odb
1

Step: Step-3

Incremert [-H
Primary Var: 3, Pressure
Deformation Scale Factor:

Deformed Var: U

T 4316 9 AA mygAde] F

ABAQUE/Standard &.4-1

5, Mises

Bottom,

[fraction = -1.0)

[Ave. Crit.: 75%)
+9. 84 5e+00
+9., 02 Se+00
+8.204e+00
+7.384e+00
+6. S64e+00
+5.743e+00
+4. 92 3e+00

+4.

10Ze=+00

+3.282e+00
+2.461e+00

+1.

64 1=+00

+5.206e-01

+1.754e-04

i KOIDI - LiE1
ODE: labl.odb
1

Step: Step-3

Incremert [-H
Primary Var: S, Mises

Deformed Var: T

19 4317

ABAQUS/Standard &6.4-1

2 AA mPaPe F

Tue Now 20 12:E0:45 CMT+09:00 ZO004

+Z.000=+04

o\
ol
=
—{N
1
e
=<

Tue Nov 30 13:50:49 GMT+02:00 Z004

+2.0002+04

o\
Ay
%o
J
M
H
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Max X +3.201e-07

at node PART-1-1.10027
Min ¥ -3.123e-07

at node PART-1-1.27
Max ¥ +Z.764e=-08

at node PART-1-1.237
Min ¥ -1.750e-06

at node PART-1-1.4108

KOIDI - LABE
ODE: labZ . odb ABAQUE/Standard &.4-1 Tue Nov 20 14:0Z:33 GMT+05:00 z004
1 .
Step: Step-3
Increment 11: Step Time = 3600.

Deformed War: 1T Deformation Scale Factor: +2.000=+04

19 4318 A AA R HE A H

FCR

[Ave. Crit.: 73%)
+1.028e-09
+3.567=-10
+6.853e-10
+5.140e-10
+3.426e-10
+1.712Ze-10
-1.206e-13
-1.715e-10
-3.429%e-10
-5.142e-10
-6.856e-10
-8.570e-10
-1.028e-09

EOEDI - LIEZ
ODE: labZ.odb ABAQUS/ Standard 6.4-1 Tue Now 30 14:02:33 GMT+09:00 2004

1St:ep: Step-3

Increment 6. Step Time = 136.0

Primary Var: POR

Deformed Var: U Deformaticn Scale Factor: +Z.000=+404

19 4319 A AA REAE

o\

" _
B B2
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%3, Pressure

Bottom, (fraction = -1.0)

(Ave. Crikt.: 73%)
+5.801=+00
+5.261e+00
+4, 72 1e+00
+4,1832e+00
+3.642e+00
+3.103e+00
+Z.563e+00
+2 .02 4e+00
+1.48 4e+00
+9.448e-01
+4.053e-01
-1.343e-01
-6.738e-01

KOIDT - LABZ
DE: labi.odb ABAQUS/ Standard 6.4-1 Tue Now 30 14:02:33 GMT+02:00 2004
1

Step: Step-3

Increment 61 Step Time = 13&.0

Primary War: 5, Pressure

Deformed War: U Deformation Scale Factor: +Z.000et+04

19 4320 A AA REAEe HE FEFEHE

M
=4

5, Mises

Bottow, [fraction = -1.0)

[Ave. Crit.: 75%)
+1.003e+01
+9,191=+00
+2,355=+00
+7. 52 0=+00
+6. 68 4=+00
+5. 849=+00
+53.013=+00
+4, 178400
+3.342=+00
+2. 507=+00
+1. 67 1e+00
+3.337=-01
+1.75359=-04

EOFDI - LAEZ
DE: labZ.odb ABAQUS/ Btandard £.4-1 Tue Now 20 14:02: 32 GHMT+05:00 Z0O0d4

1St:ep: Step-3

Increment 6: Step Time = 135.0

Primary Var: & Mises

Deformed War: U Deformation Scale Factor: +2.000=+04

M
kel

9 4321 AA A7 2R HE FAL
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Bang, S. (2002) "Ultimate Horizontal Loading Capacity of Suction Piles”,
International journal of offshore and polar engineering, Vol.12 No.l

Cho, Y, and Bang, S, and Preber, T, (2002). "Transition of Soil Friction During
Suction Pile Installation,” Canadian Geotechnical J, Vol 39. No 5, ppl1118-1125.

Cho, Y. (2002) "Field Validation of Soil Friction Transition During Suction Pile
Installation” International journal of offshore and polar engineering, Vol.12 No.4
Renzi, R., Maggioni, W. and Smits, F. (1991), "A centrifugal study on the behavior
of suction piles”, Balkema, Rotterdam, p.196.

Prakash, S., Sharma, H.D. (1989). "PILE FOUNDATIONS IN ENGINEERING
PRACTICE.” John & Sons, Inc.
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