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of Mooring Dolphin of Steel Pile Type
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ABSTRACT

Optimum design of mooring dolphin is numerically investigated. Design optimization problem of
mooring dolphin is first formulated. Geometry and cross sections of piles are used as design variables.
Design objective is the total weight of steel piles of mooring dolphin, and the constraints of stress,
penetration depth, lower and upper bounds on design variables are imposed. Based on the design
variable linking and fixing, several class of design variations are sought. For the numerical optimization,
both PLBA(Pshenichny-Lim-Belegundu-Arora) program and DNCONF subroutine code in IMSL library
are used. For a dolphin with 20 steel piles, vertical and inclined, optimum designs for different cases are
successfully obtained, which can be applied for the mooring of a large floating structure.
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Describe the mooring dolphin
* Upper structure * Steel piles

Collect design data

*Wind * Wave * Ccurrent
* Soil condition  * Earthquake

Identify design variables

* Dimensions of upper structure
* Diameter and thickness of pile
* Angle of inclined pile

Formulate cost function
* Weight * Total area

Formulate constraints

* Stress * Deformation
* Resistance force
* Design variable

| Estimate initial design |

o __
| Check the constraints B

Analyze the system |

Large Floating Structure

Concrete slab

Link Connection
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Fig. 4.2 Plan view and pile numbering.

. Link connection Concrete slab

Does the design satisfy

convergence criterig?

NO

Change the design using an
optimization method

L4

Fig. 4.1 Flow chart for design optimization
of mooring dolphin
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Fig. 4.3 Front view (Y-direction)
of mooring dolphin.
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Fig. 4.4 Side view (X-direction) of mooring dolphin.
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Fig. 4.5 Cross section A-A of
circular steel pile.
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Table 4.1 Definition of design variables

Table 4.2 Input data for design formulation

desi| e fcase 1| case 2§case 3| case 4 parameter value parameter value
mean diameter of X1 X1 x1 x1 current level(Cy) +20 m wave height(Hma) [[ 9.2 m
vertical pile (D)) . . .
thickness of wave period(T) 7  sec wind velocity(Uma) § 50 m/s
vertical pile (t;) Xz Xz X2 X2 elastic modulus(E) [[2.1X 10°%kg/cm*]j current velocity(Vmad) | 2.0 Kkt
mean diameter of linking | linking unit weight 3 it weight ;s
inclined pile (D2) X3 X3 (=x1) | (=x0) of concrete(r.) 2350 kg/m u:fl pviilgzlg.) 7850 kg/m’
thickness of x4 x, |linking|linking deaitin 1.03 ¥’ safety factor(F) | 3.0
mch:;:l:l(l:; (ta) Fived (=x2) ;::‘:(; shape coefficient(C,) 0.5 drag coefficient(Cp) 0.5
height . - . .
inclined pile @) s (_%0" ) X (20° ) coeff;::‘i%nt(Cg) 10 inertia coefficient(Cn)j| 2.0
Table 4.3 Soil condition of installation site
. . . unit | unit of . ]
layer kind | modified friction| friction weight | weight adhesive | compresive
depth . angle | coefficient . force intensity
(m) of soil| N value ? of soil |undersea Clt/md) (t/mq)
m 'm’ u
¥ r(t/m®) [r(t/m®) i/
17.0 & clay 0 1.5 0.5 1.39 2.78
12.0 } sand 23 34° 0.4 2.0 1.0
19.0 § clay 5 1.6 . 0.6 6.0 12.0
1.80 | sand 50 37 0.6 2.0 1.0

Table 4.4 Initial and optimum value (PLBA)

Table 4.5 Other initial and optimum value (PLBA)

DV Case 1 Case 2 DV Case 3 Case 4 D.V Case 1 Case 2 D.V Case 3 Case 4
. LV |O.V LV | 0.V . LV | OVIiLV [0V ) LV I OVIiLV | 0.V : LV IO.V LV I [OAY
x1 (384 3816] 20 3.060[ x: [ 20 3.840| 2.0 3.800 x: [3.816 3.811(3.06 3.060| x: | 3.84 3.840{ 38 3829
x2 ]0.032 0.031| 0.1 0061| xz f 0.1 0032} 01 0033 x2 [0.031 0.031 [0.061 0.061( x2 [0.032 0.032(0.033 0.032
x3 [ 384 3861 20 5000 x3 20 1 20% 20+ x3 }3.861 3.859| 5.0 5.000( xs 1 1 |20« 20%
x4 [0.032 0.031f 0.1 0.015 x4 0.031 0.031]0.02 0.015

1 1 |20« 20+ B 1 1 |20+ 20
(NI 2 9 N.I 5 21 N.I 2 1 N.I 1 10
cost} o7 qu6|8276 3972 | O lezre ass7 | 8276 s168 | Ot faror 4603|3083 3083 | O 4837 4837|5189 5124
(ton) (ton) (ton) (ton)

Table 4.6 Initial and optimum value (IMSL)

Table 4.7 Other initial and optimum value (IMSL)

DV Case 1 Case 2 DV Case 3 Case 4 D.V Case 1 Case 2 DV Case 3 Case 4
Viiviovirviovl2V[iviov]iviov] |2V Ov]ov[tv]oVv] ' [Iv]oV]|LV][OV
= 120 25%| 20 3342 = | 20 2536] 20 4247| [ xi [2536 4652(3342 3.342| x1 |2536 4876|4247 3.8%
% | 01 0042 01 0033] x2 | 01 0042| 01 0042 | x2 [0.042 0.020{0.033 0.033] x. [0.042 0.020{0.042 0.049
xs | 20 2536| 20 4235 x5 | 20 1 |20% 20x | | xs [2526 46524235 4235 xs | 1 1 |20+ 20s
xe | 01 0042] 01 0.042 - xe §0.042 0.020}0.042 0.042

| x5 120 1 {20« 20e 11 |20« 20e

NI 7 10 N 7 10 NI 21 4 NI 6 5
cost [ oo e aomo|s276 6830 | 5t 8276 4220 (8276 7463 | § SO |a193 3594|6808 6889 | O l4103 3744|7381 7853
(ton) (ton) (ton) (ton)

‘«’-fixed design variable, D.V-design variable, N.I-number of iteration

I.V-initial value, O.V-optimum value.
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