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F, = Total force acting on pile above point / at
the point of soil failure
h, = Equivalent depth of top of layer i
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Idealized Soil Profile

Tip Resistance {qc), kPa

Friction Ratio, %

Shear Strength of Clays, kPa

Stress Profile, kPa
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Number of Pile Increments 110
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Laver 1, 0.46 to 1.8 m = Mod. Stf. Clay w/o Fr. Wat.

Layer 2, 1.8 to 2.08 m = Sand (Reese)

Layer 3, 2.08 to 3.45 m = Mod. Stf. Clay w/o Fr. Wat,

Layer 4, 3.45 to 3.93 m = Sand {Reese)}

Layer 5, 3.93 to 4.54 m = Mod. Stf. Clay w/o Fr. Wat.

Layer 6, 4.54 to 5.61 m = Sand (Reese)

Layer 7, 5.61 to 12.7 m = Soft Clay
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Rotational Pile to Pile

Sub- PileHead Number _ ) P- Y-
. : Spring Spacing - -
Group Condition of Piles Multiplier  Multiplier
(KN-m/rad) (m)
1 Pinned 3 0 1.83 0.82 1.00
2 Pinned 3 0 1.83 0.61 1.00
3 Pinned 3 0 1.83 0.45 1.00
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Control Options for Load Cases

Maximum Iteration on Pile Group 100
Maximum Iteration on Individual Pile 100
Tolerance on Equilibrium of Pile Group (DU/U) 0.0001
Tolerance of Pile Deflection (m) 0.0001
Initial Step Increment 1
Minimum Step Increment 1
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Depth Below Excavated Ground (m)
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Depth Below Excavated Ground (m)

Bending Moment (kN - m)
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ASTM A252, Grade 3, Spiral Weld
&l CILM
Steel Pipe Pile
&z S8 1828.9 mm
ol Culid 25.4 mm
(Assumed)
LY g 200 GPa
il loe 5.8523x10' mm*
(Assumed)
rSles palud A5 420,000 kN/m?
(Assumed)
Easls Sgdi Gos 31.4m
e SIS Jobo 68.4m
o ol Loyl Open — Ended
(Assumed)
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Sea Bed 0.00

Loose Silty Clayey sand
e=0 KN/m"2
p= 30°
v'=7.85 KN/m"3

+4.572 m

Stiff Silty Clay, Soend Lenses
c=76.67 KN{mAZ

+10.668 m p= 0"
) V'=9.42 KN/m 3

Less SHiff Silty Cloy, Sond Lenses

+16.240 m e=57.47 KN{mAQ
¥'=9.42 KN m"3
+18.288 m Clayey Sand, Medium Dense to Dense

e=23.94 KN/ m™2
p= 35"
¥'=9.42 KN/m"3

o

Stiff Sty Clay, Sand Lenses
+22.860 m E= c=71.82 KN,/ m"2
] EE =0"

»'=0.74 KN /m”™83

Very STiff Sty Clay
c=143.64 KN;’mAE
=0

@_
»'=0.89 KN/m" 3

=
—
—
o
+30.480 m —
—
=
= Very Stiff to Hard Siliy Clay
= e=191.52 KN/ m"2
= =0"
= ¥'=10.05 KN m 3
+42.678 m =
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Analysis Control Options

Number of Pile Increments 110
Maximum Number of Iterations 1000
Convergence Tolerance on Deflections (m) 2.54E-07
Limit on Excessive Deflection of Pile Head (m) 2.54
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Controls for Pushover Analysis

Pinned Head

Pile Head Fixity Condition _
(deflection & zero moment)

Maximum Deflection (m) 2.25
Minimum Deflection (m) 2.54E-06
Number of Loading Steps 100
Axial Thrust Force (KN) 0

Deflection Computation Method Arithmetic (evenly spaced)
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T NN N N NN L N R TR R TN
Layer 1, 37.033 to 41.605 m = Sand (Reese)

Layer 2, 41.605 to 47.701 m = Stiff Clay with Free Water

Layer 3, 47.701 to 52,273 m = Stiff Clay with Free Water

Layer 4, 52.273 to 55.321 m = Sand (Reese)

Layer 5, 55.321 to 59.893 m = Med. Stf. Clay w/o Fr. Wat.

Layer 6, 59.893 to 67.513 m = Mod. Stf. Clay wfo Fr. Wat.

Layer 7, 67.513 to 79.705 m = Med. Stf. Clay w/o Fr. Wat.
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Rotational Pile to Pile

Sub- PileHead Number _ ) P- Y-
- : Spring Spacing - -
Group Condition of Piles Multiplier  Multiplier
(kN-m/rad) (m)
1 Pinned 2 0 4.57 0.76 1.00
2 Pinned 2 0 4.57 0.53 1.00
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Control Options for Load Cases

Maximum Iteration on Pile Group 300
Maximum Iteration on Individual Pile 300
Tolerance on Equilibrium of Pile Group (DU/U) 0.0001
Tolerance of Pile Deflection (m) 0.0001
Initial Step Increment 1
Minimum Step Increment 1
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Corresponding

Pile Azis P~y curve Tributary Length of
LINK Elements (m)
_ Y2
r y|Z37’.12 Z/O‘ 7
p — y Z37.57 ,7,/ é
i 5/9.4 7
o — y Z38.02 %
| 7//
_ 7
el y| Z38.47 22‘452
p - y Z38.92 %gﬁ
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LOAD & DISPLACEMENT

$.&N§ CONTROL POINT g CONTROL POINT
e & e
+32.00 m +32.00 m s
- - r4.57 m-y
I
Fguivalent
Section Detail Head Piont
Fy=420,000 kPa
sy= 0.0027
E= ZE+08 kPa
Fu= 420,000 kFPa Section Detail ﬂﬁoﬁm.u
su= .11 Piles Head were pin —
connected to Load Frame.
Sea Bed Sea Bed
3.00] .00
—4.60 m Loose Silty Clayey sand —4.60 m DHM wﬁ?ﬂamﬂm\,m
| %.H%mo KN/ m"3
o0 Stiff Silty Clay, 00 onwmu.mm QMM\ me
- . " - . T
uF Sand Lenses uP V=940 KN /m"3
~16.20 m Less Stiff Silty Clay, —15.20 m TS mww\ A
Sand Lenses +'=9.40 KN,/m 3
—-18. m Clayey Sand, —18. mEy o=24.90 N3
uw Medium Dense to Dense AW . '=0%0 g
~18.30 m Stiff Silty Clay, —18.80 m 0=71.80 KN/m”2
Sand Lenses Q.Hw@o KN A3
c=143.60 KN/ m" 2
Very Stiff Silty Clay p= 0 deg
—30.680 mj —30.50 Sv ¥'=9.90 KN/m"~%
- 5140 m ~41.4G m ©=191.50 KN/m 2
Very Stiff to Hard Silty Clay y= 0 deg
¥'=10.00 EN/m 3
—42.70 m —42.70 m
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Pile Head Shear (kN)

Pile Head Shear (kN)

3,000

b 2.80 m Below Ground...
2500 + | 1.90 m Below Ground...

i | 1.45 m Below Ground...

2,000 + | 1.0mBelowGround... |—

) | 0.55 m Below Ground...

1,500 + | 0.10 ™ Below Ground. . 2.35 m Below Ground...
1,000 + ——SAP2000
500 4+ < Leading Row - Plastic Soil
Region
0 —t———t——————t————————F—————
0 0.5 1 15 2 2.5

Pile Head Deflection (m)
paie zod ;0 S SLLwdly 00gdoms ol pad 4y el T pdls SVl )G josi- )b sV F-0 S

3,000
i 2.80 Below Ground Surface
| 2.35 m Below Ground...
2’500 “| 1.90 m Below Ground...
| | 1.45 m Below Ground...
2,000 +
| 1.00 m Below Ground...
1500 __| 0.55 m Below Ground... | 3.70 m Below Ground...
| | 0.10 m Below Ground... 3.25 m Below Ground... |
1,000 +
i —SAP2000
500 O Trailing Row - Plastic Soil
T Region
O T T T T I T T T T I T T T T I T T T T I T T T T
0 0.5 1 15 2 2.5

Pile Head Deflection (m)
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Avg. Pile Head Deflection &
Load (1.97m, 25654 kN)

LOAD Direction

——

\ Leading Row

Flastic Zane of Soil
2.80m Below Ground Swurfuce

@

3
i~}
=
>
<
‘e
=
g
=

Seq_Bed
0.00

T Y | wrg o
B fess SStigf filty Clay, —15.20 m
] Clayey Sand, —18. e

| Medium Dense to Dense
Stiff Suty Clay, —18.30 m

|| Sand Lenses

Very Stiff Sty Clay

—-30.50 m
,Ji s

—31.4¢ m

Very Stiff to Hard Silty Clay

—42.70 m

oot eyl g pade med (o, ;0 S Sl ogase VPO IS

oS¥ il 58 (655 i cud il )90 5o Eomy V-F-0
by sleojle sladasl ol jo ool al)l Joloie slo g, 5l eolatwl b 51 caslio olgie a
L yoled el j0) 75k jolids (6,5 sl sl 5L 9,50 (535,51 JPIANC 2002][BS 6349-4 2014]
@Az b aedl g eldf sl ol Gl 655 @i g ogd awloe (B0 e e LS

il A=0 Jgax aillas gl plxil V-0 yiox

AR



b ssld 0 S oles 5551 3L 9 90 polie A-D Jgax

-Pi i 4-Pile Dolphin
Total Berthing 4-Pile Dolphin p
Code : Energy Requirement ~ Energy Requirement
Energy Requirement ]
Berthing Angle 0° Berthing Angle 6°
PIANC 420 ton.m 290 ton.m 170 ton.m
British
Standard 440 ton.m 300 ton.m 180 ton.m
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Class Limits Characteristics

1 — plastic Dits? < 50 e Full plastic moment allowed
« Section is able to develop a plastic hinge
e Plastic redistribution allowed

2 — compact 50 < D/te* <70 | e Full plastic moment allowed

3 — semi-compact | 70 < D/te? <90 | e Full elastic moment allowed
(yield limit in outer fibre)

4 — slender Dits? > 90 e Limited cffectiveness, buckling stress
(below yield limit) allowed in outer fibre
e Refer to EN 1993-1-6
Note that D/t=90 as a commonly used limit below which buckling was not likely to occur, is not
valid.
For piling EN 1993-5 applies. EN 1993-5 refers to EN 1993-1-6 for evaluation of class 4 sections.

\ £, 235 275 355 420 460
£ =./235/1, e | 1,00 0,92 0,81 0,75 0,71
| &’ 1,00 0,85 0,66 0,56 0,51
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LOAD & DISPLACEMENT
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p-y Curves for Sand (Reese, et al, 1974)
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Abstract

Flexible breasting dolphins comprise one or more large diameter vertical piles
designed to absorb the kinetic energy of a berthing vessel by deformation
characteristics of piles. The capacity of pile (or piles) to withstand berthing loads
depends on the stiffness of the berthing system. The stiffness of the berthing
system is a function of the stiffness of different components of the system;
namely: pile(s), soil, and fender (if it exists). In fact, in this study the interaction
of the soil and the pile, as one of the class of soil-structure interaction problems,
Is investigated. First, using experimental p-y curves for soil, the lateral behavior
of the structure in the presence of the soil is modeled, and after verifiying the
discussed model, a series of analyses were performed using linear and nonlinear
behavior of the system (including the pile and the soil) for the lateral loads on the
structure.

In a study on one of the most famous flexible marine strucutures in the world, it
was observed that the energy absorption capacity of the proposed model is in
good agreement with required berthing energy of the design vessel. It should be
noted that in the defined linear range of the material behavior, a certain depth of
the soil below ground surface reaches its ultimate strength. Results from analysis
of the berthing system in the range of nonlinear material behavior also indicated
a significant relationship between the soil and the piles in the form of plastic
hinges. These hinges behave as a distributed model, as a result of soil
confinement around the pile, and variation of maximum bending moment
location as the development of soil plasticity around the pile.

Keywords (5 to 7 keywords): Flexible breasting dolphins, Pile under lateral loading,

Stiffness of berthing system, Soil-structure interaction, p—y curves, Plastic hinges.
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