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r = 10.0 1.05 (12,000 GRT)

9.5 nsiiSaitudn
r = 10.0 1.43 (3,000 GRT)

7.0

UszanadIn s U e S antaruge et + 3
ﬁzﬂﬁuﬂs:ﬂnfuﬁn:n11~

a)
b)

c)

ﬂﬁﬂﬁ%ﬁm{wﬂﬁm

?nn = 0.05« ae =

Qﬁﬁﬁﬁﬂﬁﬁlﬁ%ﬁﬂmﬁﬂ

HFIATUUUIETT
a) 12,000 GRT (i1%a1Y’a) L = 164.0 m
Fxw = 0.87 % (0.1183) x 392 x 460 = 96 Kn
760
Fxe = 0.08 x (104.47) x 3 x 32 x 164 = 49 Kn
760
W53 Fx (1¥01Ud") = 145 Kn
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by 12,000 GRT (t3ausinnzasifin)

Fxw = 0.95 x (0.1183) x 382 x 320 = 72 En
' 760
Fxe = 0.08B x (104.47) x 32 x 9.5 x 164 = 154 En
760
w33 Fu (1%52u5590) = 227 En
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Fxo = QPOREET0 @32 x 7 x 85 = 74 kN
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7 Y
u1¢ﬂn1. s f”
a) £2, I-I GRT (19ai1uadn)
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d) 3,000 GRT (1¥aussynaaifin)

Fyrw = 0.26 x (0.1193) x 522 x 300 = 33 kN
760
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Tm =Ti1+T2 =8.85nm
2
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1.2 Dunnnaatigw

e ufiag 3 ABunasanuaaseuisvuiuiavgu #a

- The modulus of subgrade reaction method.

- The modulus of compressibility method.

- The combined method of the modulus of subgrade
reaction and the modulus of compressibility.

uﬁ1uﬂqqﬂuﬁd1ﬂﬂﬁuﬂ1nﬂﬁ=ﬁQﬂ1wniﬁ5!1ﬂLﬂuﬁ%ﬂtuuﬁzﬂuﬂQﬂ
WuARerson (Hunsll  1du g _1j }p Foundation Beams fignnszvn
ngimiinussynazad Thel !
uanannsil Foundat i S8
wursufi g0t 5 8L
i AaBuduflaninu L3

“ubgrade reaction method
taz L iulnfafdasusau
tests 13 i1d@ 1 Tunuan

2.Numerical calcuy

tflaas1nan d
3% modulus of s#bsf e 5 MATin 191 13uRERD
tanfu tRaszaan1uny ' N

MUl 2.
nszEA2 NAuLL LBy ¢
n1swrdfIaun1sda 1l

UL 7 Ay vdinng
M (m+l) ifudeantu

1= Pig =
K=
Sie =-y
(2.2)
Sip = Xi
A ?ﬂﬂﬂiﬂﬂﬂnﬁ
2R T g Jﬂ
%EL_Xw% lcs,,,,I ngﬂ f]f ﬂqaﬂ (2.4)
KC = iﬁﬂ:?‘i FJ (2.5)
KC [KES(E:j D Kig:i_t-:xl_m i* Pmu] + k:ﬁ;;”prmh = %_E P-ty, (2.8)

N4k = influence factor umanﬁ1ﬁhﬁqﬂ i nadrudInE U
aguugATaafy  a us: b BafusesmivBundlisiunin

(2.1)
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2L nsEvnign k
™
S1a = influence factor 1a3nTARAYA i sasatufouniuay
vugATDITY a AT b Fafusy p=1 aszvnfige j
3. ABn191mas19
3.1 M iABN1BINT915E97Y modulus of subgrade reaction
N19n5E978 modulus of subgrade reaction =§
sasuuufuruqasniBunnd Sy pfufiv Suvurpanianseaufonun 13
wuudIgy 3.1 N 1, '
3.2 fi¥a nﬂ;;; fus ====Eip

g i Ty

= W92

£ixed mumber

udada1 1unsfidng 9 <z (Buy

AUl 3.2 Fatugfis - 1 _
3.3 filny _55_ } cO R Wities
KC |

fla E 0 Y- icTty the number material

#midtion at the lower
7

MBCT (n}f)
AMUNTDI mepper uf LafAduusadn, aaudunia

ﬂuzﬁ PERTNENT
Lk st unndnenge

= ANNY13189 member (m)

danduntdatanan
d = 1,676.r
r = fdaflanan9nan (m)

3.4 AfaandnsI9InAI59
3.4.1 FABAtuImnSNSEIHTDIAYINAY
INA513921%  influence coefficients FP &'wdu
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AU ISNSEINHTDIAIINAY
wsansznnibugn

P=FP. H (t/m2) (3.2)
L.B
G TR VISV
P=FP. H (t/m2) (3.3)
L2.B

3.4.2 8anpal #;~auﬂ1uuu111u
JIINAITIIE ””gf, . coefficients FS & wmsu
ANUINNT L ARDURTUL U T — '

ULTINTEN™ L

S = B3 \ - (3.4)

AU Ly

S = {3.5)

3.4.3 : ,

INAIIL - :;,i M coefficients FQ dwmiu

AMUI0WSI Loy = :
usansenn  Hugaias 7
s (3.8)

sty 2

Q 45*& (3.7)

ﬂHEI INBNINYNT

Hnnr5199z9 1nf1uanca cnafficients FM &wdu

ARIAN3 ANINYIAY

= FM. H.L (tm) (3.8)
ﬂﬁﬁfu1utuuﬁ
M = FM. M (tM) (3.9)

3.5.5 AfAYWANM angular rotations

IMATS19I9EW influence coefficints FO um: F1
#myuAnuUIM  angular rotations AdIuuu (x/L = 0) uszdIudn
(x/L =1)
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usanszniiugn
v, = FO. H
ESU.L=.B

= Fl1. H (3.10)
EK5U.L=.B

Pa

A wmduu Luud
v, = FO.

(3.11)
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Effective Shear Parameters

A total of 12 direct shear tests was performed.

The results

BH c'
t/m2
1 9.3
2 10.75
' 3 12.0
-4 14.75
7 9.5
8 10.75
9 17.5
10 11.75
15 | 8.5
12 % i—'——-—‘-"—-—;-‘ 6.25
13 = 11.0
14 ‘ T 135
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Soil Mechanics Parameters Applicable for the
Design of the Dolphins

Taking into account the results of the borings, of £he
dutch cone penetration tests, as well as of theF5011
sections with soil para-
meters differing from WEF#F# can be distinguished.

mechanics investigations,
1

Section "A" fection "C"

Comprising:

BH ( 1) to ( 4
( 6) to ( 8)
(11) o (13)

smprising:
(9)+(10)+(14)

Existing river bed -9,0
T ] T P e L T o e
soft mud -12.0
111 Sy 09 Yfm
//-""’// Le— = et eol Yt s 250
P S A DY, S, 15,5
s : < , P ™
ffiif Y N , o
stitt /// ?" =08 - 7 z0.85 '[m?
:i:ruérny // col ey =2 T colcy =4,2 'j‘ml.
col @' =20 cal ¢ = 20°
/ cal et =2.0 t."'mz
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COMPARISON OF ALTERNATIVE MaNth

ENERGY ABSORPTION CAPACITY
MAX. STEEL YIELD STRESS

DOLPHIN DESIGN No.

RIs73

IMFACT FORCE P (t) 240
TUBE DIAME TER d (m) 1,66
FEQURED CEIVINIG DEPTH t [m) 21,00 .7
tK {l‘l‘l-l'l'i:'
ﬁ;ﬂUinEn TUBE ty {mm)
WALL THICKHNESSES il
| : .. nelnS
q * 4
TOTAL PILE WEIGHT
65,99 | 65,29 |64 64,1 63,73
(EXCEPT PILE HEAD | L ' 4 A g' A uﬂ
RN RN IR
ELAST DOLPHIM DEFLECTION| Y (m ) qﬂ,95 0,91 0,86 0,83 0,79
: = : s
STABILITY RATIO 43,1 45,3 |47,5 | 49.7 . [51.9 L=



COMPARISON OF ALTERNATIVE MQU¢

ENERGY ABSORPTION CAPACITY
MAX. STEEL YIELD STRESS

.Ill

ILE BREASTING

"

DOLPHIN DESIGNS

14

DOLPHIN DESIGN No. - 6 19 12 13
IMPACT FORCE P lt) 100 200 210 240 260
TUBE DIAME TER d {m) 0,79 1,58 1,66 1,90 2,06
REQUIRED DRIVIIG DEPTH t (m) 19,27 19,17 | 19,17 | 19,16 | 19,17
bk {mm ) 16 16 16 17 18
REQUIRED TUBE ty (mm) 59 29 28 25 25
WALL THICKHMNESSES tplmm] 131 42 40 34 3
TOTAL PILE WEIGHT i o L v A ;I -
51,53942,66 | 41,77 | 41,49 | 41,29 | 41,16 | 41,10 | 41, 42,42
[EXCEPT PILE HEAD | By ' "¢ S Y ' Yt
~ . 3N € l
] ] 1 L ‘ -
ELAST DOLPHIM DEFLECTION| Y (m ) q.9 ’ 1, 0% 00 0795 0,91 0,79 0,73
STABILITY RATIO Rils 57 | 24,7 36,9 " | 41,9 44,4 46,9 49,4 51,9 55,9 57,2 s

L, 1




COMPARISON OF ALTERNATIVE !* BREASTING DOLPHIN DESIGNS -

W7

ENERGY ABSORPTION CAPACITY
MAX. STEEL YIELD STRESS

DOLPHIN DESIGN No. - 15 .7 21 23 23
IMPACT FORCE P (t) 100 160 170 190 | 200
TUBE DIAMETER d [m) 0,90 1,45 1,54 17 1,79
A s ! I
REQUIRED CRIVING DEPTH t (m) 17,62 17,57 17,58 17,63 17,68 i
|
ty (mm ) 16 16, 17 18 19
REQUIRED TUBE
ty (mm] 35 24 23 22 22
WALL THICKMESSES '
tplmm) 57 31 29 26 25
TOTAL PILE WEIGHT . .
|9 T
ELAST. DOLPHIN CEFLECTION| Y (m ) floo| 1,58| 1,46| 1,36) 1,22 | 1,99 | 1,92 | 1,00 0,95
i -
STABILITY RATIO RiteS47 | 28,1 33,8 36,6 39,7 | 42,5 45,3 45,3 47,5 47,1 e




COMPARISON OF ALTERNATIVE MOMAH: BREASTING DOLPHIN DESIGNS

ENERGY ABSORPTION CAPACITY
MAX. STEEL YIELD STRESS

DOLPHIN DESIGN No. — 24
IMFACT FORCE P (t) 100
TUBE DIAME TER d (m) 0,99
REQUIRED ORIVIIIG DEPTH t (m) 16,56

‘k il'l‘ll'l'l] 15
REQUIRED TUBE b

1rnm] 26
WALL THICKNESSES taifom) 53

TOTAL PILE WEIGHT
(EXCEPT PILE HEAD )

G (t) 20,92 21,06

AR

ELAST. DOLPHIN CEFLECTION| ¥ (m 1| §. 90| 1,58

STABILITY RATIO Ritg =40 0,9 37,2 7,9 38,3 38,7

L¥T




£i°RGY ABSORPTION CAPACITY
pMAN STEEL YIELD STRESS

BREASTING DOLPHIN DESIGNS
o, |

DOLPHIN DESIGN No. — 29
. ; Y
MPACT Fio 't P Lt 100 12 £ 150
Tees DAt SR d (m) 1,04 | 1,24 e 1,50
i — Pr— —— -rr ‘
RECUIRED v \ilG DEPTH t (m) 16,07 | 1¢ ,
ti (mm |
REQUIREI" *JBE ty (mml
'|l.'l.|’p1LL T.IJ.'.. ;-lESSES tpllnm] w 21
‘F
ToTAL Pt S<EIGHT 6Lt _
(EXCEPT 1" .= 'HEAD | 21,72 ’ 5ﬁ‘au_£|
ELAST Oy -+ DEFLECTION| Y (m ) 1,36 T p 2
= o r:.
STABILITY ~ATIO Ritk= 38| 32,5 |36,5 36,9 37,4 37,5 &
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COMPARISON OF ALTERNATIVE M

DESIGN MOORING LOAD
MAX. STEEL YIELD STRESS

-

~—

DOLPHIMN DESIGN No.

THEOR. ENERGY

- 60

, MOORII\_IG DOLPHIN DESIGNS
7=,

ABSORPTION CAPACITY A [tm) 15 30
I-.—...-.

TUEE DIAME TER d (m) 3,05 2,82 = 1,66
FEGUIRED CRMING DEPTH t (m) 11,70 | 132 15,98

tH {ITHITI] 17
REQUIRED TUBE Ly mm) s .
WALL THICKMESSES

tplmm] 17 266 32 (V] 66
TOTAL PILE WEIGHT Gt 37,18 ¥47,39 46,54 | 30,0 65,87
ELAST. DOLPHIN CEFLECTION| Y (m ) 8,19 | 0,25 | 0,3 0,38 | 0,50

+ : hl.

STABILITY RATIO RIS 104| 89,7 50,4 49,4 . 48,8 =)




COMPARISON OF ALTERNATIVE lu {

DESIGN MOORING LOAD
MAX. STEEL YIELD STRESS

DOLPHIN DESIGN No.

THEOR. EMERGY

MOORING DOLPHIN DESIGNS

ABSORBTION CAPAcITY | A [tm)
1ULE DIAME TER d [m)
REQUIRED CRIVING DEPTH t [m|
: tK {mm )
REQUIRED TUBE
WALL THICKHNESSES
tpimm ]
TOTAL PILE WEIGHT 00 s
ELAST. DOLPHIMN DEFLECTION| Y [m )
STABILITY RATIO Rt 73 | 80,3 73,8 48,2 | 49,5 49,1 e
i =
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