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These design calculations are for specialized fleet moorings e
which will be installed for the Naval Station (NAVSTA) Mayport, . L=
Florida. 1t was requested that Chesapeake Division, Naval ’
Facilities Engineering Command, Ocean Engineering and Construction

5 4

E; _ Project Office, design and install the moorings for the NAVSTA.

= \9These fleet moorings are in a specialized category because they will gﬂ
be used to moor vessels during a hurricane. There will be three .

! moorings that will accommodate 22 crafts ranging in size from LCM to e

S YON that are assigned to the NAVSTA , (see pages B-2, B-3, and B-4). b

The location of the moorings is on the east bank of the St. John v
R River, west of Blount Island.(see page B-6). Bathymetry of the b
anchorage area and soil conditions at the anchor location has to be .
. confirmed by a site survey., The vessels at moor under certain -
ij environmental conditions wiil swing into the channel. Informal S
- discussions with federal and state agencies implied that there would -

be no denial for installation, however this needs to be formalized :i‘

o by submitting applications for construction to the appropriate <
8 agencies.

Because the moorings are a survival type, the 100-year extreme ﬁ:

event will be used for the design criteria. Therefore, highest, o

fastest mile design wind will be 80 miles per hour. The current 2

. will be 1.5 knots, (see pages A-3 and A-5).’ These environmental N

i events generated a maximum static hawser load of 32 kips (see page C- -

36) and a maximum dynamic hawser load of 55 kips, {see page D-4). -

Ind

=~ The final design is a free-swing riser type mooring. Each f:

2 mooring will have four ground legs consisting of 2 inch chain so N

that each opposing leg can be proof loaded and verified to the N

" design load. The anchors will be Navy stockless with stabilizers »

o and with the flukes fixed open to 50 degrees. - There is a 10 kips o

- sinker connected to the ground ring. The mooring systems will be e

cathodically protected with zinc anodes. ~
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for the NAVSTA. These fleet moorings are in a specialized category because
they will be used to moor vessels during a hurricane. There will be three
moorings that will accommodate 22 crafts ranging in size from LCM to YON that
are assigned to the NAVSTA.

The location of the moorings is on the east bank of the St. Johm River, west i
of Blount Island. Bathymetry of the anchorage area and soil conditions at the
anchor location has to be confirmed by a site survey. The vessels at moor
under certain environmental conditions will swing into the channel. Informal
discussions with federal and state agencies implied that there would be no %
denial for installation, however this needs to be formalized by submitting
applications for construction to the appropriate agencies.

Because the moorings are a survival type, the 100-year extreme event will be
used for the design criteria. Therefore, highest, fastest mile design wind
will be 80 miles per hour. The current will be 1.5 knots. These
environmental events generated a maximum static hawser load of 32 kips and a
maximum dynamic hawser load of 55 kips.

The final design is a free-swing riser type mooring. Each mooring will have
four ground legs consisting of 2 inch chain so that each opposing leg can be
proof loaded and verified to the design load. The anchors will be Navy X
stockless with stabilizers and with the flukes fixed open to 50 degrees. v
There is a 10 kips sinker connected to the ground ring. The mooring systems -
will be cathodically protected with zinc anodes. o
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Oy OR @ :ANGLE OF WIND OR
CURRENT ATTACK

A
£y
«
&
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ST

aow

May (+) —
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270° L TRANSVERSE ¢ o .

LONGITUDINAL ¢

STERN

(

180°
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o CHESAPEAKE DIVISION | PROJECT:
Naval Facilities Engineering Command NDW | Station:
N DISCIPLINE —— ESR. — Contract:
: Calcs made by: 7/ A/ ..  __ date: Calculations for:
Calcs ck'd by: __WAS date:
~ (a) Llateral wind load. Lateral wind load is determined using
- the following equatioun:
= F =20 v2a c £ (8)
yw 2/7a w 'y yw ‘yw w
; ) WHERE: wa = lateral wind load, in pounds
/"a = mass density of air = 0.00237 slugs per cubic foot at 68°F
~ Vu = wind velocity, in feet per second - paries
Ay = lateral projected area of ship, in square feet:=-52 (o 7L'P
- Cyw = lateral wind-force drag coefficient

. f (9 ) = shape function for lateral load
. yw W

Ow = wind angle = vari e 3
. The lateral wind-force drag coefficient depeands upon the hull and
superstructure of the vessel:
X v 2 vy 2
C =092} =— A, +| 7 /A
yw VR S VR y
n

WHERE: Cy = lateral wind-force drag coefficient

VS/VR = average normaiized wind velocity over superstructure

AS = lateral projected area of superstructure only, in
—~ square feet - |OCO L1f*

V{, s Wind velor .F/ O Taupe- stra~ture

VH/VR = average normalized wind velocity over hull
. AH = lateral projected area of hull only, in square feet-.f}z.zar'{.c
' Ay = lateral projected area of ship, in square feet
'-::: VR = reference wind velocity at 33.33 feet above sea level
" u T owand veloety o0 pull

The values of VS/VR and VH/VR are determined using the following equations:
'y 1/7
L s.(hs
vR hR B 1
~ page <o of —|
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Naval Facilities Engineering Command NDW | Station: -
N DISCIPLINE L ESR _____ Contract:
. 7 ! . . o
. .‘.
. Calcs ck'd by ___¥msS date: N
.. “
I~. L‘
v h 1/7 h ¢
] L - N
v h .
N R R 3
K
o WHERE: VS/VR = average normalized wind velocity over superstructure -y
hs = average height of superstructure, in feet =45’/f, =
:j' hR = reference value of windspeed (33.33 feet) -
) VH/VR = gverage normalized wind velocity over hull -_:j
. -~
I- hy = average height of hull, in feet = 4.5 £
) x
— . - -V . ~
V[-_t._(é-.‘o")’7: Y AN (/5_' (iﬁ_ 7 - 104'5 >
=3 7 33 -
Vi 5 e 3
' C/w : .‘72[ [ 0aS ™ (1000) + ,75‘/42.10)7 Jsz2i0 = .4
- The shape function for lateral load, fyw(ow)’ is given as: i
<
!- ‘ +(sin Ow - sin59w> o
* om 20 .'_
f'Y“'(o"’) 1 - 1 :
o 20 =
e WHERE: f_ (@ ) = shape function for lateral load N
yw v v
_ - Ov = wind angle ':
— r— -
: 4 = Sia@u = 2n §Oew 8
= Freo” A 0.00237) Vi (s210)(é1) ==
= ) 9
* Do @w "'0:01”_‘;/‘: 5_(;¢« 0 5'
3.772 Vw .75 -
. 152, (- a_a/e/e:/ to accoan ‘.7‘ /C” Fhoe 3/"3-//—'*"';’ :::
o ! )
!-‘ I"Z’ W B, - O.O0% 544, § 91.)/ _
F/{u - 4228 V™ Oy _
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’ Naval Facilities Engineering Command NDW | Station: S
g DISCIPLINE _ ESR _——_ Contract: b

. . S
C Calcs ck'd by: _ AV1S date: 3

’n_' f‘

W (b) longitudinal wind load. Longitudinal wind load is de-

- termined using the following equation: -
N Fo=2 O v2iAa c £ (0) <
xw 2 /7a w X XV xw' w

WHERE: F__ = longitudinal wind load, ian pounds e

fa = mass density of air = 0.00237 slugs per cubic foot at 68°F &

V' = wind velocity, in feet per secoad

Ax = longitudinal projected area of ship, in square feet :IéoO/.f-\ .'.
i cxw = longitudinal wind-force drag coefficient "
- f__(8 ) = shape function for longitudinal load .
> v W -
- The longitudinal wind-force drag coefficient varies according to vessel -
. type and characteristics. Additionally, a separate wind-force drag coeffi- ]
. cient is provided for headwind (over the bow: Ow = 0 degrees) and tailwind '
(over the stern: @, = 180 degrees) conditions. The headwind (bow) wind-

force drag coefficient is designated mes and the tailwind (stern) wind-force .
: drag coefficient 1is designated vas. T

) . B@&o_»:ﬁ, VL'I“.— b&/j&_ ]rQ\»P /\/‘\S +A~L DC e~y ‘
g SI‘OLPf. Sver the bow oy 5#20' ‘e C—YU'B = ',::

- < Lwws e7 i'.:'-
o l N
Ao.:g.{ue‘-a.a_( 3)\‘\75-* “"’“/“"1, {{-w (e“’>/ < '/’/‘ 3 N
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L ere Cr0==tvj/ S‘—/Dérm*l‘; l":.— /—"—*’o f‘)lo“'o'- _

o "
" .
page < of — ;

GPO 2885-68)




% [CHESAPEAKE DIVISION] PROJECT:
Naval Facilities Engineering Command NOW | Station:
n‘ DISCIPLINE Ll ESR. — Contract:
- Calcs made by /// Lal date:___ cZ|culations for:
= |Cales ek'd by W date:
- Ships with distributed superstructures are characterized by a "humped"
[ cosine wave. The shape function for longitudinal load ls:
-(mx stns ¥
f“(gw) - 1
T 10
WHERE: x(_) = < ) + 90° for 8 < 9,,
90° @
- By - (mrt‘o—) % <‘8°° o6 )t >0y,
. wz‘ vz
As explained above, use 360° - Oq for Gw when 9w> 180°.
- O/I) 1’90:9‘0(‘90:@w<éw!‘
i o s
3 i JJL«) ) ‘/130"—'”°> Qw * 6809 B W)
. = Qw * 90° S OO >
N Yo sk
_— ,// 1
Fow = %(000232) Y, 1600 (1) 5
—[Tia &= Sia Ty .
. = /,32.71/,,»1(( r {53/ ¢ =B, +90

/I) 7/“ f-, fc/(*/r/@(-( 71(‘9 “/'/t.; /(,-), - 2 f o

O e (((-.,.,.7 /(“/ —he (] @r .

Eyow?® b //’”} s ‘“Q,» o Qw r9o0°
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Calcs made by: _~ /

-~ date: Calculations for:

Calcs ck'd by:

was

date:

(¢) Wind yaw moment.
following equation:

Wind yaw moment is calculated using the

[

M =L pov?a rLc ()
xyw 2/a w 'y Xyw W
WHERE: M = wind yaw moment, in foot-pounds
/o = mags density of air = 0.00237 slugs per cubic foot
a at 68°F
V" = wind velocity, in feet per second =va . - .
Ay = lateral projected area of ship, in square feet= 52/0/""
L = length of ship - 4y’
o (8 ) = normalized yaw-moment coefficient
yw' W
- 0o.t
5 '
: ]
- &
5 v 0I0}
X -
. z I
w
v
- 0.0%-
-
w
o
S [
o
-
z -
w
H
3 -0.0%}
L
~0.10}
- 1 o TRIM
:' -0.15 4 2 1 A 2 | 2 Y L 2 3 1 N 4 3 3 2
0 30 60 90 120 130

INCIDENT WIND DIRECTION, O, IN DEGREES
3.3
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Calcs made by:

. ¢ [CHESAPEAKE DIVISION] PROJECT:
5 Naval Facilities Engineering Command NDW | Station:
n DISCIPLINE ESR _—_ Contract:

/T Calculations for:

Mns date:

2. . .
s (oo DV saie 40ty Cip (Bu)

= 2500 VY Cup, £ED

Lateral Current Load. Lateral current load is determined from
equation:

Calcs ck'd by:
»
M % w
:,:' b. Current Load.
(L)
;; the following
B

WHERE: F =

)

o DR

.
‘

»
(@]
<
(¢]
L}

9 =
The lateral cu
C

WHERE: C
ye
c
yeloo

cycll

- + —C
yc cycloo (cyc|1 yclm) ¢

ch = %/0" ch LwL T Cyc singc
lateral current load, in pounds
mass density of water = 2 slugs per cubic foot for sea water
current velocity, in feet per second - :.f74*'::C‘
vessel waterline length, in feet - 40‘.’/)‘:

vessel draft, in feet :i?,Lr

lateral curreat-force drag coefficient
curreat angle - v~ . -

rrent-force drag coefficient 1s given by:
-« @2
= lateral current-force drag coefficient

= limiting value of latsaal current-force drag coefficieat

for large values of T

= 1imit%gg value of lateral current-force drag coefficient
for — = 1
T

= 2,7182818
= coefficient

= water depth, in feet = 2~ f%_

<o
= vessel draft, in feet:- g FF .I!C 0'
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LN

}Cycloo

E e 4.0
- 0.50

2.0 L
& fl'! Values 0.40 y

12.0¢-
-
=
a 10.0}-
- @
Q.
i > o
. 3
p: ) . -~
SR 6.0} 0.70 =
. 0.60

-'.- ° . A A - —P
. 04 0.5 o.s 0.7 0.8
F')“ re3.¢ BLOCK COEFFICIENT, §
- The block coefficleat is defined as:
- 4, ..350D
. LVL BT
o WHERE: b = vessel block coefficient
D = vessel displacement, in long tous:&74" romg :.‘_:
LwL = vessel waterline length, in feet . ~S/% ‘i
e B = vessel Heam, in feet - "~ - n
T = vessel draft, in feet: B #/ 4
_3s(co6zy .o 9
. ¢ aosliosys - 0.624
. |l wr/ . 40F%
- /B‘ o> 2.86
i Cre ‘w S 046
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CHESAPEAKE DIVISION
Naval Facilities Engineeting Command NDW

PROJECT:
Station:

DISCIPLINE ESR Contract:
Calcs made by: ./ .. date: Calculations for:
Calcs ck'd by: ’Vds date:

'

T.0F

6.0} /

5.0

4.0
£
)
v 10

2.0 len"cnj Valewe

1.0k

. Y A 3 e
20 3 40 50 ¢ 70 80 %0 100
Fgere 2.5 C,L'L/fr
oy
P
m =
C,;/«JI . 0629 (40%)
WHERE: = i = - =
Cp prismatic coefficient of vessel VT 7/8
* = vessel black coefficient = ¢4
= 89

cm = midship section coefficient
o lmmersed area of midship section
BT

B = vessel beam, in feet

T = vessel draft, in feet

B.e,co-—use, o ba»’/jc

tHhe C,. =1

he~ s

“

:‘?tgd.ve H\(¢1 '_‘,l\."? sﬂ-ej-lob\
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0 DISCIPLINE ‘. ESR: Contract: _
- Calcs made by: _ .z A2/ date: | calculations for: ot

0
B
L J

- 7

¢
" Calcs ck'd by: &S date: |
S ' (4
: i 4 3
.,
4.00}
- 3.50 BLOCK-SHAPED MULL
3.00}-
* E£D HULL g
C o SHIP-SHAPED HU -
- 280k NORMAL -y
N 2.00 :::
N R-'
- '..-" .50 -
w 1LOOK
: ® . . N N 'Y 1 s 1 __’_
B o.soo.s o4 05 06 o7 o8 0% 10 LI

Cigw, e 3.€ BLOCK COEFFICIENT, ¢

~09( % -1
0.4 + (57 -0.1€) 2.7/182818

\E\
0

L = 14

-~ Frp ol2) ¥(a05) &(.4) 21, Oc
':5 E:: = 4524 VC\L o Se
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| ) DISCIPLINE 3 ESR Contract:
N Caics made hy /ML VaLU date: Calculations for: :f~
N Calcs ck'd by: WA date: 3
M &
(2) Longitudinal Curreant load. Longitudinal current load pro- e
- cedures are taken from Cox (1982). Longitudinal current load is determined
S using the following equation:
Y Fee ™ Fx form * Fx friction ¥ Fx prop "

WHERE: F

xc total longitudinal current load

P,
]

F longitudinal current load due to form drag
N x form

> e s

- Fx friction longitudinal curreant load due to skin friction drag

b_' " T T T
.

F:.
[ ]

] F prop loangitudinal current load due to propeller drag - O,f"' ‘:a.yes

- Form drag is given by the following equation:
¢ 1 2 .
- Fe form =~ 2 Fw Ve BT Crcp <088, -
._“ WHERE: l-'x form loagitudinal curreat load due to form drag
R fu = mags density of water = 2 slugs per cubic foot for sea -
. water T
. Vc = average current speed, in feet per second :=2.5 /+/:ec. ?’
S B = vessel beam, in feet - [0S {*. -~
e .\
T = vesgel draft, in feet : 7 L+, .
- : X
N .
- xcb = longitudinal current form-drag coefficieant = 0.1 T
- Gc = current angle
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Friction drag is given by the folowing equation: -
1 .
P friction * = T /[y ch S Cyca €080, N
WHERE: Fx friction longitudinal current load due to skin friction
/ow = mass density of water = 2 slugs per cubic foot for sea =
water =
v, = average current speed, in feet per secoand ek 5 o7 ::-.
S = wetted surface area, in square feet o
35 D
=T TL) &) TV
T = vessel draft, in feet = <A1 :
Lo = waterline length of vessel, in feet = 4~ /L/“ B
D = displacement of ship, in long tons = 5. 052 ton:
Cxc = longitudinal skin-ftiition coefficient .
a = 0.075/(log R - 2) :
s
R = Reynolds number = V_ L, cosOc/JJ
1} = kinematic viscosity of water (1.4 x 107> square o
feet per second) -"_.'
e = current angle -
¢ o
[he Lo mela above v w et :u,/a c = -,
ovea tudl wot Le w2ed /Or t+h ba‘_g‘& -
BrOva _r—ltt— &o+w¢( w e f Seer G c < S req_ :-:
- ! o
._/é +he C im bluetl L(»j@f ) 4’6) 4,@4.%74_1) lu.//
He woed.
L 2 ooy o ]
H/».c,,t.,,.. AN 16,4851 (103 U, 405 €=3 B —z)1 cn & -
L4 xj0F 5
RV s .
s -\ 2486 S(log V. 2.893 1107 058, - Coz &
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(3) Current Yaw Moment. Procedures for determining current yaw

moment are taken from Altmann (1971). Current yaw moment is determined
using the following equation:

e
c
xyC ye I‘wL) wL

WHERE: nyc = current yaw moment, in foot-pounds

lateral current load, in pounds : 434 o/, T cin =

ratio of eccentricity of lateral curreant load measured along

F
ye
e
=
(LHL> the longitudinal axis of the vessel from amidships to
vessel waterline length

e eccentricity of F

c ye

LvL = vessel wvaterline length, in feet - 4§ S+

Cec
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Awpoe .., -2 AL (4)/37' C,oep Co: S
= oA (228X 10)() cos @
:‘364 \/C‘L(ﬁ: é‘c_
F;/r‘lc,f'fOﬁ ://l {i.) ch : C/CQ /'C'Dj Q'\
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Propeller drag is the form drag of the vessel's propeller with a locked

shaft. Propeller drag is given by the following equation:
F - - = 2 A C cosé
X prop 2/ w ¢ P prop c
WHERE: Fx prop = longitudinal current load due to propeller drag
/gg' = mass density of water = 2 slugs per cubic foot for sea
water
Vc = average current speed, in feet per second
A = propeller expanded (or developed) blade area, in square
P feet
prop = propeller-drag coefficient (assumed to be 1)
QC = current angle
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A_1is given by:

’ \ Aop A

- = —=PP _
p  1.067 - 0.229 p/d  0.838

tor
s

WHERE: Ap = propeller expanded (or developed) blade area, in square feet
Al'pp = total projected propeller area, in square feet

p/d = propeller pitch to diameter ratio (assumed %o be 1)
h Arpp

WHERE: Al

wL

LwL B

total projected propeller area, in square feet

1
(d
'

waterline length of vessel, in feet

vegsel beam, in feet

-
o
]

area ratio, found in Table 1

o

TABLE 1

- Ap for Propeller Drag
Area Ratio,

e Vessel Type AR

" Destroyer ..... Ceerrirtteenenan 100
- Cruiser .......... et enatesans 160

Carrier ...icoceavscscnsonccnn 125

Cargo .secceesen feresenenaiens 240

- Tanker ...ccceevee teeene 270

g Submarine ........ tesesesenans 125
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CHESAPEAKE DIVISION PROJECT: Mooring Dynamics - Long Waves
Naval Facilities Engineering Command NDW | Station:

Seelig

DISCIPLINE ESR Contract:
date?_DEC £2

Calcs made by: ————| Calculations for: froblem Statement £
Calcs ck'd by: date: e

Forces on mooring consist of two types, static and dynamic. Static
forces can be determined from DM 26 or computer programs, such as STATMOR.

The purpose of this analysis is to predict dynamic mooring line forces for the
case of long waves.

In this simple analysis the system consists of a mooring, vessel,

steady and dynamic forces. Steady Fovting
> Vesse| - Lonsy wave dynamg
—_—— = —T  — ﬁWﬂuj

Steady forces must first be determined and the entire mooring line system by

statically analyzed with the CHESDIVNAVFACENGCOM catenary program to determine

the 1oad deflection curve. y
N

Rovisnpeh

Mooviny

Line
Lovee

F,

X"O Deﬂtd’loh

In this analysis the load-deflection curve is represented by the the power
formula:

FIo= KI*XD + k25x12 + ... (1)

where X1 is the deflection from the neutral position and Fl is the horizontal
component of the mooring line force at the vessel. Here only the first two

terms in Eq (1) have been used.
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CHESAPEAKE DIVISION | PROJECT: _rooring Dynamics o
Naval Facilities Engineering Command NDW | Station: 3
DISCIPLINE ESR — Contract: R
Calcs made dy: _seeliq date: 9_OEC 82| caiculations for: 5
Calcs ck'd by: date: .
&
In this analysis the ship is represented by a mass, MO, that includes the X
ship mass, M, and the added mass of water around the ship. This total mass is ')
given by: §
. MO = C, M (2)
where CH is a mass coefficient determined from the curves on the following A
page (found in DM-25.1).
The analyzed system is then treated as a damped forced mass restrained by =
a non-linear spring: 2
'p;?:v'lf'\'gg - 1)—_ mass Veloc ity }
— V\V—=< Mo '
)
W = water veloaty ;’_
<« X —m ————> E:
V is the velocity of the vessel at any instant in time and A is the acceleration ;
of the mass {only sway , surgérgg?¥2n are considered in this analysis). S
U is the velocity of water at the vessel induced by long waves, such as harbor s
oscillations or surf beat. These long waves may be considered as ''shallow
water' waves, so:
KB -
Uu = a | sin (21 T) (3) -
\ ¢ .
where a is the long wave amplitude, g is the acceleration due to gravity, =
d is water depth, t is time and T is period of the long wave(see the ''Shore ;
Protection Mannual', US Army Corps of Engineers, CERC, 1977). .
If V is the velocity of the vessel and U is the velocity of the water, i_
then the relative water velocity is given by: E
W= U-V (4) |
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CHESAPEAKE DIVISION | PROJECT:

Mooring Dypamice

,« Naval Facilities Engineering Command NDW | Station:
DISCIPLINE ESR: ——_ Contract:
Calcs made by: _Seelig date: 3 Oec 8] cajeylations for:
Calcs ck'd by: date:

The drag force on the vessel due to relative water motion is taken as:

F3 =pC, A W|w] (5)
a

where e is the fluid density, A is the projected area of the body in the

direction of flow and Cd is a drag coefficient. Typical values of Cy for

idealized shapes are given in the figure on the next page.

Steady forces are due to uniformwind and currents, F5, and a '‘wave
drift force'" due to the change of wind wave height around the ship. This
wave drift force, F4, can be determined using the method of Remery et al.

(1973, 0TC Paper No. 1741).

A sketch of the modeled system with forces is shown below:

. 'm‘ (~

o AW AR !
\;gﬁ ' ot
Fl | yr oo b z
< Mo +— \
fnoovin > F3* hral- < -
(vepveSem‘cAf by _ — F4 ~ \wee d VlH <5 -
a non—//umvSprMJ) —> F5_ tead ) XX
PR LYY 1 am‘ -.‘.

— W

(A= Cuvves ooty

Lot
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CHESAPEAKE DIVISION | PROJECT: __Hooring Dynamics
Naval Facilities Engineering Command NDW { Station:
DISCIPLINE ESR: Contract:
Calcs made h]: Seelig date: o pec 82 Calculations for: Drag Coefficients
Calcs ck'd by: date:
100
\ | [
80 4 !
60_ \\ Disk =
FCTC ¢
40— \ Vo —e d 06:‘99
20 Cup
CD = :_" "\\ lo —_— %: ZG:(‘GO
10} X
:.- \ Cup\
i; \\ o (et ]
) N
CD ’//\P/\\_¥
1.0)——  Sphere B 1
I O YT AN [
0l N [
02 R
\ /
01f - /
0.08
0.06 L Streamhined \
r body  (L=5) N T
T D [ ——s
0.02 ——r—
ool b A 4l A 4 1) s A 1) 4 IJ_LI 'y 1 Al A e 4 . N A Ik
10-.2 10°! 1 10 10? 100 et 10° 100 107
Revnolds number, Re = '—f—d
Drag Coefficients for ldealized Shapes
{(after Roberson and Crowe, Engineering Fluid Mechanics,
Houghton Mifflin Co., Boston, Mass., 1975)
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. |CHESAPEAKE DIVISION] PROJECT: _Pooring Dynamics
w Naval Facilities Engineering Command NDW | Station:
D . L]
. cISlCIPI.INdE - ESR —_____ Contract:
n aics ma' € DY. __ Seelig ~date: 9_Dec 82 Calculations for:
Calcs ck'd by: date:
%
Dy At any given instant in time the sum of forces acting on the body is:
"
F = F1 + F2 + F3 +FL4 + F5 (7
:: where the location is X1 and ship velocity is V. To find the ship position
at some very small time step into the future, A t, the equation of motion
o is first used to find the ship acceleration:
A= b (8)
) MO
a
- The change in distance, AXI, is then found from the following finite-difference
: equation:
. : 2
i AXI = vat + A (At /2) (9)
- and new vessel location given by:
!
l! X1 = X1 +AX] (10)
The above proceedure is applied in very small time steps to determine the
. vessel position and horizontal forces in the mooring as a function of time.
: (ML)
- In this analysis, the forcing is assumed to be periodhffo allow easy computation
on a desk-top computer. This is assumed to be adequate for a first ''quick
‘2' look''.
~.
Probably the most difficult portion of the analysis is determining the
- vessel coefficients to be used as input. These can be obtained from DM26
B or other sources of marine architecture. When in doubt, | recommend that ;g
- several values of the coefficients over a reasonable range be tested to determine
;; if the value significantly influences results.
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E  [CHESAPEAKE DIVISION | PROJECT: _Mooring Dynamics

o Naval Facilities Engineering Command  NDW | Station: )
" DISCIPLINE ESR: Contract: n
. Calcs made by: seeliq date:22 pec82| Calculations for: Example Y
\ Calcs ck'd by: date: -
' \
NS

p Take the case of a large submarine and power barge attached to mooring \_
e 1-N in Sasebo Harbor, Japan. -
e} .
GIVEN: The ship displacement is 7300 long tons. &

n The added mass coefficient is 2.6 (see the theory section).
The ship cross-section flow area is 700 square feet.
The drag coefficient is 0.1 (see the theory section).

FIND: The maximum force in the mooring at the buoy for a periodic -

reversing current with 2.6 fps maximum. The period of this =

- wave is taken as U450 seconds. A light wind is assumed, which ] :
- produces a 5 kip steady force on the vessel. .
INPUT: The above information is input to the program in the following ::::

A format: =
- A
’x

- -z S - .\'_:
»“‘\' _ T oo ":n
. _ ] X
. 3

o GOMELTLIT. € s X
e S .s
= N
I ,?\
: 2
RS

L RS
-v- l.\
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CHESAPEAKE DlVlSION PROJECT Moaring Dynamics
Naval Facilities Engineering Command  NDW | Station:
DISCIPLINE ESR: Contract:

Calcs made by: Seelig date:22 Dec 84 Calculations for; Example
Calcs ck’d by: date: _

OUTPUT:  One line of printed output is available that includes:

waximum and minimum horizontal forces at the buoy (kips)
(-

-l

LA . A
maximum and minimun excursion of the buoy (feet)

The watch circle is the extent of this excursion,
which is 14 feet for this case.

A plotted time history of the forcing currents, U, (shown by
the dashed line) and the resulting forces (F) are also produced (see below).

i

'
1 ]

v B
]
!
: ll

|
i
i
; - o force (k)
;

Lo I R e Q-4-.-.~'4—|~:-+~++;»"++—1—-L—H ‘5:‘"”r'ﬁ T —§++7
' —~—_ Cuvrewt

—> Time elecity (£ps)

In this example the first wave is predicted to produce little force in the
mooring because of interia in the system. However, subsequent waves produce
significant forces due to resonance in this case. More detailed ana'lysis
shows that the magnitude of the maximum current, wave period and magnitude
of the steady forcing are all inportant in determing the amount of dynamic
forcing and motion of the vessel.
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LAW ENCINEEMRING TESTING COMPANY

GPONCIVICE ervworvnerial & CONSINCRON MElenais CONMRants

3901 CARMICHAEL AVENUE

P.O. BOX 5728 * JACKSONVILLE, FLORID
(904) 396-5173

November 2, 1982
C L' 2\__.
NCCEL W&
Frank Shumer, Architect Bg‘@’:’n \"l]t@

10695 Beach Boulevard
Jacksonville, Florida 32216 NOV - 108

Attention: Mr. George G. Gooden DLCULY & ASSCCIATES. INC,

A CONSULTING ENG:NEERS
Subject: Report of Exploratory Borings

Mayport Hurricane Moorings at Blount Island
Jacksonville, Florida
LETCO Job No. J-4033

Gentl emen:

Law Engineering Testing Company has campleted a series of exploratory
borings for the subject project. This report briefly outlines our exploratory
techniques and presents the data obtained.

We are pleased to be of service on this phase of your project. If you

have any questions concerning this report or desire assistance in evaluating
the data, please contact us.

Very truly yours,
LAW ENGINEERING TESTING COMPANY

Y

/' /James A. Horton, P.E.
Senior Geotechnical Engineer
Registered, Florida 23315

'y :'.:.. :'."'. -".'..‘ ;

Leras C. Ay lonk
Lewis E. Hay )
Engineering Geologist

Distribution: Frank Shumer, Architect (2)
Dloughy & Associates (1)
JAH/LEH: /kk
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FIELD EXPLORATION

A AR T N gk

As shown on the Site Location and Field Exploration Plan, the site of the

borings is located in the old St. Johns River channel on the norttwest side of

e e N CO ¢

Blount Island in north Jacksonville, Florida. For this exploration three
sofl test borings were made to the designated depth of 50 to 55 feet each *
below the existing water surface at the locations requested by your office. ) 1
The attached Site Location and Field Exploration Plan also shows the locations |
of all the borings. The borings were located in the field by our drill crew
using tape measurements fram features such as the existing dolphins. The water
surface elevations at the boring locations were established by measuring the

level of water relative to the Blount Island Wharf at the time of drilling.

- - - -

Soil Test Borings

The soil test borings were made in general accordance with ASTM D-1586,
"Penetration Test and Split-Barrel Sampling of Soils." A three-inch [.D.
casing was {nitially extended from slightly above the expected high water
level to below river bottom. A rotary drilling process was sudbsequently used
and bentonite drilling fluid was circulated in the bore holes to stabilize the ¢
sides and flush the cuttings. At regular intervals, the drilling tools were
removed and soil samples were obtained with a standard 1.4 inch [.D., 2.0 inch
0.0., split-tube sampler. The sampler was first seated six inches and then
driven an additional foot with blows of a 140 pound hammer falling 30 inches.

The number of hammer blows required to drive the sampler the final foot is

' — designated the "Penetration Resistance.”
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Representative portions of the soil samples, obtained from the sampler,
were. %l aced in glass jars and transported to our laboratory. The samples were
then pxamined by an engineer in order to verify the field classifications.

_iFor detailed information about the soil conditions encountered at each
bori_'né location, the attached Test Boring Records should be consulted. The
horiz;mtal stratification lines on these records indicate the approximate

boundary between soil types and in some cases the transition may be gradual.

It should be understood when reviewing these records that the soil conditions _

could vary between the boring locations.

r

e_z r_ v r 7
L
(W S s




J

,JI-JI-JJ-ﬂ\qq ST
N . .
.

L ZET ao can
]
!
'
1
Ll
£
]
)
« aw omu—. ot
RO TS COmPREN
-

aae o
-~
-l :\“)
-':~")A'-

¢
=g

£
.
N el
lata A

B
Soafas

b e bmaas

ATTACHMENTS

)

l.' ..
4‘-
Iy

A
TSI WAk (Y

NPy 1Y

}~

Aty

RIS
Ak’

.."- K
.

h =
o

I wsy oAkt wind sk mers B Eg N Nm BT WY W W W W . . W

- [ P

“»
oA

;:

- e =~ cm PP W IS 8 bod bl onk SR et o B SR A K & Y Cm im S s e . ———— - >




ol

¢

._,,
v

'.‘.'
"

frle ,’.&-'.i"i " 1

S a

: 3

", !
LIS

dill
}.’9':
.'.’

.‘

SUADRANGLE LOCATION

- — =y

vy 5 Mcece 2 Bl o Istand

AN

[ S A

AR

" "

.'_
RN
t-

INSERT N

B-1
BUOY S-b---

RIVER

JOHNS
‘P
®
—

NOTE : Sketch
not to Scale.

ST,

BUOY S-1- ---e
2500' + B-3

T
A .
L TR

l..
2

v

m.l

h g
L4
o

)

1

ESERE LAW ENGINEERING @
@ Soil Test Boring Location TESTING COMPANY 8

Jacksonviile, Florida [ ]

[}

, l‘ '.

References: 1) Eastport Quadrangle, :
Florida; 1964, Rev. 1981 |SITE LOCATION ¢ FIELD EXPLORATION PLAN

Topographic Map
U.S.gCeglogical Survey

2) Location Map
Dlouhy & Associates, Inc.
Project No. 8020.0 DRAWN: DED DATE: 10/27/82 | SCALE:As Shown|

Dated 5/07/80 .
CHECKED: JAH JOB NO: J-4033 o

S AR

e

Mayport Hurricane Moorings at Blount (siand
Jacksonville, Florida

..........




r__ —— e i A L AT xw‘.—vxwxmm“m%
a WAL DESCRIPTION ELEV. (. * PENETRATION BLOWS PERFT :
FY . - HSL .
0.0 - + 2 10 30 )0 40 60 80100
5
K4

A A

'bq WATER

(|

W30

r. =5

] Weight of Rod

* -18

‘1’ VERY SOFT dark grey SILT with .

: sand seams in lower 4 feet N
b
'1\-
2

VERY LOOSE grey fine SAND with
silt seams and layers /

Weight of Rod

PAGE ONE OF TWO (1 of 2)

-i
M
‘ TEST BORING RECORD
v
" Iy

SORING AND SAMPLING MEETS ASTM D 1508
COME OAILLING MEETS ASTM D 2113

PENETAATION (§ THE NUMBER OF BLOWS OF 140 L8 NAMMER BORING NO. B-1

FALLING 2018 REQUIAED TO DRIVE 1 410.1.0 SANPLEN 1 FT DATE DRILLED 10/18/82

T e T NNENEER W W e e
r e

TEEES wATEATASLE 2w JOB NO. J-4033

UNDISTURSED SAMPLE O watEn TASLE AT TINE OF DVLLIMG

+ ROCK CORE AECOVERY 103307 DALING waTER LAW ENGINEERING TESTING CO.
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“:' clayey SILT
hz.o -
SOFT brown slightly sandy SILT
gntly Y -43 PY
46.5
Brown cemented to slightly ~48
cemented silty fine SAND with zonesﬁ
of brown slightly silty fine sand \
(Silty sandy LIMESTONE) \\
::155-0 =23
BORING TERMINATED
NOTE: Borehole cased to 35 feet.
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| ﬁ LEPTR DESCRIPTION ELEV. ,F(. « PENETRATION-BLOWS PER FT

FT . MSL :
] 37 0 @ 10 20 30 40" 0 80100 Ny
¢ VERY LOOSE grey fine SAND with ¥
silt seams K;
43.5 N
~¥ .5 | VERY SOFT blue-grey slightly clayey](1) " \:..
g VERY SOFT to SOFT green-brown - 3
t:.' slightly sandy slightly silty CLAY }\
,:.7.5 _ 3
Brown well cemented silty fine 2
':'50.0 SAND (Limestone) -47 100=2" :Ej;

BORING TERMINATED
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MSL . K
-38 ¢ 10 “20 30 40 60 @0100
Brown cemented silty fine SAND N
(Silty sandy LIMESTONE) 2
42.5 S
2
LOOSE brown slightly silty fine -43 ~
SAND with limestone fragments
.0 .’ 1
Brown well cemented silty fine (

SAND (Silty sandy LIMESTONE)

.0
.0 JVERY FIRM grey fine SAND
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.l
I

BORING TERMINATED

FNOTE: Borehole cased to 35 feet.

QORNG AND SAMPLING MEETS ASTM D- 1580
CORE DAILLING MEETS ASTM D-2113

PENETRATION IS THE NUMBER OF SLOWS OF 140 L0. MAMMER

(2) SAND (Silty sandy LIMESTONE) PAGE TWO OF TWO (2 of 2)

TEST BORING RECORD

BORINGNO.__ B-3

DATE DRILLED__10/13/82
JOB NO. J-h033

LAW ENGINEERING TESTING CO
theg e 6 1é

............
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g KEY TO SUIL CLASSIFICATION
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Correlation of Penetration Resistances with
elative Density and Consistency

h

Q’ 0. OF BLOWS, N RELATIVE OENSITY
[\ A
L;- SANDS AND CRAVELS

0-4 Very Loose
. 5 - 10 Loose
' 11 - 20 Fim
| 21 - 30 Very Fimm
& | 31 - 50 Dense
EI;. Over 50 Very Dense
;_ﬁ W0, OF BLOWS. N CONSISTENCY
N SILTS AND CLAYS
H 0-2 Very Soft
S 3 -4 Soft
[ 5-8 Fim

9 -15 Stiff
. 16 - 30 Very Stiff
;.‘_ﬁ 31 - 50 Hard
- Over 50 Very Harc

=

Particle Size ldentification
{(Unified Classification System)

Boulders - Diameter exceeds 8 inches
Cobbles - 3 to 8 inches diameter
Gravel: Coarse - 3/4 to 3 inches in diameter
Ffne - 4.76 mm to 3/4 inch diameter
g Sand: Coarse - 2.0 mn to 4.76 mm diameter

Medium - 0.42 mm to 2.0 rm diameter
Fine - 0.074 om to 0.42 mm diameter

Silt and Clay: Less than 0.07 sm (Particles cannot
. be seen with naked eye)

T
. .

MOCIFIERS

The modifiers provide our estimate of the amount of fines
(silt or clay size particles) in the soil sample.

—— —

APPROXIMATE
FINES CONTENT MODIFIERS

5% Fines 12% Slightly silty or slightly clayey]
12¢% Fines 30% Silty or clayey
30% Fines 50% Very silty or very clayey
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