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e LCU Operational Concerns

— Primary payload has experienced significant
weight creep since the LCU was Initially designed
o LCU mission potentially impacted by payload weight
e Maximum load at design limit for stability

— Current stability criteria may be overly
conservative for typical LCU coastal missions

 Ferrying from ship to shore
 Transiting parallel to shore
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LB ttuous Objective

e Objective
— Provide revised operational recommendations for
LCU operating In coastal mission areas

"« Approach

- Categorize current LCU stability criteria

. — Model expected coastal seas

— Determine static and dynamic stability ranges
— Evaluate desired payload/cargo loading cases
— Explore safe operating envelopes
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L moun Landing Craft Utility (LCU)

« Amphibious Operations Craft

— Launched by amphibious assault ships
— Transportstroops, military equipment and vehicles ashore

| * General Characteristics (LCU1627)
 _ Length (LOA): 41.1m (134.8t)

— Beam: 8.8 m (28.9 ft)

— Depth: 2.44m (7.8 ft)

— Draft: 1.1-2.1m (3.5-6.8 ft)

— Displacement: 3921t (386 LT)

— Speedy,,: 11 knots (5.66 m/sec)

oo — Rangey,: 1200 nautical miles

Ti‘ — Loady,,: 127 metric tones (125 LT)

b — Design/Built; 1950s/1960-70s

http://www.navsource.org/archives/10/18/181644.htm 5
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Payload Weight

MBT Weight Creep over LCU Lifespan
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r-, R Static Stability Criteria

 Stability Criteria are based on GZ Curves

— Righting arm (GZ) — rightng Arm Cur
| — Applied forces’ heeling arms 2 T L pesemine e
o — Heeling angles ) Reserss
‘““J — Areas under GZ curves - S

-40 100

«. + General Stability Criteria
— Wind Action and Rolling
— Lifting Weights over the Side Hesling Angle in (°
— Crowding Passengers to One Side . |

_ ) Righting Arm and Heeling Arm
— High Speed Turning oL P e st
— Topside Icing

Righting Arm and Heeling Arm in ft.

v
qa vy, LR
2B
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A < B Wave Spectra
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« Commonly Used Wave Spectra
— Pierson-Moskowitz
— JONSWAP
e — Bretschneider
| — Ochi-Hubble

w (rad/sec)

° LCU Stablllty ResearCh JONSWAP Wave Spectrum (Vk=1 to 30 m/s) )

— Focused on Bretschneider and Ochi-Hubble spectra
— Identified as most appropriate for the typical operational environment

(coastal waters)
’ - Wave significant Height - Modal frequency - Modal period
: i i‘ Average value of the 30% highest waves The frequency at which the
f spectrum reaches maximum 2T
12 value Tm = —
Hys =4 =4(m,) Ay, @,
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-v rosomaouate— Program of Ship Salvage Engineering (POSSE)

o POSSE Capabilities

— Prediction of intact stability based on selectable criteria
— Flooding, Stranding, Dry-dock, Heavy lift & other analyses
— Evaluation of ship’s strength, damage, corrosion properties

'_DJLZTanks . : W
et ] | | E | | |
[ .
| b 0 s E
=i
| | I 0.160A[32] 17.000A-Looking Fwd
.'-i b—
Diesel Oil 1 Fresh Water S\W Ballast l I.lisc.Weights] Spaces ] All l Selected 1
| . Name Description | wcightl VCG LCG | TCG | Aft Fwd | Below
| MT  mBL| mf | mCL mfP | mFP | mbL
B Crew 1 3640 204224 3.000P 214224 19424 264
[ 1st Tank 57 3250 170004 0000 18.000A 16000A 225
WondTank 57 3250 320004 0000 33.000A 310004 225
I —
. . 9
LCU Hull Geometry Definition LCU Loading Entry Table
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1-Seket TF T 2-ea e T 3- Oplng T Trafer Funcong T Sea Specka T Respanse

SMP Capabilities e e
— Predicts ship motions (a, v, d) 1 4

— Computes Structural loads (bending)

— Probability of slamming and submerging

= ; ° BaSIC Assumptlons —6— Bret 40m 7 0s (m2-sec)
' — Customary sea headings
— Weights treated as lumped mass

M et h O d S e ioj,u T |  Events Responses . |-_Nd Eoirete | . —
— Utilizes various wave Spectra inputs LN e
— Generates transfer function e =

—— TFM_SURGEACCEVOHWEUum —t— RESD'UTTFM-SUHGEACCEVU”QWEu

SMP Structure-Ship’s Responses Calculator

|||||||

— Derives ship response spectra — —
b i1 e Results '
=) _ o s 22 12|
— Outputs ship body responses in six degrees EE .

of freedom against relative sea headings . = =
SMP Results-Ship responses

i
an Yy,
Ay
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o Static Stability
— Based on standard U.S. Nawvy criteria
— Focused on wind-rolling and found GZ to be much greater than WHA

— Both Reserve Area and Max Wind Heel Angle requirementsare
satisfied for all loading cases and sea states

— Adequate in all loading cases Sea Stato 2 N ;
Wind Velocty (mis) |~ 4.37 9.7 19.29
(849 Knots) | (18.99 Knots) | (37.49 Knots)

Wind Velocity for Sea States 2, 4, and 6

K. McCreight, “A Note on Selection of Wave Spectrafor Design Evaluation,” 1998.

Sea State 6

e Loading Case: Full Payload
* Criterion: “Passed”
 Heeling angle: 0.52deg.

* Max righting arm: 0.096m

11
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e Dynamic Stability
— Based on ship responses to random wave exciting forces
Ship responses are derived by SMP simulations
Ship rolling angles plotted against relative sea heading

Loadi s Ship W w Br;tsck::neider
- i _ oadin ea ave ave ectirum
=9=SS5-LNa0mys <feSS=T Vo2 mys Conditic?n State S(r:qe}:;i Type Spectrum Mogal Period
22 wdr=5.5.=2, Vs=4 m/s ==p==5.5.=2, Vs=6 m/s Tm (sec)
20 e 5.5.=4, Vs=0. m/s 5.5.=4,Vs=2 m/s 0
Lightship 2 _ 7
18 5 5 =, V5= mfs sS4 V=6 mfs Ochi-Hubble
516 55,6, Vs=0 m/s ==gpm=5.5.=6, Vs=2 m/s Lightship with 2 Short.
EDM =f=5.5.=6, Vs=4 m/s ==d="5.5.=6, Vs=6 m/s g:alaftjsvgi—ggt 4 y Crested "
5‘12 Lightship with Bretschneider
210 Full Cargo 6 6 15
- Deadweight
£ 8
-t
g Sea State 2 4 6
i 53 ~ Wind Velocity (m/s) 437 9.77 19.29
R e - (849 Knots) | (18.99Knots) | (37.49 Knots)
o \1 0 15 30 45 60 75 90 105 120 135 150 165 180 195 S|gn|f|cant Wave
Ty | L
: S Hisdiighn ) Height (Hy3) (m) 0.3 1.875 5
Heeling Angle vs Sea Heading in Ochi-Hubble Short-Crested Wind Ve|OCIty and S'Qmﬂcam Wave He'th for
Waves for LCU Carrying Two M1A1 Tanks Sea States 2, 4, and 6 12

K. McCreight, “A Note on Selection of Wave Spectrafor Design Evaluation,”

LCU Dynamic Stability Parameter Values WWWNPS.EDU
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* Findings
— Increasing displacement results in greater heeling angle for all headings
— Greater displacement and/or high sea state amplify the speed effects

- ¢ Recommendations
| — Sea State 2

 All loading conditionsand speeds

» Use experience to transit in a seakindly manner
— Sea States4 and 6

 Prefer following seas rather than head seas
— Reduces heeling angles

 Avoid sea headings within +30° (fwd) of beam
— LCU undergoes higher heeling angles

» Adjust speed as recommended by operational envelopes

13
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Lightship and One M1A1 Tank

o Reduce Ship Speed or
Maintain Speed close to 4
Knots

300

285

M Increase Ship Speed or
Maintain Speed close to 11
Knots

270

255
H Not Recommended

240 Two M1A1 Tanks

B Reduce Ship Speed or
Maintain Speed close to 4
Knots

Sea Headings Based Operational Polar Diagram for LCU Lightship 0

and Carrying One M1A1 Tank in Sea States 4 and 6 285
T —————————————————————————————— W Increase Ship Speed or
Maintain Speed close to 11

Knots

270

755 B Not Recommended

240

Sea Headings Based Operational Polar Diagram for LCU Carrying
Two M1A1 Tanks in Sea States 4 and 6

14
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 Investigation of hull appendages effects on stability
o Examination of damaged craft stability

 Insitu testing using current LCU and progressive loading cases
to validate simulation results

» Refine operational guidance as a function of:

e ~ Chosen loading condition

Given sea state (wind speed and wave height)
~  Observed wave heading

r Desired transit heading

FILE US NAVY 060604-N-8547M-011 LANDING CRAFT UTILITY LCU 1658 15
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