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This report presents theoretical absolute motion data for containerships and
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sea states of interest. The predicted motion data are representative of those
likely to be encountered in full-scale sea trials and therefore considered
useful in COTS design trade-off analysis.

Released by Under authority of
R. F. Bailey, Head : H. M. Lacey, Head
Strutegic Sealift Project Office Systems Department

November 1982

IO AR By

i
1
E
1

TSR Sup I ST 8

ol . e




Www e iR g TRY ¥ RET YR e

™

e o EEREREASEENERER

— UNCYIASSIFIED ... — —
SECURITY CLASSIFICATION OF TH!S PAGE fWhen Data Entered;
READ INSTRUCTIONS
1. REPORT NUMDER 2 GOVY ACCESSION NOJ 3 RECIFIENT'S CATALOG NUMBER
NCSC TM 361-82 AT A2
& TITLE (and Subtitle) S.

TYPE OF REPORT A PERIOD COVERED
Ship Motion Trade-Off Analysis for the
Container Offloading and Transfer System (COTS)

6 PERFORMING ORG. REPORT NUMBER

7. AUTHOR/sj 8 CONTRACY OR GRANT NUMBER’s)

D, C. Summey and T. C. Watson

RE S 10. PRCGRAM ELEMENT. PROJECT. TASK
9. PERFORMING ORGANIZATION NAME AND ADDRELS AREA 8 WORK UNIT NUMBERS
Naval Coastal Systems Center

Panama City, FL 32407 Task Area SF 53 531 202

V1. CONTROLLING CFFICE NAME AND ADDRESS | 12 REPORT DATE

November 1982

13 NUMBER OF PAGES

55

14 MONITORING A—GEN.’,Y HAME & ADORESS/I{ different from Contralling Office: tS S3eCURITY CL ASS. 7ol thie report)

UNCLASSIFIED

[ 15a CECL ASSIFICATION DOWNGRADING

SCHEDULE
| N/A

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. CISTRIBUTION STATEMENT (of the sbstract enterod In Block 20, i different {rom Reparl)

18. SUPPLEMENTARY NOTES

19. KEY WORDS rConfinue on reverss aide il neceseary and Identily by block numbet)

Ship Motion; Motion Data; Mathematical Models

; Lighters (Boats); Tables (Data);
Containerships; Trade-Off Analysis

20 ABSTRACT (Continue on reverge alde il neceseary and !dentify hy block number)

Ship moticn Response Amplitude Operators (RAOs) wece predicted for three con-

tainerships and three lighter vessels. Ship motions (surpe, heave, sway, pitch
roll, and yaw) were also computed for three sea spectra: a P!~rscrn-Moskowitz
2 Bretschneider, and a Bretschneider plus swell. Ship and crane motion data '
for head, quartering, and beam wave incidence angles are presented in tabular
torm with plots comparing barge motion RAOs given as a function of wave inci~
Gence angles, Significant displacements, velocities, and accelerations were

FORM .
DD  ix -y 1473 i"";'?]"_?"::?Vf’lisl°°’°LE*E UNCLASSIFIED

- “ v

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Bnfered,

et sl

boe s piitarie ik Laia

A

Lowiha

- o

Ll

—ak

. - T [
AU { U

SREWEIIN. QUM |

O

L ealaem



Ty ¥V ¥ ¥ FymoF V¥

I 2 i

Bl A

UNCLASSIFILD

SECURITY CLASSIFICATION OF THIS PAGE (When Date Bntered)

20. ABSTRACT (continued):

calculated in each of the three coordinate directions for various rigid boom
crane configurations. A sample procedure 1is presented for using the large
volume of motion data available for the Container Offloading and Transfer
System (COTS) system design.

5N 0102- LF-014- 6601 IINCLASSIFIED
1.

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)

¢



NCSC TM 361-82

FOREWORD

Department of Defense (DoD) planning for the logistics support to sustain
major contingency operations, including amphibious assault operations and
Logistic-Over-the-Shore (LOTS) evolutions, relies extensively on the use of
United States Flag commercial shipping. Since the mid-1960s, commercial
shipping has been steadily shifting towards containerships, Roll-On/Roll-Off
(RO-RO) ships, and barge ships; e. g., LASH and SEABEE. By 1985, as much as
85 percent of United States Flag sea-lift capacity may be in container-capable
ships--primarily non-self-sustaining (NSS) containerships. Though amphibious
assault and LOTS operations are usually conducted over undeveloped beaches,

such ships cannot operate without extensive port facilities. Expeditious
response times preclude conventional port development, posing a serious
problem for containers handled in this environment. This problem, as

addressed in the overall DoD Over-the-Shere Discharge of Cargo (0SDOC) efforts
involving development by the Army, Navy, and Marine Corps, is documented in
the "DoD Preject Master Plan for Surface Container Supported Distribution
System'" and the OASD I&L system definition paper "Over-the-Shore Discharge of
Cargo (0OSDOC) System."

In response to the DoD Master Plan, Navy Operational Requirement OR-YSLO3
has been prepared for an iutegrated Container Offloading and Transfer System
(COTS) for discharging contajiner-capable ships in the absence of port
facilities. The COTS Navy Development Concept (NDCP) No. YSL03 was
promulgated in July 1975 and the Naval Material Command tasked with the
development. The Naval Facilities Engineering Command has been assigned as
Principal Development Activity (PDA) with assistance from the Naval Sea
Systems Command.

Included in the COTS advanced development program are the ship unlocading
subsystem, the ship-to-shore subsystem, and common system elements. The ship
unloading subsystem includes: (1) the development of Temporary Container Dis-
charge Facilities (TCDF) using merchant ships and barges with add-on cranes
and support equipment to offload non-self-sustaining (NSS) containerships
alongside; (2) the development of Crane-on-Deck (COD) techniques and equipment
for direct placement of cranes on the decks of NSS containerships to render
them self-sustaining in an expedient manner; (3) the development of equipment
and techniques to offload RO-RO ships offshore; and (4) the development of
interface equipment and techniques to enable ship discharge by helicopters
(either existing or projected in other development programs). The
ship-to-shore subsystem includes: 1) rhe development of elevared canseways
to ailluw cargo haundling over the surf 1line and (2) development of
self-propelled causeways to transport cargo from ships to the shore-side
interface. The commonalty subsystem includes: (1) the development of wave
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attenuating Tethered Float Breakwaters (TFB) to provide protection to COTS
operating elements; (2) the development of special cranes and crane systems to
compensate for container motion experienced during afloat handling; (3) the
development of transportability interface items to enable essential outsize
COTS equipment transport on merchant ships, particularly barge-ships; and

(4) the development of system integration components such as moorings,
fendering, communications, and services.

In conjunction with an investigation to determine the feasibility of COTS
operations, analytical motion data involving three sea states are presented
herein for containerships, lighter vessels, an¢ rigid boom cranes.
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SUMMARY

After the RAOs were predicted for three containerships and three lighter
vessels, a containership and lighter pair were chosen which would yield
motions representative of those encountered in COTS operations. Using
Pierson-Moskowitz and Bretschneider sea spectra, significant surge, heave,
sway, pitch, roll, and yaw motions were predicted. Relative displacements,
velocities, and accelerations between a boom tip attached rigidly to the
containership and the lighter center of gravity are presented for several
crane boom positions and geometries. In addition, absolute boom tip motions
were also predicted. Tables of these motions are presented for the many
configurations investigated, and a sample procedure included indicating how
these data are used for COTS analysis. The generation of the motions provides
data for use in the trade-off design and analysis of the COTS and fulfills the
objective of this study.

iii
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INTRODUCTION

The COTS program investigates the feasibility of cargo transfer ashore
from non-self-sustaining containerships at sea where port and offload facili-
ties ave not available. This concept involves the installation and use of a
shipboard crane to convey up to 40-ton cargo containers to small, 1light
vessels (lighters) which will then carry them ashkore.

The system must be designed to operate in environments as high as sea
state 3 without significant damage to the cargo, crane, or lighter vessel. &n
otherwise routine task in a static, land-based situation, the introduction of
the relative ship motion factor requires analysis of the proposed system from
a dynamic point of view. Compeusation for this relative vertical motion
between the crane-borne load and the lighter deck must be previded to reduce
impact velocity at load touchdown.

In order to investigate the total dynamic problem, a group of mathemati-
cal models was developed to simulate all eclements of the system and its
operational environment. These include seaway, ship motisa, crane structure,
and crane control.! 2 3 Using ship geometry data,? the skip motion model is
exercised for several containerships and lighters to predict Response Ampli-
tude Operators (RAOs) for head, quartering, and beam seas. These RAOs are
then combined with Pierson-Moskowitz and Bretschneider sea spectra models to
produce absolute and relative ship motions for a selected containership and
lighter vessel. For selected crane configurations on board the centainership,
rigid boom tip motions and relative motions betwe.n the boom tip and the
lighter craft are predicted as functions of wave heading, crane position, and
crane geometry. These data are presented in tabular form for use in COTS
system design trade-off analyses.

INaval Coastal Systems Center Technical Note 412, "Ship Motion Model User's
Manual for the Container Offloading and Transfer System (COTS)," by
D. C. Summey and T. C. Watson, July 1977.

2Naval Coastal Systems Center Technical Note TN 413, "Control Systems Model
User's Manual for the Container Offloading and Transfer System (COTS)," by
D. C. Summey and G. J. Dobeck, August 1977.

3Naval Coastal Systems Center Technical Note TN 478, "Structures Model for the
Container Offloading and Transfer System (COTS)," by N. S. Smith and
D. C. Summey, March 1979.

iNaval Coastal Systems Center Technical Note TN 415, '"Preparation of Imput
Data for COTS Ship Motion Study," by D. C. Summey and T. C. Watson, April
1977.
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SHIP AND LIGHTER RESPONSE AMPLITUDE OPERATORS

Following an extensive math modeling effort at the Naval Coastal Systems
Center (NCSC), two major ship motion computer programs were used to generate
RAO data. The MIT 5-D Seakeeping Program predicts RAOs for general ship head-
ing with greater accuracy than the Naval Civil Engineering Laboratory Program,
Relative Motion (RELMO)! ° but neglects surge computation. To provide motion
data in all six degrees of freedom, the NCSC developed procedure predicts
surge RAOs with RELMO and then combines the results with those of the MIT 5-D
program. As discussed in later sections of the report, CTRADE uses the pre-
dicted RAO data tc¢ compute rigid boom motionc aud relative motion data for
containerships, lighters, and crane geometries of interest.

Ship motion RAUs were predicted for each of three containerships and
three lighters listed in Table 1; each vessel was considered to be within the
range of vessel sizes identified for the COTS operation. The C5573B, C6S85A,
and C7SB8A containerships were analyzed in both lightly and heavily loaded
conditions to evaluate the effect of cargo on vessel response. Surge, heave,
sway, pitch, rcll, and yaw RAOs were computed for head, quartering, and beam
seas for each vessel (refer to comparative plots in Figures 1 through 9).

RAOs offer a convenient approach for comparison of ship motions in the
frequency aumain without specifying the exact seaway forcing function. Exami-
nation of Figures 1 through 3 and 4 through 6 reveals a remarkable similarity
between corresponding RAOs. Conclusively, the RAOs for the C6 and C7, with
the o=xception of roll, are generally seen to be within the same envelope as
those for the C5. In the case of roll, the C5 has a larger peak value but a
different peak frequency. With the exception of roll, the C5 would therefore
exhibit more ship motion than the C6 and C7 for a given sea spectrum. If the
sea spectrum is chosen so that the energy is concentrated at the roll peak
frequencies for the three containerships, then the C5 would also exhibit more
roll motion than would either the C6 or C7 for spectra peaked at their
respective roll peaks.

These comparisons indicate that the motions of the C6 and C7 will be no

greater than those of the €5. Thus, in order to establish system design
criteria, only motions for the C5S5733 need be computed at various seaway and
heading conditions. The conclus.on that the C5 response is larger for all

motions is based cn the assumption that the peak frequency of the sea spectrum
is selected to coincide with the peak frequency of the dominant ship RAO being
considered (usually pitch or roll). A similar comparison between loading
conditions revealed the lightly loaded CS response to be more than the heavily
loaded vessel.

"Naval Coastal Systems Center Technical Memurandum TM 342-82, "Comparison of
Computed Response Amplitude Operatore for Containerships, Lighters, and
Barges," by D. C. Summey and T. C. Watson, February 1982.
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TABLE 1

CARGO AND LIGHTER VESSELS CONSIDERED IN COTS STUDY

Length? Beam Draft Displacement

Vessel (fv) (ft) (ft) (long tons)
C5-5-73B2 581.83 78.00 29.62 24,655
C5-5-73B3 552.74 78.00 19.08 14,766
C6-5-85A2 625.00 90.00 31.42 28,520
C6-5-8543 593.75 90.00 21.51 17,697
C7-S-88A% 677.00 95.00 33.72 38,256
C7-S-88A3 643.15 95.00 23.70 23,510
LCH-8 56.17 20.98 2.31 50
LCU-1610 124.95 29.00 2.90 185
3x15
Pontoon 90.00 21.00 1.40 55
Causeway

1Load water line length

2Heavy condition

3Light condition
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In Figures 7 through 9, a comparative analysis of the lighter RAOs indi-
cates that generally the Landing Craft Mechanized-8 (LCM-8) motions will be
similar to those of the pontoon, and the Landing Craft Utility (LCU) motions
will be no greater than those of the LCM-8. As a result of this comparison,

rather than analyze the motions of each lighter vessel, motion data will be
generated only for the LCHM-8 lighter craft.

As a result of the overall RAO comparisons, the C5873B and the LCM-8 were
chosen for an in-depth motion analysis with various ship and crane geometries
and seaway models. Typical relative motion RAOs for head seas as produced by
the NCSC CTRADE program! for these two crafts are presented in Figure 10.
These data represent relative motion displacement, velocity, and acceleration
responses in each of the three coordinate directions between a point chosen on
the C5 and a point on the LCM-8. The three points chosen in Figure 10 corres-
pond to the lighter vessel center of gravity and the mid-ship, fore, and aft
quarter points on the containership. It should be noted that for the relative

motion RAOs it is assumed that there is no interaction between the two vessels
of interest.

COTS SEA SPECTRUM MODEL

The RAO data presented In the previous section are transformed into
motion data when combined witn a sea spectrum model. The seaway model pro-
grammed into the COTS ship motion model will now be discussed.

The Seaway is a superposition of many regular waves of different ampli-
tudes, frequencies, and phases traveling in different directions.® 7 8
ship motion programs are not capable of analysis with multi-directional
spectra, a unidirectional sea in which all waves are assumed to come from one
direction is considered adequate for this analysis. In general, the sea is
composed primarily of two types of waves: (1) high frequency, wind generated
waves represented by a high frequency band of energy and (2) lower frequency

Since

libid.

S0chi, M. K. and Bolton, W. E., "Statistics for Prediction of Ship Performance
in a Seaway (Parts I, II, and I77)," International Shipbuilding Progress;

Vol. 20, February 1973, No. 222, vol. 20, April 1973, No. 224; Vol. 20,
September 1973, No. 229.

Michel, W. H.

, '"Sea Spectra Simplified," Marine Technology, January 1968,
pp- 17-30.

8Massachusetts Institirte of Technology Report No. 70-3, "Computer Aided Pre-

diction of Seakeeping Performance in Ship Design," by T. A. Loukakis, COM-71-
00590, August 1970.
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swell waves, usually characterized by a single f{requency narrow energy band.
The severest seaway in which the cargo transfer system is required to operate
is an upper sea state 3. This seaway is characterized, on the average, by
5-foot significant wave heights, 2.5 to 8.8-second wave periods, and 32 to
400-foot wave lengths, with an average wave height, wave period, and length of
3.3 feet, 4.8 seconds, and 200 feet. In lower sea states, the seaway exhibits
lower wave heights, faster periods, and shorter wave lengths; the opposite is
true in higher sea states.

The most widely used unidirectional spectra are the Pierson-Moskowitz and
Bretschneider. Both spectra have a single peak and the general form

S(w) = a w's exp (=B w-a)

where
a=5w w3206
p
=5 wi/a
B P
1/3 _ . ... . «
H = significant wave height (feet)%®
wp = frequency where S(w) is maximum (radians per second)
w = frequency in radians per second.
Both Hl/3 and wp are independent parameters in the Bretschneider model

where the Pierson-Moskowitz is a function only of significant wave height.
The word "height'" signifies the distance from the trough (low point of the

wave) to the wave peak within one wave cycle, and }{l/3 is the average of the
one-third largest heights. The word '"average' indicates that the significant
wave height is a statistical quentity. The peak frequency for the Pierson-

Moskowitz is given by the following function of Hl/3:

w = 0.401. J;/H1/3

where

g = 32.2 ft/sec? (acceleration of gravity).

The Bretschneider spectrum is defined in terms of peak frequency and sig-
nificant wave height. When peak frequency data are avaiiable, the two
parameter Bretschneider may provide a better description of the seaway than
the single parameter Pierson-Moskowitz.

*Throughout this report wherever significant wave heights (H1/3, 1/10,

are referred to, the units are feet unless otherwise indicated.

H etc.)



'.
-

R

————— T e e ——— ‘”r‘vwﬂr’j”‘-q’ - e

g e

LE K i IR )

i

NCSC TM 361-82

As the significant wave height, H1/3, is defined as the average of the

1/3 highest waves; Hl/lo, Hl/lOO' and Hl/lOOO are similarly defined as the
average 1/10, 1/100, and 1/1000 highest waves. These stacistics can be
related to the seaway energy and are summarized as:

/3 _ , -
H = éJmo
rl/10 - 5.085m
y!/100 _ 6.664\m_
4171000 _ 7 7124

The probability ihat a wave height will exceed the average height is 13.5 per-
cent, 3.9 percent, 0.4 perceut, and 0.1 percent for « equal to 1/3, 1/10,
1/100, and 1/1000. These statistics are useful in determining upper limits
and worst case probabilities for random ship motions.

Deciding which spectrum to use for computing ship motion poses many
difficulties. Since the energy of the seaway, m s is considered a fixed

quautity in terms of sea state, the area under the spectr.m can be specified
with certainty. However, the distribution of energy in frequency is not
readily specifiable. Spectral analysis of actual sea data shows that spectrum
shape varies greatly from one geographical location to another as a function
of weather, time of year, time of day, and ocean depth. It is conceivable
that a spectrum could be accurately specified for one geographical location,
one season, one time of day, one weather condition, and one ocean depth; but
many spectra are needed to develop data for general COTS design criteria.

The only approach that seemed reasonable was to predict motion for
several spectra. These spectra would correspond not only to spectra exciting
the cargo ship at its natural frequencies of pitch and roll, but also to the
conventional Pierson-Moskowitz spectrum. In addition, a special very narrow
band spectrum with the energy of a lI-foot high wave was superimposed on the
normal Bretschneider spectrum in an attempt to model the effect of swell. It
should be noted that the swell modification increases the significant wave
height from 5.0 to 6.1 feet for a sea state 3. lsing these spectrum types,
ship motions, relative motions, and rigid boom crane motions were computed to
provide motion data characteristic of proposed COTS operations. Figure 11
provides the results of the spectra investigation and relates the following
correspundence:

1. Pierson-Moskowitz spectra with significant wave heights of 3.0,
5.0, and 6.5 feet [upper sea states (2, 3, and 4)]

16
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2. Bretschneider spectra with a peak frequency of 0.55 radian per
second corresponding to the C5 resonant roll frequency (Figures 2 and 3) and
significant wave heights of 3.0, 5.0, and 6.5 feet

3. Bretschneider spectra with a peak frequency of 0.675 radian per
second corresponding to the C5 resonant pitch frequency (Figures 1 and 2) and
significant wave heights of 3.0, 5.0, and 6.5 feet

4. Bretschneider spectra described in paragraph 2 with a 1-foot
swell superimposed at 0.55 radian per second and significant wave heights of
3.0, 5.0, and 6.5 feet

S. Bretschneider spectra described in paragraph 3 with a 1-foot
swell superimposed at 0.675 radian per second and significant wave heights of
3.0, 5.0, and 6.5 feet.

These spectra correspond to those which, in general, excite the cargo vessel
rather than the lighter craft. Those spectra which would excite the lighter
craft have higher {requency waves which would not excite the cargo vessel, and
would therefore gencrate less relative motion. The lower frequency waves
which excite the cargo ship, however, also excite the lighter craft which tend
to follow the waves. Thus, the spectra which excite the cargo ship are the
spectra which produce the largest relative motions for the system, a factor
especially true when computing the motion of a crane boom rigidly attached to
the cargo vessel.

Althouga Pierson-Moskowitz and swell spectra data are valid only at
specified wave heights, the Bretschneider data can be scaled to provide
motions for different significant wave heights at the same peak frequency.
For example, if a pitch motion for head seas (corresponding to a Bretschneider
spectrum of 5 feet peaked at 1.0 radian per second) is 1.5 degrees, the
motion for a Bretschneider spectrum peaked at the same frequency with a wave
height of only 2.5 feet would be (1.5)(2.5)/(5.0) = 0.75 degree. This linear
scaling technique can be used to predict motions for any significant wave
height spectra at the specified Bretschneider peak frequencies.

SHIP AND RIGID BOOM MOTION DATA

In addition to ship motions (surge, heave, sway, pitch, roll, and yaw),
the CTRADE program also provides the capability to compute displacement,
velocities, and accelerations in each of the three coordinate directions for
any data point considered to be rigidly attached to the ship center of
gravity.

The previously presented RAO data and sea spectra models were therefore
combined to predict absolute ship motion for the C5S873B and the LCM-8; rela-
tive motions betweeu the craft; and rigid boom tip displacement, velocity, and
acceleration motions in the three coordinate directions for a crane in dif-
ferent geometry configurations rigidly attached to the cargo ship. The motion
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data, much of which is categorized as phased and worst case, is presented in
tabular form for the different sea spectra and wave incidence angles
(headings) of interest. The phased data corresponds to using the phase angle
information produced with the RAO data by the ship motion program in compuiing
displacements, velocities, and accelerations. Worst case motions correspond
to the assumption that the phase angles are all zero, thus yielding maximum
possible values for the displacements, velocities, and accelerations computed
from surge, heave, s8way, pitch, roll, and yaw. The capability to compute
worst case motions was incorporated into the CTRADE program for two reasons:
first, the agreement of computed phase angles is not ncarly as well documented
for ships as are the RAO data; and second, cuncellation effects computed with
inaccurate phase angles may produce motions which are much less than the
values with appropriate phase angles. Therefore, if the phased motion and the
worst case motion computations differ greatly, the more conservative worrst

case data may be more appropriate for input into the COTS design and trade-off
analysis.

The ship motion responses of the C5573B and the LCM-8 are presented as
functions of heading in Tables 2, 3, and 4. Tie responses of the vessels to
Pierson-Moskowitz spectra at sea states 2, 3, and &4 are presented in Table 2.
In Table 3, significant ship motions for quartering seas are presented for the
five spectra discussed in the previous section. For the containership, the
motions excited with spectra 2 and > can be seen in Table 3 to be generally
less than those for spec:ra 4 and 5. While this trend does not always apply
to the lighter craft, its motions are of the same order for similar spectra.
Thus, in order to reduce the amount of data while still bounding expected
motions, general motion daty will only be prescnted for the Pierson-Moskowitz
and both roll Bretschneider spectra. Although only quartering sea data are
presented in Table 3, the same trends are evident for head and beam seas.
Thus, if motion data are des.red for the Bretschneider spectra peaked at the
pitch RAO peak frequency, data for the <similar roll peak will be the upper
bound for the containership, The data set presented in Table 4 corresponds to
the ship motions for head, quartering, and beam seas for Pierson~Moskowitz,
Bretschneider, and Bretschneider plus swell for a sea state 3.

The ship motion data, although valuable, is not the most useful form for
estimating COTS motion compensation requirements; the data must be transformed
into significant displacements, velocities, and accelerations along the three
axes of the containership. The CTRADE program provides those types of data
for any point attached rigidly to the C5 and for any point on the C5 relative
to another point on the LCM-8 lighter. By assuming the boom is a rigid mem-
ber, boom tip motions for various crane configurations and positions and
various sea spectra can be generated. Although this assumption .is not
strictly correct, in general these calculations will provide a good approxima-
tion to the boom tip dynamic motions. Using the rigid boom assumption aand the
relative motion capability of the mathematical model, trade-off data were
computed to evaluate the effects of crane geometry and deck placement for
several crane, ship, and lighter configurations.

The matrix of gecometric quantities considered in the motion analysis are
described in Figure 12. These quantities include the effects of boom eleva-
tion angle above the deck (45, 60, and 75 degrees), boom slue angle off the
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TABLE 2

PIERSON-MOSKOWITZ SPECTRA

) C5573B AND LCM-8 MOTIONS FCR

Pierson-Moskowitz Spectra

(Lightly Loaded) 1 H" = 3.0
LCM-8 Lighter 213 =50
(Lightly Loaded) 3 Y2 = 6.5
. Ship Spectra Containership Motions Lighter Motions
Motiouns Type Head Quarter | Beam Head [Quarter | Beam
1 0.01 0.02 0 0.70 | 6.57 0.04
Surge 2 0.06 0.08 0.02 1.63 1.23 0.05
(ft) 3 0.13 0.19 0.04 2.36 | 1.75 0.05
1 0.03 0.08 0.53 0.81 0.98 1.29
Heave 2 0.19 0.30 1.80 1.84 | 2.03 2.33
(ft) 3 0.35 0.52 2.80 2.64 | 2.82 3.10
1 0 0.04 0.34 01 0.15 0.67
Sway 2 0 0.10 0.95 0] 0.63 2.22
(ft) 3 0 0.17 1.47 0 1.16 3.51
1 0.03 0.05 0.01 3.64 | 3.18 0.07
Pitch 2 0.16 0.29 0.04 5.51 | 4.49 0.08
(deg) 3 0.33 0.60 0.05 6.43 ] 5.13 0.08
1 0 0.08 0.18 0! 2.99 8.19
Roll 2 0 0.33 0.63 0l 4.35 10.05
(deg) 3 0 1.05 1.51 0 5.01 10.86
1 0 0.02 0.02 0| 0.96 0.18
Yaw 2 0 0.07 0.05 0| 1.42 0.27
(deg) 3 0 0.13 0.07 0 1.66 0.34
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1 NCSC TM 361-82

TABLE 4

P 4 rq,v‘,w -
B 1 . A L :

- SIGNIFICANT (H1/3) C5S73B AND LCM-8 MOTIONS FOR
PIERSON-MOSKOWITZ AND BRETSCHNEIDER SPECTRA

Zpu-~tra '
C5S873B Containership Significant Wave Height = 5 Feet
(Lightly Loaded) 1 Pierson-Moskuwitz
LCM-8 Lighter 2 Bretschneider (Roll Peak)
‘ (Lightly Loaded) 3 Bretschneider + Swtll (Roll Peak)
Ship Spectra Contaﬁnership Motions Lighter Motions
Motions Type Head Quarter | Beam Head |(Quarter | Beam
. 1 0.06 0.08 0.02 1.63 | 1.23 0.05
¢ Surge 2 C.82 2.77 0.06 2.25 | 1.61 0.02
' (ft) 3 1.07 1.04 0.07 2.81 2.01 0.02
1 0.19 0.30 1.80 1.84 ] 2.03 2.33
Heave 2 0.95 1.36 2.56 2.38 | 2.42 2.47
(ft) 3 1.23 1.84 3.13 2.95 | 2.99 3.03
: 1 0| o0.10 | o0.95 0] 1.63 |2.59
3y Sway 2 0 1.00 1.97 01} 1.81 2.61
o (fv) 3 0 1.93 3.11 0] 2.23 3.19
@
1 0.16 0.29 0.04 5.51 4.49 0.08
' Pitch 2 0.71 0.80 0.02 2.76 | 2.09 0.02
(deg) 3 0.98 1.01 0.02 2.92 | 2.20 0.02
|
’ 1 0 .33 0.63 0 4,35 10.05
Roll 0 6.63 8.15 0] 2.08 3.89
(deg) 3 0 1 16.45 {19.73 0] 2.20 4,01
| 1 0 0.07 0.05 0 1.42 0.27 *
Yaw 0 0.28 0.06 0| 0.74 0.26
(deg) 3 0 0.43 0.13 0] C.80 0.32
K
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TO INSURE THAT LOAD IS OVER LIGHTER,
CENTER THE CRANE BASE IN POSITION AT:
Q@ WHEN ELEVATION ANGLE:759
8 WHEN ELEVATION ANGLE:60°

WHEN ELEVATION ANGLE :45°

rv-rw—_“‘t*u‘r TTE TR wrr—

TOTAL GEOMETRY MATRIX CONSIDERED:
3 BOOM ANGLES-45°,60°, 789
3 SLUE ANGLES - 0°,459,90°
[ 2 BOOM LENGTHS - 120", 90"
2 CRANE POSITIONS - FWD. QTR. 8 MIDSHIP

FIGURE 12. CRANE AND SHIP GEOMETRIES CONS1DERED IN
RIGID BOOM TRADE-OFF ANALYSIS
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NCSC TM 361-82

ship centerline (0, 45, 90 degrees), boom length (90 and 120 feet), and crane
position on the containership (mid-ship and forward quarter point). In order
to minimize the amount of data presented, aft quarter point motions were
omitted since they were generally less than those for the forward quarter
point. Boom tip displacements, velocities, and accelerations were computed
for each geometric configuration; 3and relative motions were computed between
the boom tip and the lighter center of gravity for those configurations in
which the boom tip (and the load because it would be lscated under the tip)
was located directly above the lighter (slue angle of 90 degrees). The
motions wevre predicted as a function of wave heading for head, quartering, and
beam seas and for sea states 2, 3, and &4 wi*h ithe P.erson-Moskowitz, Bret-

schreider, and Bretschneider plus swelil spectra. 6oth phased and worst case
data* were presented in Tables 5 through 24 for vertical, transverse, and
longitudinal displacements, velocities, and accelera2ticus.  Although almost

10,000 data entries are presented in Tables 5 through 24, not all of the data
for sea states 2 and 4 axre presented. Tables 5 threugh 12 provide data for a
120-foot boom at the mid-ship and forward quarter poin:s for sea state 3
(H1/3 -

for sea states 2 and 4 (H = 3.0 and 6.5). Tables 17 through 24 present
motion data for a 90-foot boom at the mid-ship and forwvard gquarter points for
sea state 3. At this point it should be noted that the Bretschneider spectra
data are directly scalable as a function o¢f significant wave height; however,
the Pierson-Moskowitz spectra data are not scalable. Although not rigorous,
approximations are also possible for data not presented by using linear inter-
polation between data values provided. For example, boom tip motions for a
boom length of 105 feet should be approximately equal to the average of the
motions for the 90- and 120-foot booms.

5.0), while Tables 13 through 16 present a subset cf these same data
1/3

While this report is not intended to specify design requirements, the
large volume of data presented in the tables is useful for determining design
requirements for COTS. The following paragraph discusses a process by which
these data may be used.

By examining both the RAOs and motion data, it it secen that quartering
seas contain pitch motions as large as head seas and roll motions almost as
large as beam seas. Since pitch and roll angula: ~otions are important to the
design criteris o5 COTS, it is likely that a sysi - will w-ik in head and beam
seas if it is designed to meet the environment of gquariering seas. Another
factor 1in determining the design criteria is the choice of the design sea
spectra. Whiie the Pierson-Moskowitz spectra seem too limited for general
design, it appears that the Bretschneider spectrum plus swell is too severe;
therefore, the Bretschneider spectrum peaked at the roll peak is recommended.
Using the quartering seas ancd the Bretschneider spectrum, lable 25 presents
sample COTS design duta ifor sca state 3 (significant wave noight of 5.0). The
same data for a significant wave height of 3.0 are obtained Ly multiplying the
data in Table 25 by 0.06. These worst case data were gleancd from Tables 5
through 24 by noting which motions would correspoud to boom in-plane and
out-of-plane data. Simitar data can be developed tor other design require-
ments from the tabular motion data.

*The displacement, velocity, ard acceleration data presernted are significant
amplitudes.

24
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TABLE 5
BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT MID-SHIP,

LENGTH OF 120 FEET, BOOM ELEVATION OF 45°, H1/3 = 5 FEET

-
CONTAINER SHIT U157}
M-8 L1TiR (RAFT (LG
INANE AT RIpSHIP
BOOM LENGTE = 120"
BooM [LEVATION = 45°
NEEHES
HOTIONS SPECTRA TIP LDIATIIN IMATE SYOTEM AT UL S
3 PREDICTED h_— Yo 3B .. 3536 ;. 1557 y -
- hF AL
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TABLE 6
BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT M1D-SHIP,

\ BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 60°, K/3 = ¢ FEET '

i
|
5-TIB NTRINIE S S ) SPECTRA f
B LiavaEt AT SONIEIC e Whyy REIGHT o 5 FEET {
‘ Ni AT MIOSHiF SN MGSewl T

870M LENSTr ¢ 12D BRITSORREIGER {ROLL PEAK) q
) GOM ELEVATION - 6Lt ETOCANETCER ¢ SWELL (RCIL PEAK) ;
T ] i Ty TP MGTICS RELATIVE MCTIOK :
| N ARLC . Gt SLE ARSLE ¢ gye TLUE ANSLE « Qe :

MO7ICNS SEFUTER TR JATION e S -t af T LOCATION In Swae Gcav Tt 310N N YR CONRDINATE SYSTEM
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TABLE 7

BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT MID-SHIP,

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 75°, H'/3 = s FEET

CRANE 4T MIDSKIP
BOOM LENGTH = 120°
BOOM ELEVATION * 75°

C%-$-738 CONTAINER SHI2 (L IGHT
LCM-8 LiSHTER CRAFT {LIGHT)

SPECTRA
SIGNITICANT WAVE WEIGHT o § FEET
1. FIERSON MOSKOWITZ

2. BRETSCHNEIDER (RILL PEAKR)

3. BRETSCHNEIDER + SWELL {ROLL PEAK)

T1P WOTION
SLUE AwsLE *+ O°
TIP LOCATION [N $HIP COORDINATE SYSTEM

TP MOTION
SLUE ANGLE « 90°

RELATIVE MOT1ON
SLUE ANGLE = 90°

MGTIGhs SPECTRA TIF LOCATION IN SHIP (OORGINATE SYSTE™ SIP LOCATION T SHIP COORDINATE SYSTEM
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NCSC 'M 361-82

TABLE 8

BOOM TIP MOTIONS FOR CRANE AT MID-SHIP, BOOM LENGTH OF 120 FEET,

1/3 h

BOOM ELEVATION ANGLES OF 45, 60, AND ?S°, AND K = 5 FEET

C5-5-738 CONTAINEY SHIP < Juul:
LCM-5 LIGHTER ZRATT {L14m7)
CRANE AY MIQSHIF

800N LINGTe = 120"

WOTiCnS RIS
PRELIL TS Tie: *

HERED

L

FEKD LA ) R

SISPLAT DT r 13
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NCSC TM 361-82

. TABLE 9 .
BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT, :

| BOOM LENGTH OF 12C FEET, BOOM ELEVATION ANGLE OF 45°, AND H!/3 = s FEET 3

76 LINIEINER IR0
T B
(ZANE AT €2wA0D
830 LENGT v 120" 5
BOOM ELEAAT DN « 45°
wELULITY 2z c.ve] 1.72) a.83i 1. )
IPTSSED 3
VERTICAL i R
ACCELERATION 2 »
(FT/SECE: 3 L
TRANSYERSE i =
|
S1GoLATINENT H »
2
efr, 2
e
T3ANSYIQID 1
.
vauslltr L2 .
(FI1:50C 2
L
L 2
;T S !
LINGETUD i 4
FISPLACEMENT 2 1
(FEET) 3
VELoClTY z E
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TABLE 10

NCSC TM 361-82

BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 60°¢, AND H

IERAR ALY
Lou

"4 AT FCRWARD

$sutlia AT L

LA RS PRI PN

/3 2 5 FEET
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NCSC TM 361-82

TABLE 11
BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 75°, AND H1/3 = 5 FEET

C$-5-738 CONTAINER SHIP (LIGHT SPELTRA
LCM-8 LIGHTER CRAFT {LIGHT} SIGNIFICANT MAYE HEIGHT = § FEET
CRANE AT FORWARD . PIERSON MOSKOMITZ
B00M LENGTH = 120 2. BRETSCHNEIDER (ROLL PEAK) E
800M ELEVATION o 75° 7. BRETSCHNEIDER  SWELL (RIAL PEAK)
TIP MOTITN 118 MCTION RELATIVE MOTION
SLUE ANGLE » 0" SLUE ANGLE = 90° SLUE ANGLE » 90°
MOTIONS SPECTRA TIP LOCATION IN SHIP COORDINATE SrSTEM TIP LOCATION IR SHIP COORDINATE SYSTEM TP LOCATION IN SHIP COGROINATE SYSTEM
PREDICTED TIPE Yoo 484,66 Y o -13.42 2 - 155.71 e 436.37 Y » -49.45 7 s 155.7] X« 436.37 Yo -49.48 1 -185.71
HEAD QUARTERING BEAN HEAD QUARTERING BEAM HEAS GUARTERING BEAM
WORST PHASCO | wORST [PHASED| WORST (PHASED | WORST [PHASEC WORST [PHASED | WORST (FHASEO | WORST (PHASED | WCAST [PHASED | WORST IPRASE
VERTICAL 1 0.69| 0.63] 1.27] 1.09] 204 1.98] 0.61| 0.5¢] 1.32] o087 2.41] 2.27] 2.3¢] 1.88] 2.18] 2.10]| 4.5%) 2.37
DISPLACEMENT 2 3181 2.51] S.08] 3.47] 4.67| 3.65] 2.6)) 2.19| 8.51| &6.52] 08.90}) 8.20] 5.09] 4.04 ] 10.55[ 7.25] 10.28} 7.2}
(FEET) ) 4.7 3.42] 8.45) 6.4¢] 727} 6.99] 2.89] 297/ 18.07]16.02019.48]19.01) 6.74] .44 20.50] 16.61] 22.01[17.%¢
YERT[CAL 1 0.61] 0.56] 1.11) 0.97] 1.96] 1.92] 0.54 ] 0.49| 1.15] 0.81) 2.32] 2.20] 2.4)) 2.04] 3.26] 2.33] 4.90] 297
VELOCITY 2 178 1.a5] 2.08| 2.06] 2.84] 2.32) 1.50] 1.26] a.8s| 3.59) S.04f 4.73) 208 2.48( 6.19] 4.1} 6.49) 4.1
{F1/860) 3 2.42| 193] anr| 3.63) a8} a02] 2.14] 167 10.02] 8.81]10.83110.68] 3.93( 3.19f 11.83] 9.20| 12.39( 9.71
VERTICAL 1 0.55) 0.51( 1.01| 0.89| 2.00| 1.92{ 0.49| 0.44| 1.06] 0.77| 2.34| 2.22] 2.15| 2.43} 3.68] 2.88( 5.99[ 4.3¢
ACCELERATION 2 1.06{ 0.89| 1.86] 1.32] .78 1.84] o0.93] o0.77| z.8ef 2.02| .14 2.8e] 2.14) 1.74] 2.92| 2.57 4.47) 2.70
(FT/SEC3) b] 1aef 13 zorf e z.sa| 244 y.23f 0.98| s.e0| 4.87) 611 S.97] 2.52) 2.06] 6.63] S.200 7.30| .¥
TRANSYERSE | 0.00[ 0.00| 1.20] 0.79] 2.78] 2.44] c.00f 0.00] 1.17] o.e6] 2.76[ 2.63] 0.00| o.00[ 2.68] 1.97] 5.24] 3.9
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(FEET) 3 1.68| 2.7 3.47| 2.9¢| o0.13] 0.10f .68 2.97] 3.65| 3.02] 0.20f 0.17F 6.42] ).61] £.06) 1.79] 0.2} 0.16
LONGI TUD AL 1 0.44 | G.42( 0.74| 0.69] 013 o.cof 044 0.42| 0.78] G.68] 0.17] 0.07] 2 16| 1.81] 2.07 1.48 o0.21 0.12
VELOCI 1Y 2 vas | 120 160 1.4s] o0.08] cos] 19| 1.20f 1.78] 1.a7] ani] 0.06] 290 1 2s] ese] 119 0.17 0.07
(F1/SEC; 3 203 e | 2aal | el cor aoa) ral ] ves| enaf 2] el ie3] sy 12 0.14 elio
LONG I TUBINAL 1 0.9 ] 0.98f 066 | c.e2| 218] o100 039 asaf ¢.r0) .62 avef oes] 2] 2 e 174 0.27 0.18
ACCELERATION H 0.8 | crz| v.22) 0.97] o.0r| coos] c.ar) ootp| v 2s] o) o.1ef eos) 1.95) 1.14] 204 1.0 204 097
(F1786C70 3 16| ceaf 162 132 cor] coe) vae| sl icif v} o] corf 23] 18] 238 109 214 o.c8




NCSC TM 361-82

TABLF 12

BOOM TIP MOTIONS FOR CRANE AT FORWARD QUARTER POINT, BOOM LENGTH

OF 120 FEET, BOOM ELEVATION ANGLES OF 45, 50, AND 75°, AND H1/3

= 5 FEET

Le{LTRA
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NCSC TM 361-82

TABLE 13
- BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 45°, AND H/3 = 3 FEET

-
8
. .
-
: £5-5-736 CONTAINER SHIP (LIGHT SFECTOA
LCH-8 LIGHTER CRAFT (LIGHT) SIOWIFICAYD WAVE %EiGu? = 3 bEET
R CRANE AT FCRWARD 1. PiERSON MOSKOWITE
f“ B0 LENGTH * 120 2. BRETSIHNEIGER (&G.! PEAX)
h BOOM [LEVATION o 45° 1 BAETSCMNEIDED » SWELL (ROLL PLAK)
.
. 1P HCTION TIP M 1OM RELATIVE MCICH
SLUE ANGLE = 0° SLUE AMGE » 90° SLUE ARSLE + 80
- T IONS \PECTRA TIP LOCATION 1M SHIP (UCRDINATF SYSTEM TIP LCIATION IN SuIF JO0ACINATEL v TEM 11> LCCATICH N SHIP CXOR0INATE S7S°IM
- PREDICTED TYPE X 250501 Yo 4037 2. 124.6% T s 436,37 Yo AS4R 7 = 11868 Ko 836.37 v s <4948 e 124.69
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‘ WORST SEC| WORST JPHASED| WORST (PHASED | WORST |PHASED FEASEN ] wiRST IPHACEO | WORST fEwASED] wORST [FrAsED)
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. ’ YERTICAL 1 0.1¢] o0.14] 0.4 o0.28] ©.79] 0.49] 0.1 o0.10] c.29] ¢.23] c.83] c.7s) 1.1 1.08] 1.54) 1.32] 2.¢6] 2.05
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NCSC TM 361-82

TABLE 14

BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,

A\ BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 75°, AND K'/3 = 3 FEET -

i e

DRAAAD B TR )
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NCSC T 361-82

TABLE 15

BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT, BOOM

LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 45°, AND H1/3 = 6.5 FEET
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NCSC Ti: 361-82

TABLE 16

BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 75°. AND Hl/3 = 6.5 FEET :
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.z TABLE 17

. ) BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT MJD-SHIP, BOOM LENGTH

! . OF 90 FEET, BOOM ELEVATION ANGLE OF 45°, AND H1/3 = 5 FEET
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TASLE 18
BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT MID-SHIP, BOOM LENGTH

OF 90 FEET, BOOM ELEVATION ANGLE OF 60°, AND H'/3 = 5 FKET -
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TABLE 19

BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT MID-SHIP, BOOM LENGTH

OF 90 FEET, BOOM ELEVATION ANGLE OF 75°, AND H1/3 = 5 FEET
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\FEET; I 3 l' S0 0.X | 3e.43 4..56] < .55, 48.97(42 85
TTANSYERSE . ‘soe| cez] 6.7 2..31 0 83| 5.42] 4.30
VLT {;341 $00) 0.0y 3.€6 9.85] ¢ .92 12.17)1¢.08
1L SECC : 3 GO0 C.00|2).20 19 ¢S] 25.68]2z2.37) 9 59 27.11123.69
TaANSV{RSE I 3 ool 0.0 o.rel 28] 2.31] 2.2 2 EREREKL XY
LIEUIRATIOY L2 a.02| e ml e 9 7 e
F1SEL0 3 90c] 6.o0])d 31 15.21113.2)
oM I TUD INAL 1 <1 .35 4 19 ).17 ¢98
S1SE ACENEN" 2 2] e S IR ] R A K RS AU R ]
{FEET) 3 3.i9 | 2.42] 3 2.5 ¢ 5530 4] 53] e ¢z 17
LINSITID IR, i PRI IR R i trio20t| g o e
AELOLITH : 1 s : B 1 i 2eal sy o 2%
FT/SECH k] [ N IS AN BE o3 1 ST B
INGITUDINA, 1 . 2N i [ 280 | 2 reYr 2 210
AZIELERATICY z LS BT R I it <) ] I =1 05
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NCSC TM 361-82

TABLE 20
BOOM TIP MOTIONS FOR CRANE AT MID-SHIP, BOOM LENGTH OF 90 FEET,

! BOOM ELEVATION ANGLES OF 45, 60, AND 75°, AND H1/3 = 5 FEET )

€5-5-738 CONTAINER SHIP (L ]16H7) CPECRA
LON-8 LIGHTER CRAFT {Lla1) SIGhFITANT WAVE WFIGHT = § FEET
- CRANE AT MIOSHIP 10OBIRMN MOSKMITY
o 8008 LENGTH = 90° 2. BEETSCHNE 1DEE 19211 PEAK]
. 3. BRETCCHMEIDER + SwELL (RSLL PEARD
! BCM ELTVATION @ rge BOOM ELEVATIIN » 60° BN ELE.ATICN o 48¢
SLLE ARGLE » 45° SLUE ANGLE = 45° SLUL ANGLE « 45°
NOTIONS spgcToa | TIP LOCETION [N SHIP COCRIIMATC SYSTEM | TIP LOTATICA IN SnIP (OGOGINATE SeSltw I IN S=iP COORDINATE SYSTEM
PREDICTED Type Ao 5109 v - .46.20 1< 12673 X e 326,28 v= -39.8¢ e 112 X+ 33946 v e .3 7 10144
" HEAD QUARTERING I BEAM HEAD QARTERING BERM rEAT TUARTERING Biap
- WORST 50 worst [paseal weast Jerasen | worst fouasee] worst Jouasec | wonst lorase x| wosss P aED | WORST [PWASE
VERTICAL | c.27| 0.24] 0.69] 0.4 2.30) 2.19) 0.3 | 0.28) 0.73] o.as| .24 2.1} o3¢ 0.3z 0.76] 9.19] 2.19 2_1ﬂ
C1SPLACEMENT 2 1.32] 1oa] e.73) s.931 aa3] Yrs] 1.s0f 1.33] saas| s.22| 6| s9| 1es] 12z s71] asa| 65116018
(FEET) 3 1.77] 2.35015.29 1 14.67] 18.35117.99] 2.03] 1480 13.70{ 1289 16.18[ 15.82] 2.25| 1.60| 12.34) 11.38] 14.32{13.9?7
. YERTICAL 1 0.24| 0.21]| 0.62]| 0.42| 2.21| 2.13] 0.27| o.24| 0.65| 0.44] z.16] 2.08] 0.3¢c| 9.271 c.€8| 0.4?| 2.1} 2N
- VELOCIT( 2 .70 w.i5) .76 3.2/ 4.88] 4.48) o.80]| 0.61] v.as]| 287! ol scz] coea| o0 3.2y 258! 45 164
'E} (F1/5EC) 3 0.95] 0.723] 8.43| 8.c7{10.21| 9.99| 1.10]| 0.89 7.56] r.09| s.02| e.saf 1.22] o0.22] s.€2| 6.25| s.00[ 7.79
. VERTICAL 1 0.21) 0.19] 0.58( 0.42] 2.22) 2.14] o.24| 0.22| 0.61} 0.44) 2.16| 2.06V 0.2 c.2¢| c.e3| c.46] 212! 2.9%
AcceLERATIOn [ 2 040 0.32 2.14} 1.B2| 2.99| 2.75{ o0.46) 0.36] 1.98| :i.€9| 2.73% 2.49) o.52| c.a0 1.85) 1.42| 2.%2f 2.3
fFT/SEC?) 3 C.54| 0.41] 4.67] 4.45] 5,76 S.62] G.62| 0.46] 4.20) 3.91) .12 4.98] C.63! 2.61] 303 1.45] 4.9 443
TRANSYERSE 1 0.00j N.00] 0.86] 0.68] 7 34§ 2.29] ¢.00] 0.96] 0.82] 0.62( 2. 26( 2.13] c.co| 2.%0| o0.75) 2.4 2.1y z.04
SspLACEMEN | 2 0.00] 0.00[15.69]14.08] i9.57] 17,42} 9.00f c.oc| 14.61|13.08[ 1830 16,0} ¢ o8] o.¢2f 13.01; 11 &S| 16351416
5 [(1188] L2 0.00] 0.00}38.4] 34.87) 46.54] 41.54] 0,00 0.000 35.96] 32.35] 23,47} 38.48] c.50f 5.20) 31.95) 26.37] 38 5814360
TRARSVERSE : c.00) 000] 0.76| 0.56] 2.26] 2.19] 0.00] 0.00] 0.74] .Sy 218! z.19)] 9 o¢| Z.6i| C.63 i agl 13
. Loy 2 0.00] 0.00] .65 | 7.96)10. 93] 9.85] .00 G.00, 8.10] 733[10.23] 9.18) ¢ it sty 7on| ¢.33] 911 6.02
: FT/SEC 5 0.00] 0.0 a1.17] 19230 25.67] 22.96] .00 c.0¢| 13.80] 17.86 23.98] 21.22) c.cu| 0.0np 17.59) 15.64] 21.2814.68
TRANSYIRSE 1 1 0.0 7_0:30 ¢c.781 0.5¢] 2.36] 2.25] 0.20§ 0.0, 9.73] 0.45: 2.29] 2.17] 2.°¢c) &.0%0 0.66; 0.8 2.15 232
AZZELERATISN 2 0.00] 000 4.83| 4. 41] 6.22] $.67] c.o0f 0.00] 453] 4 lor 5.83] s.28] 0.4 2 4.230 3530 5.2) 4.66
." Ay 4 3 c.00) 0.00]11.67,10.63)18.23] 12.74] c.00{ 0.5 10.92y 9.8¢[ 13.28] 11.61] c.oof o0 <c.70l e€3 11.7912.9)
LORS [ TUDIMAL 1 541 2.3 | 1.55] n.¢s| o514] oo0e] 039 o037 1.38] o.60] o1y goosd ¢ L:T—;J 1 asd o :
CISPLATEMEN] Fd 2.320 1.78) 2.85) 1.98 ¢.13] o.09) 2.2 1.68} .67 15| 0019 nom] c0af 183 can ted 2.1Y 5.07
(FEET) 3 3.09] 242 3655 2 51 o5.19) o.e] 1ce] 2.8 3.a3] 24| nirf oas] zovep o r2f 222 213 014 ¢.i) ’
- 1085 1TLE TN F s 536 aaet v 1] el coia] el azap o2y, cer| coeg| ci3p o0 5.3 S G186 o4 13 055
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NCSC TM 361-82

TABLE 21

BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,

BOOM LENGTH OF

£5-5-738 CONTAINER SHIP {LIGHT
LM-B LIGHTER CRAFT (LIGMT)
CRANE AT FORWARD
BOOM LENGTH o 90"
B0OM ELEVATION » 45°

90 FEET, BOM ELEVATION ANGLE OF 45°, AND HY/3 = 5 FEET

SPECTRA
STGNIEIIANT WAVE HEIGHT = & FEET
1. PIERSON MDSKQWIT!
2. BRETSOMMCIDER (RILL PEAK]
3. BRETS{AMEIDER + “Witl (ROLL PEAK)

TIP WOTION TIP MOTICH RELATIVE MOTION 1
SLUE ANGLE + pr SLLE ANGLE = 9ot SLUE ANGLE = 90*
T IONS SpECTRA | TEP LDCATION IN SHIP COGRDINATE SYSTEM | TIP LOCATION [N SHIP COGRGINATE SYSTIM | 11 LOCTATICH in SHIP COORDINATE S:STEM
PREDICTED Tp | 1t 505.00 ve 1906 ze 1004 | x- 4%y ve 948 2e 1004 | x4 v ce9s 2e 00
HEAD QUARTERING BEAN HEAD QUARTERING BEAN HEAD QUARTERING 8w
WORST PHASED | WORST [Prase| moRsT Jerases | worsT fowaseo| worst[pmasic | worst [omase | worsT foraseo | worst Prasen] wosce iraase
VERTICAL . 0.60{ 0.74| 1.50] 1.40] 2.13] 2.12] 0.61f 0.95] 1.32] 0.87] 2.41) 227)2.36 |1.89 |38 | 2.10 LSL] 2.32
D1SPLACEMIA® 2 3.67| 2.98] 6.15| 4.09] 48] S.55[ 2.83f 2.a5) 8.51] 6.5z 8.90) 8.20]5.09 } 4ok f1o.55 | 7.25 1098 ) 1.23
(FEET) 3 5.06) 4.07|10.66] S.66) 9.18] 12.28] 3.89| 2.97] 18.07] 16.02| 19.48) 19.11] 3.69 | s.4a Po.60 |16.61 J21.01 D17.52
VERTIZAL \ 0.71| o.66] 1.30| 1.21] 2.06| 2.05] c.54( 0.49] 1.15) o.81| 2.32| 2.20f2.43 |2.04 [2.26 | 233 ) as0)w?
VELOCITY 2 2.06| 1.72] 3.63| 2.60f 2.94) 23] vs7f 1260 a8s| reob sna| aralaceloag lens |43 6.55 [ 4lis
(F1/sec] 3 2.80f 2.30] 6.01| 3.38| s.2a] 6.87) 28| 1.67] 10.02| 8.61) 10.83] 10.61]3.92 {319 |12.53 [ 9.20 [12.39 | 9.71
VERTICA 1 o.64| 060l 1.18( i.05) 2.08) 2.06] 0.49| 0.4 1.06] 0.77( 2.34| 2.22]2.75 | 2.49 [ 3.68 | 2.89 | 5.99 | 4.5
ACCELERATION 2 1.23] 1.08| 2.26| i.74f 1.98| 2.1a] 0.93f 0.77} 2.84| 2.02] 3.14| 2.89|2.24 [ 1.74 | 392 { 2.57 | 4.47 § 2.70
(r175608) 3 162 1.3 34| 2. 3.08| 3951 1.23[ 0.98) s.60| 4.87| 6.1 S.97)2.52 | 2.06 | 6.63 | 5.20 | 7.30( 5.54
TRANSYERSE 1 0.00( 0.00] 0.94] 0.5 2.24] 2.09] 0.00( 0.00, 0.86] 0.61f 2.19| 2.07]0.00 { 0.00 | 2.42 | 1.81 | 4.71} 3.58
S15PUACENENT 2 0.00| 0.00]13.68| 11.85] 16.48] 14.30] 0.00] 0.00{ 13.40[ ti.68[ 16.33) 14.25] 0.00 | 0.00 [14.65 [12.51 |18.29 | 10.61
(FEET) 3 0.00{ 0.00(33.10( 29.40| 38.93| 33.9%0] 0.00] o0.00; 32.°2| 28.97| w.97] 33,800 0.00 | 0.00 {34.23 [30.49 [41.28 [35.06
TRANSYE®SE 1 0.00] 0.00] 0.86] 0.40] 2.20] 2.00] 0.00] 0.00 0.79! c.a1] 2.14] 1.98[0.00 | 0.00 | 2.60 [ 1,99 5.35| s.10
VELOCI Y 2 0.00{ 0.00[ 7.60| 6.66; 9.21] 8.1¢] 0.00] 0.00] 7.44| 6.51| 9.17] 8.0910.00 | 0.00 | 8.23| 7.04 [10.47 | 8.30
(F1/860 s 0.00f 0.00]18.231 16.21] 21.48[ 10.75] 0.00| 0.20' 17.97] 15.97! 21.40] 18.70] 0.00 | 0.00 |ib.96 [15.83 {22.89 [ 19.40
TRANSYERSE \ 0.00] 0.00 0.67] 0.3 2.34] 2.04] 0.00] 0.0 a.79] 03] 2.26 2.05 0.00 | 000 | 2.22] 2a8] r.01] 530
ACCELERATIIA ? 2.00f 0.00| 4.26] 3.700 s.27] 4.7t 0.00] 0.00] 4.17] 3.65| S.24| 4.69]0.00| 0.00[ 4.79| 4.07] 6.45) 5.03
L T/SELE 3 0.00| 0.0010.07 | 8.94| 1391} 10.42] 0.00{ 0.00 9.91/ 8.81] 11.86] 10.29] 0.00 | 0.00 [10.84 ) .34 ]12.92 ] 10.88)
LONG I TUDINAL 1 0.35] 033 o.er] o.ss] o.10] o.of cos| ey c.ea| o.3] 0.z o.oaf ez 167 [ 1.82] 1.30] 0.8] 0.0
DISPLACENT 2 | 2o4] rs3] re3] 1.6 o.09) 0.0f zooa] 154 1.94] 1.mf 0.12) 0.09)4 20 1.s6] 2.85] 1.29] 0.13} 0.
CPEETY 3 2.78] 2.07| 2.3 2.04] o.12] 0 z.79] 2.0 z.69] 2.24] 0.19] o0.¢f 554 | 1.72] s.u4f 1.50) 0.20] 0.1
LOG!TUC N ) 0.3.| o9} o.s2] o.4a] 0.10] o.0f 0.30] 0.29] o0.55] 0.46] 0.13} o.caf 2% | 1.79] 1.89] 1.41] 0.18] 0.19
VELOCI®Y 2 1) o.ss] 1.23] 1.00) o.o7f o 1.1 0.84 1.30] 10| 0.09) O.0sf 254 v26] 247| 1.01) 0.0 2.06
1S 3 193] 1as]| 1.70] 122 o.o9] 0.0 1.53] 114 18] 1w 0.12] c.o9f 322 132 306) 1.09] 0.13] 0.10
LG I TUDi ML 1 0.21] 0.26| n.a7] 0.03] o.u1] o.cf o.27] o2 o.50] o0.42] 0.a5] 0.a5) 2.3 2.0 2.16] 1.68] 0.24] 0.16
AZCELERATION 2 coa o1 o] o066] 0.06] 0.03f 0.64] 051 0.91] 0.6e| C.08] o.0tf1.77 f 13174 091f 2.3[ 3.06
(Fiosecs: 3 oasd o6l 1.1 crr] oor] oos) ome] oeg] 1.24f 081 0.09] o cfroe fras 200 093 0.1 097
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NCSC TM 361-82

TABLE 22

OF 90 FEET, BOOM ELEVATION ANALE OF 60°, AND H

AND RETATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,

1/3 _

5 FEET

UN1EIOANT WA

MOTIINS
SREDIZTED

A= 485 3T

I ning

Yooy

LBRERY I

PR PR

CIANE AT FIARD Lt sy MO
500 LENGTM » 93" s .
20aM ELLVATEON « 60 30 BRETSCWIISER » SWILL {ROLL PEAK)
JF WTICH TiMT FILATIGE MCH 1N
SepoaniLe -0t sLul ANGiy - 697 LGRS
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NCSC TM 361-82

' ' TABLE 23

: BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,
1
IS
= BOOM LENTTH OF 90 FEET, BOOM ELEVATION ANGLE OF 75°, AND H1/3 = 5 FEET
15-5-738 (ONTAINER S41P 11547
. LD 8 LISRTER CRAFT (15475 < FEET
I2ANE AT FORWARD
‘ 820M LENITR » g7 . . P3LL PEAK)
R 80M ELEVATICN « 7¢¢ PETSIRNE IR o Switl (¢ cfax:
MBS U S5 FLATIVE MOT)CN
SL.E ANGLE » §° SLL ANGLE < 90° SLLE ANSLE 0 30
. MOTIONS SPECTRA | FIP LOTATION IN S|P IOPIINATE SrSTEM | T1Z LGATION IN S-1° (O0RGINATE Sectem | iz LOCATION I S12 I339INATE SvsTen
; REDICTEL Tt Ke Q6466 v e <2119 e 126.72 toe 83637 v« -29.48 ., 126.73 143637, s34 L1260
MEAT BEam FEAG FAITING LX) HEAC JUATTEAING Biam
WCR5T IP-ASED | WCRST [PRASET ) WCRST |Pnasic LaliNg SCOM STSSHE IV EIS 4 (SNTELY
VERTIAL 1 9] 2630 3 0] v 2ol o] sl e 2 overr @i 2o el g e 3| 2] sz g
’ CISPLACEMINT 2 2okl 2] v83] 4.00] s.ce] asy) 283 g9 85| .52 6.99 B.2¢f 5°9] s.caf12.se] v ¢l 13 98] 15
(FEET) 3 43 3.42];0.55] e.a:] 9.8| g.5a] r99 2.970 18.271 16.22! 13.45( 19.1] «.7¢ €. Q4| 23.€D 17,84,
YEQT|CAL 1 61 c.se] toia: gossl 208 1.92] 0.54) o.43] 1.1¢ 081 232 220] 28] aerl 2] asil e .57
‘ VELCL:TY : sy 148l 340] . 3.07] 2.1 187y v.26] wss) 2ol 5.1 4 738 3.95] o2.48] €.33] ¢ i3 €.59 4.1
! {FI/SECE 3 c82) r.93f] s.32| 49| <.s7] saz] z.as) 1.e7 i w2) s.8rpEi] qeer] 199 ass|iis3] sl i2ag o b
WERTIZAL 1 .85 n.Si] 1.ca 2.97) 1.98fF 0.49] oo4s; NJ 0.77] &M 222) zrxp 2.43] 368| 7.es] s.99 4 15
LITELERATION ¢ I AL 2.03] 2.24] .97 33y o077l : .08 2 e 2.18) :ore] 332 257 4.470 2 o
iFT/SECE) 3 1.3 1.22 .‘.56' 2651 3.27 sl 1.2y ¢ouss] & €11 e.2i) 2.3z 2.0 €683 so2al 7.3 5. 54
TRUANSYERSE 1 9.5 c.9 1 293 o3l 2.46] 2.33] 0.2 5.0 1. %] 0.64] 2.4 232} 3.6 00 2.53 .8 4.94 374
' | : cr ] a1 2:l i4.43] 19.72] 3rs7) .0} 2.5y 6055 1437 15 1:-i 17.680 05t g 1?.32; LS. 21,56l 17.99
- (et 3 20 £6 13950 3583 4506l 4i.87] o¢| v0! ekl sseciaswl ayg] e sl ¥, 314 4324 4207
savseime | 1 R L6 a)l G5 as 2] csgoce .90 2.37] 2.2i] 6.2 4.2
v ]L 9] ea] s 8 83 o | 3] 693 801 e 392 16
x ! 2.2 | 2i.osl 1955, 25 as] 314 o] coot o218 1968 o =2I 2.1 ¢ 238
1 ﬁICC v.C 2.94] ¢4 253’ 2.2 ;CE 30' C.52) 6.3a; 2 sy zo2e) 44 [
. ; 53 | e | 504 s ! s29] s 5 l 021 Sw] 449 7] o] 2 £.59
TRt l 3 et S0 123 ]| el a2 | ool si95)15.8a) 1423 12 02 0 1329
LNa 1 TUG it }_‘ ﬂj 13;] e 73| 0.66) 7.32) coef oa1f .39 w6l o6 o] o8] 2z 0.54
I9SLACEMENT ] 2.32 17. 78' H 14I 1.9¢) 9.10 ¢ 2.3 178) 2.28] 1.99] 4 3] 6.09F 4 za 3.0
FEiT: 3 2] eazf 297] 2s0) cu] sa) 39 2z 3 2571 2] casf s %14
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NCSC TM 361-82

TABLE 24

- BOOM TIP MOTIONS FOR CRANE AT FORWARD QUARTER POINT, BOOM LENGTH

s |

OF 90 FEET, BOOM ELEVATION ANGLES OF 45, 60, AND 75°, AND H1/3 = 5 FEET -

£4-5-73K CONTAINER SHIP (LI4LT
TW-8 | [GHTER CRAFT (LIGHT!
. LRAME AT FORMARD
] a0cM LENSTH = 997
PO LBV AT o 75° EdOM | SRR
SICE ANDLE ¢ 48 SLUE ANuif = gye P ogge
)i [aNs PLITIA TIP (OCATIOH 1% SHi7 LAGRDINATE SYSTrM TIP L ATION (N IHIT (COCHINATE YoM LTH SRID ICIERIMATE CrOfEM
PREDICTED rrog T e 336,38 Y- 4123 T 126.7) e 47173 v e L38040 7. Ni008 vo.o-l8.30 - L1004
(] RTe) CUbk T{HING 127 HEAD oATTIRING | TaARER e 81 A

iyt forAse ] RS IPHALED] w33 PEAASEO ] wORE T [ AN WTRIT PPHASE ) sl &LV S AT ald T e | WORST IPRACint aLST [FRASE L

wCATilA

0.61] 38| ¢.ooh} 2.0 2z o.np o cess a2 ot oocrhoroa ) ocal o cdf 1,88 L] 22 0 N2

SISPLATEMINT 1.0:] 2.42] 1ea] sovs| 776 709f d.26] 2.59| 135 €02] ee9] e2s) 3ea] 2l co3f aer] eisloee
{FLET) 0| 3.29]w9l1s0) 1668 is.29] aas| s3] ] aiz] s g as) e 12631208
eRi AL sy cosif oo o) sasd das)] coei] siy id) s fge) i weel Goadl @l U] 18] cad

1.72] 1.39] 4.50] 3.19] 4.952] 4.13] 1.83) 1.50] 4.24| 2 93f 405| 3.°%] % 9zf ' 5% 4.01] 2 74] 3.65] 3.1

E ¥iLno Ty

(179460}

7.34] 1.85] &9 | 7.60] 9.23) 9.uv6

WERTICAL
. LLELFRATION 102] .86 267, 1.53] 2.B1] 2.7} 1.63
{F1/SECE) 1as) 1090 s wa1] s.27| sasf 1.
TRANSVERSE 000y noo] 102] s.63] 2.45) 2.33f o %]
: SIS CLALIMENT ) 2 200 G.oof 16,177 14,41 19.71 ) 17.5%] 0.00
. RITES l—J sl conf33.a0y 59 78) 45.85) 41.85) c.00
TRANERST o.9zi 0.50] 2.33] 2.22] 0.0
5.98; 83l 11.02] 9.93] c o2
Vit x |21.73) 35.72! 2584 23.13) 0.0
RaCATIEA sae]| 252! 2.26] c.o6i
, AT ass| s8] s.2] 0
(] IO N g.oe 11199 w.sef 1a.31] 1 ea] 000

LI AL , MR 751 06s| 0.11] o.06] c.0
EISPIAT i MENT 7 L g p2] 13 5.12) ©o8) 2.2
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SAMPLE COTS DESIGN DATA FOR QUARTERING SEAS, “EA STATE 3 (H'/3 = s FeET),
A BRETSCHNEIDER SPECTRA, A 120-FOOT BOOM AND A 60° BOOM ANGLE
AT THE FORWARD QUARTER POINT

NCSC TM 361-82

TABLE 25

MOTION
. DATA

TIP MOTION

BOOM PARALLEL €

TIP MOTION

BOOM OVER SIDE

RELATIVE MOTION
BOOM OVER SIDE

VERTICAL
LISPLACEMENT
(FT)

5.55

8.51

10.55

VERTICAL
VELOCITY
(FT/SEC)

3.28

4,85

6.19

VERTICAL
ACCELERATION
(FT/SEC)

2.05

2,84

3.92

IN-PLANE
DISPLACEMENT
(FT)

2,34

18.06

19.27

IN~-PLANE
VELOCITY
(FT/SEC)

1.58

10.03

10.79

IN-PLANE
ACCELERATJON
(FT/SEC")

1,12

5.61

60 19

DISPLACEMENT
(FT)

OUT-OF-PLANE

18.26

2.47

4.50

OUT-OF-PLANE
VELOCITY
(FT/SEC)

10.14

1.67

2.82

OUT~OF-PLANE
ACCELERAT}ON
(FT/SEC™)

5.68

1.74

1.97
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