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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-Shore Discharge of Cargo (OSDOC) etforts
involving development by the Army, Navy, and Marine Corps, is documented in
the "DoD Project Master Plan for Surface Container Supported Distribution
System" and the OASD I&L system definition paper "Over-the-Shore Discharge of
Cargo (OSDOC) 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 container-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 AcLivity (PDA) with assistance from the Naval Sea
Systems Command.

Included in the COTS advanced development program are the ship unloading
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 cquipment and techniques to enable ship discharge by helicopters
(either existing or projected in other development programs). The
ship-to-shore subsystem includes- (1) the development of ell:",,0Ld ca,,-eways
to oil.,w cargo handling over the surf line 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, and rigid boom cranes.

iii
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SUIMMARY

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



NCSC TM 361-82

TABLE OF CONTENTS

Page No.

INTRODUCTION -

SHIP AND LIGHTER RESPONSE AMPLITUITE OPERATORS. 2

COTS SEA SPECTRUM MODEL 13

SHIP AND RIGID BOOM MOTION DATA 18

LIST OF ILLUSTRATIONS

Figure No. Page No.

I RAOs for the C5, C6, and C7 Containerships in
the Lightly Loaded Condition for Head Seas 4

2 RAOs for the C5, C6, and C7 Containerships in
the Lightly Loaded Condition for Quartering Seas 5

3 RAOs for the C5, C6, and C7 Containerships in
the Lightly Loaded Condition for Beam Seas 6

4 RAOs for the CS, C6, and C7 Containerships in
the Heavily Loaded Condition for Head Seas 7

0 5 RAOs for the C5, C6, and C7 Containerships in
the Heavily Loaded Condition for Quartering Seas 8

S 6 RAOS for the C5, C6, and C7 Containerships in
the Heavily Loaded Condition for Beam Seas 9

7 RAOs for the LCU, LCM-8, and Pontoon Lighters in

the Lightly Loaded Condition for Head Seas 10

8 RAOs for the LCU, LCM-8, and Pontoon Lighters in
the Lightly Loaded Condition for Quartering Seas 11

iv
6



NCSC TM 361-82

LIST OF ILLUSTRATIONS
(Continued)

Figure No. Page No.

9 RAOs for the LCU, LCM-8, and Pontoon Lighters in
the Lightly Loaded Condition for Beam Seas 12

10 Relative Motion RAOs Between the C5S73B and
the LCM-8 14

11 Sea Spectra Used in the COTS Analysis 17

12 Crane and Ship Geometries Considered in Rigid
Boom Trade-Off Analyses 23

LIST OF TABLES

Table No. Page No.

I Cargo and Lighter Vessels Considered in
COTS Study 3

2 Significant (H 1/3) C5S73B and LCM-8 Motions
for Pierson-Moskowitz Spectr. 20

3 Significant (H1/3) C5S73B and LCM-8 Motions
for Quartering Seas and Five Sea Spectra 21

4 Significant (HI/ 3 ) C5S73B and LCM-8 Motions
for Pierson-Moskowitz and Bretschneider Spectra 22

5 Boom Tip and Relative Motions for Crane at Mid-Ship,
Boom Length of 120 Feet, Boom Elevation of 450,

H1/3 = 5 Feet 25

6 Boom Tip and Relative Motions for Crane at Mid-Ship,
Boom Length of 120 Feet, Boom Elevation Angle of 601,
H/3 5 Feet 26

7 Boom Tip and Relative Motions for Crane at Mid-Ship,

Boom Length of 120 Feet, Boom Elevation Angle of 750,

HI/ 3  5 Feet 27

8 Boom Tip Motions for .rane at Mid-Ship, Boom Length
of 120 Feet, Boom Elevation Angles of 45, 60, and 750,

and H1 / 3  5 Feet 28

v



NCSC TM 361-82

LIST OF TABLES
(Continued)

Table No. Page No.

9 Boom Tip and Relative Motions for Crane at.
Forward Quarter Point, Boom Length of 120 Feet,

Boom Elevation Angle of 42", and H 1/3 = 5 Feet 29

10 Boom Tip and Relative Notions for CGnt at
Foward Quarter Point, BooQ Length of 120 Feet,

Boom Elevation Angle of 600, and H'1/3 5 Feet 30

11 Boom Tip and Relative Motions for Crane at
Forward Quarter Point, Boom Length of 120 Feet,

Boom Elevation Angle of 750, and H11/3 ; 5 Feet 31

12 Boom Tip Motions for Crane at Forward Quarter Point,
Boom Length of 120 Feet, Boom Elevation Angles of

45, 60, and 750, and H1/3 = 5 Feet 32

13 Boom Tip and Relative Motions for Crane at Forward
Quarter Point, Boom Length of 120 Feet, Boom Elevation

Angle of 450, and H1/3 = 3 Feet 33

14 Boom Tip and Relative Motions for Crane at Forward
Quarter Point, Boom Length of 120 Feet, Boom Elevation

Angle of 750, and H1/3 = 3 Feet 34

15 Boom Tip and Relative Motions for Crane at Forward
Quarter Point, Boom Length of 120 Feet, Boom Elevation

Angle of 450, and H1/3 = 6.5 Feet 35

16 Boom Tip and Relative Motions for Crane at Forward
Quarter Point, Boom Length of 120 Feet, Boom Elevation

Angle of 750, and H1/3 = 6.5 Feet 36

17 Boom Tip and Relative Motions for Crane at Mid-Ship,
Boom Length of 90 Feet, Boom Elevation Angle of 45',

and H1/3 = 5 Feet 37

18 Boom Tip and Relative Motions for Crane at Mid-Ship,
Boom iLength of 90 Feet, Boom Elevation Angle of 601,

and Hl/3 = 5 Feet 38

vi



NCSC TM 361-82

LIST OF TABLES
(Continued)

Table No. Page No.

19 Boom Tip and Relative Motions for Crane at Mid-Ship,
Boom Length of 90 Feet, Boom Elevation Angle of 750,

and H1 /3 = 5 Feet 39

20 Loom Tip Motions for Crane at Mid-Ship, Boom Length
of 90 Feet, Boom Elevation Angles of 45, 60, and 750,

and H 1/3 = 5 Feet 40

21 Boom Tip and Relative Motions for Crane at Forward
Quarter P-int, Boom Length of 90 Feet, Boom Elevation

1/3
Angle of 450, and H = 5 Feet 41

22 Boom Tip and Relative Motions for Crane at Forward
Quarter Point, Boom Length of 90 Feet, Boom Elevation

Angle of 600, and HI/ 3 = 5 Feet 42

23 Boom Tip and Relative Motions for Crane at Forward
Quarter Point, Boom Length of 90 Feet, Boom Elevation1~ 1/3Angle of 750, and H 5 Feet 43

24 Boom Tip Motions for Crane at Forward Quarter Point,
Boom Length of 90 Feet, Boom Elevation Angles of

45, 60, and 750, and H = 5 Feet 44

25 Sample COTS Design Data for Quartering Seas, Sea

State 3 (HI1/3 = 5 Feet), A Bretschneider Spectra,
A 120-Foot Boom and a 600 Boom Angle at the Forward
Quarter Point 45

v

vii



NCSC TM 361-82

INTRODUCTION

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

The system must be dLsigned to operate in environments as high as sea
state 3 without significant damage to the cargo, crane, or lighter vessel. kn
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. Compensation for this relative vertical motion
between the crane-borne load and the lighter deck must be provided 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 elements of the system and its
operational envirorunent. These include seaway, ship motioni, crane structure,
and crane control. 1 2 3 Using ship geometry data, 4 the ship motion model is
exercised for several containerships and lighters to predict Response Ampli-
tude Operators (RAOs) for head, quartering, and beam seas. These PAOs 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 ccntainership,
rigid boom tip motions and relative motions betwE,2n 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.

1Naval 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.

2 Naval 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.

3 Naval 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.

4 Naval Coastal Systems Center Technical Note TN 415, "Preparation of Input
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)' 5 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 to compute rigid boom motiona- and relative motion data for
containerships, lighters, and crane geometries of interest.

Ship motion RAOs 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 C5S73B, C6S85A,
and C7S88A 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 oamain 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 axception 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 CS 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 CS. Thus, in order to establish system design
criteria, only motions for the C5S733 need be computed at various seaway and
heading conditions. The conclusion that the C5 response is larger for all
motions is based on 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 C5 response to be more than the heavily
loaded vessel.

'ibid.

"r'Naval Coastal Syster•s Center Technical Memorandum TM 342-82, "Comparison of
Computed Response Amplitude Operators for Containerships, Lighters, and
Barges," by D. C. Summey and T. C. Watson, February 1982.

2

L



NCSC TM 361-82

TABLE 1

CARGO AND LIGHTER VESSELS CONSIDERED IN COTS STUDY

Length' Beam Draft Displacement

Vessel (ft) (ft) (ft) (long tons)

CS-S-73B 2  581.83 78.00 29.62 24,655

CS-S-73B3  552.74 78.00 19.08 14,766

C6-S-85A2  625.00 90.00 31.42 28,520

C6-S-85A3  593.75 90.00 21.51 17,697

C7-S-88A2  677.00 95.00 33.72 38,256

C7-S-88A3  643.15 95.00 23.70 23,510

LCM-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

'Load water line length

2 Heavy condition

3Light condition

3



NCSC TM 361-82

SURGE RESPONSE AMPLITUDE OPERATOR HERVE RESPONSE AMPi.ITUDE OPERATOR+T m Itill HIng go IN• + ON till 0H onH III
C 0a

U-

3-.00. r .- 8!~ .Ot U-o .61 sMtTVTo I -s

-%I

I~IL• •X

RRDIRNS PER SECOND RROIRN8 PER SECOND

SWAY RESPONSE AMPLITUDE OPERATOR PITCH RESPONSE AMPLITUDOE OPERATOR1+0lt I~til 01InEf4 1 ill Ht • tilm NH Kin ll t

uJ

C?. 
100

o 'Lo

C,,;-, ,---

I.J

.oo .6o 1.00 Le 1.00 1.60 4.00 .650 .00 soicfl

RADIANS PER SECOND RADIANS PER SECOND

ROLL RESPONSE AMPLITUDE OPERATOR YAW RESPONSE AMPLITUDE OPERATOR+ iONt til 1111 IU ol) 1+ 05il1 till RD In Il

u-..-

Cc ca

d.oo d-so L.oo i-so I.oo i.so Loo is .00 d.so .00o ?Vio-o I i.so 4.o0 4.9n

RADIANS PER SECOND RADIANS PER SECOND

FIGURE 1. RAOs FOR THE C5, C6, AND C7 CONTAINERSHIPS )N THE
LIGHTLY LOADED CONDITION FOR HEAD SEAS

~ ~MI ~~ iI I§ H fl ~ U~ P H4



NCSC TM 361-82

SURDE RESPONSE RMPLITUDE OPERRTOR HEAVE RESPONSE AMPLITUDE OPERATOR

+ ow"', Itiltlt Nog H I 1+f PfH tlft INH IN! III-

8- a,

C;. I

RADIANS PER SECOND fRADIANS PER SECOND

SWAY RESPONSE AMPLITUDE OPERATOR PITC RESPONSE AMPLITUDE OPERATOR "

1+ l ttlft t10 Uon tt If +Ml! till 101 INH off!"

C!!

LL

0-*

II- '4-

cra
x41

.00 .560 1.0 1.' .- 0 .50 Coo J.50 I0 50 T0;; 00.5
RADIRNS PER SECOND RADIANS PER SECOND

SOLL RESPONSE AMPLITUDE OPERATOR YAWc RESPONSE AMPLITUDE OPERATOR

I0

log

c0ý

RU.IN PE ECN RDRo E SCN

act;.-L a:. I

.00 .0 .0 so0 .00o to.50 t0o .5010 e-P10:7.50T -
RADIANS PER SECOND RADIANS PER SECOND

FI GURE 2. RAOs FOR THE CS, C6, A.N"DC7 CONTAINERSHIPS I H



NCSC Th 361-82

8UROE RESPONSE AMPLITUDE OPERATOR HEAVE RE8PONSE AIPLITUDE OPERATORFal! till I N 101l +10t- tial ml in .11

- -

C, 1Ii
RADIANS PER SECOND F43P, I46 PER SECOND

SWRY RESPONSE AMPLITUDE OPERATOR PITCI, RECF.NCE AMPLITUDE OPERATOR

b.I

z.&

RADIANS PER SECOND RADIANS PER SECOND

[ROLL RESPONSE AMtPLITUDE OPERATOR YRI4 RESPON3E AMPLITUDE OPERATOR

1+ OWNl AItl INt lin f 1+ il til l i n• off HIgl

L o. 
cc_

03°i.oo ,~oio -o -o16 .00 4-5 Q-do 6-• -li I-Do0 i-f. 1=, o r , s:o l 1i::;o;.8

RADIANS PER SECOND RADIANS PER SECOND

FIGURE 3. RJAOs FOR THE C5, C6, AND C7 CONTAINERSHIIPS IN THE
LIGITLY LOADED CONDITION FOP. BEAM SEAS

L6b

I-1



NCSC TM 361-82

SURGE RESPONSE AMPLITUDE OPERATOR HERVE RESPONSE AMPLITUDE OPERPTOR

f+M Hill on IN +1
CD

100

to

RADIANS PER SECOND RADIANS P'ER SECOND

SWAY RESPONSE AMPLITUDE OPERATOR PITH RESPONSE AMPLITUDE OPERATOR+2I 0N." Off t Hil11 HIf 1+ Pull Of Hill [if oil

'S. N
C!

C?

RADIAN8 PER SECOND RADIANS PER SECOND

FIA G REPONS RAOPITD -OPRATORCC6 N iC7 RENTAONSERSHMPLINTUDE O AO

~~UHEAVILYt~ LODE CONITIN FRHAD EA

I-

~CCD

I-. So 0 o 0
.00 6.6o i-00 i-so 1.00 1.60 TOO0 so6 o d5.00 4ek. tk5l is

RADIRNS PER SECOND RADIANS PER SECOND

ROLL RESPONSE AMPLITUDE OPERATOR YAW RESPONSE AMPLITUDE OPERATOR

C? CZ

C?

ae

(A~.Do 6-5 10I-so 1.00 4.60F0 d foo (1-00 0.6so 1.60 1-00 1-60 &00d
RADIANS PER SECOND RADIANS PER SECOND

FIGUJRE 4. RAOs F'OR THE CS, C6, AND C7 CONTAINERSHIPS IN THE
HEAVILY LOADED CONDITION FOR HEAD SEAS

7



NCSC TM 361-82

SUROE RESPONSE AMPLITUDE OPERATOR HEAVE RESPONSE AMPLITUDE OPERATOR

= 1+ N IN. III INff 1fonHIT

(10

d.00 .5 .C110M Ti.5o1 1h.060
RADIANS PER SECOND ,RDIANS PER SECOND

SWAY RESPONSE AMPLITUDE OPERATOR PITCH RESPONEE RMPLITUDE OPERATOR1+qt liff m soH Ott 1+•fE Pill ql nI I IIgt

•-, . •b". a ....

- '.

.a-

(-Dod~r i-o 25-0 00 o .00o d-5o i.o so I-00~ o iso
RADIANS PER SECOND RADIqNS PER SECOND

ROLL RESPONSE AMPLITUDE OPERATOR YAW RESPONSE AMPLITUDE OPERATOR

1+ liff I g 111 1+ Pa Of fl III Off

Ih. 0

d.-00 ý.6.0 i.00 ."501 .00o .:6) .0"M .5o 6.60 1. ou f.5- 00T 1 ."oI-5-0
RADIANS PER SECOND RADIANS PER SECOND

a FIGURE 5. RAOs FOR THE C5, C6, AND %7 CONTAINERSHIPS IN THE
HEAVILY LOADED CONDITION FOR QUARTERING SEAS

8



NCSC TM 361-82

SUROE RESPONSE AMPLITUDE OPERATOR HEAVE RESPONSE AMPLITUDE OPERATOR

~~~~~~~f~ joI gIiIH1flt§~~1H10 HIl
a 0a

* N

• " a0g~ a

.1-00 .50 .00 . .0 T.50 .0 -60.• rr oo I .o6 oo . '0 .o50 .0o I.0
RADIANS PER SECOND RADIANS PER SECOND

SWAY RESPONSE AMPLITUDE OPERATOR PITCH RESPONSE AMPLITUDE OPERATOR+21d Of i 111 Illt +2 ME Off•lflii INH IllIi
04

N1c"
w

ko
t.

= w

.-00 .560 .00 10 1.00 1.50 -100- .066 .00 1.60 Mo ' 616
RADIANS PER SECOND RADIANS PER SECOND

ROLL RESPONSE AMPLITUDE OPERATOR .W RESPONSE AMPLITUDE OPERATOR

29lt11 O fN in I I RIM NtO IN Illt IlHit
-04

.. ..

.00o .5s0 707 1.20 1=0 .TV T60 .50 ( .5b.0 i.00 i.saV6 ig~
RADIANS PER SECOND RADIANS PER SECOND

FIGURE 6. RAOs FOR THE C5, C6, AND C7 CONTAINERSHIPS IN THE
HEAVILY LOADED CONDITION FOR BEAM SEAS

9



NCSC TM 361-82

SURGE RESPONSE AMPLITUDE OPERRTOR HEAVE RESPONSE AMPLITUDE OPERATOR

2--*

ez 04
I'.'

-0O .60o w. f.• 1.00 v.so -.- a T0 .00 0.

RADIANS PER SECOND RADIANS PER SECOND

SWAY RESPONSE AMPLITUD- CPERAITOR PITCH RESPONSE AMPLITUDE OPERATOR

till 0 on 11 2 * U f-, W• III olf

lO

010

abee. to to

'~.ad.00 6*50 1 .o.00 1.5 C O f .60 i- .60 .-004c F.50 i.00 50 L0o 1.50-d.00 d.50
RADIANS PER SECOND RADIRNS PER SECOND

ROLL RESPONSE AMPLITUDE OPERATOR YAW RESPONSE AMPLITUDE OPERATOR

$;a till IN~ 11 11 3l *8 till N on IH H
C!C

0-

cca

C;-~. - _____s&a 4 i__

.0 0.60 TOO 1, -7 .5 tI~ai d~.0 .60 3.oI 00 f .5-ci00 O o
RFUZANS PER SECOND RADIANS PER SECOND

P FIGU'RE 7. RAOs FOR THE LCU, LCM-8, AND PONTOON LIGHTERS IN THE
LIGHTLY LOADED CONDITION FOR HEAD SEAS

10



NCSC TM 361-82

SURDE RESPONSE AM¶PLITUDE OPERATOR HEAVE RESPONSE AMPLITUDE OPERATOR

&0 tll +* 8 fl'f FAI I0

C!

S RADIAPNSPE R;fUD S EC ATOD RAINUERSCN

0 ;1

I.-.

1 .0 -s icoi-o .0 iso-o 45. 0 ,0 -o .0  I-n i- o 1.00 1.6*

RADIANS PER SECOND RADIANS PER SECOND

ROLL RESPONSE AMPLITUDE OPERATOR YAW RESPONSE AM¶PLITUDE OPERATOR

* ad

cc0

cc lob

C?

1.00 .50o .00 .50o .0o .0o 6.00 .50o .00w .5so C .0.0 0 5
RADIANS PER SECOND RADIANS PER SECOND

4 FIGURE 8. RA~s FOR THE LOU, LCM-8, ANDl PONTOON LIGHTERS IN THE
LIGHTLY LOADED CONDITION FOR QUARTERING SEAS



"NCSC TM 361-82

SURDE RESPONSE AMPLITUDE OPERATOR HEAVE RESPONSE AMPLITUDE OPERATOR2+ *-9 tilIl I'M IM I N 2+i;, *till, I NH offI

RADIANS PER SECOND RAlDIAlNS PER SECOND

SWAY RESPONSE AMPLITUDE OPERATOR PITCH RESPONSE AMIPLITUDE OPERATOR1+ 41-9 HEf IIlt U Ili +2; *- till IIHIH go il

•wmmi ;g-.=itma

CC

6.00 .so .oo .50 .0 4"'0 j . ga. o 1.5o 1 .00 1 .60 .5.1

RADIANS PER SECOND RADIANS PER SECOND

ROLL RESPONSE AMPLITUDE OPERATOR YAW RESPONSE AMPLITUDE OPERATOR1+ Of I01 inH Ii- 1 *f' HE II III li

* to

LL.
m r-U

Ccc

.06 .50 .o100 T.so .0.o 0 .o 0 .o so -a.00 so ,r. ,tso ..00 0 .0 C0oo 14.60

RROIRNS PER SECOND RADIANS PER SECOND

FIGREO 9. RAOs P OR THE ETCU, LCR -8, AND PONTOON LIGHTERS IN THE

LIGHTLY LOADED CONDITION FOR BEAM SEAS

S12



NCSC TM 361-82

In Figures 7 through 9, a comparative analysis of the lighter RAOs indi-
cates that generally the Landing Craft Mechanized-8 (LCN-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 LCM-8 lighter craft.

As a result of the overall RAO comparisons, the C5S73B 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 Lhe 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.6 7 8 Since
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

'ibid.

60chi, M. K. and Bolton, W. E., "Statistics for Prediction of Ship Performance

in a Seaway (Parts I, II, and I")," International Shipbuilding Progress;
Vol. 20, February 1973, No. 22k, vol. 20, April 1973, No. 224; Vol. 20,
September 1973, No. 229.

7 Michel, W. H., "Sea Spectra Simplified," Marine Technology, January 1968,
pp. 17-30.

8 lassachusetts Institiute 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 frequency 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 charactcrized, 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- 5 exp (- -L)

where

a = 5 w4 (H1/3)2/16
p

= 5 W4/4
p

H1/3 = significant wave height (feet)*

w = frequency where S(w) is maximum (radians per second)P

w = frequency in radians per second.

Both H1 / 3 and w are independent parameters in the Bretschneider modelP

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

1/3
wave) to the wave peak within one wave cycle, and H is the average of the
one-third largest heights. The word "average" indicates that the significant
wave height is a statistical qurntity. The peak frequency for the Pierson-

Moskowitz is given by the following function of HI/3

W = 0.401, L g/1I/3

where

g = 32.2 ft/sec 2 (acceleration of gravity).

The Bretschneider spectrum is defined in terms of peak frequency and sig-
nificant wave height. Wben peak frcquencv data are available, 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, H 1/10 , etc.)
are referred to, the units are feet unless otherwise indicated.
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H1/3 .
As the significant wave height, H, is defined as the average of the
1/3hihes wves 1/10 H1/100 an 1/1000

1/3 highest waves; H1, H 0 , and / are similarly defined as the
average 1/10, 1/100, and 1/1000 highest waves. These statistics can be
related to the seaway energy and are summarized as:

H1 / 3 = 44ro

H1/10 - 5.0854m°
0

HI/I 0 0 = 6.6644m
0

H1 / 1 0 0 0 = 7.7124n-w

The probability Lhat a wave height will exceed the average height is 13.5 per-
cent, 3.9 percent, 0.4 percent, and 0.1 percent for ct 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 , is considered a fixed

quantity 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. Thpse 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 spectrtun. In addition, a special very narrow
band spectrum with the energy of a 1-foot high wave was superimposed on the
normal Bretschneider spectrum in an attempt to ondel 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. Using these spectrum types,
ship motions, relative motions, and rigid boom cranie 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
correspondence:

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

5. 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 frequency wavep which would not excite the cargo vessel, and
would therefore generate 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.

0@ 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
combiaied to predict absolute ship motion for the C5S73B and the LCM-8; rela-
tive motions betweei 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

18
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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 computing
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, sway, 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 nearly as well documented
for ships as are the RAO data; arid second, cýrncellation 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 worst
case data may be more appropriate for input into the COTS design and trade-off
analysis.

The ship motion responses of the C5S73B 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 3 can be seen in Table 3 to be generally
less than those for speczra 4 and 5. While this trend does not always apply
to the lighter craft, its motions are of the same order for similar spectra. .7
Thus, in order to reduce the amount of data while still bounding expected
motions, general mntion dati will only be prescnted for the Pierson-Moskowitz 4

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 desired for the Bretschneider spcctra 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.

-1The ship motion data, although valuable, is not the most useful form for

estimating COTS motion compensation requirements; the data must be transformed
into significant displacemeiits, 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 and 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 geometric 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

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

C5S73B Containership Pierson-Mos1nwitz Spectra

(Lightly Loaded) 1 H 3.0

LCM-8 Lighter 2 H 1 3  S.

(Lightly Loaded) 3 H1/3 6.5

Ship Spectra Containership Motions Lighter Motions

Motions Type Head Quarter Beam Head Quarter Beam

1 0.01 0.02 0 0.70 0.57 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 0 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 0I 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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TABLE 4

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

$p• tra
C5S73B Containership Significant Wave Height = 5 Feet

(Lightly Loaded) 1 Pierson-Mosk%..: -. z
LCM-8 Lighter 2 Bretschneider (Roll Peak)

(Lightly Loaded) 3 Bretschneider + Swcll (Roll Peak)

Containership Motions Lighter MotionsShip Spectra ------- r

Notions Type Head Quarter Beam Head Quarter Beam

1 0.06 0.08 0.02 1.63 1.23 0.05
Surge 2 0.82 I0.77 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 0.10 0.95 0 1.63 2.59
Sway 2 0 1.00 1.97 0 1.81 2.61
(ft) 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 1 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 0.33 0.63 0 4.35 10.05
Roll 2 0 6.63 8.15 0 2.08 3.89
(deg) 3 0 16.45 19.73 0 2.20 4.01

4 1 0 0.07 0.05 0 1 .42 0.27
Yaw 2 0 0.28 0.06 0 0.74 0.26
(deg) 3 o0 .43 0.13 0 0.80 0.32
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ship centerline (0, 45, 90 degrpes), boom length (90 and [20 feet), and crane
position on the containership (mid-ship and forward quartc- point). In order
to minimize the amount of data presented, aft quarttr point motions were
omitted since they were generally less than those for the forward quarter
point. Boom tip displacements, velocities, and acceieiations were computed
for each geometric configuration; and relative motions were c:omputed 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 l.-,cated under the tip)
was located directly above the lighter (slue angle of 90 degrees). The
motions were predicted as a function of wave heading for head, quartering, and
beam seas and for sea states 2, 3, and 4 with ,he Pierson-Moskowitz, Bret-
schneider, and Bretschneider plus swell spectra. .oth phased and worst case
dAta* were presented in Tables 5 through 24 for vertical-, transverse, and
longitudinal displacements, velocities, and acceleietti:'s. Although almost
10,000 data entries are presented in Tables 5 through 24, not all of the data
for sea staLes 2 and 4 aie presented. Tables 5 thrugh 12 provide data for a
120-foot boom at the mid-ship and forward quarter poin:- for sea state 3

(H1/3 = 5.0), while Tables 13 through 16 present a subset ct these same data

for sea states 2 aind 4 (H11/3 = 3.0 and 6.5). Tab1hs 17 through 24 present
motion data for a 90-fooL boom at the mid-ship and forw'ard quarter points for
sea state 3. At this point it should be noted that the Bretschncider spectra
data afe directly scalable as a function of 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.

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 disciirses a process by which
these data may be used.

By examining both the RAOs and motion data, it -. , .seen that quartering

seas contain pitch motions as large as head seas and roll motions almost as
large as beam sea-. Since pitch and roll angula. *,otions are important to the
design criteria oi COTS, it is likely that a sy-itL', will WA% in head and beam
seas if it is designed to meet the environment of quartering seas. Another
factor in determining the design criteria is ti|e choice (if the design sea
spectra. While 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 and the Bretschneider spectrui.', Iable 25 presents
samy]e COTS design data ior sea state 3 (significant wave h,-tght of 5.0). The
same data for a significant wave height of 3.0 are obtained Ly multiplying the

data in Table 25 by 0.6. These worst case data were gleaind from Tables 5
through 24 by noting which motions would correspond to bo[,cm in-plane and

oUL-of-plane data. SimiLar data can be developed for other design require-

ments from the tabular motion data.

*The displacement, velocity, and acceleration data presented are significant

amplit udes,
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NCSC TM 361-82

TABLE 6

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

BOON LENGTH OF 120 FEET, BOON ELEVATIOLIT ANGLE OF 600, H11 S FEET

36 sq. I 50(70

86JM LASýr 103 2.07155 709261 PEAK)
6`3M W1 i4-L W23 fVI E SWEL'L sRC: PEAC

-: 51l1%h P(10274- P(-236

f.S ANILE 9j- 'LUE 350.7 69'

?W3'3CS ' .-AT ICt W . s. c 03*133 -7.70 © -IN3:ý '1' 4- ¾ i' :" S-p C7010319*16 SYSTEM

io 6;, -E-W' 
uC'N%91 6

1.C3r ; 1.5 1 - 5 .22, .1 .3 2 _c 9 2 59 ?-2h 452z 2.561

es 33i 19 . 1 2.35 1.101 0ý9' 2.47 6.871 9.59 P 68 3.35 2 02 S .13 6.31 311-6 7-971
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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 750, H1/ 3 = 5 FEET

C5-S .-73 CONTA INER S41P i LIO , I SPECTRA

L C M. ' 8 L i5 ,HT E C R A F ' ( L IO H T) S IG % F IC A N T W A V E '6I1 0 8 • S F E T

C R A NAE A T 1 I DSK I P 
1 . P I E R S O 0N M O S K0 W T 8 0

BOOM I9fT1 H - I2Z |. OR6T7C 1NFIDE R M3LL PEAK)

BOOM EL vA0 IO • 75' 3. BR(TS(C89E K0 R * SWELL (ROL . PEAK)

TiP M0TlOe OTIO T M 0TION RELATIVE KO

SLI, MLE 1 0 SLUE ANGLE • 90" SLUE AhGLE • 90 "

I P l TIP LOCATIO N TN9 S.:P C0 01 9kA TE SIS TEM TIP LOCATION IN 54 1P rC20 1 . ]AT[ 5 '_ I P L ,V3 A 108N 14 SHIP COO DIN ATE SYSTEMPOITOTPARx 315.9 t - -].43 Z " ISS.71 1 - 290.92 Y - -SA.49 Z - 155.71 A • 290.92 Y - -54.49 1 "1S$.71

HE CA -A R•M UJ4APIERI hG BIAP HEAD ( 0.3 T R9I2 G I BEAN) PIO PA S E D W.51 O R •S FP , •E 0 O O S T P NA S [O . W O R S T P H A S E D f O R ST P HA S E C, 11 IfS [ W ORST0 d O 9 P H A S E D W O R S T [P 1A S 1 0 WO R S T P HA S E D

V I CA-L .31 0.26 0.61 0.45 2.0 91.6 0.77 0.21 0.64 0.43 2.38 Z.26 2.03 1.93 7 S9 2.2S 6 .S2 2.s2

O0 1 PLC E•£MEI q z 6..s 1.13 3.81 2.93 4.69 4.19 1.10 0.97 7.47 6.87 9.60 8.80 3.3 2-.02 9.33 6.31 11.60 7.97

065(17 0?.04 1.48 7.63 6.83 5.92 8.67 1.45 I.?$ 17.38 17.00 21.19 20.83 4.30 2.76 19.79 16.13 23.89 19.33

VERTICAL I 0.27 0.24 0.55 0.43 1.95 1.90 0.19 0.18 0.68 0.41 2.28 .192 2.27 2.07 2.79 2.51 4.05 3.z0

0E I 0.81 U.61 2.15! 1.61 2.86 2.S8 0.97 0.9 0 4 If 3.80 6.6 S.1.0 Z.12 2.67 6.37 3.63 6.92 4.16

(FT SEC _ 1.10 0.81 4.221 3.7S 06 4.-8 0.77 0.661 .68 9.ý3 22.76 11.54 2.58 1267 10.99 8.61 13.30 10.70

V OE T1 .1c k C .2 5 0 .2 2 0 .52 0 .4 2 2. 3 6 1 .9 1 0 . 27 0 . 16 0 .5 5 0 .4 1 2 .2 8 Z .? ] Z . 5 .4 2 .4 3 3 .30 3 .0 3 5 .9 4 1 4 . 15 1

ACCILERA T ON i 0.46 0.36 1.26S 0.91 1.91 1.76 0 32 0.28 B 2.35: 2.12 3.33 3.07 1.60 1.38 3.32 2.32 4.62 2.99

PFT/SCl) 3 0.67 0.66 2.X1 2.06 ?.9" 2.88 0.43 0.37 5.Z9 5.16 6.61 6.47 2.80 2.42 6.24 4.88 7.77 6.09

TRANSVOERSE 1_ 0.00 0.00 1.04 0.64 7.87 2.. 0.00 0. 2.00 C.86 2 ,64 2.S9 0.00 0.00 D .62 1.71 1.12 4.077 *

A';O: A.89 T 0.M0 0.00 19.01 17.47 73.70 21. 4 0.00 0. 18.86 17.39 23.671 721 6 0.00 0.00 20.05 17.59 25.50 21.93
41.!
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70A091,5 S 0 0.00 0 00 0.93 0.70 2.57 2.A 0.00 0. 0.49 0.72 2.%4 .47 0.00 0.00 2.69 2.08 5.69 4.S2

Y E 1T, 2 0.0] 0.00 27.6ss 9.741 13.23 12.2 0.00 0. 10.46 9.70 13.ZlI 12.12 0.00 0.00 92.20 9.77 14.47 12.3s

S3 0.00 0.00 2S.81 23.861 31.18 28.4 0.00 0.00 1 .0 73.47 32.204 78.43 0.00 0.00 26.63 24..7 32.9 129.27
IRAN: 0 0O 0 00 0.91 0.63 2.68 2.5 0.00 00 6 0.6S Z.64 2.54 0. 0.00 3.24 2.45 7. 2 .

.,,•.2 0.0 0.00 14,241 13.1y 77 57 0.00 0.00 14.:16 13.101 17.231 IS- I.6 0O O C1RT 1.4.75 113.34 19.21 16.24 "
L O fih ; I C .' % A L ] . 4 9 0 . 4 7 1 l1i1 2 0 .8 •0 0 . 1 3 1 C .0 6 1 0 . 4 9 0 . 4 7 1 1 .8 5 1 0 . 7 9 1 0 . 1 6 0 . 0 7 2 .0 8 1 . 5 3 2 .0 6 1 ,2 0 O 0 . 1 8 0 .0 1 1 :

2.0 PL;CI ,v 0 2 ,101 3 2.3 6 0.14 0.10 4.84 2.35 4.69 9.6 0.1.5 0,.2

. 3.68 2.87 3.88 1Z95 0.14 0.12 3.68 Z.37 4,74 3.03 0.21 0.18 6.42 3.03 6.09 1.90 0.27 07

"10.4 0.42 1.13 0.69 0.14 0.09 0 44 0 .1 2.26 7.60 C.1? ,.7 2.26 2.69 2.00 2.37 0.21 0.22

o 2.49 2.70 2.87 2.40 0.04 0.01 2.89 2.20 2.27 -2.47 0.11 0.06 0.9C 2.56 2.94 1.09 8.27 0.01

2.03 2.62 ) 2. ' 03 . 27O0 0.07 2.03 2.611 2.62 2.07 C.24 1. 13 3.17 2.00 3.63 12.5 0.29 D.11

S0.39 0.38 1 3S 0.62 0.26 0.10 0.39 0.30 3.35 0.61 0.19 0.08 2.44 2.01 2.3? 1 69 0.?7 0.18

0.I7 T72 77s_ 0.97 0.00 5 0.87 0.72] .S 5 44 0.10 0.05 1.90 1.21 2,M O 0.91 0.11 0.07

iASC . 3 2. 6 0.94 1.48 1.1 0. 09 0 6 .16 0.94 2.02 1 13 0.12 C C' ? 35 2 34 2 30 C 97 0.13 000•
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NCSC TM 361-82

TABLE 8

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

BOOM ELEVATION ANGLES OF 45, 60, AND 750, AND H1 / 3 = 5 FEET
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I S.K'M 2±: r- j%'2'.• • BK.< zi' ,'.• ,:8 C ' - - ui: f;- As"IL. " 1'•L " 4-'•t % 'V 36, 5'" ''; :
TI*3 [',$ ±2 4, ... ... IO 5 S

22112 1'CM " 132 '5 -3 ... . . .. . . . . . . .. .... '-: ".. . . r. ..... .. ).

1__ _ .± TT.TY P v[•. ) ' 1 -.

J 134 1.5 o ., st' L .12 4 '4 3 1231 'tI 4A. I'l . C] " '. . . . - S .

S T 7• t 3 43 4 ZI 2 32.3

1 'C C' ~�.�.. 
9

t 3~ 3 ~ 4 E . .I " .F 2 I4 C 1 E..I , 7d
14. A14 -- I 1 17, 2 1 2 2 1 5 A 1 f'

- 6.-, . . ... 22• 2.< 3 -.2 24 C ' c -C7 C

• -----I-- -- - --- -I

- ,- . C I i i ! ,-7 .. . - .. .• _"-I

1 1 7 I 21 7 12

.- S SC- ": 2 3 " .' .2 2 2 ISAU " : " ;X " 4- " 3 2, 74 2. -- Il P - 1 .3 ---";% - --1 ' E "- .... 2 .. .I I
4<.,. 4..• IS 5 -1'- • - . . ..39 .f ':- 2. 5:-' - " T -

1C' '21 3. 24 -4 40I

* .Ji I7-, - r --- '' "• - :2 •-::' - [----4 -• './ - /.

n 5 - 2.K -1 0 "" -
0,-, ' *• " . -4 2-.- -m I CX. - • ..- "- • . - 2 ±- I IS .- I, : :4- 1 S6.1

'"341 3 f1-ff'- - 31 t ýS . 1 ' ,2 O.-. 4' .4?CC -2 I3

I ' 7. 5 ý g 3 2. eý C ý -

.,,..-. C i j - 2 ' . ' ' " i - ' ' *, J . " 2 3 -.

8 'i

S; 3 26 ý4 C.- .ý

4C S28



NCSC TM 361-82

TABLE 9

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

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 450, AND H1 / 3 = 5 FEET
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6O4 61vL4 AY. .= T:,, t • • •, ! - . . :,• -:Y ,:£ .. l .% -, i J;:=•

7 1 ... .. 2:4' "140 is Cr'- '. . . . . . . I.

2 I T

162 374 2 ' 4 7 Z 3'<I I- 17IE -s.: 14

6. - 3 . 96 > 17 I l - 6 71I 4 'I I " 4 7. 6. Ž7 l

S.. .. h. , ) C -.. ''-I- --Is .t , 4) " ! 'I
T21 K.• ! 2 {'I . l 0.I '2 .4 .63 2.5 .4; AA 4 t I .• ,I ,-,-,,"L1 --

0  
' 2 .-? . - : o.o '91 .6 4~Z ]

"..U s ... 3 2 " ' 6> 7 I :I Al .. - --

06471
1123 , 1.2 1 1-j i

;Al['" I .:I .• • c.1 -A .j~ 44 •1 * 1 .". .. '2 •..:. ,. : .2 ..271 -> :2

3 -- 2 2b. Ed t 1 -- t ;- 'I--

"________ I _L-.-i
1.. '7 4 . '3 2 4 . 3 7. 1 -- -4 -- """' • - t 9

O 'O ] 613.- 29 2 2 g "'4 37 6
1 '. 3 '6 . ; 4 1 46- -4 z- -I"t -9 ;-3 1 3 -1

c 'a 1
1

l 3b9 21 11 !
,.3I S.: -fil 2 f I It% I > 2 Si5 t iZ S; 6 - 11

1615E430 :. 6 0.6: 2.I j 7 7 2 3 . .2 I >4 2- 1' Z. ' 4.5 1 c

CC4. 1 4X 39 ' 3 42' 4 2 4 C .; A; 44.3

7'- U :I-' • r X '2 :

12.r
Im )I r 

I 
i3 z

.r f. j 3 ]3 is -.3 j -j c 1

29



S
NCSC TM 361-82

TABLE 10

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

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 600, AND HI/ 3 = 5 FEET

: . ;:i •'tK " ;t,+ .,..%.' 9 '&' 3.Al. , N3 *~+H 5 6(12
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TABLE 11

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

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 750, AND H1/ 3 = 5 FEET

I5-$-736 CONTAINER SKIP (LIGHT) SPECTRA

LC4-8 L I 97ER CRAFT (LIGHT) Sii;%lICAMT WAy( H(IGKT - 5 FEET

CAAlIE AT FORUMA48 7. PgowSOhYMOSKOWITZ

SOC10 LENGTH - 120' 6 C8T"CMcDC0R (ROLL PEAK)

1"m (LEVATION • 76" |1 l.6R5 r5 101 9(R * SWELL (VA L PEAR)

TIP NOTI.N TIP 9011o45 R(LAIIVE MOTION

"SLU( ' ' 0' O7L2 ANGLE -0go SLU, ARML 90"

NOTlOPIS SPECTRA TIP LOCAT0ON I SHIP C6O11 0 NATE SOSTEM TIP LO(AIID4 IN.SHIP COOROIINATE SYS1(E TIP LOCATION IN SHIP COOR0INATE SYSTET

PREDICTED •TYP I - 464.66 Y - -13.42 Z 155.71 1 - 436.37 7 - -49.45 Z • 155. 71 1 , 436.37 Y • "49.48 2 - 1 S5.71

kEAO QUT ERIN. 6I BEAM AD QAA6•TTING 886I BE10 A64UARTERING SCAM4

W8ORST DRA10 WO$1 JP8ASED W0RS' P8A44O w39ST P7AS(C I04RST P.ASED WORST 96 ASD( WORST PrKAS0 WAST PHASED WORST PHASED

VERTICAL 1 0.69 0.63 1.27 1.09 2.04 1.98 0.61 0.5- I 32 087 2.41 2.27 2.31 1.86 3.18 ?.10 4.55 Z.32

DISPLACEMENT 2 3.18 2.51 5.O5 3.47 4.07 3.65 2.1Z 2.19 8.51 6.S2 8.90 8.20 S." 4.04 10.55 7.2S 10.26 7.23

(FEET) * 4.37 3.42 .45 6.44 7.27 6.99 3.89 2.97 18.07 16.02 19.48 19.11 6.74 9.44 20.60 16.61 22.01 17.54

VERT[CAL 1 0.61 0.56 1.11 0.97 1.98 1.92 0.54 0.49 1.19 0.81 2.32 2.20 2.43 2.04 3.86 2.33 4.90 ? 9T

VELOCIT' 2 1.76 1.48 2.98 2.06 .1 2.r?32 1.S7 1.25 4.85 3.59 5.14 4.73 3.0L 2.48 6.19 4.13 6.59 4.13

(FT/5(C) 3 2.42 1.93 4.77 3.63 4.18 4.02 2.19 1.67 10.02 081 10.83 10.61 3.93 3.19 11.53 9.20 IZ.J9 9.71

VERT ICAL I O.5S 0.sl 1.01 0.89 1.00 1.92 0.49 0.44 1.06 0.77 2.34 2.22 2.79 2.431 3.68 2.68 S.99 4.36

ACCELERATION 2 1.06 0.89 1.66 1.32 !.-? 1.64 0.93 0.77 Z.84 2.02 3.14 2.89 2.14 1.74 3.92 2.57 4.47 2.70

PFT/SEC
2

) 3 1.39 1.13 2.77 2.11 2.54 2.44 1.23 0.98 5.60 4.87 6.11 5.97 2.52 2.06 6.63 5.20 7.30 5.3

TRUASLASE 8 0.08 0.00 1.20 0.79 2.78 7.64 0.00 8.D0 1.17 0.10 2.76 2.63 0.00 0.80 2.6a 1.97 5.24 3.9"

DI.SPLAC(MJENT 2 0.00 0.00 19.S6 17.78 Z3.84 21.67 0.80 (i. 0 19.44 17.71 23.81 21,65 0.00 0.00 20.651 18.49 25.64 2Z.00

(F(OT) 3 0.00 0.00 47,82 44.11 94.84 81.84 0.W 0.00 47.62 43.97 96.78, 5!,78 0.8 0.00 49.31 45.46 "9.24 53.09

TRANSVERSE 1 0.00 0.00 1 06 0.64 2.69 2.O o.00 O.86 I.Os 0.65 2.67 2.s0 0.00 0.00 2.85 2..0 S.92 4.49

V(LOCI0I 2 0.00 000 10.861 9. 0 13.32 12.21 0.00 0.00 10.S 9.67 13.301 12.20 8.80 0.00 11.55 10.39 14.52 12.38

(FT/E(C) 3 0.00 0.00 26.34 24.33 31.35 28.63 0.08.6 26.21 24.23 31.32 2860 0.00 008 27.20 29.8 32.76 29.29

T1RAMS1SV QSI I 0.00o 0.00 1.06 0.69 2.83 2.55 0.80 0.00; 1.03 0.47, 2.80 2.94 0 00 0.08 3.41 2.5$ 7.46 59.6

ACCLERAITION 2 0.00 8.0 6.09 5..5 7.67 780D C.00 0.00 6.05 S.93 7.56 6.99 0.00 0.00 6.61 5.@ 6.64 7.24

(F;/s(C
1

) 3 0.00 0.06 14.93 13,4 17.3 19.67 . .0 14.47 13.371 17.33 1.65 0.00 0.00 16.07 13.. 18.3 16.30

LONCITOI "tL 0*69 0. 47 0.67 0.0 0.131 0.09 0.49 6.4/1 0.91 0.79 0.16 0 07 i.00 1.70 2.06 1.4( C.1 0.1

019PLACMENNT 2 Z.68 2.10 2.49 2.31 0.10 0.07 2.68 2.10 2.63 2.3S 0.14 0.06 1 84 1.61 4.67 1.96 2.6 0.09

(FEET) 3.68 2.87 3.47 2.94 0,13 0.10 3.68 2.81 3.65 3,02 0.Zo 0.17 6.47 1.61 6,.6 1.79 0.23 0.16

LOHGITOOI L 1 0.46 0 42 0.74 0.69 0.15 0.09 0.44 r0421 0.78 0.68 0.17 0.0, 2 16 1.81 7.07 1 4AS 0.21 0.12

V[LOCIII 2 1.49 1.20 1.69 1.4s 0.06 6.06 1491 1.20 1.78 1.47 0.11 0.06 2.90 1 25 ?.92 I I 0.1 0.07o

(FT/S [( ) 3 2.03 1.61 2.94 A. 97 0.09 C.1),' 2 3 1. l '.47 1.ru 0.1) 1. 'I 1.2? 1 ,61 1.2 0.1 V -.

L0.3I7"JINA[ I 8.39 0.3A 0.66 C.6. i ' 015 0.15 3.33 .1 C 70 C.67 0.12 0 . ' " ;.44 Z 'l ? 31 1.7 O.Z 0.18

AC0L RA l00 087 c.7. I ? ' 0.97 0. OP. .05 0.67 0 7? 1 75 0.71 7.1C 0'.6S ].5m 1.14 ?.0 I 0 2.0 0 07

'TL6~• 1 16 Ž94 1.62 1.12 001 C0• 6 116 0.14 71 1.1 r 11 V0' 37, 1 1 7.35 1.0 2.1 0.06
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NCSC TM 361-82

TABLE 12

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

OF 120 FEET, BOOM ELEVATION ANGLES OF 45, 60, AND 75-, AND H1/3 = 5 FEET

(CS-5-738 C.)774T A 6 SW'I C10171

. 4CM 8 L " ' •G [ c4 R A r7 T (7IG Ti 
; C A N .) A F E'.ET, 9 6.

CRANE AT FORWAR ")

I C• N2 7-£•I. 120' LL ,AK..)

""qA4 1LfAM1- 7- 8" .A"0 ' ,"•S4'

"!,;' , 1 t C-" 4S* SLL'8 (jL4 " "4 ' L.'. ' L.; * 43',*

007 7C4s S PO I420 :P LC,(A71i,` IM S.!, CO.23')jAIk YS IL 05 I ]' -jýCr0A1I09 S 7i 7.'i07 .- i 'tT4 1% 0.11 UK'7(IN&T1 ,

!ooiciE D 4%6.0 3 • -j '.. I * 1SS.71 4 , 471 73 -33..44 1" * 24. (0..41 , -. 1. 74.r nFý £l', " W-R, P77207 OsA PSTI-FS W03 .A1321 W-371K 1 Pq07 3'il C.u A,.7 sin .. *.-.

Ir tA I 1 9 : e 9 0 1 11 - . : '12 0 4 ut 4, 1 Iý 2I 1

3R.0I6143 ' 3.0 2.4? 7t', 44 6 79 3.26 2.59 f. 9,: 4 .0? 6 29,t ' 9" 61. 2+.?9 4, 37 4 7

1.44IT 3 4.23 329 IS.386 13.71 15.87 11.51 4.43 I 3.S3 I13.24 10.97 12.99 2.64 A 3. 3 4 1143 9 09 10 ,57 0 . 20

2(11. m 59 - .1 0. !q . 2 , 272 c 3 .4 --- 2 -0 1 z

VE (o I 73i 4. 36 3.07 4J . 1 4 I.C 1.5 .9 2 .7 , .e ? 32,2 3

F1ISi;- i 2.3 1.85 8.5 i Y.25 9.95 &.64 2.49 1.03? 7.33 6. - ,. "' ' 7 . i 4? L 224

yE RTfI AL 1 0.53 G.49 1.C9 0.84 2.24 7.13 0.56 0.52 1.11 0.9) 1.1?1 7.07 O.S4 C. 55 1 . 2 U ,.9 2 II1 2.N

AC,(,. 0 10h 2 1.02 0.6 2.60 1 .7 7 2.72 2,49 1.0 0.92 2.41 ! b. 3 a I .n IS L.' 3 2.26 1 54 7 12 1 93

1671160l J l 1.35 1.70 4.P6 4.02 5.04 4,90 . 43 1.17 4.19 3.38 4.,OF ' i . . 14 J 67. 2 r . 472

T4.PAFAVI9Sf 0.00 0.3 DO .19t 0.79 27.7 2,64 0.00 0. 00 1.14 0.77 2 .6512 4 .0. S, 41 C IJ 041 0 61 2.45 2 3?

a !'" LAC• '-E N L 0 0 0.00 O 19 .' S 17.76 23.0 3 27.6 7 0 .00 0 .00 . 0 18 , ... 4 _. " .14 b v C u e zC' . 16 . 4 1 947 1 7. 1

0.00'' 3 O. Y0.0 47 76 44.09 56.82 57.82 3.0OC- C.O0 26.65 4C.: 52 rJ'3 4 o..3 0o 0• 0 ) 3ll r 35.361 46.19 41.19

1.'66' f 3.04 0.)0 7.0' I 0.64 Z.69A 2.501 0.00 0.00' 1 02 C 58 ~ G 91 5 70'? C0. 41 -j 4? 39 7

E (OCI 1 .0.00) 0.001 10.64i 0.63 13.31 12.21100 .6 7.1 54 I3'I ' 0 I 3'' $1 71 76 '

f IC7*. . 0.00 0.0C0 26.317 ?4 .30 31.34 28.62 0.00 00 14 49 2l.d06 79 0. 2. 2 ' 0 ,'10 7I 74l 1 431 ' 4JH

- 11

."09 ,:: 0.o ) 0 Q. 1.3 , C. , 2. ,2 2.54 0.00 , 0. ,0 1.2 0. 9 2,77 1 4 C. 3 ' , 0. 4, ,2. 531 24

; ',f- _ _-r--5r 0I CA ,, .6 0' 5.54 .? 7 7.00 ow , 0"001 6,6I 477 .' ý 4 t ; S 4 -1 7

o0 7 14. S i 13.41 7 .34 1 0.00 o O "I F.1 72 j 4 1 ' 3 I 70 4 "

LLGT W 10.49 0.41 0.60 0.60 0.75k 0.014 G 46 77 14 0482 C. 74 0.3 _.02L 7 _ . 7 .,_+ . 4. 0.73 Z 0 4 2 93 7. 2.78 2.7 0, 1. 2. V L 1- -1A

( F E3E4 ' 2 '' 3 . 6 0 2 9 ) O + 0 .7 9 3 . 4 8 7 , 6 R 3 ) 2 . .. .7.. I-17 - - . 7

_ - -v----i-fC1.:kr t 0 44 i 0 4? . T ' 3 1C. .' i 0 9 • • 3) C. " i 1 C P . .. 0 "

4 1 L7-1 C. 6 ' ' 1 .70' 3 60 c''K .o 0.' 0 . 2I . ' f 7'' 11 . O V

2.010IC 6___1 47 1 ?1 1 '4 94 1'. 51 z 1 '.6
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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}1/ 3 = 3 FEET

CS.s.73e CONTAIERA SHIP (LIGOt S-E1 TEA
LCP-6 LIGHTi• C9RAFT (LIGH.) II62l3(067 WAt ";6'W 3 fIT

CR996 AT FCRWAAO I. P061106 1R9060441T

D"L LENGTH -f Z2100' 2. 6;T6kHI ,!6 CI PIkA)

SD ELEVATI0 - 4• " * 1 CPf4I.•(I0E1 SWELL (•OLL PEAK)

lIP M4TION TIP A4'TION REtATIvE •-'7•(

S'U[ ANGLE * 0' SLUL[ A%-,, 90* ,Lý, A7L01 • 1103'

POTIONS SPECTRA TIP LOCATI0O IN SHIP 700A 1Ol7AT r SYSTEM TIP L 'A'!0. 6 9•14 "1I, r NC A*1 , ,1r10 TIP tCCATI(C IN SHIP C ,O 0HNATA S1'5*E

PREDICTE[ TYPE X - OS.01 Y 40 37 2 • 124 6 S 436,11 V - 4.4 .4 4 14.!S I 436.37 y • -49 4R63 124.0 S

HfAn ouAI16 k 1(96% BEAM !7'.*0'vw i -Is- o(. A-lA QoH'.TIA%2 sil2.

~ 2 6T SI 06 1 03 6 W RS P .01 H IS 1. 1D 1 1,- ?AIASI ',(r77 .7 'P ' P I I -1 2C1 0 0 7 ' I3 13 9 Pp 1 3.'ATIAL 1 _2 .11 0;.4 0.32 0.27 0.70 0 4S 011 o.33, C.28 22 0".' 0.69 . 3 C 01. .07 00 I OP 1030

DISPLACEMENT 2 2.2, 1.79 S .1 3.45 4.69 3.32 1 7 31 S.11 I1 3.1 4.92 10 2 43 6.213 4 1 6.-.7 4 34

(FEET) 3 3.04 Z.44 9.93 6.46 9.42 7.3 2.31 I .?A 100.,4 9.61 11,69 11.47 4.04 3 6 17. 36 9 9' 13.20 1.12

VF9 TICAIL 1 0.14 0.14 0,.34 0.28 {0.79 0.49 O.11 0 .10 ,C29 C. 23 06 I.76 1. 1.05 13 54 1 37 2 46 2.35

VILOCITY 2 1•.4 1.03 2.90 2.11 2 68 1.92 0.94 0 75 1 . 7. 15 3, 2.4 :.55 1. 3 J.71 2.4? 3 .9' 2.4o

(FT!SIC) 3 1.69 1,39 ,.53 3.67 S.48 4.-9 I.2 1. W.0, 6 Ci S 24 6,S- 6.36 2.36 1.91 6.92 5.5Z 7.
4

4 1 el

ATýICAL 1 1 0.14 0 14 0.3, 0.30 0.12 1.5s 0.11 u l 0 I? o.253 09 03 ' I 7 1.4; 2.11 1.19 3.91 3.43

ACC ILE AT10 1 2 0.74 0.64 1.74 1.34 1.67 1.1'- , 0.6 0.46 1,j 0 4.l 1.73 3.28 I . 2.3S !.S4 2.6q 1.62

L90]5(743 1 0.97 0.a1 3.12 2.13 3.11 2.3: 0-74 L.5 13 I."l v J.'7I 23L 1. ,I1 " 5. 3 .9"1 3.i2 4.34 3.3i1

TRS(ASE I '.00 0.00 0.29 o0.10 0.,1 0.69 .0 0 •00 0.271 0.1i . .69 0o.0 0.o,0 1.10o 0.a '.2 1.6
D;SOL 4CEMIN I 2 0.9O 0.01 9.6a 8.07 11.69 1- 3. 006, 0,00 9' '.4? l 1. Ii ,5 4 . ', 1..2 .. 9. 12.7 10 560

(FEET) __ 3 - 0.0 000 2351212 27.74 24.741 0.00 0 00 23.20 2! 3-3 27.65 24.156 2.) 3.0 4.2.1 21 94 29.14 2S.411

T3(4.0V4RS( 1 0.00 0.00 0.34 0.12 0.98 0.81 0.30 0.001 0.30i , 12 0951 0.61. 0• 0. ' .O 1.46 1.1 3.? 2.46

VILOCIT _ .9 0.00 S.381 4.78 J.53 6.00 0.0~j0 07-% 6. t6 A ?7? 61. 05 C 00 -,01 .74 S.0 7.2 6.97

'960 3 . 6 0.00 12.951 11.74 15.30 13.64 0 06 C.300 32.79 ]1.54 15.2SI 13 63 Q0.0 'l.ACi 13.38. 12.1 16.1 14.C5

TtA6SIIHS _ [ 1 0.00 0.D 0.43 0.1L 1.28 _. O, ,,M m. o.A c IS.) 1 .2 I . 0-1 ? .11 1.6 S9C. m4

ACI(ICRA!h IN C 0. 0 , .01 2.69 3.73 33 3 0 0006 0 L.I 29E 2.61 .i. , 3 37 G.,o C.101. 3.31 208 4.4 3.19

"7/7.1cC1 3 l0 0.06 7.19 6.47 4.47 1'.9 03. 1 ' .IS.433 43i 7.66 .S . 0 0 06I 7.43 6.7 9.D 1.84

L CAI ?u1 I T L , 1 0.0' 0.37 0.14 C.13 A .5 0rCS 0, . . 0 IS : .) 1 .k 3. 7 9 C. %- 0 72 0 5 7.7 0C. 3

0. 5-tAC(HCAT 2 1.38 1.OS 1.31 1.12 0.0' 0 04 I.36 1.?3 0 70 C ( 2,6i U. 90 2.64 - ,q 0.0 0.').S

3•u l) 1 1 ,89 1.43 1.82 1.4L 0P 10 .35 1 R9 1 43; 1.96 153 C' 17 0 10 1.94 0 97 3 31 0.3 G.1 0.1

L060 li.llnI I 0.07 0.07 0.1) . 15 ' I , A c .? 7 .0 7.3 .• i .,.1 CI . IC.

VEL-,.1T , 0 76 0.99 0.04 0.'J 3.06 0.04 C.76 6.35 0.09 q 72 0 06 ,. 011 , , C.-4 69 3.! 0.01 c.7-4

SII9ICL.. 3 I 04 0.06 1.23 179 '.7 37 4 0- I7 . .07-I9 ~
L 1 :13IT' INAL t 0O 0 0.07 ,3 17 0,14 '7C.0 0 '30 7 .1 I 0 3 .- ) I -X I 3 I 71 7 ' I 14 1

TIptC1 2 7.48 .CI ' '3 *.76 P.. 6 -

.33
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NCSC TM 361-82

TABLE 14

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

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 750, AND H -1/3 3 FEET

* - 339.9 l'3 94113 3-''+A f9 III ' 

(:. 1 ";'.;,

BomEfA:64 , 75' RL' "1
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i f f T 37, lo 1? 1 ' 2 S. 43 97 4. AI 4.2, 2 3' 1 72 4 1 6 4, j 40- 3 143.10

u.6" 12 0 27 3 .2 4 0 e C 4 331 10 .2 9C 2 H ' .9 S I4 . 13 .09 5 4 , 5 4 32 ,~ . 434^,

""5_"_-I_._ _ I ' 
r.- 1 3.0 7 t, 2.3 . +, •S'. 4 3 3 6 3.6 .s] it 't 1 33 3 9 ' < 3.i5' 9

V I R 3 : 1 , I _1_ ) .2 4 Z 6 C0 7 F C.' 23 4.1 "0.6' 0 .6 32 o' . i 3 . r j 4 2i I ' 3 3 .0 1 9 & c
0 C "3 "00 4 0 3 3 0 

-+ : : : K : + ' 1 ' : 3I"-2: I + ' :" + , i 3 3.+41 3 I : ! £ ° + +

-63 .53_• 1 ! 7 9 1 .0 2 ' 0 .6 o.3,' 1 ,I 0 1 2: 6 1 ? 3I S4 __2.6S 9.
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3.3 3.13 .21 1 3071 C.5 .36 2.W 3CrI 6 103 0 0 CO- 11 6' 1i
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2.(.4 
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0
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NCSC TM 361-82

TABLE 15

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

LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 450, AND H1 / 3 = 6.5 FEET

rS.S-713 U53639A 31 1' 4; LIGH.T! I [! 4

CRANE A' FPIA.KC 4'. 4lE R 31.'AIW:

8 430H L(LE7'L•Oh 3. ER TSC(I'55R 'ý. (ý2.L PEW

SLUE A .5L3 - 0 S'..; A4,,0 1 90' SL',( Af3Lf * V-*

mOTIANS SPECTRA lIP LCCATIO3 IN SHIV CQrOC I8AT[ SYSTEM TIP 1i•"AIO5 Ii, "E( CC3;5A2' "ITEM T3 LUIC2TIC% :h SkIP COOA'P.AIE SYSTEM

P2(6iM!I TYP X - 50S.C vI • 4C 37 Z " 124.65 A * 436.37 1 .4;.49 .' 124 65 1 . A36.17 v .-49.4h 1 ?ý.65

AP? 0.-AT,'0!4t EICA NA ' T''4A 6i30 Q 5. ;6'3J& i

HE o I I A( Er
.ER13CAL S7 :.A41 3.43 13. 13 1 3.64 2.65 1 36 1.C6 , 2.5 8 374 . 65 3 .6 8 2.83 S.26 3 2' C.4 FA 330

3 1SPL 9CEPE%l 36 366 2.42 A 9.S4 '.2^ 3.69 2 8'1 J.': 8 47 13' 10662 6.62 11 26 5 2 9.43 14 233.3
(FEET. 3 6.58 S 29 21.51 14.01 21.28 15.94 5.05 3.16 31 4 2341 .93 2?s32 ?4.84 8.A76 7.r,7 26.A 21 59 28.61 ?2.6V

6C 2 24 .% 4. 1 A,

(T ';,SlRS 1 3 .A6 2.19 11.899 7.96 11ý.6 6.e6 2 U0 , 7. 0 3.O 2 :3.4 6 . 4.io I 3.7 96 .1, 4 is 1.4.; 11.35 6.11 1265 .

vE A I:A. I 1.05 C.9' 2.!9 1.94 3.1) 2.17 0.6S 0.0 1.3) 1 e .16 3 V 36 0 16.3i 2 .96 4 3 4R.•1 3 -X

; 1.60 i.38 1 .9 .7 2.9c 3.62 Z.57 1.21 1 3.3 33.69 2.62 3 3 3.7 0 7 .7 4 10 3.341 5 83 3:S.4

(FT/SE0,' 2.11 1.216 6.7: 4.61 6.74 5.31 1 6C 13.28 1.2563 .1 '33 ' 6 3 25 2.68 9.52 6.261 343 .

TRANSVERSE 1 0.00 5.00 Z.88 2.26 4.773 1 0.6 00 6 .. 1; 0.00 4.49 33S.!7.77 8.67
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P. 71' Is0 0 5.0349314.03 16 36 38.646 0.21 C r,15.79I1;. ft 30.12' 36.39 -.̂  )I.3 x 1 : 4.54 19 64 16.99.

L2NG I ;I- "VL i [1 83 Q.-6 .56 31 351 C-.I C ;J 3,1 0.'6 1.3 3.3l ' 1 91 3 .2 3 !.1 7 -. 3 323] 1 9t 0.2 C1._C

A1 SPLA2C38I53 1 2.99 0.j 2.64 2.43 0 1 A O. -.99 2.78 7.0, ?.S6 0 1' .3 I .I1 1 i.96 'I , i I o C I

(FEE *' * 3 :4.3 3.10' 3.94 3. C;6 .03 2 '•'.1) 41.D 3. : 3 X .3 31 1 0 -26 .2 . ', 0 20 2 62 1 C2

L 8 'L 4 I0.61 !,22 3 A D9.3 1! 9.;4 - 65 1 P61 1 ?3 71 '3 23 ! ' C' ".9 F.3 7 ;1

i t , 
. . ...m o. 

. . . . . .

Y(LO: 1i 2 7i 5 9 1.93 1 .63 C 1 .9 I644 3 29 1.14 j.S ,3' 10 7 3.4 1 014 3 AS 1346 9 C.14.

3673~~ 2.26 1.'3 2 66 3 641 ".3 0 1 ' 5 ''' 21' 2' IA 4 29*1

L______ I %__ __C195

L_____- E . .

35



NCSC T71 361-82

TABLE 16

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

BOOM LENGTH OF 120 FEET, BOOM ELEVATION ANGLE OF 750, AND H11/3 = 6.5 FEET

CS-S. 7363 04 II:E, 3' . . .
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117/300sc1 :.61 1.4' 3.(01 2.74 3.31' 3.17 1.60 1.283 7.28 6.3331 u.915 0.I iaý 2.68 8.62 6,-6 9.4 7.20
7RAN'45335[ l 0.00 ,.00. 3.361 2.81 5.53 5.38 0.00 0.00 3.31 21 62 5.5' 5 14 . 0.03 5.00 6.0 8.5 6.•4

TR-R-- RS 1 3.-2 ý 5 1 5- 0.0 0 S.00 46.0 2 2 8. 331.6'2 019L01313' 2 00 25.426 6 23.111 33.09 20 161 0.02 .00 25.20 230 ic ýCs 2p0 333386
I0.',a). 00 62. 16! j73 73.09 67.391 0 03- 0. C' 63.91 ' ' ' 6''1.i: CC 64.1. 33.10 00.0 g6.6

,9.. F , o C .00 Col .. , ,.8s, 3.46 4.28 0.0 0 2.,3' !.5t 4.4 4: 4.26 1'6 .OýO u .-C 4•6:, 3.35 7,91 S.9 ,

01.01 0.00 4.O14.N 10..00 It S. 1 6.09

__ .__ _ 0 "o.3o C,0 0 542 31 53 40.75 3.22 C .3 21," i2.f_ 42.S 18I 18
To656 ..-. I, 1 1. 29! afE . .4.C3 3. I6 36 394 660

6C--I -"- , 00,,0 7.01 16.33 9.84 9.:o 3. 1' c ., 66, '6E j0 -+ 1.241 9

C Z 10.11 .93 174 2Z5 1 20.T637 -,6 2,4 131 3C111 2.2.,1...... Do L . E"" i[ ' 0 0 1 49 ' ]- 3 41 a16. ''.'6) , " .20•1C 3. 8 32 9

64 1 :-' 1C I 1 ' .i 9' 1 I1!' 3 c 21231

1 )h_" I. I t6 9 1 I Is I

"30 1 a. 1i t ' 9 I 36 33 I 6 148 I f' '.3 I 0.1 9'.74 +-3 213 4 h 3i 2 C 1-
1 03 3-8 I.-.. Ii.-- -0" . 13 04 1-3 . 2 6 ?2

- ----- -'

-- i -.- ; .. K.j.. -- , -. 3..t.. 2 31- 6 ;1 ,.
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NCSC TM 361-82

TABLE 17

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

OF 90 FEET, BOOM ELEVATION ANGLE OF 450, AND H1 / 3 = 5 FEET

C5-S-..73, UT6,1. 3,:o i,,T 5074--

LCM-1 LI.NIIR RAF6 'LI07 ••, ,,%iICANT kA6;. I , UW 5 FEET

630C3 [1,9T1 * 93' 57 05Cý4EI [-1' ;ýLL 'Ell

60(94 61E.AeION • 46' j. 6O(RScE'j(I065 " S6(LL (R5-3.L PEAK)

TIP M*r:Oh AiC •77, 86LAl[E 8.i7T0%

SLUE ANSI(- O- 0- g•.0 SL 90' 6 ANGLE - 90*

MOTIONS SPECi. TIA LOCA7ION IN 5.70 (LORVINLATE S'STEM T:1 AOCA*10% IN S34jP C-O.A]hA12 xvS!1. TIiP tC^0TI3 1[ 30:1 CO!RDI0)E STSTEM

PRED:CTED TI x * 359.54 Y " 14.15 Z - 103 44 M 29092 Y .54.49 M03 44 - 2), 92 1 -*54 49 !3. 3..4

H Ie

4045T 0160601 WORSI 4I'95(l 44 1) 46 WORST PKSD IAS.-ASED MRST43 P.A(39537-- woR 35(3SE 15351 PP45AS 05. ' 6)6 WORS1 P00651TPKSE

V(RTI6L I 0.40 0 35 0.75 0,.65 1.9 1.13 0.22 0.211 .. 64 e 43 2.38 2 U. 2.03 1 93 2 59 2 25 4.521 .56

D5PLACEENi 2 1.90 1].39 3.76 2.23 4.15 2.74 1,1 0 .
9
' !.47 68! 56 S.60. 35 2.32 9.31 6.31 II s7 7.97

(i _F____ 3 1 2.58 1.86 6.94 3.25 7.50 3 1e9 45 .25 1".38 IT OC 21.19 2r.802 A .33 19 79 15.53 23.69 19.33

VERTIIC6 1 0.35 0.2• 0.67 0.59 1.92 1.66 .9 0.16 1059 0.4: 2 26 2 19 2. ' 2.C7 2.79 Z.51 4.85 3. 20

VELOCIT7Y 2 1.03 0.TS 7 151 1 34 i.2 '4' .57! S(C !.:6 az 5-i 0..j. IL;ýIk 1.57 5.37 3.631 f9?1 4.S6

TP,3SEC, 3 1.41 1.01 3.86 1.88 4.29 2.36 0.77 0.66 9.58 9.1 6 11.76 !1154 2.58 1.67 :0.99 Z.61 13,3 1..70o

VERTICAL 1 0.32 0.39 0.62 0.54 1.93 1.65 3 17 0.16, .. SS 3.41 22 2.21 2 54 2.43 3 30 3 031 5,94 4.55

ACCELERATION 2 -.60 0.47 1.29 C.56 1.78 1.35 0.32 0.28 2.35 2.2 3. 331 3.07 1.6o :.38 3.32 2.32 4,62, 2.95/ T

(7T/SES 3 0.90 0.60 2.181 1.12 2.59 1.58 0.43 0.371;5.29 5.16 6.61 6.47 1.53 10..41 ,4 4 .6Z 6.09

TRAXS60E I 1,0.00 C.00 0.38 0.53 2.13 2.05 0.00 0.0 .70 0.56 2.7 2031 O.C 00 2 3.26, 1.60 4.59J 3,•2

01 SPLAC(4[80 2 O .90 0.00 13.09 I11.50 16.32 14.16 .0.00 00 12.8 I35' 16.'5~ 14.12 0.00 3.190 14 .304 11.57 18.15114.54

TRNSERIS 3 0.00 0.0032.090•_2.4 3662 33. 0 .02 1 1

1571330 I I .0 0.3 07 I34 20 L.9 .7 0.30! 0 67 C 46 2.01 .9S C. 11 0 01 2.481 1.961 5.211 4.14

VEL01:T 2 0.00 0 00 7.26 6.43 9 13 9.04 D.0 . 000 7.3 lo 16 34 ) .1 a. .: ).CP ' 7.8971. 6.44 10.3! 8.27

(1:,'1(7 - 0.00 17.6! Is.71 21.31 18.61 0.00] 0. 1 17.4 9 1 3.13. 018..5 0. 3 IS.91 22.71 19 21

TRASVRSEI0 0 0. 7 2.1 3.03 0.001 0.fZ C 41 2. 10 r.1-.3 3.06' 2.39 6.54 5.28

A:CEL06)710 C36 030 5.0S21 4.6 .00! 3.7 337 5.16 4.64 3.3 7xY 56' 3.68 6.316 5.03

:/ ' ) 0.0 0.00 9.75 6.67 ,. 1 0.8d 0001 00 8 .6 S 54 ],.ll Cr Z 09 c1.21 861 12.811 10.62

LC,7OIGITUOIAL I 0.35 0 .3 0 0.55 0.1? , 0 7 G. 35 0.331 i.65 C 53 03 -. 4 1 6 5 .3 I P3' I. 35- o.07

01SPLAC'NSNT 2 2.04 1.6J 2 24 1.61 0.09 0.30 2.64 1.531 2.61 !.7, 17 1,3 4 2:. 15 3 1 96 0 14 J 0.39

(FET 3 ?.79 2.07 2.92 Z.05 0.12 0.26 2.79 2.0' 33 2.36 C.23 n 7 '? S. ? 41 1h31 I 3 213 C.I1o 1. .. 3 ý 6 3:
LONITU031AL 1 0.30 0.29 0.82 0..48 0.10 0.030 " 0 3 .39 313 0.46 3.3 3 , I4 ..

1001I 1' 0 1.11 0.85 1.37 1.00 0.07 0.05 1.11 0.851 73 1.04 C.1-3 0 '34 1.3 1 2.481 0 " I I I 3.. 6

(Y f/ SEC: 3 1.53 . ,IS 1.7 T 1 22 0.0ý 1.0 5l.3 1.151 7. C-7 1.17 1 1-3 1'ý= 3,22 : •¢ .•4 - • • I

L ONCI T01 V. I 0.27 7.3 1.3 0.43 0.11 0.0q 7.2' 0.36 3 7 3.12 3.1 10 2 7 6 cz

ACCELRAII0IO 2 0.64 09.3 :.66 0.D6 C.04 3 64 0.51 ] 1 5c .(6 C .m 14 1 " 0s 0 . 6

{F'_/S(v) 3 0.86 0.566 1.09 D 0.0'7 3 .34 0.66 6 . C.A; ' .1 1 .J 0 C .. Z.,

37



7a NCSC TM 361-82

TABLE 18

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

OF 90 FEET, BOOM ELEVATION ANGLE OF 600, AND H1 / 3 = 5 FEET

LC[ -8 $:a68'R CPA'" LIGYT IGolF1CA l W E r61'-r 5 FPUT

i2 1AT, t, IO)SHIP I 2 €5*I. I'Si0wI72

11 6001" 90' 82.a TSJI " :C06 !ROLL PEAK,

90014 11EVATIN i 60'3. BR,;,-' i .it * SWELL (RCLL PEAW

TIP P71'S TiP RE 9 8[LA'1hE lvr2n
UL. A%.-,; - V, L E 9' SLoU[ A'%-< 90*

~~. ~ ..~~A;C' D: :222:.'[ 16" IP L.%ATj0% !s'"IpLCC AT ss n 2136I11 68114653(

PRnD12 T1 T- " .ý2 1 1 4-9- . 7.74 1 -290 9? S-4.49 2.112 4 7 - 29, 92 . S4.49 2 " 117 74

_sI '_S SrSE 054 3 Ns t SL I f069 ý r - ST 71.1970 w P8IOV ~ .!D W S.-A-

;&I- 2 S I 
I 09 

PHASED3

C3 .1 .61 05 1.18. I-'9 0.? 2.1 41 6.U 2.
0
-.5 2 9V 7 !3 2. 53 ! 68 2.2S 45 2 2S 6 s

D: SADE~0' ( %7 23 56 ý2 )- 2 2. 2 11 0 '*ý 8 ;, SS &8 3. 3ST 1.228 9. 131 9 1 1 3 ) 57

;:fZ•, 3 4.,2 1,67 4 4a 2.53 1 4 125 ; 381 17.0 21 19 f9? 4? 2d 2.,6 1• .? IS 53 21 69 19.33

ýE;d ALoz 1 .!102 1 05 I O5 1.82 1.3 : 9 2 18 .8e 0.41 2.281 2.19 ?.1 2 '1'2s 3. 221--
______ 6 p C99 1 9 7 v 202 5.1 .2 212 1.52 5 374 3.63 6.921 4.56

H126 22 54 ? t8 4 t7 1.01i ?C! 3 i.24 1.89 2.2S -,•, 2.66 1.73 3 '7 C.66' 9.'
0

i 9.36 1 5 I 99 .61

0.o.1 I 1 2 I.21 -XI o.41i 2,201 2.5 1 2.54 2.22 3 30 3.03 5.94 4.55

ACCI Cs 2 052 0,0 ý42 0 0.63 I.48 1 32 .32 0.28 2.;?2 7.33 3 ' 1 6, .38; j 32 2.32 4.62 2.95
v 1 - 1 0. 64 7 3 C 6.24 4.68 7.771 6.09

1, v! 05 '1 .&.23 C ;c 1. 63 I 132 1 
6  4 6' 13. 22 2 5 1606

-" _ _ _ I 374

39.5. 43,4c. 3,-.41 . 3 4' 19 45"

Ill . 30 6 1i 32 481 43 8.52 2020 0.'0; 35.71 , 32.7 3

I c.' 684rC 00 '"''53.S~ 2.2d 2.10 -2 0 200 0 '2 s iS 25 23 07' C 2. S4!, . 5 A 4.24

L I. 12 .1 1.F1 9 1 .26 1 90 -3 .03 F, 8. '01 7.3! 11.47 9.38
I C1 4 . V '19 217. 20.4 -- 01Z) :- 0. 1i ' ?; " 94k 22 2. 726j ?5 41 19

2 r+C .4 21 •I 1
'. '? 4 2 27 ' C. 03. 69 C.451 2 .25 '16 % 3111 H 2.4 6 9f 36

'i~2~ S'I24 25f 0- 1 0.7 ..2. 4 5 'C 5 827i 52ý .6 7 7 56

F0.0 L1. 9 hpZ~ liZ 3&v1 I ~,i 3,1 2 9.?i 2~I'5 11 u -1t1 51" - d 14 -87 62.3

c3Y
7

iA ;____ 9' A lo' -22 C 6?I 1, 1C fý. 16 14 t 82:;0ý:

jA'caA 4% CA 221 i'L 6I. 0 00 0

3- ? ?A 2.25 A (2_ 11 s7 7 : : C .1

I H

"1"'.'! "1;! I'" .. 5+niaJ 1 4 jI 3V-•-:66.t
0-+ 'ii I-l

8

7
1

i'17 tzt • ' :5 '. ,C'.1J " . I ..

6. ?

I A
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NCSC Th 361-82

TABLE 19

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

OF 90 FEET, BOOM ELEVATION ANGLE OF 750, AND H1/ 3 = 5 FEET

5 L2.! 262 31(23 `22:'. hA,"F Ti Iýi S (' FEET
-. 456 4T M323sI]P 3.; 6 :6952%'%. L-S4..M312

V3. EL V*1' -. 75'x[ ýki (ROLL EAiK)

TiP N T•;' -[: •'1'k iPELAI]IV MD" 13%

907045 58(2T4A 34" LlAC IN 1i;.1" 3'L1', . i' TIP I',-AT 104 1;- 3 L'Rt,.-:,IIi, 4 341 l %-R2I3 ATE S,51(0

""4^6327(3 TYPE 1 19.2: Y -26.2.3C I 2 92 -59 zi) ) 4 !2 .12-.73

2ETIA I A 26 62 2.42, 2. IC ? 02 22r -1 t4 v- 43 2 )h l!-C .3 5 2 25

Ci3F1ACFcL A 2 42 I30 4.- 3 '? t 13 W f qI , k6 3 25 3 09 9.33 ] 7.43

!FEE!'___ 3 1390 .3 9 .9 1 6.991 11.i'411 21 1 is44 1V 11 i 9 7, 4.3 .6 1 9 ! 3 2. 93

E£'ICL 1 025 2.23 G£56~ 0.43 2.C2 .96 1 'ý 201 P.ý 32 Q 4 3. 9 41 2_8 26 (79 3?.53 8 2 3. 19.3

3 ... co 3 i3, I 2 35 3 7-CC_ ! 4 It tO -5, '3 22 1 5 .7 1.631 6.92 ISP

IF I /SE 0 77 36, 4.54 6.d,' ,'' 7? 66 5' 9 36 33.76 3!.34 2 9, I. 7 1(.9; 8 63 13.30 1C.37

*,RT7CAI I Ci23 23 9 S2 9.43 2,i3 21 2 2 2 i 2.54 Z.43 1.30 3.D3 5.94 4 55

A, 6L 8I3 2 .C 43 0.34 1.48 3 4 Z.23 2.22j I 2.3? 3ý220 ?.35 2.13 .3 37 I6 3 33 .4 46129

.31/4CC' I 3 34 4 ~ .2 .2 @? ' 521 .jt 361 43.? 16 : .36 36.3Z1 4.3? 7.4 621 0295

TILNSY(96 L I 000o C. M 3.97~ 0.68 ?.35 2.Z9 2.3 0 0, m 
4  

0.89 2 33uIO? 3.)2 j3j.2X .371. 1.64 4.82k 3.92

11LACE EK "' i 2 0.0 3 15.621 I 19.58 :7 43 .4 I 43 0 e x 36.1 14.29 21.421 83

I II:ý
IFEET, 3 _.0.0 G. X 3 49 34. 31 46.55 1 43.46 J2.) I 0 i i 4 5 46.49 4' 1 , C 23 22 36.9e 35. 48.97142 85

-.2LO5I2V . *I co', I..2.2 7 ; 2.' ' 63• 33" I 4.0', ' 2• *; '•?" .6 3.8 9'': •.42 4.3

00 1 1_.'I SE I @90 2204 5 25.66 67 0 .32 ( 1 ' 4 2 2 ~ 2~ 2

E, .CK, I T 2 00 [ 3j f6 1- 4 1 9 " c x - . 8 - - 2 11 -- 3 4 f " 3,3 ? 92 12.17, 10 9j, % E I c . - 2 1 z3 19 5 38 2 2 1-6 2. 94 23' 630' 2 6 1 S9 1 69

-" k 'C41 5.42

3 (tR.AT ICSC - )ý 4684 4.421 6.23 1-6' 30' 32.3 4 cC! 4.., 43 F 2 SEA ! 53 J 731f0

fl,'S[r,• .! 0 I , j1 - .69 136 53-31421 '1214 2n2-. ] 11.63 i "3 5 '. 277 , 31 i ?._ _ _ 1 "5 111 13.23

PENl, 4.:4 t 39 2? 3.Ii39 3I2d3P 2 n ?. 35 t7 C.21A'IS,1115 E 1.' 2 .6" i? D20' -31 .3 17 21 94 - 4 1

*rf. 3 1i 10.7 1; -. 4. 3. '1 2.l'; Z ) 3 4 3i ' '4 S j 5d 44 C 2i 1

_______ _L_4_ 1 0. 313 51. 3 I-2 A 1 01 tý z :5#~ I cits9's; 1 1W ~1)

39 ,a,



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 750, AND H1 / 3 = 5 FEET

CS¢--73, CONTAINE6R S,419 ( IK })ECR

LCN-8 L6I'R CRAFT (LGH1') |$IGN:
4

AT 0WA40( 'riGH - 5 FIFT

CRN T N83554 P 1;C NSl:

L 3. C,•,i g8EIC, • SWEoLL Co,.L PEU

K"(4 ELE.VATION9 - 5 BOOK ELEVAT7% * 60" " V-(L..,'!rh . 4S'

OLLE A0GL0 - 45* SLU0 A-0GLE 4S* SIUL A10 LE " 45"

NOTIONS SPECTRA 1IP LO(T ]MATE CP S'•. T E T L 'OAT:Ch IN S.,1P COCO2, 14NATE S,1S2 I I! L..7A'2)h IN '-:P COO.RDINATE $YST[W

PRE01CT0ED TYP I * ',10.91 v -"4.20 2 . 12673 ) * 326.28 1 " -39.8S 117.7S X 4 339 40 .34.13 2 " 103.44

4660D W-'RTER4h8 OE4M8 PEAD XOAR:00l00%S Et6. .3'.- 450419 S ,ek.8

DRTST SICRST 16iASE0, W0ST P8662 KQST oP.AA.SiE 60607 PHASIC 60467 7A,' VO E WOS 60 -A!!D W0RST 601

V(ETICA6 2.27 0.24 0.69 0.43 2.30 2.19 0.31 0.'8 0.73 0.45 Z.24 2.14 0.34 0.3. 0.76 0 19 2.19 2 10

CISPLACEIRNT 2 1.32 .1.4. 6.73 S.93 8.43 v.76 .82 113 .. 16 5.22 7.56 6. 9 1 E6 ;.?? 5 1 4.64 6.-11 6 1I

(FEET) 3 1.77 .35 I5.29 14.67 18.35 17.99 2.03 1.4 ] 63.70 12.81 16 18 15.82 2 25 .61 12.34 11.38 14.32113.97

VEFTICAL 1 0.24 0.21 0.62 0.62 2.21 2.13 0 .-2 0 o21 0 .o 0.44 2.16 2.08 0.3C 3.27 0.6 9.471 2,11 2.M

VILOIT( 2 1.21 7 .6 5 3. 6 3.Z/ 4.88 4.48 0.80 0.61 1 46 2•.87 4 401 4.02 C. PIT :.A 3.2! 2.51 4.," I 3.64

(FT/$EC) 6 3 T 0,95 0.23 8.43 8.02 10.21 9.99 1.10 0.31 7.56 7.09 9.02 8.68 1.22 0 q 6 82 6.25 8.001 7.79

VERTICAL 1 0.21 0.19 0.58 0.421 2.22 2.14 0.24 0.22 0.61 0.44 2.16 2.,5 0.- -.. 24 C.63 -46 2.121 2 5

ACC2.L EAT104 2 0.40 0.32 2.14 .921 .9 2.7S 0.46 0.36 1.98 : (0 2 733 2 0• .07 C 41 1.8S 1.42 2.SZI 2.30

rT/SEC2') 3 0.54 0.41 4.6" 4.45 5.76 5.62 0.6 0.46. 4.2 3.91 s 3.7. 504 47,TT

;RA680V6RS 1 0.00 0.00 0.86 0.68 1' 34 2.29 0.00 0.6i 0.82 0.62 2 26 2.10 C." ".2.,0 0.75 0.!4 2.112.4

,:07LAC646, 0.00 0.00 10.09 4.08 952 .17.42 0.00 C0.2V 14.61 13.04 8 0.31 16 i ', c '. 13.01 14- -3, 14.16

_____ , 3 000 0•.•43 3,4,7 6.54 4,.54 2.00 0.n01 35.96 32.39 43 A' C.001 31.95 2E .37 39 S1.3.60
TRANSVERSE 0.00 0.00 0.26 0.561 .26 2.19 0.00 0.00 0.74 0.51 2 18 2.16 C, f, 1. - J.

.2L2:I I .2 32.00 0.I0 8.65 76 - 10.6 3 9.85 0.00 0.(. 8.10 732 10.23 9.15 C r 2.20, 7 21 -oi 9.111 .07

.72/SC; iP 0.00 0.36 21.32 19.23 25.6 22.96 .0 C 19.80 1786 23.99 1 2eI C.C-5 0 ,2 17 .. 15.641 21.28 10. 58

"6,Vh41 45;. I 0.0 T C.5 1 0.50 2.36 2.Z2 2.30 010 .0.-3 0.4S Z.29 2.17 0 2 ,,2 0.6 0, 38! 2.16, 202

A:-EL69.A'lI'v 2 00m0 000 4.93 1 4.41 16.22 6.67 2.306 0.01 4 53 4310i 5.3 5 .281 0.X. .c 1 4233, 3, '91 5.2J4.66

. .6 14 12.24 .00 0. '2 210.921 960 13.-28 11.61 G -. 7.701 e6ý 11 .791

- _ 111,1

_m I 06D I 2 .3. 1.55 065 4 0.6 N 0 0.6o I], 0 - I

US~PLA2LNU. z2 - 32 .81 2.65 3.86 0.13 0.20 2.2 1 166-, 2.67 16~ .19 .1.0 1 041 I.S 32 .6 2.1 2.07

2.667 3.39 2.4.52.0', 0.9 0 if 3. 1^4 2.268 1 .43 2 4! .1' Z. 3 10z ' 2 1 .1 7A 0 1 C.;3

cis-, 9.'S :.93 0) 1 4202.'I 2 :.3 j 72 :2I ,.6 4, 1 -

VE53(3" [:2 i.
2

6 1.)0 3.85 I1.32'1 0.30 0 -6 3 .22 0 094 1 7' 2: 9 091 1.: c S; 1 '41 ý3 C2 0 2

JT5'Sý' 3 1.7S 3 2.1.2 6 32 /1.7 2 33 .i II11,I 2 2 __

.S4 1.51 2 11 30 42 1V 1624 4

_33.7210 C 2 3 0 2. !6s C 0.06 0 13 0.2) 2.4 4 73 3 0. IS4 LI

A ft/. T :,'- 2 G 74 0.6,1.4 F41 : ).0 24 0 71 0.W 2 . 34 2 1 46 3 3
_ _ t3 1 _3 3S '06C'iC,ý 21 ' C .9 '
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NCSC Th 361-82

TABLE 21

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

BOOM LENGTH OF 90 FEET, BOSM ELEVATION ANGLE OF 45', AND H1/ 3 = 5 FEET

CS-S-738 CONT7AINER SHIP LIGHIT SPECTHA

L03-B LIGHTER CRAFT (LIGHTI ST I :Hl 4.C •AV, rEIGE 'T I 5 FEET

CM1A AT FO46MA I. PIERSON "PKO6ITZ

k LENGm • . 90' ?. BRETS0-K0I2( WE..I. PEAK)

BOOM ELEVATION • 45 . S. BRETs:.•I' DER - ,'d L (ROI.L PEAK)

TIP NOT|N4 TIP MOTIN RELATIvE HIT10%

SLUE AAGLE . 0. 3( 9A%.5E • SUE ASLE - 90

MOTION4S SPECTRA T!P LOCATION IN SHIP c3OROINATE 5YS'ER TIP LOCATION IN SHil CO0.7ISRTE STS'M T1:' LATICN ;% SHIP COOROINATE S. STEM

PRE•ICTED TYPE I - 5.01 Y - It.,16 Z - 103.44 T - 436.37 Y , -49.40 2 • 103.44 1 • 436.37 V , -49.48 Z - 103.44

mwHE ., 4JART ERING BEMI HEAD I).AR T •R I 80491 400 0 IH:NG l[-•

WORST PKASED "09ST PH$SED 90RST HIAS1E W4ORT P40I-ED0 WORST jPMAS0D WORSITPHASE1 IRST INKAS'0 OPST IP-ASEOD iOO•" lASEI

VERTICAL 0.60 0.74 1.50 1.40 2.13 2.12 0.61 0.50 1.32 0.87 2.41 2 27 2.36 1.84 3.18 2.10 1 4.$5 2.32

I .SPLACE"TI ? 3E67 2.98 6.iS1 4.09 4.81 S.55 2.83 2.19 8.51 6.52 8.90 8.20 0.09 4.04 10.5 1 7.25 110.95 7.23

(FE _3_ _ 5.0 4.0o7 10.66 S.66 9.18 12.29 3.89 2.97 18.07 14.02 19.44 19.11 349 S.&A 0.60 16.41 1.01 17.04
vERT IC- 1, 0.71 0.66 1.30 1.21 2.06 Z.00 0.54 0.491 1.19 0.61 Z.32 2.20 2.43 2.04 3.26 2 33 4.90 2.97
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TABLE 22

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

BOOM LENGTH OF 90 FEET, BOOM ELEVATION AN'LE OF 600, AND H 3
= 5 FEET
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TABLE 23

BOOM TIP AND RELATIVE MOTIONS FOR CRANE AT FORWARD QUARTER POINT,
BOOM LENrTH OF 90 FEET, BOOM ELEVATION ANGLE OF 750, AND H1/3 = 5 FEET
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TABLE 24

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

OF 90 FEET, BOOM ELEVATION ANGLES OF 45, 60, AND 750, AND H1/ 3 = 5 FEET
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TABLE 25

SAMPLE COTS DESIGN DATA FOR QUARTERING SEAS, '!EA STATE 3 (H1 / 3 = 5 FEET),
A BRETSCHNEIDER SPECTRA, A 120-FOOT BOOM AND A 600 BOOM ANGLE

AT THE FORWARD QUARTFR POINT

MOTION TIP MOTION TIP MOTION RELATIVE MOTION
DATA BOOM PARALLEL •. BOOM OVER SIDE BOOM OVER SIDE

VERTICAL

DISPLACEMENT 5.55 8.51 10.55
(FT)

VERTICAL
VELOCITY 3.28 4.85 6.19
(FT/SEC)

VERTICAL
ACCELERATION 2.05 2.84 3.92

(FT/SEC )

IN-PLANE
DISPLACEMENT 2.34 18.06 19.27

(FT)

IN-PLANE
VELOCITY 1.58 10.03 10.79
(FT/SEC)

IN-PLANE
ACCELERATION 1.12 5.61 6.19

(FT/SEC )

OUT-OF-PLANE
DISPLACEMENT 18,26 2.47 4.50

(FT)

OUT-OF-PLANE
VELOCITY 10.14 1.67 2.82
(FT/SEC)

OUT-OF-PLANE
ACCELERATION 5.68 1.74 1.97

(FT/SEC ) -_
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