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One factor in the toughness equation is the strain rate experienced by the
material. This report conveys the analysis of a survey of stress/strain data
which was assessed to determine the feasibility of obtaining the strain rates
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in materials testing programs for improved correlation.

The authors have determined that this is feasible and such a project is
presently under consideration by the SSC.

(4

CLYDENT. LU Jr.
Rear Admiral, U.S. Coast Guard
Chairman, Ship Structure Committee

Accesion For I
i—-—____\_
NTIS CRA&| 51
O
O

DTIC TAB
Unannounced
Justification

Availability Codes

Avail and | or

Dist Special

A-|

™ ) AL - Lah MBCRRE _.‘.‘_~ TG U TR
’ﬂb@' s Y ,’.?A, : 3 L Y i‘v‘l’ﬂ.\‘\ i‘ &"l\.l'o l:‘t‘!?:l.'}:l:’_.l. X, .,\.as o ' \1 ‘.\. \ \' Tods ¥ \ “ \ "\"".‘. *

o

PPy

Lok,

AN ik




- Rl e e N e b g

Technical Report Documentotion Page

o
T Ty B LR P

1. Repert No, 2. Gevernment Accossion No.

: §SC-317 @,ﬂ/dz 57/

[ 4 4. Title end Subtitle 5. Repert Dare
' Determination of Strain Rates in Ship Hull 1982
Structures : A Feasibility Study G Performing Orgenization Code

3. Recipient's Ceteleg Ne.

’
:
]

:.' R 8. Perferming Orgenizetien Repert Ne.

N Julio G. Giannotti and Karl A, Stambaugh SR-1285
;i 9. Perloiming Orgonization Neme end Address 10. Werk Unit No. (TRAIS)

% Giannotti & Associates, Inc.

i~ 703 Giddings Avenue, Suite U-3 11. Contract or Gront No.

! Annapolis, Maryland 21401 DTCG-81-C-20028

K\ 13. Type of Repert ond Period Covered

12. Sponsering Agency Neme end Address
U.S. Coast Guard Technical Report
Office of Merchant Marine Safety 9/15/81 - 9/10/82
Washington, D.C. 20593 14. Spensering Agency Code

G-M

-
- s AN

15. Supplementery Netes

.

The US(G acts as the contracting office for the Ship Struycture Committee

i

-y -

16. Abstract

s

§‘The material testing techniques that are currently used to determine the toughness
of ship structural steels load material gpecimens at various loading and strain
rates. Since the toughness, nilductility and the yield strength characteristics
of ship structural steels varies with strain rate, it has become necessary to
determine the extent to which the strain rates produced by materials testing
techniques are representative of ship service experience.

JRI

®

i
AR

A survey of existing shipboard stress/stréiq data is presented and the data bases
are evaluated to determine the feasibility of obtaining strain rates. The results
of the survey indicate that it is feasible to determine strain rates from existing
ship data; however, the stress/strain data require additional data reduction and
analysis before detailed strain rates may be obtained. Preliminary calculations of
strain rates that are comparable to the order of magnitude of strain rates given
for current material toughness tests were obtained from existing data. Two methods
are outlined to obtain ship structural strain rates from analytical predictions or
in conjunction with future full-scale instrumentation programs. k/ﬂ{yJCNJQSZ

f 7' PR

17. Key Words 18, Disnibution Stetement
Strain rate
Ship structure
Material test
“Ship response & instrumentatioNe e _

This document is availablo to the U.S,
dyblic through the National Technical
Information Service, Springfield, VA
22161

19. Security Classif, (of this repert) 20. Security Clessif. {of this pepe) 21 No, of Poges | 22, Price
USCLASSIFIED UNCLASSIFLED 81

Form DOT F 1700.7 (8-72) Reproduction of completed page autherized
iii

PRI T N
VL.
b "n"‘.\."

-

AL PRLRLAT) .‘..\“a.\\'u" Ca Y CR IR
e e R e T At L

Ll e v come



i tse¥i % s g s it} &
. r3§—1—§.“
Sy . 11 NI T B T I I
§1 e Hie dn oa ) o
g 3 = < s . el §is 5_:_8'5
3 § §L 33153 gH sa3a $as é 3318, 2 e ]
g - ) ; :'
L I I:]8 2 I
s £ $3 111 ] . ii .3 1
i i HH IR TN L B | 3 S
g d P I 1T TR TTTH B Is
ol rej[er
1 t
- .1: ESaes Wes2 2. T--"e b
E ’,
g £z |z |12 (0% (13 n N 1N ”n ot 4 1t lﬂ l l $ ’ 1 4 4 ‘uo:
=
3 i lmluuluu‘nu it IIIIIIIJIIIJHIILIIIIIII mlnu |||||||Jm|lm1 m|||m I an‘mJqu'm i |m|m| i mduu |m||m i
2 '|'|'|'|'|'|'|'"rrrl'rrrlw |'|'|'| I rl'l | |'|'| I |'l'i I l'l'l i |'|'|'| |'|'| | |'I'| ) |'I'I'|'|' ) |'|‘|‘|‘|'|'l'l'|'l'"l'|‘l'
§ * s 7 ¢ s 4 3 2 1 inches)|
3
i 558 R30S ¥ -g. FEE----%%¢ O y
m .
iy il a0 L
5 3 i ! 11 0 | B
I AT TITI I (I ITTTH LI
. i
i 3 i : :
. é’ g g 2a32 E‘ 283233 3 L3 § eag338adt g s g;
= $ 3 P i3
S DR 1 H ot gt |
: g I Ht Hinddi | s;
- < 3
i seli =Y 3e !2: TE 5 - z

iv




CONTENTS
Y
} Page
%
_\‘ 1.0 INTRODUCTION.::ceeettonssaseesossosasansscsnscsccsssoscsnasassssscssnsnsl

I -
a7 %

2.0 BACKGROUND ON STRAIN RATE INFORMATION AND DATA REQUIREMENTS............l

3.0 REVIEW EXISTING SHIPBOARD LOAD DATA WHICH MAY REVEAL THE RANGE
OF FULL-SCALE STRAIN RATES.....ccccceeorovencscncocscccncsncccnsencnesal
3.1 DESCRIPTION OF THE EXISTING FULL-SCALE DATA BASES THAT
HAVE BEEN REVIEWED......ccenevevees certtesseveasessrsaracansanans 02
3.1.1 ABS Instrumentation Program on Oceangoing Tankers
and Bulk Carriers....cc.ceeceecscseccscccsscnsasccacscncnead

3.1,2 Ship Structure Committee Instrumentation Program...........4
3.1.3 United States Coast Guard Great Lakes Ore Carrier
Instrumentation Program.....eocecessocscssssccavssssossseanses 6
;:' 3.1.4 United States Coast Guard Research Program to Obtain
i Design Information on the USCGC MACKINAW......cco0veeeen el
i85 3.2 DATA BASE EVALUATION CRITERIA.....covrnsorcorscsncnssccnsosssancss?
:-'. 3.3 REVIEW AND EVALUATION OF EXISTING DATA BASES THAT COULD
\.’3 REVEAL THE RANGE OF STRAIN RATES IN SHIP HULL STRUCTURES......... 10
» » i)
AN 4.0 PRELIMINARY CALCULATION OF STRAIN RATES FROM EXISTING DATA
i AND SUMMARY OF RELATED OBSERVATIONS....evecccesassnssncncsnns [PRS 1
L 4.1 DATA REDUCTION REQUIRED TO OBTAIN STRAIN RATE INFORMATION
X FROM EXISTING DATA...cceccecsconrsosscsccasossssssnsnnns cessnesnaes 12
b 4.2 PRELIMINARY CALCULATION OF STRAIN RATE INFORMATION FROM
N EXISTING DATA...ccveeccecvesoscsosoossansssssccncoscnancnsssssesesll
i 4.3 SUMMARY OF OBSERVATIONS PERTAINING TO STRAIN RATES
. OBTAINED FROM EXISTING DATA......cc.. sesasessssnssen cesecasense .22
5.0 RECOMMENDATIONS TO OBTAIN STRAIN RATE INFORMATION FROM
") ANALYTICAL PREDICTIONS AND FULL-SCALE INSTRUMENTATION......ccc00e0eee:.26
3 J: | 5.1 ANALYTICAL PREDICTIONS REQUIRED TO OBTAIN STRAIN RATE
5 INFORMATION, ¢ ccvvevvsvescaoransvesacnsonsscnssacsssasasnssssssonseldl
QY 5.2 OUTLINE OF A METHOD TO OBTAIN STRAIN RATE INFORMATION IN
b 1) CONJUNCTION WITH A FUTURE FULL-SCALE INSTRUMENTATION PROGRAM.....29
hid 5.2,1 Number and Type of Ships to be Instrumented.......ce0ss...30
5.2,2 Structural Areas and Members to be Instrumented...........30
v 5.2.3 Types of Instrumentation with Suitable Alternatives.......31
5.2.4 Instrumentation Installation and Data Reduction...........32
:k? 5.2.5 Pertinent Measurement to Support Strain Rate
! 5, Information for Collation Purposes.......vecauveescecsssse3d2
fz): 5.2.6 Desirable Ship Routes, Best Seasons, General Extent

Awy and Duration of Tests to Collect Meaningful Data..........34
p 5.2.7 Cost Estimates Required to Obtain Strain Rate
Information in Conjunction with other Full-Scale Tests....35

RS 6.0 CONCLUSIONS AND RECOMMENDATIONS...:e0cecsecasccrasossoscscnsnsaassnsse3d?
s REFERENCES. . o.evevneccvasarssccasoncosessssssosrsssnssssssenssosnscasssnsonssld
" ’

1 APPENDIX A Stress Time Histories Used for Preliminary Calculations of
lJQ Strain Rates...coeececesosssssssnsensscscncssanssencns crssssessA=]

APPENDIX B Tables of Strain Rates from Partial Data on the SL-7

Y SEA-LAND McLEAN and the STEWART J. CORT that was presented

ﬂu: In Appendix A..cceivrecsessssasssccsssossesaserascesasasesab-l
I

T

.y

. §

i:¥

[

2 )
3" v
vl

"5»‘




e LIST OF FIGURES
»
iz' Figure No. Page
¥Lv 3-1 Schematic Cross Section Showing Primary Load Carrying
ek Members in Main and Secondary Stress Regions .ceeeececcccescess8
Ly
AF} 4-1 Representation of a Strain Time History Used for
,'{: Illustrative Variance of Strain Rate Throughout the
, . Signal.......I......l.‘........"......~.......l..“.........la
e 4-2 Typical Load Displacement Curve Produced by Dynamic Tear
:\ﬁ- Test, Approximately 1 in/sec Load Rate, EH-32 Steeleseceececees16
e
W v
!i; 4-3 Expanded Trace of Vertical Bending Stress
NL\ SL-7 SEA—LAND MCLEAN.......'...."'....C........l............lS
By 4-4 Ship Response to Following SwellSe.eseecosssocsssocssscaccssseall
1AM
(Y. 1
‘.‘:‘:‘ 4"5 Condition 6 - M/V S.J. CORT Fall Trialsooo.ocoo.o-o"-o.o.onazl ';
&
Wy 5-1 Comparisons Between ROSAS Output and Sea Trial Data from
"J the ESSEX Airctaft Carrier............l.....".O.............ZB
ﬂdl
‘e 5-2 Representation of a Histogram Accounting for Variations
ﬁ ! in Strain and Strain Rates Compared with Variable
f{} Strain and Strain Rates Encountered in Ship Operation...e....33
i
3.
5o
{2&
Lo LIST OF TABLES
'.F.q
o Table No. Page
! N 2-1 Loading Rates Produced by Current Material Toughness
).3; Testing Techniques .................‘I...?0...........'.'.....3
AN
;*Z 3-1 List of Characteristics of the Ships Involved in Full-
* Scale Instrumentation Programs and Data Bases That Have
ol Been Reviewed as a Source of Strain RateS.csesccssccccscssssoed
2o
- ; 3-2 Review of Full-Scale Data Bases That May Reveal the Range
b of Strain Rates in Ship Hull StructureS.:cecceescssccssccssessll
21
o 4-1 Summary of Preliminary Estimates of Strain Rates From
* Existing mta (Mild steels).........."...l“...‘I..l........za
12
‘ij 4-2 Summary Table of the Primary Factors Which Influence the
o Magnitude and Range of Strain RateS..ccceececsscscccscssssscseld
Gy 5-1 Approximate Additional Cost to Determine Strain Rates in
e Conjunction with a Full-Scale Instrumentation Program........36 \
%
4 |
e, \
by vi

R TS B S A AL B e d WY

OV RPN NP RN T RN LWL W L e o R AN P h A AR
S R e A R P S S e g gy



-~ o
-~ o
X, -,
o & ’

it

1.0 INTRODUCTION

SRS,
SRS

The demanding environment in which ships operate requires that the
toughness of the hull structural material be evaluated and classified in
Qe an effort to minimize the incidence of catastrophic failure. The
materials testing techniques that are used to determine the toughness of

ship structural steels load material specimens at various loading and
™ strain rates. Since the toughness of ship steels varies with loading and
W resulting strain rates, it has become necessary to define the
Y representative range of strain rates encountered by ships in service.
- The definition of ship service strain rates will allow the material
L research engineers to judge the amount of conservatism inherent in the
W materials testing techniques that are currently used to classify the

}:!a : toughness of ship steels.

4 This study involves the review of numerous existing full-scale
—;‘.“}3 instrumentation programs to evaluate the feasibility of obtaining strain
AN rate information from measured data. The instrumentation programs which
"1’-;4; cover a range of ship types are evaluated in depth. The representative
‘.;'{i:: ship types include two containerships, several large tankers, two general

cargo vessels, an oceangoing bulk carrier, a Great Lakes bulk carrier,
and an icebreaker. The review and evaluation of the existing data
indicate that strain rates may be obtained from existing data within the

-‘:}-:‘ frequency limitations of the data acquisition systems. However, in all
_r:' cases the data require reanalysis before detailed information may be
. obtained directly. Preliminary calculations of strain rates were
i obtained from samples of existing data that are representative of the
o order of magnitude of strain rates encountered by ships inservice. This
“ information is consistent with the order of magnitude of strain rates
? : reported for material toughness testing techniques. Two methods are
L+ presented for obtaining strain rate information from analytical
e predictions ani 1in conjunction with future full-scale instrumentation
o programs. Obtaining strain rate information in conjunction with future
_‘,‘.., full scale programs would provide data for ships that have not been
aa" instrumented and provide more detailed strain rate information if
o material tests are updated or changed as a result of future demand.

. 2.0 BACKGROUND ON STRAIN RATE INFORMATION AND DATA REQUIREMENTS

0 e The Ship Structure Committee has initiated a series of projects aimed at
3w the development of suitable criteria for qualifying steels and weldments
;::::1: for ship hull structures. In 1974 Rolfe in 8SC-244 (1) proposed a
1 tentative criterion for ensuring adequate structural properties of a wide
;}}: range of ship steels and weldments for primary structural applications.

Rolfe (1) hypothesized that shipboard loading rates are of an

= intermediate loading rate between the static tensile and Charpy V-notch

2 E material tests, Later in 1974, Hawthorne in SSC-248 (2) presented a

At limited data base on l-inch thick ship steels and weldments for the
purpose of evaluating the criterion proposed in S$SC-244 (1).
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Eote More recently two parallel efforts were carried out at Southwest Research
’ Institute dealing with the same problem. In SSC-276 (3) the emphasis was
placed on fracture behavior of manual and submerged arc automatic welded
gpecimens, as measured primarily by Charpy V-notch, dynamic tear,
explosion crack starter and explosion tests.

{‘ Francis reported in SSC-275 (4) on the effects of loading rates on

4 fracture toughness; dynamic yield stress was studied based on laboratory
experiments., The authors of SSC-244 (1) and SSC-275 (4) suggest that
% there 1is an uncertainty in the range of strain rates occurring during
) ship operation that impeded comparison with current material testing
y techniques. The dynamic loading experienced by the ship structure
requires a nore precise definition so that material property data can be
b developed based on rational requirements.

4*‘ Yield-strength, nilductility temperature and fracture toughness all
:kq depend upon the strain rate at which the material test is conducted.
fﬂ% Generally, for mild steels used in shipbuilding and considered in this
) study, the fracture toughness decreases with increases in strain rate at
a glven temperature., The material tests currently used to characterize
>~ the toughness of ship structural materials produce a wide range of strain
rates. The rate at which the material toughness tests are conducted also
effects the yield strength of low carbon steels like ship's steels.
o Table 2-1 presents the strain rates produced by various material
-%{— toughness tests as reported by Francis (4) and Shoemaker (5). This order
oy of magnitude information plays an important role in assessing the

accuracy of information required to define the range of strain rates that
i are produced in ship structures. It is, therefore, necessary to look for
AL loading rates corresponding to actual ship primary structure loading
W conditions in order to input the effects of load rates into the fracture
Ry toughness test procedures. The amount of conservatism inherent in the
b existing materials testing techniques may then be judged.

b 3.0 REVIEW EXISTING SHIPBOARD LOAD DATA WHICH MAY REVEAL THE RANGE OF FULL-
‘ SCALE STRAIN RATES
2
4

The feasibility of obtaining strain rate information from existing
shipboard strain data has been determined by reviewing numerous full
scale data bases and evaluating them according to predetermined criteria,

3.1 DESCRIPTION OF THE EXISTING FULL-SCALE DATA BASES THAT HAVE BEEN REVIEWED

¥ Concurrent with the SSC projects discussed in Section 2.0, there have
: been a large number of full-scale ship instrumentation programs carried
out by the SSC and other sponsors. These programs covered a wide variety
of ship types and instrumentation packages of various complexities. Ship
types covered include tankers, bulk carriers and containerships, to name
a few,

There are numerous full-scale instruuentation programs which provide a
source of data which may reveal the range of full-scale strain rates. 1In

A

;y this study many were investigated and dropped from further consideration
2
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,j TABLE 2-1

I Loading Rates Produced By Current !
Material Toughness Testing Techniques g

bt Laboratory Approximate Nominal Straining

Test Example Rate, in/in/sec.

b Quasi-static Tension Test 1072

Tension Test at Fastest Rate of 1073

q Loading in Universal Testing Machine
N Dyanmic Tear Test 107!
jt. Charpy V-Notch Test 101

(From References 4 and 5)
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3.1.1

3.1.2

because of 1inadequate data acquisition techniques, 1lack of data
availability or duplication of ship type. The instrumentation programs
reviewed cover an appropriate range of ship types and data types for
determining the feasibility of obtaining strain rates from existing
data. Although none of the ship hull response programs were intended to
measure strain rate specifically, the measured stress and strain time
histories could yield strain rate information. Each program has been
inspected thoroughly for applicability and quality of recorded stress and
strain data. The characteristics of the instrumented ships reviewed are
presented in Table 3-1, A brief discussion of the data bases that have
been reviewed are summarized below,

ABS Instrumentation Program on Oceangoing Tankers and Bulk Carriers

In early 1967 the American Bureau of Shipping (6) formulated a program of
full-scale stress measurements aboard large tankers and oil carriers.
The primary purpose of the full-scale project was to provide statistical
data on midship stresses that could be interpreted in terms of wave-
induced bending moment for bulk carriers and tankers of different size,
type and service and that could be extrapolated to longer periods of
time. Secondary objectives for certain cases were the determination of
shear stresses in the vicinity of quarter points and the longitudinal
distribution of bending moments, This was expanded to simultaneously
record the stress levels at five different locations on three of the
vessels but only for a limited period of time. The bulk carrier FOTINI L
was also instrumented on the side shell plating to record hull girder
shearing stresses in the vicinity of the after quarter point. One other
vessel, the tanker ESSO MALAYSIA, was instrumented to register the
dynamic stress levels occurring in the forward transverse bulkhead of No.
1 center cargo tank where there was a strong probability of a slack tank
in the ballasted condition.

Although not feasible at the beginning of the program, the opportunity
arose to expand the hull girder bending instrumentation to permit
simultaneous recording of the stresses at as many as five different
locations along the deck. This was accomplished for a limited period of
time toward the end of the program in the case of two ships, the UNIVERSE
IRELAND and FOTINI L.

The vessels chosen for instrumentation provided a range in size from
66,000 to 326,000 deadweight tons and included the following:

IDEMITSU MARU - Tanker
FOTINI L - Bulk Carrier
R. G. FOLLIS - Tanker
ESSO MALAYSIA - Tanker
UNIVERSE IRELAND - Tanker

Ship Structure Committee Instrumentation Program

The earliest SSC effort in achieving a better understanding of the loads
experienced by ships in service was the long-term project "Ship Response
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Statistics.” Initiated in 1959, this project obtained statistical
records of longitudinal bending moments experienced by various types of
ships operating on different trade routes. Emphasis was placed on
extreme bending moment values. The first four ships instrumented were:
HOOSIER STATE, WOLVERINE STATE (7,8), MORMACSAN and CALIFORNIA BEAR
(9). The results of the instrumentation program on the four-ship series
led in 1968 to the design and installation of an expanded instrumentation
package on the containership BOSTON (10,11), a converted near-sister ship
of the WOLVERINE STATE. The intent of this program was to compare data
obtained from the BOSTON and WOLVERINE STATE and assess the effects of
open decks on structural response. The instrumentation package included
vertical and horizontal bending stress, and hull torsional shear
stress., Accelerometers were installed at the bow, midship and stern
locations and two pendulum transducers were located at midship to provide
pitch and roll data. During these tests a wave buoy was launched to
provide wave data.

The latest SSC instrumentation program is, of course, the package
installed on the SL-7 containership SEA-LAND McLEAN (12,13,14). Its
instrumentation package was much more involved but appears to be a
descendant from the BOSTON instrumentation package with provisions for
obtaining additional measurements.

The primary measurements made on the SEA-LAND McLEAN were:

o Midship vertical bending stresses

o Torsional shear stresses

o Principal stresses at the four extreme “corners” and at the
neutral axis of the midship section

o Gross hull acceleration

0 Accelerations of forward and aft deckhouse.

The data channels were also supplemented by log book entries of
environmental and operational conditions.

U.S. Coast Guard Great Lakes Ore Carrier Instrumentation Program

The USCG has been sponsoring an extensive instrumentation program to
obtain structural response data on Great Lakes ore carriers. The USCG
has been aided in this study by SSC, the Navy, ABS and several
educational institutions. Numerous ore carriers have been instrumented
for strain data with an emphasis on springing. These instrumented ships
include the ROGER BLOUGH, EDWARD L. RYERSON, BURNS HARBOR and the STEWART
J. CORT,

The Great Lakes ore carrier M/V STEWART J. CORT (15) was instrumented
beginning in 1971 to study the bending stresses experienced by the vessel
during normal operations. A key phenomenon of interest in this program
is springing. Recognizing the need for research in this area, the USCG
has undertaken a four-part program to obtain a more thorough
understanding of springing. The Ship Structure Committee has contracted
DTNSRDC to collect full-scale pressure distribution measurements on the
CORT. Fifteen 50 psi pressure transducers have been installed in the
forward section of the vessel. The pressures are scheduled to be

-6H-
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: analyzed by ABS in conjunction with a time-domain analysis of the wave o
: heights.

§ 3.1.4 U.,S. Coast Guard Research Program to Obtain Design Information on the :
USCGC MACKINAW i

A research program sponsored by the USCG to obtain design information was
conducted on the USCGC MACKINAW (16). The program was primarily oriented
toward obtaining ice resistance information, however, strain gauges were
applied to the bow area structure to measure strain information during
the test icebreaking operations.

i 3.2 DATA BASE EVALUATION CRITERIA :

\ : The full-scale instrumentation data bases described above have been .
) reviewed and evaluated to determine the range of strain rates experienced -

by the ship hull structures. The criteria for evaluation are divided !
into three basic areas: ship type, ship operational parameters and data b
acquisition and reduction techniques. -

ﬂl..

a8 8

Each type of ship has inherent structural design characteristics which
affect the strain rate experienced by the hull strain and are of interest
in determining the range of strain rates. Differences in the structural N
s design from ship type to ship type could include longitudinal vs. Y
S transverse framing or various frame and stiffener arrangements. These '
Y differences affect the magnitude of strain experienced by various ships, 3
hence the magnitude of strain rate. The structural areas of interest i
4 relating to determining strain rates in ship hull structures are those
areas where the hull girder material classification 1s desired. These -
. structural areas have been identified in SSC-244 (1) as the load-carrying if
N plate members within the center 40% of the hull length and include the .
upper deck, bottom shell, side plating and longitudinal bulkheads. The -
k stiffeners were identified as primary load-carrying members but were not Y
8 considered for material classification because they are not connected to
each other and failure of one stiffener will not necessarily lead to
failure of adjacent stiffeners, provided the hull plating has sufficient M
toughness for crack arrest, Rolfe (1) indicates that the material “
performance characteristics are for the primary 1load-carrying plate
members in the upper deck and bottom shell since the stresses in the ship
hull vary from extreme levels to zero at the neutral axis as shown in
Figure 3-1. Rolfe (1) assigned less stringent structural toughness
S criteria for secondry and tertiary areas. The material characteristics
‘ of secondary and tertiary structures should not be neglected. Many times
cracks which start in the secondary and tertiary areas may propagate into
primary areas.
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The areas of stress concentration for particular ships also have an
[, influence on the magnitude of strain rate and are of interest in material
® classification when they occur in the primary hull structure.
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N Generally, all ships at sea experience wave bending strains which occur

b at approximately the wave encounter frequency; however, ships are prone
Y to different types of impact loads (i.e., slamming, shipping of green
N water and springing), cargo shifting or sloshing, or loads imposed by

collisions, groundings, blast loads or ice loads which generally increase
the magnitude of strain rates. These factors affect the strain rates for
: different ship types.

! The ship environmental, operational and repsonse parameters are of
" interest in collating the strain rate information obtained from the data
bases. Environmental parameters such as wave height and wave direction
(ship heading with respect to the waves) influence the magnitude of
strain rates. Other operational parameters such as ship speed, air and
water temperature and general log book information supplement the strain
data for identification and collation purposes. Ship motions information
such as roll, pitch, heave, surge and sway is not directly related to
strain rates, however, there may be circumstances where this information
) would be useful for collation purposes.

U4 -0 2207

The techniques used in data acquisition, reduction, documentation and the

availability of data are of specific importance in determining strain

rates from existing data. The data acquisition techniques used for the

instrumentation programs reviewed are very similar in approach. The

A primary instrumentation used by the researchers involved in the full-

g scale measurement programs were either "stress"” gauges and/or strain
gauges.

( o

The “"stress” gauges (17) were used to infer midship longitudinal stresses
from measured strain in the majority of instrumentation programs
including the UNIVERSE IRELAND, ESSO MALAYSIA, FOTINI L, BOSTON, SL-7
SEA-LAND McLEAN and the STEWART J. CORT. A "stress" gauge consists of
two strain gauges placed in a dyadic configuration. This arrangement of
two strain gauges compensates for Poisson effects and the output is
proportional to stress rather than to strain. The two gauges are also
incorporated in the typical Wheatstone bridge circuit. The mathematical
relationship of the stress gauge becomes:

FUNRLTE Mk
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The strain relationship is:
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3.3

where the lateral constraint is infinite. The "stress" gauges are
placed in locations where lateral constraint is minimal.

Where:
o= longitudinal stress
0. = lateral stress
E' = modulas of elasticity
v = Poissons ratio (.28 for mild steels)
€, = strain in the longitudinal direction
ey = gtrain in the lateral direction

Strain gauges were also employed on the instrumentation programs
reviewed. The strain gauges were used to measure amidship vertical
bending strain in the HOOSIER STATE and WOLVERINE STATE and on local
areas away from amidship on the BOSTON and SL~7 SEA-LAND McLEAN and the
icebreaker MACKINAW.

The recorded strain from the strain gauges was converted to stress by
simple calibration constants.

The stress and strain information was recorded as an analog signal on
magnetic tape for all the instrumentation programs reviewed except the
STEWART J. CORT where the stress data was converted to a digital signal
and recorded on magnetic tape, The analog signals from the HOOSIER
STATE, WOLVERINE STATE, BOSTON and SL-7 SEA-LAND McLEAN were recorded by
high fidelity equipment on magnetic tape with a resolution from DC to

50 H,.

The data from the instrumentation programs exist on wmagnetic tapes in
either analog or digital form (the STEWART J. CORT data is digital).
They have been recorded in 20- to 30-minute intervals with appropriate
calibration factors including time. The resulting stress or strain time
histories require additional data reduction to obtain strain rate
information. The analog and digital data may be processed and strain
rates calculated after additional computer software 1is developed to
differentiate the strain data with respect to time,

REVIEW AND EVALUATION OF EXISTING DATA BASES THAT COULD REVEAL THE RANGE
OF STRAIN RATES IN SHIP HULL STRUCTURES

Of the numerous existing full-scale data bases, the ones discussed in
Section 3.1 have been inspected in depth based on the evaluation criteria
presented in Section 3.2.

A summary of the review and evaluation criteria of the existing data
bases is presented in Table 3-2, Several observations pertaining to the
information presented in Table 3-2 are presented below.

The primary observation about the existing data bases is that it is
feasible to obtain strain rate information from existing ship hull
structure instrumentation programs. However, in all cases the data have
to be reanalyzed before detailed information on strain rates may be

_10_
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obtained directly. This involves reprocessing the existing analog strain
data. Although the majority of the data has been obtained by recording
equipment with a 50-H, upper bound filter it is unlikely that significant
structural response of interest relative to material classification has
been eliminated. In quantitative terms if yield strain (.001 in/in) 53
reached in .02 seconds, the resulting strain rate would be 5. x 10
in/in/sec which is well below that required to affect the material yield
strength behavior of mild steels used for ship structures. A second
observation from Table 3-2 is that in all cases the full-scale data are
accessible for further analysis with regard to strain rate information.
Documentation has been published for the data bases reviewed.

As can be seen in Table 3-2 there are gaps in the quantity of specific
and supporting information required to determine the range of strain
rates in ship hull structures based on existing data, However, the
majority of the information has been obtained for the given data bases
and ship types in question. Significant gaps in the data bases exist for
collision induced strain rates and environmental data needed to validate
analytical techniques that may be used in predicting the range of strain
rates in ship hull structures., The validation of analytical predictions
of strain rates should remain a long-term goal after the techniques for
predicting strain in the time domain have been validated. Environmental
information is also desirable for collation of the strain rate
information.

PRELIMINARY CALCULATION OF STRAIN RATES FROM EXISTING DATA AND SUMMARY OF

RELATED OBSERVATIONS

The ability to carry out a meaningful or representative collation of
strain rate data depends on the extent to which existing data for ship
types allows one to derive strain rate information. As discussed
previously, it 1is feasible to obtain strain rate information from
existing data; however, the existing data would require reprocessing
before the full range of strain rate information could be obtained.

The strain data from several existing full scale data bases were reviewed
and preliminary calculations of strain rates for the hull structure
performed. The data analysis consisted of determining the strain rate as
required for comparison to the strain rates produced by the material
testing techniques, For each of the data bases investigated the maximum
strain rate was determined for recorded intervals of data (typically 20-
30 minutes).

DATA REDUCTION REQUIRED TO OBTAIN STRAIN RATE INFORMATION FROM EXISTING
DATA

The data reduction techniques required to compute strain rates from
existing data are developed so that they may be compared to the strain
rates produced by existing material toughness tests (i.e., tensile tests,
dynamic tear, Charpy V- notch). Ideally the material toughness tests
should be developed to simulate the variable nature of strain and strain
rates produced by shipboard operation. The type of data reduction

_12_
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required to obtain strain rates for variable loading material tests and
future strain rate data reduction is presented in Section 5.2.4. This
type of data reduction would constitute a long-term goal for material
classification procedures.

The dynamic strains have been measured and recorded in the form of analog
signals for all of the data bases discussed with the exception of the
STEWART J. CORT data which are 1in digital form. For practical
considerations, full-scale data have traditionally been collected in
sampling patterns. Typically, these patterns consist of recording data
for 20- to 30-minute periods at predetermined intervals.

In most of the data bases reviewed the data acquisition methods were

oriented toward obtaining stress and time data. While stress was the
desired quantity in all instances, techniques were employed to infer
stress from measured strain. Section 3.2 comments on the

instrumentation and frequency ranges used to gather the existing data.
The signals themselves record all changes in strain within the given

ranges of the instrumentation. Typically, wave—-induced strains are
recorded for the recording intervals. These recorded strains occur
primarily at the wave encounter frequency (low frequency wave-induced
strain). Superimposed on the 1low frequency wave-induced strain are

transient responses of the structure to impact-type loadings which vary
from ship type to ship type. These transient structural responses occur
at frequencies higher than wave encounter (typically at the first mode of
the hull structural response) and can achieve large amplitudes in certain
instances. The high frequency transient structural responses result from
slamming and flare shock, and are known as whipping responses. Springing
is also a phenomenon of hull vibration which has been observed primarily
in Great Lakes ore carriers and certain oceangoing vessels. The
springing response is identified as being primarily one of fundamental
hull frequency matching the encounter frequency of waves possessing
sufficient energy for hull excitation.

The recorded strains vary from interval to interval and are caused by
shifts in cargo and ballast as well as thermal effects. Typically the
shifts in mean strain are recorded and referenced to the state of strain
when the ship leaves port at which time the gauges are zeroed. Although
the state of strain is not recorded upon departure for each voyage the
initial mean strain is not required for calculation of strain rate.

A representation of a strain time history is presented in Figure 4-1,
The most notable feature depicted in Figure 4-1 is that in areas where
the strain time history is sinusoidal in nature, the maximum strain rate
occurs at the average strain and the minimum strain rate occurs where the
strain is at a maximum or minimum as would be for typical sinusoidal
signals. The exceptions to the generalization occur where there are high
frequency transient structural responses such as whipping. The high
frequency strain produces higher strain rates where the instantaneous
state of strain is other than the average (not necessarily zero). It
becomes apparent that the specific information needed to describe the
level of strain rate that is of interest to materials engineers requires
definition.
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The existing techniques used to classify materials in the study presented
in S$SC-275 (4) were (static) tensile, dynamic tear (DT) and Charpy impact
tests. These tests produce a wide range of strain rates as indicated in
Table 2-1. The method used to determine the strain rate for the three
standard material tests is to infer the strain at maximum load and divide
by the total test time. For the tensile tests the strain rate 1is
controlled at a constant value, For material tests which produce a
nearly constant strain rate, the materials researchers report the strain
rate that best approximates the nearly constant strain rate. The
procedure is different for material tests that produce a variable strain
rate. A typical load time history for a dynamic tear test is shown in
Figure 4-2, The strain rate produced by the dynamic tear test 1is
variable. The maximum loading rate occurs when the loading magnitude is
increasing, and the load rate is at a minimum when the load magnitude is
at a maximum. For a variable strain rate test such as the dynamic tear
test, the materials engineers report an average strain rate for the
duration of the test. This is normally determined by dividing the
maximum strain by the test duration in time which yields an overall
average strain rate. This procedure is also used to approximatr the
strain rate produced by a Charpy V-notch materials test.

The strain rates experienced by ships at sea are also variable in nature
as represented in Figure 4-1. The strain rate data reduction which would
best characterize these variable strain rates 1is the average strain rate
for a given strain excursion. This average strain rate information
obtained from ship strain records would be compatible with the strain
information obtained from current material tests.

Preliminary calculations of strain rates have been obtained from several
of the data bases described previously. The specific type of strain rate
calculation is compatible with the strain rate information obtained from
material tests as described above, For most of the calculations of
strain rates presented in this report the source of loading (i.e.,
thermal effects, low frequency wave-induced, transient high frequency

wave-induced, etc.) has been identified. The 1identification was
primarily from visual inspection from the hard copy stress time
histories. The strain rates presented for the low frequency and

transient high frequency wave-induced strains have been calculated from
the combined stress records as represented in Figure 4-1. The effects of
calculating the strain rate from separated signals (separated by
filtering) was investigated as part of this study. The results of the
preliminary calculations indicated that estimation of strain rate from
combined or separated signals was generally similar in magnitude,
however, this conclusion needs to be reviewed for each specific case. In
some instances the phase information between signals is lost after
separation by filtering., The reason the strain rates were calculated
from combined signals is so the strain rate could be estimated at areas
where the strain magnitude is largest., The preliminary calculation of
strain rates at areas of maximum strain excursions provides information
that is consistent with the strain rate information measured from current
material tests.
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4.2

The accuracy and extent of data reduction required to determine the range
of strain rates occurring in ship structures 1is comensurate with the
reported values of strain rates from material tests as shown in
Table 2-1. The strain rates produced by material tests are generally
reported and compared by order of magnitude., The preliminary calculation
of strain rates from existing data are within the order of magnitude
required to define the range of strain rates for this study.

PRELIMINARY CALCULATION OF STRAIN RATE INFORMATION FROM EXISTING DATA

The data bases from which preliminary calculations were obtained
include: The SL-7 SEA-LAND McLEAN (12,13,14,18,19,20), UNIVERSE IRELAND
(6), FOTINI L (6) and the STEWART J. CORT (15). The ships are a
containership, tanker, ocean going bulk carrier and a Great Lakes ore
carrier, respectively. These ships were constructed of mild structural
steels. Although the current trend in ship building materials is tending
toward utilization of higher strength steels, the steels are within the
broad category of mild steels generally used for ship construction. The
preliminary calculations of strain rates were obtained from stress time
histories using the appropriate factors relating stress to strain. The
time reference for stress time histories was used to calculate rate,
Although the original analog signals were recorded from DC to 50 H, the
signals were filtered for the development of stress time histories used
for the preliminary calculations. The analog signals were all filtered
through a 2 H low pass filter for play back and development of stress
time histories to minimize the shipboard propeller-induced hull vibration
in the recorded data. In all cases the researchers indicated that there
were no stresses or strains of significant magnitude that were eliminated
by the low pass filtering procedure. The majority of the stress time
histories that were used to obtain preliminary strain rate information
are presented in Appendix A, The strain rates that were calculated for
the SL-7 SEA-LAND McLEAN and STEWART J. CORT have been tabulated along
with operational information including observed wave height, ship heading
and speed. The tabulated strain rates are presented in Appendix B. The
highlights of the preliminary calculation of strain rates from the
existing data are presented below.

The SL-7 SEA-LAND McLEAN data base was examined in the greatest detail
with regard to preliminary calculation and collation of strain rate
information. Figure 4-3 presents an expanded trace of amidship vertical
bending stress of a slam and resulting whipping stress in a severe
storm., The reported wind speed reached 100 knots, the observed wave
height was 50 feet, and the ship was hove-to. The stresses recorded
during the expanded time represent the maximum amidship vertical bending
stress measured for the three seasons of data acquisition on the SL~7
SEA-LAND McLEAN, The strain rate induced by the whipping response
is 1.1 x 10™3 in/in/sec in the vicinity of maximum load (stress).

The forward hatch corner of the SL-7 SEA-LAND McLEAN was known to be a
highly stressed area. The data associated with the stress concentration
of the forward hatch is presented in Appendix A. These areas appear to
produce a stress (and corresponding strain) which is greater in magnitude
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c than the amidship longitudinal vertical bending stress for the conditions
indicated for the recorded interval., However, the strain is occurring at
approximately the same frequency, thus the strain rate is increased. The
stress concentration factor would vary for other ship headings and
~ environmental conditions.
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N The UNIVERSE IRELAND (6) data base provides some interesting observations
of the range of strain rates, Figure 4-4 presents a series of stress
time histories for wave-induced vertical bending at several points along
the ship's hull in a following sea (swell condition). The comparison of
stress time histories indicates that the magnitude of stress (and
) therefore strain) is maximum near amidships. Since the frequency of
:&3” stress is nearly constant for each location along the hull, the resulting
e strain rate is largest near amidships. The influence of a following
swell decreases the magnitude of strain rate compared to waves of shorter
. period since the frequency of wave encounter is decreased. This further
L confirms the observation that strain rate is not only influenced by the
ot height of the encountered wave but also the frequency of the wave
) encountered. The approximate strain rate in the following swell is
NG 5 x 107° in/in/sec. The low magnitude of high frequency transient
" ¢ stresses in the UNIVERSE IRELAND has been documented in SSC-287 by
. Dalzell (21). The nature of high frequency wave-induced transient strain
ERE rates (found to be the greatest magnitude of strain rate occurring in the
e SL-7) is dependent on ship type.
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The Great Lakes Ore Carrier STEWART J. CORT (15) also provides an
interesting source of strain rate data. The stress time histories for
the STEWART J. CORT appear in Appendix A. An example stress time history
measured on the STEWART J. CORT is presented in Figure 4-5. The high
frequency springing is evident. Hull girder springing is a phenomena
that occurs where the fundamental frequency of hull vibration is excited

at wave encounter frequencies. Springing is characteristic of Great
‘)_ Lakes ore carriers but is not necessarily restricted to that specific
gjuﬁ type of ship. The springing-induced strain rate is dependent on the
{fj strain magnitude since the strain frequency is nearly constant. There
;ng appears to be little relationship between strain rate and ship speed or
{;&I encountered wave height. The reason for this is that the springing
B response on the STEWART J. CORT occurs primarily at the first mode of
= hull vibration. The strain rates for the maindeck are noticeably larger
;{{i than those observed for the bottom of the hull girder. Strain rates were
@}}ﬂ also calculated for thermal effects and ship cargo loading on the SL-7
‘ﬁj: SEA~LAND McLEAN, FOTINI L , and the UNIVERSE IRELAND, The strain rates
- estimated for these conditions are in the 10°° in/in/sec. order of
¥ magnitude which is low compared to whipping induced strain rates inferred
g from SL-7 SEA-LAND McLEAN data.
S
liyi It is apparent that the strain rates produced by thermal effects, ballast
e shifts and cargo loading are lower in magnitude than wave-induced strain
ff} rates and are of lesser importance for determination of strain rates to
o material toughness classification.
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S As indicated in the review of existing data bases there is no data
b available to date on collision loads. A test plan has been developed
(22) for the U.S., Coast Guard to obtain full-scale collision data,
however, at this time the test plan has not been implemented.

Collision model tests of ship structural areas were performed by GKSS* of
Hamburg, Germany, to validate analytical predictions., Results of these
tests are presented by Chang (23). Preliminary calculation of strain
rates from a model scale force time history (assuming yield strain is
reached %F a load rise time of .032 sec.) produced a strain rate of
3.2 x 107% in/in/sec.

No indication of scaling laws was given by the authors that presented the
data since the analytical techniques were validated on the model
scale. Unfortunately, strict scaling is not possible for strain-rate
sensitive materials. Material strain rate sensitivity exercises a more
powerful influence on smaller structures than geometrically scaled larger

ones. This occurs because both distances and deformations scale
geometrically so that strain, which is the ratio of these quantitites,
does not scale. Time, on the other hand, does scale. However, tests

on small structures can be used to develop strain-rate sensitive
constitutive equations for materials and to assess the strain-rate
sensitive characteristics of materials,

Other types of loading were considered as possible sources of strain
rates that would be of interest for material classification. These
included cargo dropping, cargo shifting, sloshing, ship grounding and
blast loads. Strain data was recorded on the ESSO MALAYSIA by ABS at a
forward bulkhead in an effort to record sloshing induced strains but has
not been presented in a form appropriate for preliminary calculations of
strain rates. No data was found on strain produced by cargo dropping,
shifting or ship grounding. The full-scale data on blast loading is of
interest primarily to naval vessels and is closely held by the Navy and
not available to the general public.

4.3 SUMMARY OF OBSERVATIONS PERTAINING TO STRAIN RATES OBTAINED FROM EXISTING
DATA

The preliminary estimates of strain rates from existing data provides
valuable insight to the range of strain rates encountered by ships
inservice. In this section a summary of the strain rates obtained from
existing data are presented along with observations on the primary
factors which affect the magnitude of strain rates encountered by ships
during operation. Finally, an attempt is made to qualify the preliminary
calculations of strain rates by relating them to the initial problem of
determining the amount of conservatism inherent in the existing material
testing techniques.

*Gesellschaft fur Kernenergieuerwertung in Schiffban und Schiffahrt mbH.,
Hamburg.
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Table 4-1 presents a summary of the preliminary estimates of strain rates
as discugffd in the previous sections, The largest strain rate
(1.1 x 10 7) estimated from existing data (within the frequency ranges of
the data) occurred on the SL-7 SEA~LAND McLEAN during a storm that caused
the ship to slam. Local bow impact pressures were encountered during
slamming on the WOLVERINE STATE (24). The pressure rise times measured
occurred at a loading rate as high as .05 sec. These local impulse
. pressures on the bow area induced a whipping two-noded response in the
hull girder at the fundamental frequency of hull girder vibration. The
resulting whipping of the SL-7 SEA-LAND McLEAN induced the highest
amidship vertical bending strains measured, during three seasons of )
operation. The large strain rate (9.0 x 10 ' in/in/sec.) measured from
the bulk carrier FOTINI L data 1is also quite large and is caused by a
A whipping response,
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Several observations are presented below which pertain to the preliminary
calculation and collation of strain rate information. They are:

a.) Strain rates induced by the encounter of waves vary according
to ship type, structural location from amidship and areas of
stress concentration.

A

b.) Strain rates induced by encountered waves vary with the
magnitude of wave height as well as encounter frequency, ship )
heading and ship length.

LI
i A

c.) Strain rates induced by high frequency transient responses are
generally larger in magnitude than the strain caused by the
- encounter of waves,

< d.) Strain rates induced by high frequency transient loads are

' related to strain magnitude and in many instances wave
magnitude. The frequency of transient strains (such as
whipping, springing) are nearly constant and are dependent on
the first mode of structural response for given ship types.

"u
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Table 4-2 presents a summary of the primary factors which influence the
ranges of strain rates in ship hull structures based on the preliminary
calculations presented in this report. The strain rates obtained from
the preliminary calculations were for a high speed containership, larger
tanker, Great Lakes ore carrier and an oceangoing ore carrier, The
strain rates would differ for other ship sizes and types as influenced by
the factors listed in Table 4-2.

‘1'_ 3

+

[y Y
.
S NN Y

The current methods used to determine material toughness are tensile
tests, dynamic tear tests and Charpy V-notch tests as indicated in Table
‘s 2-1. The strain rates that are produced by these tests are given in
orders of magnitude values. At this time it would not be economical to
N pursue the definition of shipboard strain rates much further than the
I\ order of magnitude values presented for material testing techniques.
Table 4-1 presents preliminary strain rates derived from existing data
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s TABLE 4-1
}:: Summary of Preliminary Estimates of
R Strain Rates From Existing Data
I} (Mild Steels)
I
A
3] Strain Rates Given as in/in/sec.*
o
"
) Collation Information Strain Rate
*}: Containership ** Whipping, 50' seas, hove-to 1.1 x 1073
b (SL-7) 4
o Fwd hatch corner, wave-induced 3.0 x 10”
o 50' seas, hove to
T Tanker** Wave-induced, following swell 5.0 x 10-6
! (UNIVERSE IRELAND)
Ocean Bulk Carrier** Whipping 9.0 x 1074
(FOTINI L) 4
Springing 2.6 x 10°
k: Great Lakes Ore Carrier Springing 5.1 x 10-4
. (STEWART J. CORT) 3' head seas
9 * For comparison, if the strain reached yield (.00l in/in) at the frequency
S} whipping (1/4 cycle) on the SL-7 (1.25 cycles/sec), the resulting strain
) rate would be 3.2.x 10~3 in/in/sec. by design for operational loading.
Fg *% The analog signals for these calculations were obtained from stress time
o histories that were filtered by a low pass filter with a cut off at 2
I H,. All strain rates were calculated from data measured amidship unless
e otherwise noted.
o
<
A
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TABLE 4-2

Summary Table of the Primary
Factors Which Influence the
Magnitude and Range of Strain Rates

Factors which influence strain rates for a given ship:

a)
b)
c)

d)

Location from amidship and the neutral axis of the hull structure
Areas of stress concentration
Operational environment (route)

Wave encounter frequency (function of ship speed, heading and wave
period).

Factors which influence strain rates for different ships:

a)

b)
c)
d)

e)

Type of impact loading (i.e., springing, whipping, slamming, flare
shock, etc.)

Structural design
Ship length/wave length ratio
Operational environment (route)

Operational procedures.
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that have been identified by the instrumentation operators as the highes

strain measured during the instrumentation programs (i.e., l.1 x 10~

in/in/sec. estimated from whipping stresses on the SL-7 SEA-LAND
McLEAN). Preliminary observations from the existing data indicate that
the whipping strains induce the highest strain rates where whipping
occurs. The preliminary calculations have produced order of magnitude
information required to assess the amount of conservatism inherent in the
current material toughness classification methods. Variations in strain
rates for other ship types, sizes and operational procedures would not be
expected to produce strain rates that are orders of magnitude different
than those presented in Table 4-1.

Again, the low pass filter frequency cut off has eliminated strains that
occur in the stress time histories above 2 H,. It is no coincidence that
the 2H, cut off filters were chosen since strains occurring at higher

frequencies are generally of low strain magnitude and would produce low
strain rates.

In the future, there may be demand for material testing techniques which
characterize ship steel toughness at variable loadings and variable
strain rates occurring during ship operation. A more precise definition
of strain rates may eventually be required. However, until the variable
loading material tests are developed, an extensive research program
oriented toward gathering strain rate information from ships in operation
is not warranted. When the demand requires it, strain rate information
may be economically obtained in conjunction with future instrumentation %
programs.

5.0 RECOMMENDATIONS TO OBTAIN STRAIN RATE INFORMATION FROM ANALYTICAL
PREDICTIONS AND FULL-SCALE INSTRUMENTATION

Historically material tests used to characterize ship steel material
toughness have tested material specimens in tension basically at ome
increasing load or with explosion tests as discussed in Sections 2.0 and
4,1, The preliminary information on strain rates presented in Section
4,2 is comparable to the order of magnitudes of strain rates reported by
others (2,3,4,5,) for the particular types of material tests. This
inspection of existing ship strain data has indicated that the strain
rates experienced by ships in service are variable in nature as discussed
in Section 4.1.

)
If demand dictates, strain rates may be obtained through either 1
analytical predictions or in conjunction with instrumentation programs .
that may be conducted in the future. The next two sections outline the ]
procedures necessary to obtain a more precise definition of strain rates !
for given ship types. It is anticipated that these methods will be ‘
required when material toughness classification tests are developed to :
produce variable loading and strain rates that are representative of ship ‘
service experience. i

{

1
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5.1

ANALYTICAL PREDICTIONS REQUIRED TO OBTAIN STRAIN RATE INFORMATION

Strain rates may be predicted by analytical techniques for ship hull
primary structure in service. The techniques vary in complexity from
relatively simple hand calculations to expensive computer predictions.
The preliminary estimates of strain rates obtained from existing data
indicate that strain rates induced by wave impact loading (slamming,
flare shock and deck wetness) and resulting whipping are of the greatest
magnitude for normal ship operation. A simplistic calculation of
whipping-induced strain rates was presented for the SL~7 SEA-LAND McLEAN
as shown in Table 4-1. The calculation assumed that yield strain (.00l
in/in mild steel) was reached in 1/4 the time one full cycle of whipping
response at 1.25 sec/cycle, This produced a strain rate of approximately
3.2 x 1077 in/in/sec. This may be somewhat simplistic but is comparable
to the highest whipping strain rates encountered by the SL-7 SEA-LAND
McLEAN of 1.1 x 1072 in/in/sec. The whipping response or two-noded
vibration of the primary hull structure of a ship may be predicted from
various methods ranging from simple beam theory to finite element
analysis depending on the degree of accuracy required.

More detailed calculations of wave-induced strain rates can be obtained
indirectly from time domain computer programs such as the ROSAS
structural seaworthiness digital computer program (25). The ROSAS time
domain program simulates the hull girder structural response of a ship,
including dynamic effects in head seas of regular or irregular wave
forms. Hull response calculations include the ship rigid and elastic
body motion, bending moment and shear. Vibratory hull girder modes can
also be determined from the effect of bow flare, bottom slamming and
springing. Figure 5-1 presents an example of hull bending moment
predictions as compared to full-scale data. Strain rates could be
inferred from this type of bending moment and hull response information
since the calculations are produced in the time domain.

Hull girder 1loading from deck wetness and bottom slamming can be
predicted by the methods discussed 1in references 26 and 27,
respectively., Techniques were developed to predict not only the
occurence and magnitude of impact loading, but also to estimate the time
duration of loading. This information would be valuable for sensitivity-
type analyses of strain rates resulting from impact loadings. The
validation of the analytical predictions of strain rates should remain a
long-term goal as demand for more precise strain rate data indicates.
Many of the prediction techniques require validation with respect to
strain and time information before they can be validated to predict
strain rates,

Existing analytical methods for predicting 1loads and accelerations
resulting from collisions have been presented by Chang (23), Gotimer (28)
and Reckling (29). Reckling (29) has predicted the collapse of
structural members of a containership occurring in approximately
.18 seconds. This would induce a strain rate of approximately
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Figure 5-1 Comparisuns Between ROSAS Output and Sea Trial Data
from the ESSEX aircraft carrier (Ref. 25)
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o 6 x 1073 in/in/sec. This calculated value of strain rates induced by
"y collisions is comparable to those induced during modeling _tests of ship
. sections that were described in Section 4.2 as 3.2 x 10 “ in/in/sec in
:{; model scale. A review and evaluation of methods for prediction of
:} structural response from collisions are presented by Van Mater in
0 reference 30. These methods incorporate finite element computer programs
=) and may be used to calculate strain rates. The predictive methods
e developed by Chang (23) have been compared to collision model tests;
. however, no full-scale ship collision data exists to validate load and
'{ response prediction methods.

)\

'§ 5.2 OUTLINE OF A METHOD TO OBTAIN STRAIN RATE INFORMATION IN CONJUNCTION WITH
g A FUTURE FULL-SCALE INSTRUMENTATION PROGRAM

The preliminary calculations of strain rates from existing full-scale

'j shipboard response data indicate that a separate full-scale
}7 instrumentation program to obtain strain rates is not warranted at this
{; time. When material toughness classifiction tests become sophisticated
}3 enough to produce variable loading and variable strain rate it may be
v appropriate to obtain a more precise definition of strain rates produced
. by ship service experience. Strain rates may be obtained in conjunction
K7+ with future full-scale instrumentation programs.

The approach to obtain strain rates in conjunction with a future full-
scale program would involve additional program management and additional
data acquisition, reduction and analysis. It 1is assumed that the
instrumentation program has its own individual objectives that would not
be affected by the additional requirements for obtaining strain rate
information. It is further assumed that the instrumentation program
would have arrangements made for instrumentation, (strain gauges) data
recording equipment and data reduction equipment so that the strain rate
data could be obtained from the strain time information to be recorded.
As indicated for the existing strain data the strain rates would be
reduced and analyzed separately from normal strain data reduction where

POl Sk
PR B B e

X X X X X X X _J
R e

j:- peak-to~trough information was the primary data reduction goal.

:1 The program management required to obtain strain rates in conjunction
&Y with a future instrumentation program would consist of test planning and
. general support engineering. The additional program management, as for
L any project of this nature, would result primarily from the extra
X information being obtained that requires planning, scheduling and
{: controlling. The general engineering support would be required to ensure
L~ that the technical requirements of data acquisition, reductions and

analyses are met.

:E The data acquisition and reduction should involve:

}: a. possible instrumentation modification to ensure the frequency range
“ of hull girder straining encountered by ships inservice is covered;
N b. reduction of strain and time data to obtain strain rates:

» C. computer time required to analyze the data;

.3
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5.2.1

5.2.2

d. analysis of the reduced strain rate data including collation of data
with respect to ship speed, heading and encountered wave conditions.

The following sections outline the items that must be considered to
obtain strain rate information from a future full-scale ship
instrumentation program.

Number and Types of Ships to be Instrumented

The review of full-scale existing instrumentation data provides valuable
insight into the number and type of ships needed to collect strain rate
information in conjunction with future full-scale instrumentation
programs.

The review of existing data indicates that there is a lack of full-scale
collision data, It would be extremely valuable to obtain strain rate
information if and when full-scale collision tests are conducted. A
preliminary collision test plan has been presented by Van Mater in
reference 22, The recommendations developed to obtain full-scale strain
rates may be incorporated into the existing preliminary full-scale
collision test plan, The preliminary collision test plan (22) is
oriented toward obtaining full-scale collision information on tankers,
both crude and LNG carriers.

The preliminary calculations indicate that the largest strain rates
occurred on the SL-7 SEA-LAND McLEAN for the existing data bases
involved. This should be no surprise since the SL-7 SEA-LAND McLEAN was
a large, high-powered containership that operated 1in the North
Atlantic. Table 4-2 lists the factors which influence the magnitude of
strain rates from ship type to ship type.

To a large extent the exact types of ships to be instrumented for future
programs will depend on other factors other than strain rates. Currently
there are test plans being developed to obtain full-scale strain data on
slamming (SR-1295), still water bending moments (SR 1283), and ice loads
on the icebreaker POLAR STAR (SR-1291). If the general guidelines
presented in this section are applied to the data acquisition then the
data may be reduced to obtain strain rates as demand requires.

Structural Areas and Members to be Instrumented

The structural areas and members to be instrumented that pertain to
material classification have been described in Section 3.2 as part of the
criteria used to evaluate the structural areas instrumented for past
instrumentation programs. Candidate areas to obtain strain rates for
material classification are the primary structure in the midship 40% and
high stress areas that would threaten the integrity of the hull girder.
The structural areas that are instrumented for future programs will
probably be influenced by the areas that are of interest to ship
structural designers and analysts with respect to hull girder strength.
For example, strain gauges were placed on the forward hatch corner of the
SL-7 SEA-LAND McLEAN to record strains in an area of anticipated stress

-30-

...... R S e -‘.'.‘

‘-‘.'..' et
DR .
*a 1- (N i

-... \.&.\-\“ SR O R o TN
1& *! oy . .
{. .a.._*.g_.u ._L“....‘\‘.A.L._\‘.:..mhh Mg.x..k _1_.;....\.:.1..14..&.;_;‘;. alod :

FHNTW"R"NT™Y




R e &

Lot At &4 A3 At aun Ao - M M AR At . Al S Sa ) R e S T s By 2 R mi e iy “ Wiy i e S
'1
L
'
=
.

i

concentration. This approach will be compatible with the selection of
areas to obtain strain rates since the areas of interest to structural
engineers would be of interest to material engineers for material ,
classification. For icebreakers the structure bow area where severe ice 4
A loading occurs would be a candidate for strain rate data acquisition to
aid in icebreaker hull material toughness classification.
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5.2.3 Types of Instrumentation with Suitable Alternatives

e, -
'l[ LR

Traditionally, strain gauges have been used to obtain strain information
from the response of ship hull structures. A review of the current
literature indicates that strain gauges have been used extensively in the
civil engineering and aerospace fields for measurement of strain
information. The current practice within the materials testing community
provides insight as to the applicability of measuring strain rates. 1In
addition, the data acquisition and reduction techniques associated with
using strain gauges are examined.

-

- y
e

" The materials testing industry currently uses one of four basic methods
g to obtain strain rate information for material tests. The methods
include:

a) High speed photography for explosion testing of materials.

b) Crack Opening Device (COD) for obtaining strain rate information
- from material tests such as dynamic tear tests on dynamic tear
specimens,

c) Electro—-mechanical strain gauges for tensile tests.
d) Electrical strain gauges for dynamic tear tests.

The most common method to measure dynamic strain is the electric strain
gauge. The strain gauges used to obtain shipboard structural strain
information are compatible with the strain information obtained from the
L instrumentation used for material tests. The strain gauge 1is 1ideally
suited for dynamic measurement of strain and obtaining large amounts of
data for data reduction by computer and calculation of strain rate from
the resulting strain time history.

P W NGRS

T atn X AT

Strain rate has been defined by the materials testing engineers as the
change of strain with time. Strain information may be obtained from
strain gauges and the strain rate may be inferred from the measured
strain data if the dimension of time 1is added by analog or digital
X recording procedures. Strain gauge instrumentation 1s capable of
measuring strain at various ranges of frequencies. The limiting factors
for strain measurement are generally assoclated with data acquisition
methods. The filtering and digitizing frequencies have to 1limit the
range of interest.

L
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5.2.4

5.2.5

Instrumentation Installation and Data Reduction

Generally, the instrumentation used to obtain strain information should
be placed to assure measurement of the gross representative bending
stress where longitudinal wvertical hull bending stresses are of
interest, In each case the substructure shouid be studied to make
certain that the transducers are not located near complex configurations
such as cutouts in the longitudinal girders. The presence of lateral
girders or bulkheads in the vicinity of the transducer does influence the
lateral strains locally but does not have any measurable effect on the
accuracy of the longitudinal stress or strain measurements,
Instrumentation may be placed near areas of stress concentrations where
they exist in primary structure. Secondary and tertiary structural
areas are also of interest for development of material classification
criteria but are of a lesser priority for instrumentation than primary
structures,

Either analog or digital data acquisition methods are suitable for
acquiring strain rate information provided they cover the frequency range
of interest (generally wave-encounter to plate vibration frequencies).

If strain rates are obtained in conjunction with another instrumentation
program it would be most economical to reduce and analyze the data as the
rest of the strain data are being reduced. Ideally, the strain rate data
reduction from future instrumentation should reflect the variable nature
of strain rates. The wvariable nature of strain and strain rate
experienced by ships inservice has been depicted in Figure 4-1. If
future material tests are developed that simulate the strain and strain
rates experienced by ships inservice, then the data reduction described
in Section 4.1 would require modification. Histograms of strain
excursion vs. strain rate would be compatible with material toughness
tests if future tests are developed that produce variable loadings and
strain rates. A representative of a strain/strain rate histogram is
presented in Figure 5-2.

Pertinent Measurements to Support Strain Rate Information for Collation

Purposes

The primary factors which influence the magnitude of strain rates during
normal operation have been determined by preliminary calculations of

strain rates and are summarized in Section 3.3. The pertinent
measurements included wave height, wave-encounter frequency (wave period
and ship speed) and ship heading with respect to the wave
environment, Air and water temperature have been measured in past

instrumentation programs. This information provides service temperatures
at which the materials can be tested.

Measurement of the wave environment has been a major limitation of the
utility of existing full-scale data (l4). Attempts have been made to
measure the wave environment in several instrumentation programs
(10,11,12,17) but they have not produced data that are suitable for
rigorous analysis of seaway loading and structural response. An improved
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wave measurement system has recently been utilized as part of the
STEWART J. CORT (15) research programs; however, experience at this time
X has been limited to lower sea states. Observed wave height and Beaufort
" sea state information has been used for data collection and statistical
extrapolation of data obtained from previous instrumentation programs

This information has proven to be marginally adequate but is used for

lack of better information on encountered wave environments.

N 5.2.6 Desirable Ship Routes, Best Seasons, General Extent and Duration of Tests
N to Collect Meaningful Data

A

¥ - The routes that are of interest in determining strain rates depend on
normal operational routes for given ship types. In anticipation of a
future instrumentation program the routes of interest include North -
Atlantic & Pacific routes for general cargo ships and container ships.
The tanker routes to the Middle East would be of interest in tanker
instrumentation programs.

The seasons of operation are not critical if statistical techniques are
used to evaluate data provided adequate wave height information or
) estimates are obtained. The statisticians (31) group ship response data
. according to weather groups and develop separate long-term predictions
3 for each weather group. The resulting predictions may then be combined
for any given weather distribution according to the operating area of the
ship. This procedure permits extrapolation taking into account the
By environmental conditions which are the causes of the ship response \
i data. The studies that have been conducted in analyzing existing data ]
seem to always recommend additional tests in an extreme operational }
. condition. It would be best to record data as a minimum during winter
- seasons or seasons which produce the most severe conditions.

The methods commonly used to determine the general duration of tests

]
» include comparisons with previous samples, conducting pilot studies 0
.. and/or the use of sample size estimators. :
; Previous studies conducted on structural response data provide insight as i

to the duration of tests to obtain strain rate information. Band (31)
concluded that the 1,713, 20-minute intervals of data allowed him to
- extrapolate WOLVERINE STATE data to the 1lifetime of ship operation
o applying the extrapolation method of weather grouping. Dalzell (21)
concluded that the 5,000 intervals of SL-7 SEA-LAND McLEAN strain data
were sufficient to subdivide the data beyond the weather grouping
categories (i.e., into groups of ship heading, speed and wave height).

. .

Sl T R 4

The sample size estimates for predicting the extent of data required to
be statistically meaningful are presented in references 32, 33 and 34.
The sample size estimates should be used prior to future full-scale
tests., Generally the sample size for a future instrumentation program
. will most 1likely depend on factors other than strain rates. The
. precision and sample size required to define strain rates for ships
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5; inservice will depend on the future demand. Requirements for additional
' strain rate data should be specified in conjunction with other full-scale
instrumentation programs.

. 5.2.7 Cost Estimates Required to Obtain Strain Rate Information in Conjunction
g with Other Full-Scale Tests

In anticipation of future full-scale instrumentation programs, it is only
possible to estimate the additional cost involved in obtaining strain
rate information in conjunction with another program with slightly
different objectives. The additional expenses involved in obtaining
strain rate information as part of a full-scale instrumentation program
are incurred primarily from additional program management, data
acquisition, data reduction and documentation. The strain gauges and
, data acquisition used for the full-scale instrumentation program should
) be compatible with the requirements for obtaining strain rates with
! adjustment of frequency ranges as required for strain rates, The costing
- was developed on a 1982 $/channel of strain rate data basis assuming a 3-
) season instrumentation program similar to the SL-7 SEA-LAND McLEAN
program (12). The cost required to develop the additional data reduction
software for determination of strain rates was estimated as a separate
item. Once the data reduction software has been written the several
channels of data may be reduced at 1little additional cost impact.

. Table 5-1 presents a breakdown of the cost estimate required to obtain
{ strain rate information in conjunction with a 3-season full-scale
¢ instrumentation program. The bottom 1line cost 1is approximately
. $21,000/channel with approximately $5,000 required for the software
3 development for data reduction and for the number of channels anticipated
\ to obtain strain rates. The number of additional channels required for
> strain rates would vary from ship type to ship type (i.e., for

3 containerships, tankers or bulk carriers). The number of channels needed
for strain rate determination would range from 2 to 10 depending on the
particular ship structural design.

K 6.0 CONCLUSIONS AND RECOMMENDATIONS

1. The evaluation of existing data from shipboard instrumentation
’ programs 1indicates that it is feasible to obtain strain rate
information from existing data; however, the existing data would
require reprocessing before detailed analysis of the range of strain
rates may be determined. The existing data from past shipboard
instrumentation programs reviewed for this study were acquired by
. analog recording equipment with a reduction range from 0 to 50 Hz.
. It is unlikely that there were significant levels of strain
eliminated by application of this frequency range. The levels of

3 strain occurring at a frequency of greater than 50 Hz would be
. substantial in magnitude to affect material behavior.
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There are significant gaps in the eixsting shipboard strain data
with respect to determining the range of strain rates. These
gaps 1include strain data from collisions and environmental wave
data required to validate analytical techniques that may be used
in predicting the range of strain rates in ship hull
structures., The validation of analytical predictions of strain
rates should remain a long-term goal after the techniques for
predicting strain in the time domain have been validated.

Preliminary estimates of strain rates from existing data 1ndicat§
that ship service experience produces strain rates up to
in/in/sec. This order of magnitude information is comparable in
accuracy with the order of magnitude of strain rates reported for
current material toughness testing techniques, The effects of
calculating the strain rate from separated signals (separated by
filtering) was investigated as part of this study. The results of
the preliminary calculations indicated that estimates of strain
rate from combined or separated signals were generally similar in
magnitude; however, this conclusion needs to be reviewed for each
specific case,

Several observations are presented below which pertain to the
preliminary calculation and collation of strain rate
information. They are:

a) Strain rates induced by the encounter of waves varies
according to ship type and structural location from amidship
and areas of stress concentration.

b) Strain rates 1induced by encountered waves vary with the
magnitude of wave height as well as encounter frequency and
ship heading.

c) Strain rates induced by high frequency transient responses
are generally larger in magnitude than the strain caused by
the encounter of waves,

d) Strain rates induced by high frequency transient loads are
related to strain magnitude and in many instances wave
magnitude, The frequency of transient strains (such as
whipping and springing) is nearly constant and dependent on
the first mode of structural response for given ship types.

The strain rates produced by ship service loadings are variable in
nature. For example, strain rates produced by ship hull girder
whipping are quite variable for levels of strain excursion. The
variability of strain rates for given strain excursion from
service experience differs from the strain rates produced by
current material toughness tests for given strain excursions. 1f
the development of material classification criteria is pursued to
a more detailed level than currently exists, the material testing
techniques will require reevaluation and possible modifiation to
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produce variable strain rates that are comparable with those
experienced by ships in service,

An extensive instrumentation program geared solely toward
obtaining strain rate information is not warranted at -this time.
In the event that strain rate information is required as material
testing techniques are updated, the strain rate information may be
obtained in an economical manner in conjunction with other future
instrumentation programs.
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APPENDIX A

Stress Time Histories Used
for Preliminary Calculations of Strain Rates

The following figures present samples of stress time histories used to
obtain preliminary calculations of strain rates. The data reduction
procedures used to obtain preliminary strain rates from the stress time
histories is described in Section 4.1 of the report.

Figures A-1 through A-4 show stress time histories of longitudinal
vertical bending measured on the SL-7 SEA-LAND McLEAN rising the midship
stress gauge as a point of reference and stress inferred from measured strain
at forward hatch corners (R and F gauges) and hatch corners just forward of
the aft deck lounge (A and S gauges). The stress time histories presented in
Figures A-1 through A-4 were obtained from Reference 20. The collation
information of observed wave height, relative wave direction (degrees from the
bow, port or starboard) and ship speed are indicated in the figures.

Sample stress time histories of data measured on the SL--7 SEA-LAND McLEAN
during the second season were obtained from Mr. Dalzell at Stevens Institute
of Technology. These stress time histories originally appeared in SSC-287
(21) and are presented in Figure A-5 through A-12. The sample stress time
histories are 70 second samples obtained from 20-minute interval data.
Preliminary estimates of strain rates were obtained from the information
presented in Figures A-5 through A-12 and presented in Appendix B along with
collation information indicated on summary sheets obtained from Teledyne
Engineering Services, Inc.

Several oscillograph records (stress time histories) of midship vertical
bending stress from the SL-7 SEA-LAND McLEAN data were analyzed for strain
rates. These stress time histories were not included in this Appendix because
the light sensitive oscillograph records cannot be reproduced by copying
techniques. However, the results of the strain rates are reflected in the
observations presented in Table 4-2.

Stress time histories as measured on the STEWART J. CORT and obtained
from reference 15 are presented in Figure A-13 through A-24. The springing
response is evident in the stress time histories. The effects of springing
response as related to strain rates have been discussed in Section 4.3 of the
report. The strain rates obtained from the stress time histories are
presented in Appendix B and collated with _appropriated environmental
information.
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Stress time histories measured on the UNIVERSE IRELAND and FOTINI L
during cargo 1loading observations were obtained from Reference 6 and are
presented in Figures A-25 and A-26. The strain rates induced by the loading
conditions were mentioned in Section 4.2 of the report and are not generally
of interest to material classification,
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Figure A-6 Ssmple Time Histories, SL-7 Data Subset




h Ay

MWWA:; o

<185 QuN 1209 MC LEAN - INTERVAL 9 7 95 RUN 1217 MC LEAN - TAPE 161 INTERVAL 17 2
] 6321 7 7597
£e "y T Bl Wﬁvt\,
ad - E
-85 pUN 1228 MC LEAN - TAPE 161 INTERVAL 28 ©75  RUN 1230 MC LEAN - TAPE 161 INTERVAL 32
6 70643 4 1684
- -
i - s -
'66 RUN 1273 MC LEAN - TAPE 161 INTERVAL 33 0 <40 @in 1237 nC LEAN - TARE 161 INTERVAL T7 3

RUN 1245 NC LEAN

RUN 1341 NC LEAN - TAPE 163 INTERVAL 41 °
6Fa

RN 1499 MC LEAN - TAPE 165 INTERVAL © zg RUN 1413 MC LEAN - TAPE 165 INTERVAL 13

5663

i

-S RN 1417 MC LEAN - TAPE 166 INTERVAL 17 -;2 RUN 1421 MC LEAN - TAPE 165 INTERVAL 27
. a1
G -
4
5T pin 1429 MG LEAN - TAPE 168 xmmvu.aa'lsg RUN 1433 NC LEAN -

Figure A-7 Sample Time Histories, SL-~7 Data Subset

e

e

TRIE

Lttt
PN N

."k




[ XA Y
- (J

ML RF RS RS )

o L e e =

Pl
+

b
2 4 = A

TR e

",’A—"." e
ACIRNE R

¥
EA

ForBAE L

.

a3
LI AP

!

- “- ". ‘,. A

e

l..l w .
-'~ “.‘- a

KPS

IGE AﬁMﬁE Qt - ' Aﬁj

-1.2 RUN 1009 MC LEAN - TAPE 157 INTERVAL 9 ° ~ RUN 1813 MC LEAN - TAPE 1S7 INTERvAL 13 -
2.2 6852 24073
7 o _

g ] A A
-2.9 RUN 1917 MC LEAN ¥ TAPE 167 INTERVAL 17 = *'.6%  miy 1021 MC LEAN - TAPE 157 INTERVAL 20 3
2. 6512
-

& - —— - -

L

-2 RUN 1929 MC LEAN - TAPE 157 INTERVAL 29 s
2. o9 d
- A A\ [b AN 3
g

-2. RUN 1037 MC LEAN - INTERVAL T7
3. 59783
- 4

& - - -

~ p!
-3. AUN 1045 MC LEAN - TAPE 157 INTERVAL 4§ O
3. 7677
—

g E - - -
I 3
-3.5E RUN 1249 MC LEAN - TAPE 157 INTERVAL 49 i.3s RUN 1101 MC LEAN - TAPE 159 INTERVAL 1 3
3.5 [ 3.5

e

“ I ;

g:E RUN 1106 MC LEAN - TAPE 1S9 INTERVAL § 'J-fg RUN 1109 MC LEAN - TAPE 159 INTERVAL 9 3
¢ o

Y3

-3.85 RUN 1113 MC LEAN -

3.0

Fvi 3

-3.0% N 1122 MC LEAN -

3.0

-y

Lo

Y3

-3.9 RUN 1129 MC LEAN - TAPE 169 INTERVAL 29 “ -2.8 159 INTERVAL 34
S 443 4 1194

-

Lo )

ad
“SY AN 1137 MC LEAN - TAPE 159 INTERVAL T7 -4 RUN 1147 MC LEAN - TAPE 159 INTERVAL 41

RN 1145 MC LEAN - . RUN 1149 MC LEAN - TAPE 159 INTERVAL 49
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A-10




P 1:._"
-\\‘
o
N\
. 4
4 'N.é
‘.\%.'
N
5
‘I"‘:
AR
w A
iy K 3433 L4 smag
. - - 2
I Lo m = Lo fﬁa\ W\\-&ﬂ
e o u v \/ -
S = :
E. . =757 RUN 815 MC LEAN - TAPE 153 INTERVAL 1§ <65 Ry 817 MC LEAN - TAPE 153 INTERvaL 7 O
o 3.5 1506 s
. ?a
-~ -t
: -3.5 RUN 825 MC LEAN - TAPE 153 INTERVAL 25 -
2.5 29723
LAY 3
¥ _
[ go
\i A s
Wt -2.8 RN B33 MC LEAN - TAPE 153 INTERVAL 33 °
5 \ é 644
¥ —
AWK Pa - Lo 3
v} § - 2
-6%  RUN BI7 MC LEAN - TAPE 153 INTERVAL 37 -5 RUN 841 MC LEAN - TAPE 153 INTERvaL 41 3
6 2137 e 6‘3‘3
. - n
e g0 3
tY] - 4 :
N -bﬁ RUN 845 MC LEAN - TAPE 153 INTERVAL 45 -8E Qi a9 MC LEAN - TAPE 153 INTERVAL 49 3
- S525
2" b
oy -9 RUN 86! MC LEAN - TAPE 153  INTERVAL 61
1 ? 6
h-.l". -
"'H'L g []
oY E
) <75 mn 9@ MC LEAN - TAPE 155 INTERVAL 1
3.5 3804
1~ 7o
. - M
Ry E 3
"a -3.8 RUN 999 MC LEAN - TAPE 155 INTERVAL 9 - -2.§ RUN 913 NC LEAN - TAPE 155 INTERVAL 13
- 2.9 v 1.2
L,
h 1 ?a
S = E
O 23° RN 917 IC LEAN - TAPE 155 INTERVAL 17
Pt 2
W
M
A
o
LN
Ay AL Q \}%f
E
- <185 AN 937 MCLEAN - TAPE 155 INTERVAL 37 ~ =35 RN 941 MC LEAN - TAPE 1S5 INTERVAL 41
»t Z.SE a8’ 3.0
Ve,
L. -
. ¢ °
e b1
-2~5E RUN 945 MC LEAN - TAPE 1 INTERVAL 45 3 -3.2 RUN 949 NC LEAN -
B
1
3 Figure A~9 Sample Time Histories, SL-7 Data Subset
S
[ '.';'
O
AL
J'\-
0
+
W
",:- A"ll
1‘,_.

.‘\ - 3\.-.'\\-.\\“.\ !:‘

"\ NS %

!



LA,

RN s

3 »
~4r‘“r"rw

‘- .

e Tevnsfpestes

AN 631 MC - TAPE 149 INTERVAL 1 - -2.5 st RUN 605 MC LEAN - TAPE 149 INTERVAL S

gl

RUN 629 MC LEAN - TAPE 149 INTERVAL 93 RN 613 MC LEAN - TAPE 149 !NTD?VAL':I

RUN 625 MC LEAN - TAPE 149 INTERVAL 25 °
7542

-S%  RUN 621 MC LEAN - TAPE 149 INTERVAL 21

3

RUN 633 MC LEAN - TAPE 149 INTERVAL 33
5385

149 INTERVAL 7
7262

-SC  RUN 645 NC LEAN - TAPE 149 INTERVAL 45
8 a2+

149 INTERVAL §3

RN 705 NC LEAN - TAPE 151

INTERVAL S

RN 713 MC LEAN - TAPE 151 INTERVAL 13

b
1

RUN 717 MC LEAN - TAPE 151 INTERVAL 17

1421

RN 721 MC LEAN - TAPE 151

INTERVAL 21
1081

RN 725 MC LEAN - TAPE 151 INTERVAL

-3.2 RUN 729 MC LEAN - TAPE 1S1 INTERVAL 29
2.% 4231

i

RN 733 MC LEAN - TAPE 151 INTERVAL 33 - -2.5 RUN 737 MC LEAN - TAPE 151 INTERVAL 37

Figure A-]10 Sample Time Histories,  SL-7 Data Subset

A-12

A UL AKONIN T
SOOI AR IAT RS

Ny w v oW
e

PR

*, '.4‘ | IR g ]

-

"

' . Ak

~

Yy ta s =

.



- e

J,
\-
.,
-

] *

T
-

Wl il

'1.,.

LA ] T2l ]S

g WL

e« aTaty aTal

|-

kKPS
[

'
KPS
&

el ed BRI i

RUN 399 MC LEAN - T 143 INTERVAL 9

~
o0

FUN 341 MC LEAN - TAPE 143 INTERVAL 42

s RN 337 MC LEAN - TAPE 143 INTERVAL J6

345 MC LEAN RUN 349 MC LEAN - TAPE 143 INIERVAL 48
: 83
%
RUN 361 MC LEAN - TAPE 147 INTERVAL 62 °
2229
3
AN 405 1 LEAY - TAPE 145 INTERVAL S >
5704
- - 3
3
1 . E

_|gt RUN A9 MC LEAN - TAPE 145 INTERVAL 9 RIN 413 NC LEAN - TAPE 145 INTERVAL 13
7

-nat

s 6762 ? 699
£e £
ol - ad

RN 441 NC LEAN - TAPE 146 INTERVAL 41 -7 RUN 460 MC LEAN - TAPE 145 INTERVAL S@

3

RUN 46! NC LEAN - TAPE 145 INTERVAL 61
612

Wi

RUN S&7 MC LEAN - TAPE 147 INTERVAL 7

-

!

RIN S13 MC LEAN - TAPE 147 INTERVAL 13

Figure A-11 Sample Time Histories,, SL-7 Data Subset
1

A-13

e e e -
Y . o . A oe .
Y -}.“_.t_._.,.,.

- * o) P -

- r ¥
PSS S )




() E J A% . O3 s Y R " (AR AN A S R bk i il St St B S Jhadt Tl B S Tl TN S

3 .
Y -
L]

Al b
T ‘
.
Oy * r
:

| ¢
.l
L
K 2.2

‘. -

3 2 e

“ it

) -2.2 139 INTERVAL 13

“u 2.5 4111

P e

ﬁ. o

' -2.5 133 MC LEAN - TAPE 139 INTERVAL 33 3

| 1.8 4519

l

e ~ [ = =
0 g £
t

R -;: RUN 137 MC LEAN - TAPE 139 INTERVAL 37 -4 RUN 141 MC LEAN - TAPE 139 INTERVAL 41

o

#]

§

>

<
(4

i

», 139 INTERVAL 61

i 6 34993

*

Lo -

i ok

‘ -:t RN 205 MC LEAN - TAPE 141 INTERVAL §
<
s 5

[« £ oH—- < — £o —

4 o a §
’ -4 RUN 213 MC LEAN - TAPE 141 INTERVAL 13 -8 RN 217 MC LEAN - TAPE 141 INTERVAL 17

3

ﬁ
P
£
j -

Y

¥

od

Figure A~12 Sample Time Histories, SL-7 Data Subset
)
o
A-14

W .
W .

l‘
“ ‘ . "~ - " .- ‘- ‘.~ - “ -P'LN-
0 -,

e PO 4



- —r v -~
RO ek | DN s

.,
v ni.
e
o
%
z.
o
54 -l
LH0D °C 1¥vMILS 343l uo paanswval AJOISTH 3WJL 853135 E1-V 2andyyg ..w.
,\(
SpUODag e
",
V9 €23 0eS  GBr 03 e'0 620 @r  OFC 6 OKC  GEL GO  OBZ O  OvR  Gra 003 081 691 ox1 ORI o0l o8 9 o  er . ‘
i 'l 1 L 1 1 1 s 1 A -. A i A | 1 1 A 1 A 1 i i A i L .Q.W’
} o0 \.-uh
.Qv
| Tl | i | o
! i ; . ip
f ' | | { . .‘
Iy | ! ! | A .Pu..
, L onn ..\“.C
1 ARy
3 K
| o0 U !
n ey
o \\M-h
e O g
i
1 e
4-46 W n\.u
IS DINNNIV A
5 L 1
£pUO3g — !
P
5Lt 009t 0521 [ []] 5L 00s S8 [ ] . \
1
o s
SREBS0E WRS-j8puY AN
%2013 187 *AVNIIAIIN 40 JEW MM...,
SVTWE T4 *aNean WOLVI-ne RN
SN -
’ (1334) INGIIN 3AvA R
(] (5230038} NOI1I3Y16 3avA g
[ t010NY) 63348 ONIA “
"t (S33W03E) WDIIIININ ENIA A
S o (13340 L 8. V36000 N
1 ({3 ISINOM) SNIAVIN . TI8E WA DI
N VOO RVER - N 43348 6. 1DESIA e
n Y
0 .
) SWINL T4 1903 £ 8 AW A
la »
o
T NOLLIGNOO Je
y &
LL-10 NNY s
$SIULS 2)IANIVE .
L
e
L)
-ln.(
.-‘-/l\
Y
e
N
s
Y-
o

[ P d”i . LN, S-S % 4y Sy B33 7 et [}, ' 7 N AUAPLE S PN s e e aadid e s T IRR S o Ll ¢ .
i o g X A P ALl - -



-
.
W}
",
... 1403 " LYVMILS 243 uo paunseal A10IS|H 3wyl S831§ H[-V GBUYA &
" SpUodas
g GRS 803 0Br 69k  9e G2 @b 0BT O OC L eeC 08 ME N T e
1 1 3 1 L A r_: 1 I £ 1 1 1 1 1
} een.
o8 -
- o9
i I B €
L BRI 3
T i feti e i be u
i ! n
Py (]
o}
o0t
LL-40 wne
253018 veaiet
SpU0dIg
”seLt 00S?t 0821 (1) sL (11} s (]
1 1 1 1 1 1 1 i
(21
0t -
- 98-
{
B _ S
o1 i
i R N
n
0
(1] Y
(1)}
LL-14 NNy
$SI¥LS WoiL08
ol ol DAL BN ol b ey ey [ s v I >0ty * 2 Em %4 -
ool S sl e ¢ » R s (9%, 2l e A o als o Xy X ?y W o >,
! .P.x.h\vow.e.. PR «...w ..4 R RS 3 ,.....,m.,‘.us.n . -coh\m-ﬂuouuﬂ




. v 0
.

I
i)

.
.
L

e

L¥OD °[ LYVMILS 243 uo painseal

£103187H 2wy)] 662138 G-V 2an314

spuodag
et 623 653 eny 836 mvb  e2p 0 GNC, e3¢ WD B2 esC MR S Mk s2k ME T MM B Ml et w B & 0 3
[} . 1 1 1 1 L ” I [] i A /| A i L I 1 j W | A 1 | 1 1 i
| - ove-
i) | ; _ i
\ i il Wl il il il ! b
i WA | i il i e
m T it _ ;
i i d i 1 i
_ {1 it ,
| A e iy 4 I oy
il ﬁ s
R 3
L oe U
N n
' o
_ T! o
19-16 Ww
WA PIPBIV
SPUODIG
sLs [ 1] 0523 [11]3 se (1] ~
1 1 i J 1 1 —
1
<4
SPNSW RI-JO-PU)
%3073 187
AVHIINTIN 40 253N UDIUIANS Enddn
oewN
v (1334) 1HOTIN 3AVA
(1] (823W030) NOT1IIINIA 3avA
o (10NN} @I348 ENIR
"e (SINON} NOLLITUIE ENIA
. [ €1334) 1V 5.735834
Y "o (S3NM03A) ONIOVIH §.1ISE3A
PR EXORN - HdM) 03343 B.13883A
€Y 04 (M 8d) FINLTONOY 18R
£t 2v (W €4) INLTIVY HivoN
000°52 BF BIANNIN NT NOY SO NOTIVUNG
spicvezr Wit 44-n0N-93 1w
s o4 1] v
AWIVL TWJ eI £ 8 AN
(12
2 NOLLIGNOO
18-10 NNY
§5341S AJ3IANIVM
‘-1h-,-o-v<-1l. I/ . Sty Sy -ty Sy v e s ey A -, - .
: . b . ’ LT P Ty v i U0 o RN -y . . . .
RAE Tty WAV TRGRENE XXX RRRRNSG R ARGV TIXNO0NE (SN




S Bty

o den A0 BN b ane A~ A~ il Sty

140D ' 1¥VMILS 243 U0 painseay K10318TH 2wyl 53135 9I-V 2aan8ig,

£pU0d9g
(13 ] (141 " (13 " [ 114 oz (1] (214 [}]4 [ 144 L1144 (114 " (1} (12} (2] " (1]} " "t o L 1] ot (4] [ 12 [ 1}
i 1 1 A 1 1 1 } H 1 1 1 1 A 1 y S 1 - — 1 'l 1 1 1 'l 1 !
L gor-
JH i "
i i i !
‘ 1], : Al " j
] B i A A
, ittt _ Al i .
I FPPRE (BRI
,,
o
ﬁ R
1
o8-10 wng
$53818 BIIGNLW
§puoOag
oS 9033 | 213 L 11 2) [ 11X (12}

1 i 1 L

[ L) 5

06-440 HNNy
$S3848 XIIaniwvi

OoDZEHN

spensse uns-je-pu)

%2073 181
VIP GVIM ¢4N10J 481D 4O HIUON ‘enasn WOL¥INS
SXNUNIY
[ 4 14334) INDIN 3AVA
oy CBIX MO NOIAIVILE BAVA
”n (SI0NY) 11348 ANIA
{ 4] (BIYTIT NOJIIINIG eNIN
« YR FLONE. . I IRY LS
(13 1EIIYDRIY DRidY UL §.133430
(3 1] AKX - NMY 43109 8, VISSHA
¢ %0 U ddt MNTION0T 1SR
5 ) AT ALV HIYOR
00°5T 91 9310w1n N WY 0 NOLLv'*M
svizgist } L1} 64 -A0m-91 v
[ £4 inloe

[ L
*Wivs YWJ N3 F 8 A

€ NOLIIGNOO

TR W T
A P LA R

A-18
{

,
Sal

I3

.
e

@

\

Ry
ALty

I

N4,

L

~

.

o
ol

»

1

»

\

~
i B

2ala l’l

£

-

WA IR LT

”, "

M

B e’



" YT T e e e

+
+
L
. LA0OD U LUVMALS 9Yd UL PodiSEBORN ALUISEH oWl S5944y L=y vdiupy
3 §pU0IIS
M
' o3 eET 603 OB 63 Sbr 02 60  GEC  93C W¥C  SZL  05C NRE OO e+ 0T e 08T 63T NI 0T M1 8 © & W .
3 [l 1 1 i 1 i ] 1 1 1 I | 1 1 1 1 o W | 1 1 A L 1 1 1 1 ]
.
. - 09-
]
! 3
. Il Nk ,7 i
. inhind, | ) | ou-
i i ! it AiRdRL | I,
. ity r* =
i { ' " i ! ! 7 i 4 ‘ ! ! N | [ , 1, bilK i
g W (A T i TR E i 3
1. AL MI it il i Foe y
) i n
1 |- o o
! o]
el
00-10 W
4 5018 woLLee
d SpUOOIg
g osLy [ 111 os21t ([ 114 [ 113 [ 1] 052 ] w
. 1 ) 1 1 1 L i |
N <
. - 99-
.

$6-10 NNY
$S3YLS WO01108

T AP £, e
FOAAA -n4 u“-hh- u\m- O - .,-..\-\.).hﬂ}kl




333. e s n a0 A L e e e e o s i i P . ey ' e el -

’ 5913 - 2an3
\ 140D *f IVMALS 3u3 uo Painseal KI0ISTH Iwfl 883§ BI-V *
§pUOdDg
&l (11} ors oo o ™" (1213 o " (114 (14 " orc [ 114 o [22] "y (11] (12 ] o ” ”t [ ] (1] [ 1] ] [ 1 oz [ ]
L L L 1 ' 1 1 A 1 1 1 1 ' 1 L A 1 1 1 1 1 1 L X [}
L 1]
h -
_ -
| ! |
i1 1 .-
.. i i 1
1 [ i | . u
' FHCE , I n
o
oo
\ 2
oo
' 48 ung
. SI3uss 333eNiv
: Spuodag
,
[ 112 [ 121 o528 0001 (73 "s 52 [ ]
’ | . (=)
3 o~
3
E-n
230088 UNY-JO-pu)
on1Aq VI8
X U4 GVIH VIS NOE/EVIH ‘ENENE WVBINOIIN
S¥evi Y
. * $1324) IHOLI N IAVA
; (1] (S3W030) MOT13IVIE Iave
3 o (S10NW) 61348 SMIN
’ ot 1833V030) MO1133¥IE SHIR
: S It €1334) 14vee 9.138834
a0t (RI3W00) BNIGVIH §.136SIA
) 5 £°51  IX'XX - Hew) Q2348 $.123834
_ 2 (WM 331 JON1IONOY 1S3
g N R T ]
. iyl [
: f terzeics Wit 6-230-40  31ve
! 0 3] IN104 ”s vy
, 5 SWINL T4 AV F 8 A
5
. S NOLLIGNOO
)
f
| 911-1d NNY
$5381S NI3IANIVM
i
v
.
A
,
s
P, Ay R, A A At T T P P - S IRIR IR LT LIS 1 x, ) Ay =TT YD -
.“\. .-nl -A..\w.?i&.»\\\’..l A NN ,‘L‘k..\..n\.\ N S - e V0 ¢, H.A p“\:\ R R -3“ P i g hv‘ (vn(quv e 3 L)




1300 °'r L¥vMIlS 2yl uo paanseal L10ISTH Iwy] SS31I§

61-v 2and1a

SPUODIg
[12] s (113 (11 o " L 114 "t [ 114 0t [ 114 " ”e "e [ 144 (11} (11} "t "l 0t [ 1] ” [ ;] ”®» " L ]
1 i 1 L 4 b\ 1 i 1 1 1 1 4 1 1 A 1 1 1 1 ' 1 1 1
I
o -
) 1 h 98-
i | . ,
i | ) 1 i : 8
\ | \ i 3
| i it ! [ u
! i n
— o
[
J
11-10 wny
9308 NIJemIW
SpUodag
[ 113 st 52t (111 S L 12 ] 052 L
1 1
009 -
1IN 14 €L
VIS GVIN'ENENG NVOIMIIW
[T )
3 11334) IMDIIN 3AvA
ooy ot (832034} NDTAIIVIE 3AVA
[ 2} {B10NY) 83143 ININ 2
.z 1833V034) NOT1IIVIG NI -
«@ 11334) 15VN8 §,135534 t
[l (93390340 ONIAVIM 8. 138N S
et CA XX - NeM) €3398 9.1V3I533A M
eo2- .t (s 907 IINLIONOY 153A L
m e 0 T d) PINLNAVY HIUON .Y
900°SZ 63 SIANNIN NI NS S0 N0TLIVIING xat
A A CO18SI81 WA 6-IM- 60 Jva [
N L1 04 o L] K
SWINL TS 10D © 8 AN =
* A4
0 o
o] R
t SR 4
A
002 1 NOLLIGNGO o3
Y
--lh-
x
’
811-4a NNY
$S3ULS AIIANIVM
. 3 R P . - ~ PR e e ettt an
. & T T AT 4..“.4. ONENA SRR TMNSTrY 1RO B




\l

[l ol A )

NN e AR and e i ard g Sl i

Y

L Ra¥ Ba¥ Sul

(0. Su0 ot Ra® §

i guo el '

Lot
»

L2l o

L ohai gt i pti " of  Salf £ 1" o vula . et ouaniet

Ve d e VARG gy

“

s

-

10D *f LVMALS 243 uo painsedN KI0ISTH SUTL 883138 0z-v 21n314
SpUODZ
[13] [14] (1] (1] *”"y " (1 1] (1] ...n [ 14 [ 1] 4 ot ot (1] " "e (1] ”"ne "t ” [ 1] " [ 3] »”” 1) ”» "
n 1 i ' i 1 1 I 1 1 Il 1 i i 1 [ ' [ i A 1 2 1 1
T \
i ; T M ! |
it IR 1
IR , okl ELLES 1 | ‘ AL AIRAR R T
| I R A A
| { T i
) 491-1¢ wng
953ui9 BIDENIW
EpUOIIG
st [ 1111 528 [ 11} oSL (11} 52 [
1 L 1 1 1
I 008 -
- 009~
1 PeBeee UNI.jo0-pu)
- Tane 14 £-C
VIS GVINSENENE MVDINIIN
[
t €1334) AHOI M 3aVR
ot (SIWEIN NAIIIINIE Iwn
- 2- ¢ 3] 1010MN) 93179 iR
(474 <EIIWOME) MOI1I3UES ENIA
& @ (133 14N 8.73589A
N [3]] (IINANE) ONIGVIH §.135SIA
C'ET  (X°EX - WaW) €1343 9.11553A
[ n [+ B 34 (W 80) JN1IN0T L3I
Lt tue €)Y MNLLIVY Hivon
0 e 81 031NNIM NI MW 4O WOIIVING
P ’EIreIEt 6-30-00 1w
< @ Yormy
ez TWINL VWO 1WD £ 8 AN
" 9 NOLLIANCO

L31-20 WY
S$S3ULS XIIAINIWN

Los3gcPm

A-22




F e G ha s s gl gid oA pom mbe b aoe s oaki Aedl e s S S gl miafuai asa e i~ abt e SR k- LTSRS e off S ln Sane Sl aea At el tola dhat lant s et el i Sattliet SRR et AR R
B

(L1

e —— B

T
(1]
|
[

L
1250
T
“e

T
448 “e

-*»
"~ -! L
&= =
- -8
-
bl 3
- -
3]
ol
-

¥
500 7%e
Seconds
[
!
We A «ls

d on the STEWART J. CORT

T
W6 W e e W

a 3 2 ® ) s 1 = i
- - i R - — .
VODZEN -3

L]
[ 1]
Seconds

L) T L) *
188 148 168 108 B0s 3
Fipure A-?1 Strass Time Hiastorv Measure

-“n Mr-417
v
108

Losgcemn

A-23

- " - a “ . - . . . - - -
"‘i“ .‘-.. ~> e e e . e T LT e ey - »‘f\‘\‘«‘. ‘.\\ I .
FRERS AT AT R CRERERARAI BRI S SR, § AR Nl VAL G UL, WY O LRIV NN



i
4
o

4

N

N

o \"’ \“

S

- w
.

rod

1809 °r LYVMILS eyl uo painsesy K10ISFH SWIL 863135 7T-V 2an8714

™

3%

.
SPUOYIG X,
" g
9 (4] s (11 L2 1] " " [ 114 (114 ”"ne "e [ {4 ot (1] [11] L2 ] (2] " (1] (1] ”»s o (1] " (1] » " [ 2 "
L i ) 1 L 1 . L A 2 1 F W W | n ). 1 1 1 i 1 L 1 A 1 1 v
1
“ﬂ\'r
-y
B
.
N

s
& '
n
v 5
,,-\
.-. 'Y
s u\-ﬁ-
3 4
L z
u s
n v
° z
4]
v
¥
610 g ;
S53uis 3I3eMiwe
Pt
SpuUodag .
A}
osel onst o521 () s 008 3 g’
1 1 1 1. 1 h ’,
009- < .
v
.
L3
B
|
0y~ .
S80IV UNS- JU.PUY o
CIWVITO INIONT GEINOD ‘1d ° VINININIJ RVNIIN 440 “l4 ¢ 3
£ 360D ‘VIS QVIN ¢ ENEIN ‘NOTUIINS !
[ ]
.92~ [ 11334) IMOIIN 3AWA .
ot (SIN0IG) NOLIIIVIE 3AvA £,
3] (S10MY) 63243 QWIN s
S oct (033YDM1 NOILITNIE aNIn .
[ 1] 13341 13vyd §.71583A ’
L (754 (SI3WON) ONIGVIH B.13SS3A
I QXK -~ 1IH) €3D48 S.VI550A
4 N et 2y (MW 34D WINLIONOY 153
n o o0 o ad) INETIVY HINON
e00°52 81 SILANIW NI MW 10 NOJAVUNY
0 atrtiIve  MIL : I -5e -.3
1 1104
o} _;.:: YW ..lu reoam
[1T]
L NOILIANCO
[ 4
86-10 NN¥
SSIULS AIIANIVN
!
AP o ok e o B %%y %y " S e At d P IR SR ) \v\nl)n\. - M e Y A LA NS YIS S S Ta® e e %73 .\1:4-
S 'y A ., ~ \ g .\ ...« K 2 a2 P s . IR -:, untd“.i ‘. s et xfn‘-, ‘”J. V.l ...“ .!-:nf -‘h..,- | EI A .ﬁ-, -4- ..\. W, ......~ v . .! ....»M-Huﬁ) ”L.w.f.- »



180D ‘[ IMVMALS 24l uo painseal L1018y JwWy]l 8€3131S €7-V 2an3y14
SpuU0dag

(1] L2 " [ 14 o "0 (119 [ 0t w0t oot ”»e " (2] L) "0y o8 ot "l

' A A ] A ] 1 ] A i L - A 1 i } 1 A i

SpuU0dag

5Lt [ L2 1] 521 [ 1)) [ 112
i - | L 1

AINH0) MMINCIN .
IV GU18 AC N EDXI0NN BHIDE AOS 14 NONJ VIS AEVIUDE N
messen Uy 8-pu)

VYINENINDS AVIINIY 440
€ 3082 VIS ARG 104 < ONEsN ‘NDINING

[t

(13331 AMDI DAve

(SIDUBII) MOLLIIINIY dava

1S106V) €338 enin

(SIUON) MNIIITIIE NI

1330 S 8.13880A

(01IN030) BNIIVIH §.3)SS3A

IR N - N2 €138 3.1I58W

‘WM M) IMOETUNGY ISR

(W 1) DINE1IVY NION

81 SIIMNIN BT NN 20 NO) AV

[lal< 117} »eL 6£-334-50 w4

" in104d (L]} Yy
SWINE TWI 5982 7 8 A/m

Vo220

8 NOLLIGNCO

101-1a0 NNY
§53u1S AIIGNIVH




[ PN } & (B

b

t]

1

W 140D I JYVMALS 24l uo painsSedd A101SIH dwil 8831318 $Z-V  ain3yyg

% (500 olsl

o b8 OFS 908 66 B3 6K OEs  G6b  @NC 3T MT  OIT  seC 00X 2 T ez Sy o8 91 1 081 e 0 " [ 13 (1] .

r. It 1 1 4 1 1 1 1 i I\ 1 ' 1 1 1L PN DR | 1 1 [ A1 A A 1 ]

3 oot

9 | -

h \ h i

0 it 1 ! I «

ML i e 1 A i ; i i i

v. : “__, At ol ,, ,;,_lf _- _,, gf, ,V, it V_ i _1 ‘; .

1 | A ! !

4 Hill ! , , I

§ | , o

I - u

n
o
2

o8-y W
. 53018 WOLLO
+]
, SpUOdag
4 O
i o5y oest es2t oot . L
p* 1 1 1 1 1 A_n

LoOoDZEW

66-10 NNy
$SIVLS WOLL00
i

Al kil e s gh i 0 S R M s i A 4" M Aot & S S B YR AC B A S A A N AL & S

" lavalt o

A A A Sy




E ey - Eail ~ oy " o ;o ey St i . w8 P S S st g P e N aater | - T - AR ATy 8] 4

L300 T LYVHALD VU4 UU PULBSUUR NAUdS Y dubg DOULdd BTV VAo gy
SPUODAg
L[] (14 (14 "»e (114 (] 4 (1}] (1] [ 12 ] (1] L 2 (1] " [ 4] (1) L 1] [} [ ) [ 13 °® [
[l ] | i 1 1 1 1 1 1 i L ] —1 1 1 1 1 A 1 }
8
2
u
n
o
bo)
[ 4
i
108-40 ww
(13 TUN TRY L
SpUOOSg
osLt (111 szt (1)) LED
1 1 1
™~
o
[}
[ 1184 <
l.nl
k4 [+ye
i ~.. "\ a -9 S
o) vw. AR ) 5
AR5 el N YL B
et N
I Bty n
(2] 0
]
(1]
1

161-10 wny
§SI¥1S WOLL08

B AI AT B i a2 b it il Sl e i

Ay o FTaE | NALTYY: TNEIORY BIAST| MR ATTICO0.  CRORONGN  ARSATAL] [SCGUGELY |t ons



"

1--

e
-

SRt )

DA "

4

S

(9 "334)

6961 ‘L1 9 91 1sn3ny ‘g odekop-PIN
Ijemny ‘ypeuyy (v euty e (70 apnid guypeo]

ANVIZ¥1 3ASYAAINN SS

9z-v 21and14
sanol-smy] poaedeya

JATIVIIdouT 4y

31938 1933% 8INOY § PIYIY] ¥

ot 194 0z ST ot S 0
| T T T l 01
Suypeo
jo pua Suipro]
= _ | 3o 3amag .
! |
Vs
< ﬂ 0
| 90H
|
— —1 x5
]
+33 a9idend 193y w¢ we® =1 101
S9¢ usanaag LeApTH 08
sdyyepTH (8
€Y1 uaaniag AwApTH 86
- F3d d93a¥nd) pasalo] Y01 51
poIvao] IEvlj IV 3ddnpeuvyy
1 1 h ) | J 1 1 K0T

tsd o spamsnoy’, - SE9IIS SATIRTN

A-28

L

<
“
F

e
.F._hdk'_h FA NN ]

e

T4

A '\‘\

i:-f-.:g %

LS.
Ll

=
!




| aammhiakaAe Ane- Lan ala- Al e St S an s za Sie Ace A s Sk Aieath Al -Ria-Sledte 2N -ate e Sin'gin Ata-Riniat valyht i d e b b i b wE RR AL GL R ESE SRR Al

A

[ 'T1 I LI ) l T I T l 1 I L I T l T I T | T [_I 17 | l T ] ! [ 1 ‘ I l 1 -
B TRANSDUCER  LOCATION -
2 Frame 147 _— \
12— 3 Frame 137 N
. 4 Frame 123
10 S Frame 109 ]
Transducer 1 Inoperative _j
8
o
g B -
s; 1 ] o —
2 - ]
g | -
17 l B ]
© 0
& | B
g | - ]
m 8 -
41— —
Q - i
b 6~ ]
8l— —
10— ]

o d e b b bbb b b M e s b s bbb gy T

12

1200 2400 1200 2400 1200
Jan. 11, 1970 _.I._ Jan. 12, 1970 ——+—-—Jan. 13, 1970
LOCAL TIME
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> APPENDIX B

K. Tables of Strain Rates From

o Partial Data on the SL-7 SEA-LAND McLEAN

< and the STEWART J. CORT

; that was Presented in Appendix A

A

N

- The strain rates have been presented along with collation information as

discussed in Appendix A and the report.
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