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Abstract

This paper presents the results of full-scale structural measurements of 4,800 unit pure car
carriers “HYUNDAI NO.103” and “HYUNDAI NO.105” on one voyage respectively for each
ship, especially in order to investigate the local strength of partial bulkhead above free-board
deck.

With the measured data, the short-term frequency analyses have been performed. The results
show that the wave-induced stresses follow, on the whole, well the Rayleigh distribution. In
addition, it has been found from the measured data that transverse local stresses at bulkhead
section have a very close relation with the acceleration in athwartship direction.

Finally, the long-term analysis has been attempted by using the following two statistical
distributions mainly in order to estimate the maximum stress amplitude at the corners of partial
bulkhead.

1) E=xponential distribution of cyeles of stress amplitude

2) Double exponential distribution of extreme values of stress amplitude for each short-term

analysis

The results of these two cases show a good agreement with each other. For example, the
estimated maximum stress amplitude for 10 years at port-side corner of Fr. 132 partial bulkhead

is 2125kg/em?® for the first case and 2170kg/cm? for the second case just based on the measured

data.
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Full-Scale Measurement of Pure Car Carrier
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1. Introduction

Recently, Hyundai Heavy Industries Co., Ltd. has
built many car carriers, in particular, large pure car
carriers(PCC) owing to the latest increase of export
of Hyundai cars to the United States of America.
In general, pure car carrier has a special structural
pattern in order to carry the cars as many as possible
and to raise the efficiency of loading and unloading.
In other words, the ratio of the draft to the depth
is quite small and transverse bulkhcads are arranged
at rare intervals through the overall length. Moreover,
the partial bulkhead structures are generally adopted
above the free-hoard deck. Therefore, it has become
generally known that the transverse strength of PCC
is comparatively weak.

By the way, lately, it has been frequently reported
that the transverse bulkhead structuctures of PCC,
especially at the corner parts of partial bulkhead,
were damaged by the crack in service. As a main
reason for the damages, the racking deformation by
the unsymmetric loading due to the ship motions
during the voyage can be thought, but there are
few data enough to examine the phenomena and to
confirm the actual stress levels at the parts of concern
in a sea-going condition.

In this situation, by the timely request of Hull
Design Department of HHI, the Structure Department
of Hyundai Maritime Research Institute has come
to carry out the full-scale structural measurements
of 4,800 unit pure car carriers “HYUNDAI NO, 103”
and “HYUNDAI NO.105”, which were built in HHI
Yard and ply regularly between Ulsan, Korea and
U.S.A.

The main purpose of this measurement is to confirm

the actual stress levels at the corner parts of partial
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bulkhead and to examine the ship’s responses to the
sea waves under way.

As a matter of fact, few helpful references have
been presented about the full-scale measurement work
in the country. At best are some papers relevant to
the subject from NK, ABS, and other Classification
Societies [5, 6). Fortunately, even though it has not
been long since our department started full-scale
static and dynamic measurements, we have already
experienced a few long-term full-scale measurements
for some ships, for example, 254, 000DWT large ore
carrier “HYUNDAI GIANT” and 800 unit pure car
carrier “HYUNDAI GEUM GANG” and so forth.
Consequently, this long-term measurement work
could be performed without considerable problems
and measured data also seemed to be reasonable on
the whole.

In this paper, are presented the procedures of this
full-scale measurement and the results of short-term
and long-term analyses for the measured data, in
particularly, for the stresses at the corner parts of

partial bulkhead.

2. FULL-SCALE MEASUREMENT

2.1. General
The subject ships used in this measurements are
4,800 unit pure car carriers “HYUNDAI NO.103”
and “HYUNDAI NO.105”, which were built in HHI
Yard in 1986 and now ply mainly between Ulsan,
Korea and the east coast of the United States of
America. The principal dimensions of these two ships

are as follows:

Length B.P. 174.00m
Length  Scantling 173.63m
Breadth ~ MLD. 30. 60m
Depth (F’brd Dk) MLD. 14.21m

* Numbers [ J refer to the references at the end of the paper.
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Fig. 2.1.1 General voyage route of subject ships

Depth (Strength Dk) MLD. 29.67m
Draft Designed 8.20m
Draft Scantling 8.20m
Cs at Scantling Draft 0.573

The 1st measurement was carried out for “HYU-

NDAI NO.105” in a summer season from June 8,

. 1987 to July 28, 1987 for about 51 days. The voyage
schedule was as follows:

Jun, 8~Jun.18

Jun.20~Jun.25

Jun.27~Jun.29

Jul. 1~Jul. 2

Jul. 4~Jul. 7

Jul. 7~]Jul. 28 Panama Canal—Ulsan

Ulsan—Los Angeles

Los Angeles—Panama Canal
Panama Canal—Jacksonville
Jacksonville—+Newark

Newark—Panama Canal

The 2nd measurement was performed for “HYU-
NDAI NC. 103”7, series ship of “HYUNDAI NO.
105”7, in a winter season from Feb. 12, 1988 to Apr.
9, 1988 for about 53 days. The measuring items and
positions are almost same each other. The voyage
schedule was as follows:

Feb. 12~Feb. 24
Feb. 26~Mar. 3
Mar. 4~Mar. 7
Mar. 8

Mar. 9~Mar.10
Mar.12~Mar.15
Mar.19~Apr. 9

Ulsan—Los Angeles

Los Angeles—Panama Canal
Panama Canal— Jacksonville
Jacksonville—Brunswick
Brunswick—Newark
Newark—Panama Canal

Panama Canal—Ulsan

Proto 2.1.1 Overall view of HYUNDAI NO. 105

The voyage route of the subject ships between
Ulsan and U.S.A. is shown in Fig. 2.1.1, in which
the full line represents the outward vovage route
and the broken line represents the home voyage route.
For reference, the overall view of “HYUNDAI NO.
105” is shown in Photo 2.1.1.

2.2. Measuring Equipments

The main measuring equipments used in this
measurement are listed in Table 2.2.1. as follows:

Besides

auxiliary equipments and articles of consumption

the above listed equipments, a lot of

were used. The measuring equipments were arranged

in the emergency generator room located amidship

Journal of SNAK, Vol. 26, No. 1, March 1989
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Table 2.2.1 Measuring equipments

Equipments Maker Model No.
Conditioner KYOWA CDA-110A
Amplifier EMI SE1054
Pitch roll amp. JAE 2000-101
Cassette data recorder | TEAC XR-50
Tape recorder EMI SE7001A
Strain gage KYOWA KFW-5-

Cl-11L100
Accelerometer ENTRAN | KGS-500D
Vertical gyro JAE JG-2Y

on the upper deck as shown in Photo 2.2.1.

In a summer season or near the equatorial region,
the temperature inside the emergency generator room
was pretty high, but did not seem to have an effect
on the measuring equipments.

2.3. Measuring Items

The measuring items are local stresses at the
corners of partial bulkhead, longitudinal stress at
upper deck, pitch and roll acceleration, pitch and roll
angle, racking deformation in No. 6 deck, and so
forth.

The measuring items and positions are shown in

49

Proto 2.2.1 Measuring equipments

Fig. 2.3.1. for the Ist measurement and in Fig.
2.3.2. for the 2nd measurements. In the 2nd meas-
urement, the port-side corner of partial bulkhead
section{Fr. 132) in No.6 deck got already damaged
by the crack and starboard-side corner of :his section
had been reinforced by a small temporary bracket.
And so, the local stress at the corner of partial
bulkhead was
bulkhead section instead of at Fr. 132 BHD section

measured at Fr. 60 engine room

Symbol item Instrumentation

5 Stress strain gage

A acceler~ accelerometer
aLion

G roll & gyro
pitch

D racking ptano wire &
displac. displacement meter

Fig. 2.3.1 Arrangement of measuring items and positions in the 1st measurement(HYUNDAI NO. 105)

KEEmEETE 2648 515 19894 3A
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Symbol { Item Ionstrumentation

s stress strain gage

A acceler- accelerometer

atlon

6 | rott s gyio
pitch

D raciing
l dlsplac.

piano wire &
displacement meter

N

Fig. 2.3.2 Arrangement of measuring items and positions in the 2nd measurement (HYUNDAI NO. 103)

where local stresses were measured in the 1st
measurement.

In Photo 2.3.1, the port-sied partial bulkhead on
No.§ deck is shown. At that corner, the subject
ships were frequently damaged by the crack. Some
measuring positions are shown in Photos 2.3.2 and
2.3.3.

For reference, the static stress measurement for the
positions of S1~55 in Fig.2.3.1 was performed in

the 1st measurement during total 4801 car loading

at Ulsan. The obtained static stress levels were quite
low, —20 to —130kg/cm?,

The data of weather and ship conditions such as

Proto 2.3.1 Port-side partial bulkhead on No.6 deck

Proto 2.3.2 Partial bulkhead corner on No.6 deck
at Fr.132(S1 in Fig.2.3. 1)

wind speed and direction, Beaufort scale, temperature,
atmospheric pressure, ship’s speed, rpm of main engine
were also recorded at every measuring time based
on the Log Book recorded by the officers of subject
ships. The measurement of racking deformation will
be discussed in datail in Chapter 4.
2.4. Measuring Method

In the Ist measurement, the measurement has been
regularly performed twice a day(08:00 and 20:00)
for about 15 minutes. In the 2nd measurement, the
measurement has been performed six times a day
(00500, 04:00, 08:00, 12:00, 16:00, and 20:00),

and recording time was about 20 minutes. On home

Journal of SNAK, Vol. 26, No. 1, March 1989
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Photo 2.3.3 Partial bulkhead corner on No.§ deck
at Fr.60 (S7 in Fig. 2.3.2)

]
| strain zage
¢ 1zt 5,

displacement
Meters

L

Fig. 2.4.1 Flow of measurement and analysis

voyages, i.e., in the ballast condition, the measurement
was performed once a day 12:00 for the both cases.

The flow of measuring procedure is shown in Fig.
2.4.1.

3. Analysis of Measured Data

3.1. General
The distribution of Beaufort wind scale that the

KBERBEE H26% 515 19804 35
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subject ships have met during the voyage between
Ulsan and Newark, U.S.A. are shown in Fig. 3.1.1,
from which it can be known that the sea state during
the 2nd measurement, i.e., in a winter season, was
a little severer than that during the Ist measurement.

Some examples of measured signals during 5
minutes are shown in Fig. 3.1.2 and Fig. 3.1.3 for
each measuring items. From the signals in these
figures, it can be guessed that the local stress at the
section of transverse bulkhead has a very close
relation with the rolling, and the longitudinal stress
at upper deck has somewhat a relation with the
pitching.

In this analysis, mainly the local stresses at the
corners of partial bulkhead have been analysed since
those are the main concern in the strength of pure
car carrier. The short-term frequency analysis for
the stress amplitude has been performed with the
measured stress signals.

For the frequency analysis of stress amplitude, the
mean crossing range (peak to peak) count method
has been adopted, in which double stress amplitude
adopts the upper maximum value and the lower
minimum value crossing the line of the mean value
of wave form as shown in Fig. 3.1.4.

Finally, based on the results of short-term analysis,
the long-term analysis has been attempted in order
to estimate the maximum probable value for the
considering period.

3.2. Short-term Analysis

It is of common knowledge that the wave-induced
stresses and motions of ships are distributed according
to the Rayleigh distribution, provided the sea state,
ship speed, and heading remain steady throughout
the period under consideration [3]. This period of

T8 9

Beaufort scale

(a) 1st Measuremrnz {summa:c)

Ing Meisirement [wintec)

Fig. 3.1.1 Distribution of Beaufort wind scale
during the measurement
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Fig. 3.1.2 Examples of measured signals in the 2nd measurement
(Feb. 17, 1988, beaufort scale 5, full load)

steady conditions is called “short-term”. The Rayleigh

distribution is defined with one parameter E as
follows:
p(x):—’?}::r— « exp(—z*/E), z=0 3.2.1)

where p(z) is the probability density function of z,
and
E is the mean value of the squares of x.
Thus the cumulative probability distribution function

of the Rayleigh distribution is represented as follows:
P(.z):fi p(x)dx=1—exp(—x*/E)
=1—exp(—v?)
where v(=z/ vE) is the. standardized variate.
A typical example of the Rayleigh distribution is

shown in Fig. 3.2.1 for the stress amplitudes of

local stress measured at the port-side corner of Fr, 60

partial bulkhead of the subject ship in the 2nd
measurement.

The measured analog signals have been converted
through the A/D converter into the digital values
and then the

frequency analysis for the stress amplitudes has been

with the sampling interval of 0.5 sec.

performed by the fore-mentioned ‘mean crossing range
(peak to peak) count method’. And the mean square
value of stress amplitudes E is calculated by the
following formula.

:i—% o 3.2.3)
N‘=1 3 Jde .

where N is the number of amplitudes, and
oi is the stress amplitude,
The theoretical line of Rayleigh distribution acco-
rding to the mean square value E calculated from

the measured stress amplitudes by the above formula

Journal of SNAK, Vol. 26, No. 1, March 1989
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Fig. 3.1.3 Examples of measured signals in the 2nd measurement
(Apr. 8, 1988, beaufort scale 4, ballast)

~

T,

Fig. 3.1.4 Mean crossing range count(peak to peak)

is also drawn in Fig. 3.2.1, which shows fairly
good agreement between the measured data and the
theoretical Rayleigh distribution.

Let us examine the confidence of assumption that
follow the

Rayleigh distribution. For this purpose, the measured

the obtained wave-induced stresses

data presented in Fig. 3.2.1 have been plotted on
the probability paper of Rayleigh cumulative distri-

bution and the results are shown in Fig. 3.2.2, in

KBRS H2648 515 19895 37

which all the measured data fall between the 90%
confidence limit lines. For reference, it can be said
that the measured data follow well the Rayleigh
distribution if the more than 90% of measured data
fall between the 90% confidence limit lines [3J.

Longuet-Higgins [3] shows that the largest probable
value max out of N measurements becomes approxi-
mately +E - vlog, N for large N. And so, it is of
interest to compare this value with the measured
largest value. For the case in Fig. 3.2.2, the most
probable value of maximum stress amplitude is 663
(306 viog, 110y ke/cm? and the measured maximum
one is 717kg/cm?, which shows a good agreement
with each other.

The relation between Beaufort wind scale and the

maximum value of stress amplitude at partial BHD
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bility of

" u~ theoretical Rayleigh
B discribucion

(b) Distribuiion of

573 LT

koo

stress amplitude

Fig. 3.2.1 Measured stress signals and distribution of stress amplitude

corners for every measurement is graphically shown
in Fig. 3.2.3 and Fig. 3.2.4, which show a
comparatively for both

Therefore, it is very hard to say that Beaufort scale

large scatterness cases.
and the maximum stress amplitude have a certain
relation. However, the maximum values for each
Beaufort scale seem to have some tendency.

It is of interest to look into the correlation between
the ship responses, for example, transverse local stress
at BHD section and rolling acceleration, longitudinal
stress and pitching acceleration at fore-end. Among
the measured data obtained in the 2nd measurement,
the selected maximum amplitudes of the transverse
local stress and the rolling acceleration are plotted
in Fig. 3.2.5, which shows a good linearity, and
is 0.942. In Fig. 3.2.6,

the longitudinal stress and

the correlation coefficient
the correlation between
the pitching acceleration are shown graphically and
its correlation coefficient is 0.645.
3.3. Long-term analysis

It is the main purpose of this section to estimate
the maximum probable value of wave-induced stress
amplitude at the corners of partial bulkhead of subject
ship, i.e., the main parts of concern based on the
results of short-term analysis. For this purpose, two
statistical distributions have been used in this analysis

and the obtained results are described as follows:

1) Exponential distribution
It is assumed that the cumulative distribution of
eycles of stress amplitude for a long-term distribution
can be represented by the following exponential
form (5].
N=4-107"%* or log N=—bz+loga

where N is cycles per unit interval,

(3.3.1)

z is stress amplitude, and

a and b are constants,
The
obtained as shown in Fig. 3.3.1. With the given
data (x1, logNy), (x2, logNy), -, (z. logN.,),
the following linear equation can be derived by the

constants ‘e’ and ‘4 _can “be; graphically

least square method [2].
logN=§z+«

n3 (xi-logN;) —> x;- ¥ logN;
¥ (z)*—(QTxn)?

o= (zi)? DlogN;—Tixi- 3 (z;-logNi)
ny (@) t—(Ezd)?

Therefore, constants ‘e’ and ‘b’ can be obtained
from Eq. 3.3.1 and Eq. 3.3.2.
b=—3
a=10*

And the maximum probable value for the measuring

(3.3.2

where 5=

period is (loge)/d. The maximum value for a longer
period is to be obtained just by multiplying an
extension factor.

Results of long-term analysis by this method for

Journal of SNAK, Vol. 26, No. 1, March 1989
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Fig. 3.2.2 Rayleigh cumulative distribution of stress amplitude at partial
BHD corner (87), (refer to Fig. 3.2.1)

the local stresses at the partial bulkhead corners of
subject ships are graphically represented in Fig, 3.3.2
and Fig. 3.3.3. In Fig. 3.3.2, the long-term distri-
bution of stress amplitudes is shown for the stresses
measured at the port-side corner of Fr.132 partial
The full line in
the figure represents the distribution of measured
data for 51 days.

the 1st

performed twice a day for 15 minutes and the

bulkhead in the 1st measurment.

In measurement, recording has been

analysis of measured data for 10 minutes every

measurement. Therefore, it has been assumed that

KREEMEEE 5268 5 18 19894 3A

the analysed data for 10 minutes are representative
of data for 12 hours. The measured data and the
assumed linear line are in good agreement with each
other. The dashed line means the assumed distribu-
tion for 10 years obtained by multiplting the factor
10-365/51 to the above distribution. The calculated
maximum probable value of stress amplitude for 10
years is 2125kg/cm? just based on this data.

In Fig. 3.3.3, the results for the stresses measured
at the port-side corner of Fr,60 partial bulkhead in
the 2nd measurement are shown. The assumed linear

distribution also agree well with the measured data.
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The full line also represents the distribution of
measured data for 53 days. In the 2nd measurement,
recording has been performed six times a day for 20
minutes and the analysis of measured data for 15
minutes every measurement. Therefore, it has been
assumed that the analysed data for 15 minutes
The dashed
line means the assumed distribution for 10 vears
obtained by multiplying the factor 10-365/53 to the

above distribution. The maximum probable value

are representative of data for 4 hours.

of stress amplitude for 10 years is 1485kg/cm?® just
based on the measured data during the 2nd measur-
ement.

With the given data of Fig. 3.3.2 and Fig. 3.3.3,
the fatigue life at the considering parts has been

Journal of SNAK, Vol. 26, No. 1, Marck 1989
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estimated based on the assumption of linear cumul-
ative damage rule (Miner-Palmgren rule), in which
cumulative damage ratio is obtained by the following
formula. The S-N curve used in this calculation is
Type “W” Curve among the curves presented in
DNV Note (7].

D=y, %

P (3.3.1)
where D is damage ratio,

E is the number of stress blocks,

n; is the number of stress cycles in stress

block , and

FEERBETE H26% £ 19 19895 34

N: is the number of cycles to failure at
constant stress range oi.

The obtained damage ratio for the case of Fig.
3.3.2 is 0.956 for 51 days. Therefore, the estimated
fatigue life is about 199 days (51/0.256). Actually,
the subject ships got damaged at that point on her
maiden or 2nd voyage, that is, after approximately
50 or 100 day service. In case of Fig. 3.3.3, the
damage ratio is 0.073 for 53 days and the estimated
fatigue life is 2.0 years(53/0.073/365). For reference,
it has been not reported until now that the crack

occurred at this point.
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2) Double exponential distribution
It is assumed that the extreme values of stress
amplitude obtained in each short-term analysis are
approximated by a double exponential distribution
(1. It has been suggested by Gumbel that, if an
underling distribution of population like the Rayleigh
distribution has an exponentially decaying tail in
the direction of the extreme, the cumulative distri-
bution function of largest values in repeated large
samples from this distribution converges asymptoti-
cally to the following double exponentially limiting
form (Gumbel’s Type I limiting form).
F(x)=exp{—exp(—An{z—Un))] or
F(s)=exp[—exp(—s)] 3.3.3)
where An, Un are constants and
s is the reduced variate (=An(z—Un)).
Based on the extreme values obtained from the
short-term analysis, the above contants ‘Az’ and ‘Urn’
can be graphically estimated. N extreme values from
a population of the exponential type are plotted on
a double exponential extremal probalility paper, such
that the ith value is plotted at the probability /(N

+1) when they are arranged in order of increasing

magnitude. If the results show a linear trend with

and ‘Un’ can be

a positive slope, constants ‘An’

Jin S. Paik, Oi H. Kim and Zae K. Chung

estimated approximately by graphically drawing a
line (s=An(z—Un)) through the plotted
data points by the least square method.

straght

The most probable maximum value can be calcul-

ated by the following formula:

F(Zmag) =1—-L (3.3.4)
n

where Zmax is the most probable maximum value and
7 is the number of extreme values during the

considering period.
The results of long-term analysis by this meathod
are shown in Fig. 3.3.4 to Fig. 3.3.5.

3.3.4, the extreme values of stress amplitude obtained

In Fig.

in each short-term analysis for the stresses measured
during 46 days at the port-side corner of Fr. 132
partial bulkhead in the Ist measurement are plotted
in the extremal probability paper. The extreme values
used in Fig. 3.3.4 are the estimated largest values
of stress amplitude corresponding to the duration of
12 hours and have been calculated by the formula
vE. ¥log.(12-60/10-N), which is the largest pro-
bable value estimated with 12:60/10-N measurements
in case that the underlying distribution of population
follows the Rayleigh one, where E is the mean

square of stress amplitudes obtained in shcrt-term

om~ stress amplitude, kg/cmz

Ex

i:;74, e -

Ba i . 2BzaabE-2

[S2ANNE T A b i G S 1

.98 a.99 B.293 @,.938

Probabflity

Fig. 3.3.4 Long-term distribution of extreme values of stress amplitude at partial BHD corner
in the Ist measurement (point S3 in Fig. 2.3.1)
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Fig. 3.3.5 Long-term distribution of extreme values of stress amplitude at partial BHD corner
in the 2nd measurement (point S7 in Fig. 2.3.2)

analysis for 10 minutes and N is the number of siress
amplitudes for 10 minutes. The results show a good
double exponential distribution. As shown in Fig.
3.3.4, the calculated values of ‘An’ and ‘Un’ are
0.00485 and 357. And the subject ship has been under
way for 46 days out of 51 days in the 1st measure-
Therefore, from Eq. 3.3.4,

probable value for 10 years may be estimated as

ment, the maximum

follows:

Zmax™ —7%; loge(—logz@ ~%>) +Un

-1 _ 5t

=70, 00485 tog.(~lo.(1 35365 % 10X 45))
+357

=2170kg/cm?

In Fig. 3.3.5, the extreme values of stress ampli-

tude for the stresses measured during 48 days at the

Table 3.3.1 Summary of long-term analysis

port-side corner of Fr. 60 partial bulkhead in the
2nd measurement are also plotted in the extremal
probability paper. The extreme values used in Fig.
3.3.5 are the estimated largest values of stress
amplitude corresponding to the duration of 4 hours
vE -
V1og,(4-60/16-N), which is the largest probable

and have been calculated by the formula

value estimated with 4:60/15-N measurements, where
E is the mean square of stress amplitudes obtained
in short-term analysis for 15 minutes and N is the
number of stress amplitudes for 15 minutes. As
shown in Fig. 3.3.5, the calculated values of ‘An’
and ‘Un’ are 0.00748 and 170. And the subject ship
has been under way for 48 days out of 53 days in

Therefore,

probable value for 10 years may be estimated as

the 2nd measurement. the maximum

[tems

1; 1st measurement

2nd measurement

position

measuring duration
probable max.
probable max. stress amplitude for 10 years by
1) exponential distribution
2) double exp. distribution
estimated fatigue life

stress amplitude for measuring duration

Fr. 60 port-side
partial BHD corner

53dayvs
1, 100kg/cm®

Fr. 132 port-side
partial BHD corner

51days
1, 560kg/cm?

2,125kg/cm?® 1, 485kg/cm?
2, 170kg/cm? 1, 493kg/cm?
199days 2years

KeEERBEE F26% 1% 1989F 3H
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follows:

#oar= g g8 ot 1~ g o))
+170
=1493kg/cm?*
The obtaind results of long-term analysis are

summarized in Table 3.3.1.
4. Discussions and Conclusions

In general, the sea state of the North Pacific is
much severer in winter than in summer. Following
example shows this fact well. The distributions of
significant wave height at Area 20 in the North
Pacific (area defined in ‘Global Wave Statistics,’
BMT) are shown in Fig. 4.1 for summer and winter
seasons, from which it can be known that consider-
ably big waves happen quite often in winter season.

However, as shown in Fig. 3.1.1, the sea state
that the ship “HYUNDAI No.103” has

encountered on her voyage route in the 2nd measu-

subject

rement has been fairly moderate despite of winter
season. The maximum Beaufort wind scale at that
time was 7 at most. But during other voyage of last
winter the subject ship has ever experienced the sea
state of Beaufort scale 10. Therefore, it may be
thought that the estimated maximum stress amplitude
at Fr. 60 partial BHD corner from the 2nd measu-
rement is more or less lower as compared with the
actual maximum probable value.

The voyage route of subject ships, “HYUNDAI
NO.103” and “HYUNDAI NO. 105, ” 4800 unit pure

car carriers, is almost the same as the route shown

[T] summer sesson

% winter seasoun

Frequency {2}

Significant wave height (w)

Fig. 4.1 Distributions of significant wave height
at Area 20 in the North Pacific

Jin S. Paik, Oi H. Kim and Zae K. Chung

Photo 4.2 Racking deformation measuring equipment
used in the Ist measurement

in Fig. 2.1.1 even though the master occasionally
changes the course to some degree in order to avoid
the low atmospheric pressure, which in general
accompanies the very severe sea state. But, this time
there were no situations like that.

In general, the transverse strength of pure acr
carrier is comparatively weak. The structural damage
actually often happens to the part of stress concent-
ration in the transverse bulkhead structures. There-
fore, in this measurement, we have focused our
attention to the measurement and analysis of local
stresses at the corners of partial bulkhead above the
free-board deck. Besides, roll and pitch acceleration,
roll and pitch angle, longitudinal stress at upper
deck, and racking deformation at Fr. 132 BHD
section have been measured together. Among these
measuring items, the racking deformation has been
measured on No. 6 deck as shown in Fig. 2. 3.1 using
the piano wire, the linear displacement transducer
and the measuring apparatus. In the 1st measurement,
the 8kg weight has been used to strain the piano
wire as shown in Photo 4.1. By the way, the
measured signals were very fluctuating and did not
coincide with the rolling signals.

In the 2nd measurement, the spring instead of
weight has been used as shown in Fig. 4.2. This
time there were almost no variations of signals of
racking deformation. Therefore, it can be thought
that the fluctuations of signals in the 1st measurement

was not due to the racking deformation but due to

Journal of SNAK, Vol. 26, No. 1, March 1989
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3o
W ey 8

No.6 Deck

Fig. 4.2 Racking deformation measuring equipment
used in the 2nd measurement
the inertia of the weight by the ship motion. And
it seems to be difficult to obtain the signals of racking
deformation just within one hold.
As a matter of fact, it has been a long time since
LR, DNV, NK,

and companies concerned started the full-scale meas-

and other Classification Societies

urement of ships. Moreover, it seems that they have
already finished or reached the final stage in develo-
ping the hull strength monitoring system, which is
an application of full-scale measuring system and
can be established over a long time with much
experience of full-scale measurements.

By the way, the Structure Department of HMRI
started the full-scale measurements of ships at most
about 1 year ago and the experience accumulated
during that time is trifling, and now the automatic
measuring system has not been established yet, which
is absolutely needed for a long-term measurement,.

However, we are now planning the supplement of
measuring equipments and the establishment of
automatic measuring and analysis system. And then,
with this more developed measuring equipments and
system, the Structure Department of HMRI will
continue to carry out this kind of full-scale measur-
ement. And now, the measurements of bulk carrier
or container ship are under consideration with special
concern to the longituinal strength in service.

The main conclusions and results obtained in this
measurement can be summarized as follows:

1) One of the major objectives of this project is
the confirmation of our capability and feasibility
for the full-scale measurement of ships and
other ocean structures. Even though the results
of this measurement do not give a decisive aid
to the design of car carrier, this full-scale

measuring project may have resulted in success.

KigsEmeE S #26% 5 158 19804 3R

61

2) It has been confirmed that the short-term dist-
ributions of wave-induced stresses follow on the
whole the Rayleigh distribution.

3) There is a close correlation between the tran-
sverse local stress at BHD section and the roll
acceleration. The calculated correlation coeffi-
cient between the maximum stress amplitudes
at Fr. 60 partial BHD corner and the maximum
amplitudes of roll acceleration is 0.942 based
on the data measured in the 2nd measurement.

4) Actually, fairly high stresses occurred at the
corners of partial bulkhead. The estimated
fatigue life at Fr. 132 partial BHD corner just
based on the measured data in the st measur-
ement is 199 days. For reference, the subject
ships actually got damaged there by the crack
on their maiden or 2nd voyage.

5) Based on the results of short-term analysis, the
long-term analysis for the stresses measured at
partial BHD corners has been performed by two
methods, as described in Section 3.3, mainly

in order to obtain the maximum probable value

of stress amplitude. The results by both methods
agree well with each other. The maximum
stress amplitude at Fr. 132 partial BHD corner
estimated from the data measured in the 1st

measurement is about 2150kg/cm®.
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