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PRELIMINARY REPORT OF STRAINS A*L MOTIONS OF THE

SS ESSO ASHEVILLE FOR THL PFIRIOL 24 AUGUST

1952 THROUGH 31 JULY 1953

by

Norman H. Jasper

ABSTRACT

Stresses amidships as well as pitching and heaving
accelerations were measured on the T-2 tanker ESSO ASIIEVILLE
during the vessel's normal commercial operations over the
period August 1952 to July 1953. The data were obtained
automatically, using a sampling procedure.

Analysis of the data indica te that the dynamic
stress variations associated with the ship's motion in the
waves will rarely exceed 10,000 psi peak to peak. Also,
stress variations due to changes in temperature distribu-
tion, such as occur from night to day, are of the same order
of magnitude as those due to changes in dead-load distribu-
tion. The maximum measured stress variation (free of stress
concentration) due to change in temperature was about 10,900
psi.

SUMMARY

Stresses amidships as well as pitching and heav-
ing accelerations were measured on the T-2 tanker ESSO
ASHEVILLE during the vessel's normal commercial operations
over the period 24 August 1952 to 31 July 1953. The data
were obtained automatically, using a sampling procedure.

The data indicate that the dynamic stress vari-
ations in the hull girder, free of stress concentration,
due to the motion of the ship in a seaway will rarely ex-
ceed 10,000 psi peak to peak. The greatest dynamic stress
measured was 9,400 psi,and by far the largest number of
variations were of a magnitude less than 4,000 psi. The
periodicity of the stress variations is predominantly the
same as that of the heaving and pitching motions. The
stresses on the port and starboard side of the main deck
amidships are not generally the same; there is frequently
a considerable difference which may be due to the effects
of torsion and transverse bending of the hull. It was
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found that the pitch acceleration makes a major contribution
to linear accelerations experienced at points removed from
the center of the ship.

It is concluded that the stress variations due to
changes in temperature distribution, such as occur from
night to day, are quite large, as large or larger than those
due to load changes, and occur regularly with a period of
one day. The maximum measured variation in a day was about
10,000 psi. This stress variation is generally not.the
same on the port and starboard sides of the main deck.

It was not possible to separate stresses due to
dead-load changes from those due to temperature changes.
The largest stress change measured during any one loading
operatioh took place on 17 April 1953 resulting in a stress
variation of 10,900.psi (port) and -1000 psi (starboard) main
deck, amidships.

INTRODUCTION

This interim report discusses the stresses and
motions measured on a T-2 tanker, the ESSO ASHEVILLE, during
the period. from 23 August 1952 to 31 July 1953. During
this period the vessel was engaged in coastal traffic along
the Atlantic seaboard, Central America, and the Gulf ports.
The vessel is a single-deck,longitudinally framed tanker
with a length between perpendiculars of 503 ft, a molded
beam of 68 ft, a molded depth of 39 ft 3in., and a dis-
placement of 21,880 tons.

It is the general purpose of these tests to
determine the magnitudes and frequency distributions of
the dynamic stresses (due to wave action) and the rigid-
body motions of the ship under actual service conditions.
It has been possible, in addition, to measure the deck
stresses amidships during variations in static load distri-
bution as well as those stresses incident to & non-uniform
temperature distribution in the hull girder. The dynamic
stresses and motions will be discussed fis.t, and then the
static load and temperature stresses will be discussed.
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INSTRUMENTATION

The stresses in the fore-and-aft direction were
measured at the port and starboard edges of the main deck at
a point approximately 7 in. inboard from the deck coaming.
The measurements were made by means of SR-4 strain gages
connected so as to give an output proportional to stress in
the fore-and-aft direction; see Figure 1. The measured
stresses include the stress components due to static and
dynamic load and those due to temperature gradients. The
gages were temperature-compensated so as not to include
strains unaccompanied by stress. An electro-mechanical
strain gage was installed at Frame 57 over the starboard
longitudinal bulkhead; a heave accelerometer was installed
at this same location, which is close to the fore-and-aft
position of the center of gravity. The rigid-body pitch
acceleration of the ship was measured by means of two
linear accelerometers spaced 12 ft 4 in. apart on the bridge
deck which were connected so as to be electrically in opposi-
tion giving an output proportional to pitch acceleration., All
accelerorfeters and the 10-in, strain gage were built by the
Schaevitz Engineering Company and utilized differential trans-
formers as the sensing elements.

The outputs of these gages were recorded, auto-
matically, at hourly intervals for a 2-min duration. The
recorder used was the "TMB Automatic Ship's Motion Recorder"
which is described in TMB Report 777. The automatic timing
motor on this recorder did, on occasion, fail to operate
properly resulting in the loss of sampled data fo some
periods of time. The heave' accelerometer and 10-in. strain
gage did suffer occasional damage due to salt water corrosion;
the SR-1 gages and pitch accelerometers operated satisfactorily
throughout the tests.

On 11 April 1953 a Sperry roll and pitch angle re-
corder was installed on the ship; it was hooked up so as to
record at the same time as the T~E recorder.

DYNAMIC STRESSES AND MOTIONS

It was intended to classify the data obtained for
the loaded and ballast conditions separately; however, since
the loading conditions of the ship, whether in ballast or
loaded, are not known for all voyages the data are not
separated. The analysis of the records is in a form which
will readily permit such separation whenever the loading
data are made available.



Figure 2 gives the stress and motion data measured
during the past year classified according to the magnitude and
the frequency of occurrence of the cyclic variations. Each
cyclic variation is understood to mean a complete cycle; for
example in the case of stress it would denote a stress varia-
tion from hog to sag and back to hog again such as would be
encountered during the passage of a single wave.

The ratio of "Duration of Voyage" to the "Total'
Sampling Time" as stated in Figure 2 gives an indication
of how representative of all conditions encountered during
the particular voyage the sampled data probably is. If
the ratio is 30, it means that a 2-min record was taken at
hourly intervals and the data obtained may be expanded with
a high degree of validity. If the ratio is much greater
than 30, it indicates that, during portions of the voyage
no automatically sampled data was obtained. The data given
in*Figure 2 include only those obtained during automatic
sampling; data obtained during manual recording were used
only in determining maximum stresses and motions as well as
static stress variations. Sea conditions encountered varied
from fairly severe to calm.

It is seen from an inspection of Figure 2 that by
far the greatest number of stress variations associated with
the passage of waves past the ship have a magnitude of less
than 4000 psi peak to peak. No stress variations incident
to the wave action, of magnitude greater than 10,000 psi,
were observed at any time and therefore such occasions may
be considered quite rare. The periods of the variations
in stress, heave, and pitch are most often nearly the same
and most of the cyclic variations occurred with periods of
from 1 to 7 sec. Comparison of the pitch and heave accelera-
tions shows that the pitch acceleration is responsible for
by far the greater contribution to the resultant linear
acceleration experienced near the ends of the ship.

It was observed throughout the tests that the
stress variations on the port and starboard sides were
generally of different magnitudes. For long periods at a
time (many hours) the starboard gage would indicate greater
stress variation than that on the port side; at other times
the reverse would be true. On the whole the tendency was
toward larger stresses on the starboard side. These differ-
ences in the stresses between port and starboard sides of
the main deck may be due, in part, to the direction of the
sea relative to the ship which may give rise to athwart-
ships bending in combination with bending in th vertical
plane.
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Figure 3 presents in graphical form the maximum
values of stresses'and motions measured during the time covered
here. The recorder was unfortunately inoperative during much
of February and March, but no unusually heavy seas were re-
ported during this time. No significant differences between
ballast and load conditions were noted.

The most severe conditions encounted at any time
were measured in Period 4 which covers the time from 14 Decem-
ber 1952 to 9 January 1953 during which the vessel operated
between Norfolk, Virginia,and Baton Rouge, Louisiana, and
Philadelphia, Pennsylvania. Typical severe conditions were
as follows:

a. 23 Dec 0600 to 24 Dec 2400 (1952) - LOADED
CONDITION

Pitching motion predominated. The following
maxima were recorded at 1500 on 23 Dec: Heave
acceleration 0.27 g's, pitch acceleration 0.10
radians/sec2, stress, starboard gage 8000 psi, stress,
port gage 7200 psi. All values given are peak-
to-peak variations.

b. 30 Dec 1800 to 31 Dec 1200 (1952) - BALLAST
CONDITION

Pitching motion is predominant, and the stress
Variations have the same periodicity as the
pitching motions. The following maxima were
recorded at 0800 on 31 Lecember: Heave accelera-
tion 0.13 g's, pitch acceleration 0.10 radians/
sec 2, stress, starboard gage 9400 psi, stress,
port gage 3500 psi. All values given are peak-to-
peak variations.

c. 3 Jan 1700 to 4 Jan 2300 (1953) - LOADED
CONDITION

Large stresses having a period of about 15 sec
(roll period) were recorded. The maximum
stresses and motions were recorded at about 0300
on 4 Jan and were as follows: Heave accelera-
tion 0.06 g's, pitch acceleration - negligible,
stress, starboard gage 5500 psi, stress, port
gage 7400 psi. All .values given are peak-to-peak
variations and in this case the stresses given
were not measured simultaneously.
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The pitch acceleration has been given, in Figure 3,
in terms of units of gravity per 100-ft difference in longi-
tudinal position along the ship. This is done for the sake
of convenience. For example if one wishes to know the contri-
bution of the pitching acceleration to the linear accelera-
tion at a point 300 ft from the center of pitching it is

only necessary to multiply the figure given in Figure 3 by
three.

The overall impressions gathered from the analysis
of the dynamic stresses and motions are:

1. The stress variations in the hull girder (peak-to-
peak) due to the action of the weather and seas
will rarely exceed 10,000 psi.

2. -The stress variations are predominantly of a
periodicity which is the same as that of the
pitching and heaving motions.

3. The stresses on the port and starboard side of the
main deck amidships are generally not the same;
there is, in fact, often a considerable difference.

4) The pitch acceleration makes a major contribution
to the linear acceleration experienced. at points
far from the center of gravity of the ship.

STRESSES DUE TO CARGO LOADING AND TEMPERATURE GRADIENTS

Before discussing the stresses it may be well to
look into the validity of the strain-gage measurements. The
strains cause the electrical resistance of a gage to vary;
therefore anything that. causes the resistance to vary will. be
reflected in an apparent strain. Temperature-compensating
gages (dummy gages) (see Figure 1) can be effective only if
they are at substantially the same temperature as the active
strain gages. Before the replacement of the SR-4 gages at
Jacksonville in August 1953 tests were made in which the
steel deck around the gages was heated by means of blowtorches;
during the heating and cooling of the deck, temperatures of
the steel at the location of active and dummy gages were
measured by means of a thermocouple. The temperature of the
gage locations reached about 1600 F rising 220 F in 20 min;
the temperature lag between the active and dummy gages was
small, at all times less than 50 F. Temperature compensation
is therefore considered satisfactory. The change in leakage
resistance between the strain gage and the steel hull is
another possible source of error. The gages continue to dry
out over a period of weeks with consequent increase in the
electrical resistance between gage and ship. For this



reason not much reliance can be placed on very slow variations
it stress measured up to about 24 September 1952. rAfter this
time the leakage resistance had sufficiently stabilized so
that the errors due to variations in 'leakage resistance should
be less than about 600 psi. Analysis of stress variations due
to loading and due to temperature variations will therefore
be restricted to the time subsequent to 25 September 1952.
The directions of stress variation given in this report are
believed to be correct, although it is remotely possible that
all signs should be reversed. However, the assumed directions
of stress (tension or compression) do consistently agree with
the direction of stress variations that would be expected due
to the temperature variations encountered.

TEMPERATURE STRESSES

Inspection of the stress records has indicated a
definite' pattern of stress variation with a 'periodicity of
about one day. A stress variation in the direction of in-
creasing compression occurs when going from night to day;
the maximum compressive (sag) stress is reached about 1500.
The stress then changes into the tensile (hog) direction
reaching a maximum value somewhere near 0200. This phenomenon
is best observed with the ship underway, or at other times
when load changes are nil. This stress variation is not
generally the same on the port and the starboard side of the
deck. These slowly varying stresses are quite appreciable;
the maximum measured variation was about 10,900 psi.

The following explanation is advanced for the fore-
going phenomenon, The stress variatios are believed to be
caused by' non-uniform temperature conrditions in the ship
girder, At night the temperature of the deck is relatively
cool, probably approximately the same as that of the air. Ao*
the sun rises above' the horizon the portion of the Ship above
the waterline is heated and 'that portion of the ship below
the waterline remah substantially at the temperature of the
water. The upper portion df the hull tries to expand, but
the submerged portion resists the dxpansion thus causing
compressive stresses in the deck. The reverse conditions
occur as the deck cools during the night. Inasmuch as the
sun does not shine on all portions of the exposed portions
of the ship with equal intensity, combined horizontal and
vertical bending and torsion may be expected. Figure 4 gives
a method for computing the stresses in a uniform thin beam
due to temperature gradients, and should be df some help in
estimating temperature stresses in ships. Greater tempera-
ture gradients and consequently greater temperature stresses
would be expected in a ship with.little freeboard as com-
pared to the same ship with greater freeboard under identical
environmental conditions.
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Following are tabulated values of stresses due to
temperature gtadients measured 'hile the ship was enroute
between ports. A positive sign denotes increasing tension,
a negative sign decreasing tension.

Enroute To
Stress Variation
Strboard Port

2 Oct 52, 0130

2 Oct 52. 1330

3 Oct 52, 0330

3 Oct 52, 1430

27 Sep 52, 1530

27 Sep 52, 2330

Canal Zone

Canal Zone

Canal Zone

Canal Zone

-1,000

0

0

-9,600

+9,600

-7, 400

Aruba from No10,500 + 14,400
Aruba from Norfolk (includes effect of change

f in ballast between 1800
Aruba from Norfolk *and 2300. 27 SeD)

17 Dec 52, 0100 Harkness

17 Dec 52, 1700 Harkness

18 Dec 52, 1000 Harkness

18 Dec 52, 1700 Harkness

28 Dec 52,

28 Dec 52,

29 Dec 52,

17 Apr 53,

17 Apr 53,

18 Apr 53,

Point to Baytown
+ 1,100

Point to Baytown
Point to Bayto

Point to Baytown

Point to Baytown

0200

1000

0200

0330

1530 1

0430

1,300

-900

-3,500

+3,20C

-1,000

+1,000

- 4,800

+ 4,200

- 7,400

-3,000

+1,700

-10,900

+ 8,600

STRESSES DUE TO LOADING

It has been impossible to obtain accurate measure-
ments of stresses due to load variations alone because it was
not possible to separate the stress contributions due to vari-
ations in temperature from the measured stresses. It is
possible, on occasion, to minimize the effect of temperature
variations by comparing the stress measurements taken during
successive nights. To separate out temperature effects it
would be necessary to know the temperatures.

Date

- -111-1- 1 . I - I I M O ROM



Following is a tabulation of stresses measured under

various loading conditions. All stresses are taken with res-

pect to an arbitrary reference which is different for each of
the three time periods tabulated.

0S tres s
Starboard PortDate and Time Condition of Loading

(Period
28 Sep
30 Sep,
30 Sep,

1 Oct,
7 Oct,

12 Dec,

(Period
1 Dee
14 Dec
15 Deb
17 Dee,
20 Dec,
22 Dee
28 Dee,
29 Dec

1 Jan,

from '

0130
1700
0830
1200

1430

from
0145
0900
0100
0100
0200
0200
0200
0200
0100

3 Jan, 1700

7 Jan, 1400
2100

9 Jan, 1410

Sep 1952 to 13 Dec 1952) •
In ballast, Norfolk to Aruba
At Aruba, before loading
Maximum during loading
Aruba-after completing loading
Aground in Buenaventura cargo
almost discharged
Paulsboro, N.J., before dis-
charging cargo

13 Dec 1952 to 9 Jan 1953)
Norfolk
Norfolk
Ballast,
Ballast,
Underway
Underway
Underway
Underway
Baton Fouge, no ballast,
before cargo
Underway from Baton.Rouge
after cargo

- Pausboro loaded

Harkness Point rainy day
after 'discharging cargo

+1,000
-8,600

-16,900
-5,200

-19,'200

+2,400
-10,000
-17,800
-5,200
-15,400

-2,000 +1,000

0
-6,700
-2,000
-4, 900

- 500
- 500

-2,500
-2,700
-8,900

+2,200

-2,200

0
-2,500
+1,900
-4,600
- 500

-3,000
+2,500
-2, 500
-5,300
-1,900

0

-6,700 -2,100

Note that the stresses on 14 Dec and 9 Jan are

from
0730
0330
130
o 30
0730
1430
0230
1030
0230
0530
1230
1930
o0430
1030
0430

11 Apr 1952 to 31 May 1953)
allaSt, underway from Bayonne
Ballast, underway from Bayonne
Ballast, underway from Bayonne
Ballast, underway from Bayonne
In port, start loading
During loading
During loading
Leaving port, finished loading
Loaded - underway
In port, before unloading
Unloading, extreme stress (P)
Unloading, extreme stress (S)
In port, changing load
In port, extreme stress
In port, final extreme stress
condition before leaving port

*Positive sign refers to tension.

the same.

-13,700 -2,100
-9,500 -4,200

-10,500 -14,800
-9,500 -6,300
-9,500 -,600
-19,000 -17,000
-20,000 -12,600
-8,500 -5,200
-8,900 -3,100
-8,900 -3,100
-18,900 -20,000
-21,000 -16,300
-13,700 -10,600
-18,600(-21,000)over
-8,100 -6,300

(Period
14 Apr j
17 Apr,
17 Apr,
18 Apr,
19 Apr,
19 Apr,
20 Apr,
20 Apr
21 Apr,
23 Apr,
24 Apr,
24 Apr,
10 May,
10 May,
11 May,



10

The largest stress variation measured during any
one loading operation took place 23-24 April 1953 when stress
changes of 16,900 psi on the port gage and 12,100 psi on the
starboard gage were indicated. This includes stress varia-
tions due to temperature changes which tended to increase the
magnitude of the variation.

It may be inferred from the data given here that
the stress variations due to temperature variationsare
of the same- order of magnitude as those due to the cargo
load changes.

The principal conclusions are summarized at the
beginning of the report.
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David W. Taylor Model Basin. Rept. 875.
PRELIMINARY REPORT OF STRAINS AND MOTIONS OF THE

SS ESSO ASHEVILLE FOR THE PERIOD 24 AUGUST 1952
THROUGH 31 JULY 1953, by Norman H. Jasper. October 1953.
11 p. [5] figs. UNCLASSIFIED

Stresses amidships as well as pitching and heaving accelera-
tions were measured on the T-2 tanker ESSO ASHEVILLE during
the vessel's normal commercial operations over the period August
1952 to July 1953. The data were obtained automatically, using
a sampling procedure.

Analysis of the data indicates that the dynamic stress varia-
tions associated with the ship's motion in the waves will rarely
exceed 10,000 psi peak to peak. Also, stress variations due to
changes in temperature distribution, such as occur from night to
day, are of the same order of magnitude as those due to changes
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in dead-load distribution. The maximum measured stress variation (free of stress concentration)
due to change in temperature was about 10,900 psi.
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