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Foreword

Early in the war, welded merchant vessels expe-
rienced difficulties in the form of fractures which
could not be explained. The fractures, in many cases,
manifested themselves with explosive suddenness and
exhibited « quality of brittleness which was not
ordinarily associated with the behavior of,a normally
ductile material such as ship steel. It was evident that
the implications of these failures on welded ships
might be far-reaching and have a signal effect upon
the war effort. Steps were taken immediately by
Government and private maritime agencies, individu-
ally, to cope with this problem.

In April 1943, the Secretary of the Navy, pursuant
to his responsibility through the Coast Guard for
certificating vessels in accordance with the Marine
Inspection Laws of the United States, established a
Board of Investigation to Inquire into the Design
and Methods of Construction of Welded Steel Mer-
chant Vessels, This Board was composed of the
Engincer-in-Chief, United States Coast Guard; the
Chief of the Bureau of Ships, United States Navy;
the Vice Chairman of the United States Maritime
Commission; and the Chief Surveyor of the American
Bureau of Shipping. The Secretary’s dirc tive to the
Board read in part as follows: “* * ¥ make a complete
investigation of the matter hereby submitted and upon
the conclusion of its investigation will report the facts
established thereby. If the facts establish the existence
of defects in the designs of, or in the methods being
followed in the construction of s ich merchant vessels
which in the opinion of the board adversely affect the
scaworthiness thereof, the board will also submit its
recommendations as to the measures which should
be taken to correct such defects.”

The Board appointed a Sub-Board which was
ultimately composed of representatives of the four
member agencies and of the War Metallurgy Com-
mittee of the National Academy of Sciences. The
Sub-Board was directed to formulate in detail, and
supervise the exccution of, all phases of the investiga-
tion as outlined by the Board.

The Board immediately tooh steps to coordinate
the eTorts of the member agencies and embarked
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upon an extensive program of investigation. Technical
and statistical analyses of all casualties were initiated;
strength studies were undertaken of each type of
vessel involved; loading and ballasting conditions
were checked and analyzed; convoy routes with
accompanying sea and weather conditions were
examined; many specific investigations and extensive
laboratory research projects were initiated, aimed at
studying design, fabrication and materials used in
the construction of welded ships. In addition, close
liaison was maintained with private shipyards and
with the British, who were also conducting studies of
phases of the same problem.

In the course of the investigation a Research
Advisory Committee and a Welding Advisory Com-
mittee were appointed by the Board to take cogni-
zance of pertinent research and to survey shipyard
welding practices, respectively.

The investigation has been in progress for more
than three years. During that time two interim reports
have been made to the Secretary of the Navy, the
first dated 3 June 1944, and the second dated 1 May
1945.

This is the third and final report of this Board. It
is intended to cover all phases of the Board’s activity
during the entire period of its existence. This report
foliows the outline established in the interim reports.
All salieat results are discussed, findings listed and
conclusions drawn. At the end of the report recom-
mendations are made for future work which appears
to be necessary or desirable in the solution of un-
finished phases of the problem.

Appended to the report are three exhibits:
ExumirI —Statist:cal Analysis of Struc-
tural Failures on Welded Steel
Merchant Vessels.
Exuipit IT -~-Summary of Research Investi-

aatinne
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Exnrr ITI—Survey of Shipyard Welding
Practices.
References made to the exhibits and sources not
appended to this report are annotated and a complete
bibliography will be found appended.
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Introduction

Welding is a relatively new process in the building
of ships. From a meager beginning during World
War [, when it was used only as an auxiliary method
of fabrication and erection, welding has become a
major process in the construction of cteel ships, and
has largely replaced riveting.

The advantages of welding in ship construction are
nurnerous. There is a direct saving of weight in the
eliznination of plate laps, flanged attachments and
rivet heads, which may be utilized in carrying addi-
tional useful load. In addition, the difficulties associ-
ated with riveting in making and keeping structures
oil and water tight are obviated. Particularly perti-
nent to the establishment of new yards in connection
with the accelerated program of shipbuilding prior to
and during the war was the saving in time, 11anpower
and tool manufacturing capacity effected through the
use of welding in lieu of riveting. This saving was
brought about by the shorter time needed in welded
cunstruction for training operators, and the avail-
ability and smaller amount of cquipment required.
making it possible for a new welding vard to be out-
fitted and in production in a fraction of the time
which would have been required if the yard had teen
equipped for riveting.

It is safe to say that without welding it would have
been impossible to build, in such a short time, the
enormous fleet of ships which played such a vital part
in winning the war.

There are, however, certain disadvantages con-
nected with welding which were not fully realized
at the outset of the expedited building program.
Although the technique of depositing weld metal
and the application of weiding sequences to minimize
shrinkage, distortion, and cracking were fairly well
understood, relatively little was known of other, dele-
terious, conditions accompanying the welding process
on large ship structures. Consequently, when fractures
in all welded steel merchant vessels first began te
manifest themselves (as in the Schenectad ;25561 and
Esso Manhattan®?), conditions were found which
did not conform to previous experience. There was a
general feeling that the accelerated shipbuilding
program: and the concomitant quantity production of
all-welded ships had resulted in a general disregard
for proper construction practices and workmanship.

aReference number listed in Bibliography.
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It was particularly felt that insufficient care was being
devoted to welding sequences, with the result that
locked-in stresses were present in many ships to a
higher degree than would be expecied. The presence
of thesc high stresses was considered to be an impor-
tant factor in the incidence of the observed fractures.

However, it must be recognized that structural
failures are not confined entirely to welded ships. A
few cases of serious fractures in riveted ships are well
known, such as the Leviathan® and the Majestic,%
both of which suffered fractures across the strength
deck. The chronic occurrence of fractures in riveted
ships would have appeared in a different light if the
fractures had been generally more spectacular or if
the results of research of the last three years had been
known at the time of their occurrence. When a crack
starts in a riveted structure, it gencrally progresses
only to the first break in the continuity of the metal,
c.g., a seam. There it awaits relcading to a stress
which will give it a fresh start. In a welded structure,
however, the crack will continue to propagate as long
as sufficient energy is available.

Particularly bewildering phenomena in the welded
ship casualties were the appearance and nature of
the fracture itself. It was generally believed that
medium ship steel incorporated in ship structure
would deform elastically when loaded within the
elastic limit, and that if it were loaded beyond that
point plastic flow would take place and a permanent
deformation would result, evidenced by a reduction
in thickness or area. If the load were increased
.ufficiently it was belicved that the material would
fail only after considerable clongation, as this is the
behavior which wnuld ordinarily be expected from
a ductile material.

In the observed ship fractu:cs, however, the frac-
tured surface appeared crystalline rather than silky
as would be the case in a ductile failure. The break

. .
. + vl b sy
quare and the line of separation normal to the

surface of plate, rather than at 45 degrees as wouid
be the cze in a failure on the plane of maximum
shear. Very little ductility was evidenced, as indicated
by practically zero reduction in the thickness of the
plate at the fractused edge. This type of fracture is
termed cleavage, dencting a separation of the sur-
faces of the crystal lattice rather than sliding action
along slip planes.
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The factors which might cause a normally ductile
material to seem brittle were not understood. There
was evidently a great need for fundamental study
of the mechanism of fracture. As an index of the
state of knowledge at the outset of the study, as well
as to indicate the experimental difficulties which
were encountered, it is considered noteworthy that
brittle fractures in medium ship plate of 34 inch
thickness, comparable to those found in ships, were
not reproduced in thk: laboratory until early in
1944404147

The findings of the research program served to
correlate the circumstances observed to accompany
the fractures which occurred in ships. As soon as the
factors contributing to failure were recognized, correc-
tive measures were taken wherever possible.® Modi-
fications of square cargo hatch corners were designed
and incorporated into vessels, both under construc-
tion and already completed. Cut-outs in the sheer
strake were ciosed and sharp structural discontinui-
ties and changes in section were eased wherever pos-
sible. As a means of preventing the propagation of
cracks which might originate in spite of other pre-
cautions, “crack arrestors” were installed in personnel-
carrying vessels and in a great many others. In addi-
tion, vessels assigned to operate in low temperature
areas were selected from those in which modifica-
tions had been incorporated. The beneficial effects
of these remedial measures are demonstrated by the
reduction in the number of casuaities from about 149
per month in March 1944 to less than 20 per month
during January 1946.¢

A. Historicai Study of Hull Fractures

The collection and correiation of information
relative to fractures has been a task of considerable
magnitude, involving the detailed description of each
case of fracture by an observer on the scene, a classi-
fication of each case, tabulation of data, and finally
detailed analyses which attempt to derive scme
measure of correlation between the types of fractures
and their frequency, and factors which have appeared
te contribute to their occurrence., The tabulation?
presented beiow indicates the scope of the fracture
problem with respect to major merchant vessels con-
structed under the Maritime Commission program
and remaining in merchant service.
bExhibit I, Part IV.
<Exhibit I, fig. 24.

d Data taken from Fxhibit T
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Total number of ships............. 4,694
Total number of these ships reporting no casualncs 3,724
Total numbar of these ships which sustained
casualties. . ........... ... .. ...l . 970
Total number of casualties. ... ........... . 1,442
Total number of fractures... . ........ e 4,720
Total cases of serious casualties (Class 1) ... .. . 127
Total ships sustaining a complete fracture of
strengthdeck............... ool 24
Total ships sustaining a2 complete fracture of the
bottom .. ... ... L oo 1
Eight vessels have been lost, as follows:
Name Date of Casualty Remarks
TroMas Hooker ...| 5 Mar. 1943 | Abandoned.
J.L.M., Curry. .| 7 Mar. 1943 | Abandoned.
Joux P, Gamnes . ..| 24 Nov. 1943 | Broke in two; aban-
doned.
Josepu SmitH .. .. 9 Jan. 1944 | Abandoned.
Saxue:. DExTeER....| 21 Jan. 1944 | Abandoned.
Joer R. PoINsETT...| 4 Mar. 1944 | Broke in two; stern por-
tion salvaged.
SAckeTT’s HARBOR.] 1 Mar. 1946 | Broke in two; stern por-
tion salvaged.
Forr Sumrer! .. 10 May 1946 | Broke in two; both por-
tions scuttled.

! This vessel fractured after the terminal date for statistical
acrounting used in Exhibit I.

Four other ships broke in two but were not lost.

Name Date of Casualty

SCHENECTADY ... . e e e e 15 Jan. 1943.
Esso MANHATTAN .. ...... e 29 Mar, 1943,
VALERI CHKALOV . . . ....... 11 Dee. 1943,

DonpassIII......... .......  ....... " 17 Feb. 1946.

In connection with these casualties, 26 lives have
been lost; 11 men from the John P. Gaines, missing
after successfuily embarking in a lifeboat, and 15
from the American-built Russian-operated vessel,
Donbass 111

The results of the efforts to control and eliminate
the occurrence of hull fractures are graphically
shown in figure 24 of Exhibit I, which depicts the
number of casualties for each month from February
1942 through January 1946, as well as the number of
ships in operation during the same period. It will be
seen that after reaching a maximum in March 1944,
the number of fractures per month decreased sharply
and has shown a decreasing trend ever since. The
beneficial effects have been due to remedial measures
in the form of improvements in workmanship, design
and operation, such as the installation of crack
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arrestors, modifications of cargo hawch corners, elimi-
nation of square sheer-strake cut-outs for accommoda-
tion ladders, general elimination o1 modification of
structural discontinuities, careful attention to load-
ing and ballasting, and judicious selection of ship
types for rigorous duty, especially on cold weather
routes.

Photographs and data sheets pertaining to the 12
most serious casualties, which are listed above, are
included in Exhibit I.

B. Design
1. GENERAL

One of the first steps taken in the investigation
was to recalculate the longitudinal strength of all
types of vessels involved in structural failures. These
calculations showed that the scantlings were ample
and that there was a margin of strength in every case
over that required by existing standards.

Static structural tests made on riveted ships prior
to the advent of welding in shipbuilding had con-
firmed the general validity of the basic analytical
methods used in calculating the stresses in the main
hull girder. However, several factors involvea were
considered sufficiently significant tc justify making
similar experiments on welded ships. These factors
included: the psssibility of a difference in the overall
bekavior between riveted and welded construction
as affected particularly by the differences in rigidity
and geometry of riveted and welded joints; the fact
that photoelastic studics showed appreciable stress
concentration at hatch corners where so many cracks
occurred on Liberty ships; the development of new
strain gages which permitted the measurement of
highly localized strains and the determination of
unusual stress distributions that might not have been
discovered in previous experiments.

The desirability of subjecting welded ships to the
static structural test received further impetus from
the large number of hull structural failures recorded,
particularly during the winters of 1942-43 and
1943-44, Those failures were not limited to any one
type of vessel, but occurred in ore carriers and tankers,
as well as dry cargo vessels, particularly Liberty ships.

QOutstanding examples of the earlier static struc-
tural tests carried out on riveted ships were those on
the Wolf,! Cuyama? Preston and Bruce.® These ships
were all of the destroyer type with the exception of
the Cuyama, which was a Navy tanker. None of these
€Exhibit I-figs. 30, 31 and 32.

vessels had « structure compairable to that of the
usual merchant cargo vesscl, and all except the
Cuyama were of relatively light scantlings with thin
plating. No similar data appeared to be available for
vessels of the merchant type.

In the investigation to determine the structural
behavior of welded ships, at least a dozen vessels
of several types were subjected to the static structural
test. As a result of these studies®%® the theoretical
principles by which hull girder strength is computed
have been found to be equally applicable to welded
and riveted construction.

2. DETAIL

For operational reasons, it is necessary to introduce
into the ship’s hull, numerous openings, erections,
foundations and so on. At every point where such a
structural discontinuity is introduced, uniform strain-
ing of the material under a bending load is inter-
rupted and concentrations result.

Until the short base length (less than 1 inch) strain
gage became available, experimental measurements
of strain concentrations in ships were not possible.
The need for accurate determinations of concentra-
tions was not as great in the riveted ship as in the
welded ship. The ronolithic character of the welded
ship resulting from the method of fabrication can
produce joints, particularly at structural discontinui-
ties, that have high stress concentrations and severe
restraint, thereby tending to inhibit plastic flow. This
condition did not exist generally in the riveted ship.
The danger of high concentration at points of struc-
tural discontinuities in the welded ship is further
aggravated by welding usually present at such points.
Welding produces a ccmplex metallurgical condition
which is frequently aggravated by discontinuities in
the formn of defects in: the weld.

That stress concentrations of dangerous magni-
tudes actually exist at structural discontinuities in
welded ships has been amply demonstrated by the
numerous fractures which started at such points, e.g.,
hatch corners, sheer strake cut onte, defective welds,
etc. In the Liberty ships, 25 percent of all fractures
reported originated at hatch corners.¢ 18 percent of
all fractures were found to occur in the vicinity of
No. 3 cargo hatch.c In addition, an analysis of serious
fractures showed that 24 percent started in the sheer
strake cut-out for the accommodation ladder and 52
percent started at hatch corners.

Investigations conducted on welded ships revealed
that stress concentration factors at the inside radius




of the rounded hatch corners of a Liberty ship at
deck level were of the order of 2.0. (A stress concen-
tration of 3.4 was found in a similar corner at sea
urder dynamic conditions.)?

Accordingly, one of the first remedial steps which
wa, taken in an cffort to eliminate fractures was the
modification of cargo hatch corners in the Liberty
ships. Ultimately 2,047 vessels out of a total of 2,212
were fitted with one of several types of hatch corner
reinforcements.® Table 7X of Exhibit I shows that a
substantial decreasc in the incidence of fractures
followed.

In an immediate attempt to stop fractures which
might otherwise cause possible lcss of the vessel a
number of “crack arrestors” were installed in various
types of vessels. These, in general, consisted of two
types, one in which the deck just outboard of the
cargo hatch was slotted and a riveted seam strap
fitted over the slot, and a second in which either a
similar slot and strap were placed in the sheer strake
just below the deck line or, in lieu thereof, the deck
and sheer strake were connected by a riveted gunwale
angle. Altogether, crack arrestors of one or both types
were installed in more than 1,400 vessels of all types.
The gunwale crack arrestors functioned effectively
and stopped cracks which had started in 26 cases in
vessels on which they were fitted. No crack has been
known to pass an arrestor.

The investigation pertaining to structural details
has strongly emphasized that too much attention
cannot be paid to the elimination of discontinuities
(notches), whether they be small or large, and that
the effect of discontinuities is aggravated by welding.

3. FULL SCALE SHIP TESTS

A great many tests on complete ships have been
conducted in the course of this investigation. Various
types of vessels involved in structural failures have
been included in the testing program. Among them
are:

Four L-6 Great Lakes ore carrierst
Twenty Liberty shipss-it8:227,25,36,50
Six T-2 tankers®?%9,25.26

Three C-4 troop carriers*®
Twenty-one Victory ships??b:27.28
One C-2 refrigerated cargo ship*

Among these investigations were: full scaie huli
fExhibit Ti--(1cii).

#Exhibit I-table VIIL
AExhibit I—figs. 44, 45 and 46.
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bending studies in stil! watert:5:889.2526; an explora-
tion of stress c.oncentrations at structural discontinui-
tics52559; an investigation of the strains experienced
by the hull girder of a Liberty ship when loaded in
torsion;’ tests to determine locked-in stresses includ-
ing those caused by temperature variations during
assembly?3 03! tests to determine thermal stresses in
service 27 tests to determine locked-in stresses caused
by a controlled temperature differential in the inser-
tion of a large closing deck section;?® and the low
temperature relief of residual welding stresses.’®

C. Materials
1. STRUCTURAL STEEL

The incidence of serious failures of large welded
steel structures both in construction and during serv-
ice indicated the need for a better understanding
of the fundamental factors affecting steel perform-
ance. Lack of reliable information in thic field has
led designers to over-design in the interest of safety,
a procedure which may in some cases enhance the
possibility of failure.

At the present time the mechanism of metal frac-
ture is not well understood®*33. Since some plastic
deformation, even though highly localized, usually
precedes fractures even in the case of cleavage or so-
called “brittle” fractures of structures, an understand-
ing of the phenomenon of flow is essential in con-
sidering the fracture problem. Perhaps the best theory
yet formulated involves the concepts of resistance to
flow and resistance to fracture;% the theory postulates
that if the stress required for fracture is gceater than
that required for flow, plastic deformation will sccur;
conversely, if the stress required for flow is greater
than that required for fracture, rupture will take
place. Flow may teminate in either shear or cleavage
separation. The former is characterized by high duc-
tility, a fibrous or silky appearing fracture generally
at 45° to the direction of applied ioad, and high
energy absorption. The latter shows relatively low
ductility, a granular or ervstalline appearing fracture
generally normal to the direction of applied load,
and in most cases, lower energy absorption. Cleavage
fracture often occurs after appreciuble flow. The
term cleavage fracture refers to a mode of separation
and is not intended to apply only to completely
brittle fracture without measurable deformation,
although this case is included.

Resistance to flow and resistance to fracture are
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extremely complex quantities influenced by a number

f factors, the interrelationship of which is at present
unknown. These factors’ are: State of Stress (Con-
straint); Temperature; Velocity (Strain Rate);
Metallurgy.

During the course of the investigation many re-
search projects were initiated to investigate thc
behavior of ship steel3® * %9, In addition, extensive
material surveys by samphing methods were made,
designed to determine the adequacy of steel used
in welded ship construction as judged by present
physical requirements$?-385%, These studies indicated
that steel as furnished to shipyards complies in every
respect with physical requirements as they exist at
the present time. In spite of this, impact tests of steel
samples taken from vessels which suffered fractures
indicated that in many cases the steel was notch
sensitive, ie., that its ability to absorb energy in the
notched condition, and especially at low temperature,
was low. In addition, it was found that sume samples
of the steel furnished to shipyards under existing
physical requirements were also notch sensitive.

The research in. =stigations explored the behavior
of ship steel in the welded and unwelded condition
under the influence of rnulti-axial stress in the pres-
ence of discontinuities, such as notches, especially at
low temperatures. These studies indicated that notch
sensitivity is an important factor in the occurrence
of “brittle” failures; i.c., failures which exhibit a low
degree of ductility.

In further studies to investigate the factors con-
tributing to the cleavage failure of ship steel, tests
were made on unwelded flat plates in widths varying
from 12 inches to 72 inches and on large welded
structural specimens?? t 51, These tests indicated that,
in the presence of notches which are comparable to
those found on board ship, ordinary ship stecl may
fail at nominal stresses which are considered extremely
low by accepted engineering standards. It should be
noted that wuominal failure stresses decrease from
about 15,000 p.s.i. in the 12-inch plates to stresses
approximating the yield point in 72-inch plates, «..d
in the welded structural hatch corner tests failures
occurred at nominal stresses as low as 23,000 p.s. 1.
In connection with the latter tests it was found that
two specimens welded with a 400" Fahrenheit pre-
heat treatment showed a significant increase in ulti-

{Exhibit II—sec. 3a.
JExhibit III.
kExhibit I—table VI
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mate strength (about one-third) over compaiable
specimens not preheated. However, the 400 Funiren
heit preheat had no effect upon the mugnitude or
distribution of residua' welding stresses.

Studics of the speed with which fractures of the
cleavage type propagate have disclosed that it is
extremely high (about 5,000 feet per second*®). This
finding substantiates reports which have been reccived
from the masters of vessels which have broken in two
in regard to the suddenness with which such casual
ties have occurred.

There is a real necessity for the establishment of
new specifications to incJude a practicai test for the
evaluation of the notch sensitivity of commercial
steels.

2. WELDING ELECTRODES

There is no indication that inferior quality or mis-
application of welding electrodes was responsible for
welded ship fractures. This does nnt mean, huwever,
that an improvement in electrodes and covering
materials might not be beneficial. In fact, considerable
variation within the applicable specification has been
found in the cracking tendency of welds made with
commercial E-6010 clectrodes, deposited under high
restraint.?®

Specifications for welding clectrodes are in the
process of revision at the present time. Pilot tests
4145465 J,qve indicated that when an cstimate ot
measurement of service performance is desired, it is
futile to make tests of weld metal, except in con-
junction with the parent metal in a welded joint.

D. Construction

Construction methods and workmanship were
believed to be responsible to a large degree for the
difficulties being experienced by welded ships. It is
interesting to note, in this connection, that the Weld-
ing Advisory Committee which made a survey/ of
representative  shipyards, both government and
private, on the Atlantir,'ﬂulf and Pacific Coasts,
found varying degrees of quality in workmanship
and in methods of construction, but the analysis of
structural failures failed to indicate a marked correla-
tion between the incidence of fractures in welded
ships and the shipyards’ construction practices. How -
ever, with due allowance for difference in design,
the ships constructed in yards utilizing sub-average
shipyard construction practices showed a higher-than-
average incidence of fracture.*
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‘The findings of the Welding Advisory Committee
show the need for improvement in almost every phase
of welded shipbuilding, and in particular, the need
for standardization in operator training and up-
grading. The identification of welding operators by
degrees of skill and by individuals was found to be
unsatisfactory. In most cascs there was no means of
tracing detective work to the operator who was
responsible. Close inspection, including subsurface
inspection of welds, was made in only about one-
third of the yards. It was found that the piece work
system which was in use by a great many yards did
not serve as an incentive for good work. The super-
visory organization varied between yards. The num-
ber of workmen and junior supervisors under each
senior supervisor varied widely from yard to yard.
The preparation of welding sequences and design of
joint details was, in general, found to be satisfactory,
but in many yards the sequences and edge prepara-
tions were not carried out satisfactorily. In most
instances the welding engineer had been relegated
to an advisory status. The result of these circum-
stances was infericr workmanship. High quality work-
manship is still an important need in the building of
welded ships.

An cducational program was cstablished by the
member agencies of the Board. Instruction pamphlets
were circulated by the American Bureau of Ship-
ping®8:¢7, the Maritime Commission,® the Navy De-
partments!??2, and the Coast Guard®® for the use of
their surveyors and inspectors. The Maritime Com-
mission, Navy Department and other government
agencies instigated shipyard training nrograms to
promote better construction practices. This con-
certed effort markedly improved shipyard workman-
ship. The member agencies are jointly preparing
comprehensive booklets incorporating the findings of
this Board. They dcal with the various phases of con-
struction, workmanship, and shipyard organization.
The first of these booklets, entitled “Shipyard Weld-
ing Workmanship”,%® already has been complcted
and distributed. The sccond, entitled “Shipyard
Management for Welding”?® is being printed. In
addition, it is anticipated that two booklets will be
prepared, dealing with welding supervision and in-
spection, and the design of ship details for welding.

The fecling that workmanship had suffered due
to the pressure of wartime production programs was
substantiated in the findings of the Welding Advisory
Committec. The importance of maintaining adequate
standards of workmanship has been clearly estab-

lished by the analysis of structural failures in tix= past
3 years. Poor workmanship cngenders fracture, since
a fracture may originate at a small notch, such as
i> occasioned by peened-over cracks, by undercut
welds, by porosity and inclusions in the weld, or by
“saddle” welds resulting from incomplete penctra-
tion, which leave voids at the center of the joint.

The early importance attached to residual welding
stresses and locked-in stresses directed the first re-
search efforts 10 an investigation of those factors.
While there had been much dicussion of these stresses.
little was hnown of their magnitude, distribution.
or their effect on the performance of welded struc-
tures. The existence of residual and of locked-in
stresses was usually associated with tre procedures
and sequences followed in the course of welding a
structure, Inasmuch as the two terms have aroused
much comment in the past few years it is considered
advisable heie to define them in order to clarify the
sensc in which they have been considered by the
Board.

fa) Residual Welding Stresses:

Residual welding stresses are those resulting

from the welding of unrestrained members.
(b) Locked-in Stresses:

Locked-in stresses include residual welding
stresses, and stresses resulting from other
fabrication and assembly processes.

The results of the several research investigations
bearing on residual and on locked-in stresses have
been conclusive!?t0 18,2331 Tt has been determined
that residual stresses in the welds approximate the
yield point of the weld metal in a direction parallel
to the weld and are less than 25 percent of this value
in a transverse direction!? 22, In way of the weld
metal these stresses are both tensile. The magnitude
of these stresses it was found, was generally unaffected
by variation in the welding procedure or assembly
sequencel? to 15,

The failure of welding sequences to show any in-
fluence on the magnitude of residual stresses should
not be misconstrued to mean that the sequence s
unimportant. Experience demonstrates the importance
of the effect of welding sequence in the control of
shrinkage, distortion and cracking during construc-
tion.

A number of means have been found for reducing
residual welding stresses. Among these are mechanical
stretching of the weld,!3 thermal stretching as in low
temperature stress relicf!™13; peening of the last pass
of the weld!3'5 and heat treatment1415,
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It was also determined that locked-in stresses are
not reduced appreciably in service?$a28b23c.24,

Locked-in stresses in plate areas away from welds
have been found to be of low magnitrde and generaily
compressive.

Although a large amourt of work has been accom-
plished in the investigation of residual and of locked-in
stresses, resulting in a considerable extension of
knowledge in this respect, no evidence has been found
to indicate that these stresses are important in caus-
ing the fractures in welded ships.

E. Operating Conditions
1. LOADING AND BALLASTING!

Early in the investigation it was suspected that the
loading and ballasting methods employed in both
cargo ships and tankers during the war emergency
might have resulted in excessive bending moments,
which when aggravated by heavy weather conditions,
might be important factors in causing structural
failures.

The relaxation of load line regulations, permitting
the deeper loading of vessels in wartime, and the fact
that most vessels made the return trip in ballast, gave
additional weight to this suspicion. Accordingly, all
methods of loading employed and all types of ballast-
ing systems in use were carefully checked in each
type of vessel involved and the corresponding beading
moments were computed. The net result of this study
was the finding that the loading and ballasting condi-
tions did not create abnormal bending moments, This
conclusion is presented graphically in figure 29 of
Exhibit I.

In the case of Liberty ships, little change could
be made in the loading plan, but some latitude was
possible in arranging the ballasting system. Accord-
ingly, the Maritime Conmmission “London Glasgow"
ballasting system was climinated in favor of the Mari-
time Commission 1500-ton ballasting schedule, which
is now in use. This resulted in a reduction of bend-
Ing moment stresses of about 4,000 p. s. i

A much wider range of loading was found possible
in the case of tankers, where, with an abnormal load-
ing system, a still-water bending moment stress of
14,540 p. .i. was found possible, although stresses
resulting from uniform loading in tankers were less
than those found in Liberty ships.

IExhibit I—part IIC.

2. WEATHER, CCURSE, SPEED AND SEA ROUTES

The wartime operation of cargo ships in convoys
and over sea routes which are only infrequently used
in normal times imposed unusual hardships on the
vessels. Especially during the early part of the war,
convoys were being routed through ex~-mely cold
waters where heavy seas prevail during the winter
months. The risks involved were accepted as far
as heavy seas were concerned, but at the start the
adverse effects of low temperature were not fully
appreciated. When these facts were recognized, vessels
modified to increase their resistance to fracture were
assigned to the most rigorous trade routes.

F. Specific Investigations

Many research investigations were undertaken in
government and university laboratories.

Most of the rescarch studies which were conducted
in connection with the investigation were carried
out under the supervision of the Welding Division
of the War Me*allurgy Committee. This organization
operated under a contract with the Office of Scien-
tific Research and Development and was part of the
National Academy of Sciences. In utilizing the facili-
ties of this organization the Board was able to bring
to bear on its problems some of the best scientific
minds in the country. Many of the research investiga-
tions were carried out in the finest engincering labora-
tories available in the United States. Through the
supervision of the War Metallurgy Committee, a
complete coordination of effort in research was
achieved and results were obtained in a minimum of
time. Onc of the outstanding contributions of the
War Metallurgy Committee of the National Academy
of Sciences was the stimulation of interest among
steel manufacturers, ship builders and other industrial
organizations concerned with the fabrication of
welded structures, and the obtaining of the active
participation of these industries in the solution of the
probiems which confronted the Board. Without ihe
assistance of the National Academy of Sciences the
questions which were raised pertaining to metallurgy,
physics and the mechanism of metal fracture would
not be as near to a solution as they are today.

At the present time much unfinished research work
pertaining to the subject of this investigation remains
to be done. Tt is hoped that it will be possible to con-




tinue the efforts of the research investigators, and add
further to the knowisdge and expericnce they have
gained in the past threc yeass. The fine spirit of
cooperation and coordination which has been en-
gendered in that same period is the best assurance
that a solution of the unfinished phases of the problem
can be found.

For specific research investigations which came
under the cognizance of the Board, refer to the
Bibliography appended.

G. International Exchange of Information

Close liaison has been maintained tnrcughout the
investigation with the British, and with other Allied
nations, who are concerned with the operation of
welded merchant vessels. There has been a free
and complete exchange of information between the
Board and the British agencies involved, notably the
Admiralty Ship Welding Committee, Inasmuch as
the British are operating all-welded merchant vessels,
some of which were constructed in the United States,
they have shown great interest in the problem of
determining the causes of structural failures in welded
ships. Consequently, numerous investigations, both
experimental and analytical, have been initiated and
conducted in Great Britain!»™, many of them
paralleling investigations conducted in this country.
It is interesting to note that the endeavors of these
two separate groups have been dirccted along the
same lines in approaching the soiution of the problem,
and it is gratifying that the results obtained on both
sides of the Atlantic have agreed in almost every
respect,

The British are at present engaged in a long range,
full scale study of the loads imposed upon vessels at
sea, together with the strains experienced in service.
The need for such a study was also recognized in
this country and the findings of the Board’s investiga-
tion have served to accentuate this need.

A number of American obscrvers, including repre-
sentatives of the member agencies of this Board, have
been afforded access to these studies and have, in
several cases, made voyages in the experimental
vessels.

It is hoped that the United States may also find it
possible to initiate long range instrumental studies of
loads and strains experienced in ships at sea.

H. Findings

The Board finds that:

(a) 4,694 welded steel merchant vessels
were built by the Maritime Commission in the
United States and considered in this investigation.

(b) 970 of these vessels suffered casualties
involving fractures.

(¢) 24 vessels sustained a complete fracture
of the strength deck.

(d) 1 vessel sustained a complete fracture
of the bottom.

(e) 8 vessels were lost; of these, 4 broke in
two and 4 were abandoned after fracture occurred;
4 additional vessels broke in two, but were not lost.

(f) 26 lives were lost incident to structural
failures of welded steel merchant vessels.

(g) The highest incidence of fracture
occurs under the combination of low temperatures
and heavy seas.

(h) The age of the vessel has no appreciable
influence on the tendency .o fracture.

(i) The loading and ballasting systems em-
ployed in vessels under study by the Board did
not create abnormal bending moments.

(i) No marked correlation between the
incidence of fracture on the ships and the con-
struction practices of parent shipyards could be
found. However, with due allowance for design, the
ships constructed in yards utilizing subaverage
shipyard construction practices showed a higher-
than-average incidence of fractures.

(k) Only 33 casualties were reported in
Victory ships. None of these was serious.

(1) The steel currently supplied for ship
construction complies with applicable specifica-
tions for ship steel.

(m) Locked-in stresses in the decks of com-
pleted vessels are not appreciably reduced in
service.

(n) Weiding sequence in general has no
effect upon the magnitude of residual welding
stresses in free subassemblies,

(o) Every fracture examined started in a
geometrical discontinuity or notch resulting from
unsuitable design or poor workmanship.

(p) There is a large variation in the notch
sensitivity of steel used in welded ship construction.
Steel removed from fractured vessels showed high
notch sensitivity,
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I. Conclusions

The Board concludes tnat:

(a) The fractures in welded ships were
caused by notches and by steel which was notch
sensitive at operating temperatures. When an
adverse combination of these occurs the ship may
be unable to resist the bending moments of normal
service.”

(b) The serious epidemic of fractures in
the steel structure of welded merchant vessels has
been curbed through the combined effect of the
corrcctive measures taken on the structure of the
ships during construction and after completion,
improvements in new design, and imprcved con-
struction practices in the shipyards.

(¢) Locked-in stresses do not contribute
materially to the failure of welded ships.

(d) Existing specifications are not suffi-
ciently selective to exclude steel which is notch
sensitive at ship operating temperatures.

(e) A tendency for certain ships to incur
repeated casualties can be measured but the trend
is not great and the effect is not significant.

(f) The basic analytical method used in
calculating nominal stresses in the main hull girder
under a known bending moment is valic.

¢) The overall strength of the Maritime
Commission ships is satisfactory.

J. Opinions

(a) The results of the investigation have
vindicated the all-welded ship. The statistics show
that the percentage of vessels sustaining serious frac-
tures is small. With proper detail design, high quality
workmanship, and a steel which has low notch sensi-
tivity at operating temperaturcs, a satisfactory all-
welded ship structure may be obtained.

The mechanism of fracturc ((s, still not clearly

m4 notch may be defined as any disc\an.tinuity. As used in
this report, a notch means a structural discontinuity, such
as is occasioned by hatch openings, sheer strake cut-outs,
foundations, vent openings, bilge keels, the abrupt termina-
tion of structural members, etc., and imperfections in the
structure resulting from fabrication, such as peened-over
cracks, undercut welds, porosity and inclusicns in welds,
and incomplete penctration which leaves voids at the
center of the joint.

Jotch sensitivity may be defined as the properiy of a
material which reflects its reluctance to absorb energy in
the presence of notckes and other strain inhibitors, such as
low temperature and high rates of strain.
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understood, but the investigation bas yielded much
new information and has contributed to a partial
solution of the problem of why welded ships have
failed.

Until experience can be had with vessels con-
structed under normal conditions, of improved de-
sign, with carefully checked, high quality workman-
ship, and employing steel of low notch sensitivity,
some form of crack arrestor, such as a riveted gun-
wale angle, should be incorporated in the huli girder
of all large welded vessels.

(b) Notwithstanding the abeve opinion, the
Board considers it imperative to reaffirm the state-
ment that i welded construction in the building
of both merchant and naval vessels had not been
adopted at the outset of the program, the extraor-
dinary results in speed and volume of construction
would have been impossible of accomplishment.

K. Recommendations

As the investigation is brought to a close, the
existence of several unfinished studies which were
initiated by the Board, «s well as a list of desirable
items for future investigation, impels the Board to
make certain recommendations.

The Research program conducted in connection
with the investigation has produced at least partial
answers to most of the more urgent questions and
has given an adequate solution for the purposes of
the present Board. It now appears that somc of the
specific investigations already laid out must be carried
beyond the termination of the Board. It thus becomes
necessary to assure the continuance and extension of
this work. These projects have opened up new fields
of investigation; they point out paths along which
real improvement can be made in structural design,
material and fabrication methods.

It is beyond the scope of this Board to follow these
leads. However, it is important that we maintain
our present position in tnaritime affairs and protect
our standing in world wide competition by continuing
fundamental research werk on design and methods
of construction of steel ships. Accordingly, the recom-
mendations of the Rescarch Advisory Committee, as
contained in part 5 of Exhibit II, for continued and
extended experiments, are endorsed.

It is also recommended that the compilation of
data on structural failures be continued z I that these
data be analyzed together with those alrcady col-
lected, using valid statistical methods. In particular,
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it is reccommended that service-time data be tabulated  zation be established to formulate and coordinate
by temperature and state of the sea, vessel by vessel,  research in matters pertaining to ship structure in

from the logs of the individual ships. the same manner as has been the practice during the
Finally, it is hereby recommended that an organi-  tenure of the Baar L
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PART I

Structural Failure History

A. Scope and Description of Report

In preparing this analysis, structura! failure reports
have been assimilated in accordance with a schedule
designed to achieve the greatest possible accuracy in
the trends indicated by the comparisons. The analysis
concerns itself with American-built ships only and
in some cases where probability comparisons are
drawn, only American-built and American-operated
ships are used. In ali cases where a numerical analysis
has bzen made, the failures enumerated have been
the result of natural causes which might be antici-
paied as certain to occur in the normal life of any
ship. War casualties, collisions, groundings and other
abnormal casualties are not included in this analysis
unless a particularly interesting structural failure
resulted indirectly from the other damaging influence.
On all such particular descriptions, a notation has
been made to indicate that the failure was precipi-
tated by unusua: circumstances.

Data used in the analysis include everything per-
taining to structural failures which has been sub-
mitted since the beginning of the Maritime Commis-
sion construction program. The totals are brought up
to 1 April 1946, but it will be noted that the dates of
individual parts of the report are independently
specified.

Every effort has been made to see that percentages
and relations are drawn between quantities that are
comp-~rable. In indicating the effects of various
factors, an attempt has been made to keep other
influences constant where possible. Where additional
factors are suspected as influencing the results, such
factors are mentioned. It is easy to make misleading
comparisons with these data. As an example, atten-
tion has been drawn to the large number of casualties
on ships with the name of William. Up to I August
1445, 73 or 5.3 percent of all reported casualties
occurred on such ships. A more careful check shows
that all of the 73 casualties were on Liberty ships

and the list of Liberty ships shows 195 Williams in
2,710 ships or 7.2 percent. There were 978 casualtics
reported on the Liberties, the name William is pres-
ent in 7.5 percent of the cases and the percentage is
quite reasonable.

The basic postulate that the predicted number of
casualties will be proportional to length of service
time and number of ships in service is accepted, other
things being equal. For this reason, whenever a com-
parison is made between the service records of differ-
ent groups of ships, the accumulated data are referred
to he corresponding length of service time over which
the particular group of vessels operated in accumu-
lating the failures.

B. Definitions

Structural failure.—A structural failure may con-
sist of either a fracture or a buckle. (Buckles were
involved in very few of the casualties and in no case
were they responsible for endangering the vessel.
They have not been analyzed in this report.)

Casualty.—A casualty consists of one or more struc:
tural failures which have occurred on the same occa-
sion, on a vessel which is afloat. Unless otherwise
stated, the casualty occurred under normal operating
conditions.

Class 1 fractures.—A Class 1 fracture is a fracture
which has weakened the main hull structure so that
the vessel is lost or is in a dangerous condition.

Class 2 fractures.—A Class 2 fracture is a fracture
which does not endanger the ship but which involves
the main hull structure at a location which experience
has indicated is a potential source of a dangerous
failure. Such locations include the strength deck,
inner bottom, side and bottom shell and attachments
thereto such as bilge keels and bulwarks.

Class 3 fractures.—Class 3 fractures include re-
ported fractures which de not fail in Class 1 or 2.

Cluss 1 casualty.—A Class 1 casualty is a casualty
involving at least one Class 1 fracture.
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Class 2 casuaity.—A Class 2 casualty is a casualty
involving at least one Class 2 fracture and no Class 1
fractures.

Class 3 casualty.—A Class 3 casualty is a casualty
involving Class 3 fractures only.

Ship month.—A ship month ic a measuring unit
for ship service experienced. It is equal to the serv-
ice of 1 shir for 1 month.

Examples:—Ten ship months=1 ship oper-
ating for 10 months.
or—Ten ship months=2 ships oper-
ating for 5 months.
or—Ten ship months=10 ships oper-
ating for 1 month.

C. Sources of Structural Failure Data

The structural failure data used to assemble this
report came from several sources and were cross-
checked and combined to obtain the greatest possible
accuracy in the structural failure records. Reports
of the Merchant Marine Inspectors of the United
States Coast Guard were supplemented with data
from the following agencies:

United States Maritime Commission

United States Navy Department

American Bureau of Shipping

British Admiraltv (Admiralty Ship Welding
Committee)

War Shipping Administration

The technical divisions of the Coast Guard system-
atically examined, assembled, and reduced the re-
ports to uniform terms for purposes of analysis. The
Naval Engincering Division prepared previour statis-
tical reports and this report was prepared oy the
Merchant Marine Technical Division. The individual

casualty reports are available for examination at
Coast Guard Headquarters, Washington, D. C.

D. Numbers of Structural Failures and
Ships Involved

To date (1 April 1946) there have been reported
1442 casualties which occurred on Maritime Com-
mission-built ships, including ships on loan to foreign
governments.

Casualties of all classes (1, 2, and 3) are included
in the following:
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Number of
.c}:il;::xl;]scr,:;‘g- Number of
casualty Casualues
Maritime Commission-built ships only i
(table I) .. ... ! 970 1442
Maritime Commission-built ships in
United States operation only. ...... i 916 1387
Vessels which suffered no casualty. ... . . .. 3724
Vessels which suffered 1 casualty. .. .. . 666
Vessels which suffered 2 casualties. . .. . . 211
Vessels which suffered 3 casualties. ... . . 52
Vessels which suffered 4 casualties . . 26
Vessels which suffered 5 casualties. . 6
Vessels which suffered 6 casualties . . . . .. 2
Vessels which suffered 7 casualties. . .. 4
Vessels which suffered 8 casualties . 3
o Total vessels.. . ...... e 4694

Various parts of the study refer to different types
of vessels. The numbers of merchant vessels of each
type launched under the Maritime Commission pro-
gram and remaining in merchant service are listed
(table I).

Forty-seven casualties occurred on 36 United
States-built vessels not construcied under the Mari-
time Commission program. Since there are no cor-
responding scrvice data for these vessels, they have
not been included in the analysis in parts II through
V of this report.

E. Summary of Casualties by Classes

The 1,442 casualties on the Maritime Commission-
built ships have been classified according to the
damage resulting and the cxtent to which the vessel
was endangered.

Class 1 127
Class 2 739
Class 3 571
Unknown 5

Total 1,442

Fortunately, greater care is generally taken in pre-
paring the reports on the more serious failures and so
it has been powible io arrange a fairly compierte
summary of the Class 1 casualties, which appears in
the appendix. This is followed by an alphabetical
list of all casualties reported as occurring before 1
August 1945, and another alphabetical list of the
casualties occurring from 1 August 1945 to 1 April
1946.




TarLe 1

Accumu!a{ed Number of Vessels Launched Under Maritime
_Commission Program and Remaining in Merchant Service

" to 1 August 1945 1 to 1 February 1946?

EMERGENCY:
EC2-8-Cl... . 2,580 2,580
Z-ET1-S-C3 ! 62 62
2-EC2.S-C2. . 8 §
Z-EC2-5-C5. 28 36
EC2-S-AW1 22 24
2,700 2,710
TANKERS:
Ti.... 81 54
T2...... S 498 523
Tanker . | 25 | Reclassified to
T2 or T3
T3 .. 42 35
1 646 612
4
STANDARD CARGO: |
CIA&CIB......... : 160 160
C2 & C2 Refrig. ... . i 251 243
(o T 143 108
o/ I ! 1 16
C5..... . 1 2
R1-M-AV1 : 17 17
R2. | 11 12
|
; 595 558
i
COMBINATION: ’
Pass. & Cargo. i 6 3
C2P&C.... Lo 3 1
C3T&C..... . 18 14
|
! 27 18
MISCELLANEOUS: ]
C1-M-AVi...... . 199 218
C1-MT-BUI... .. . 2 4
Lé.... .. ... . 16 16
N3.. o 95 95
V4 . 49 49
361 382
VICTORY: |
VC2-S-AP2... 248 272
VC2-S-AT3. .. 134 141
VCz-3-aP4.... ... . 1 1
383 414
Total....... ...... 4,712 4,6941

! Between 1 August 1945 and 1 February 194¢, 279 vessels
were removed from merchant service t¢ be permanently oper-
ated by the armed forces. These were excluded from the figures.

- By Y

F. Ships Which Broke in Two or Were Lost

Seven vessels have been lost:

Name Date of casualty Remarks
Tuoumas Hooker.. | 5 Mar, 1943 | Abandoned.
J. L. M. Curry. . | 7 Mar. 1943 | Abandoned.
Joux P.Gamnes ...| 24 Nov. 1943 | Broke in two; aban-
doned.
Josepu Smrtaz, .. . | 9 Jan. 1944 | Abandoned.
SamueL DexTER....| 21 Jan. 1944 | Abandoned.

JoeL R, PoinseTr...{ 4 Mar. 1944 | Broke in two; stern por-
tion salvaged.
Sackerr’s Harsor | 1 Mar. 1946 | Breke in two; stern po:-

tion salvaged.

Four other ships broke in two but were not lost:

Na:ine , Date of casualty

15 Jan. 1943.
29 Mar, 1945
11 Dec. 1943.
17 Feb. 1946.

SCHENECTADY . . ... o ... ..
Esso MANHATTAN. .

VALERI CHKALOV. . . .
Donsass III.....

Details of the above casualties will be found in
figures 1 through 23,

In 14 additional cases, the entize strength deck w..s
fractured and in one other case, the entire bottom.

G. Lives Lost Due to Structural Failure

A total of 26 lives have been lost as a result of the
structural failures. In the case of the Donbass III,
fifteen persons iost their lives. In the case of the
John P. Gaines, 11 people are missing after success-
fully embarking in a lifeboat.

H. Casualties Occurring Each Month

Figure 24 shows the casualties reported each month
and indicates the peaks which occur during the
winter months of each year. The dotted line indicates
the corresponding number of Maritime Commission-
built ships which were afloat and in operation. The
steady increase shows the growth of our merchant
marine and the slight drop at the end is the result of
transferring many ships from the merchant service to
permanent military operation. The curves indicate
clearly that the measures adopted have been success-
ful in suppressing the serious epidemic of structural
failures reflected in the first peak.
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REPORT OF STRUCTURAL FAILURE OF §NSPECTED VESSEL
URITED STATES COAST GUARD
NAVCG-2752

This report includes all
avallaple information up to:

DESCRIPTION OF VESSEL 1l Oocte 1944 ..,
NANE OFFICIAL n(r. TYPL (Ory Cargo, Ias:a;gcv, c!?.) M.C. 0ESIGA
THOMAS BOOKER 242094 Dty Sargo Vessel EC2=S=Cl
sviLotr BUILDER"S Wuth o, OATE COmMPLETED
Hew England Shipbuilding Corporation 203 11 Auge,1942
OWRER OPERATOR
War Shipping Administration ! Amerlcan-West African Line _

EXTEHT OF WELDING

. Yos | sior swewe seans Yeos OLCK SEAMS
Yes S10Z SHELL BUTYS Yes BOYTOM SEINS Yes LNNER BOTTON SEANS l Yes ] OECK CUTTS

: No l FRAMES TO SIDE SHELL | Yes BOTTOM BUTTS Yeog | tuner sottox aurts l Yen l BEANS TO OECK
Yus ] euimens Yes | rioas vo surn [_‘_[33_ FLOCRS 'O IxAER BOTTOR | Yo;,‘_! 0ESK TO SKHELL

CIRCUMSTAHCES SURROUNDING FAILURE
{Attach all avaslable detavls of ship's loading)

OATE OF FALLURE TIME SHI®S LOCATION Lat‘ 540“.0 L°ng. 47% -

b March, 1943 2025 GMT Westbound in North Atlen

SuiP*S SPEED COURSE ORAFT FwD. ORVFT AFT
About 9 knots - 14t | 2ps
SEA ConQITiON Rough WEATHER DIRECTION OF WAVES WITH RESPECT TO Sui2?

with heavy swslls Heavy ‘n starboard beam

wIRD FORCE WIND OIRECTION AIR TEMPERATURL WATER TEXPERATURE
s 7 WSK About 22° -

DESCRIPTION OF FAILURE

{Include sket h of fracture showinz starting point and relative location of welds ond other structural features)

APPARENT STARTING POIwT

Uaknown

GEVERAL WISTORS ANC OESCRIPTION OF FADLURE, TNCLUDING «XOWN [CATRIGITORY FACTORS

A loud coracking sound was heard. The upper deck and shell pleting ou porvg
side abreast of #3 hold were cracked from the bulwark down to tween deok,

and from the bulwmrk to the hatoh coaming, including the longitudinal members.
A orack from tho after starboard side of the hatoh comming extended out %o
the bulwark and down %o twesn deck abreast of the dry store room about thirty
feet abaft of ##3 hold. These orocks were in the center of the plates and

not in the weldinge

Bonding moment in still water 2 55,800 Ft. x Tonsg Hog nt #3 Hold

Strass in orown of dack = 8500 Lhe~,/in-2 Tenmion.

CLASSIFICATION OF FaAlteRE

Cracked deck

DISPOSITION OF VESSEL
(Repasred, lost, etc.)

Vessel was abandoned at 0900 GMT on 6 Maroch, 1943, and when last seen
she had s 1igt cf 1C° to the port side,s

140 (Jaxe and Pitle) ousTRICY

22 Figure 1. @




REPORT OF STRUCTURAL FAILURE OF INSPECTED YESSEL
UNITED STATES COAST GUARD

NAYCG-2752
This report includes all
available informatlion up to:
ODESCRIPTION OF VESSEL 1 Oot., 1944 ..,
NANE - CFFICTAL %0, tvf.._(br;;a_u_o, Passenger, etc.) N.C. OESIGH
Jo L+ Me CURRY 241620 | Dry Cargo Vessel £2-5-C1
BUILDER BUILDER®S HULL WO, OATE COMPLETEG
Alabama DD & SB Company 231 15 Xeay, 1942
OWNER QPERATOR
War Shipping Administration Lykes Brothers SS Co., Inoc.

EXTENT OF WELDING

Yss SIOL SHELL SEAMS Yeos DECK SEANS

l Yos SIDE SHELL BUTTS L Yes ' 8OTTON SIatS Yos 1XNEQ BOTTOM SEAMS Yes ' 0ICK BUTTS
l No I FRAMES TO SIDE uaCLL 50TTON BUTTS Yag | tuerr sorion durss Yos JEANS TG OECK
Yes BULXREADS Yos FLOORS 10 ShELL Yes | rioors 1o tangr soTTon Y55 oEex 1O SHELL

CIRCUMSTANCES SURROUNDING FAILURE
(Attach all avarlable detarls of ship’s lcading)

OAYE OF FALLURE TIKE SKEP'S LOCATION

7 March, 1943 1320 Lat. 70°-44°* Y., Long. 00°-24' B.--Greenland Sea
SKIP*S SPEED COURSE DRAFY FWD. ORAFT AFY

5 knots 210° 129-0" | 190-0"
SEA CONDITION WEATAER DIRCCTIOR QF WAYES Wilh RESPECT TO sSuiP

Very high seas Heavy ——— .
WIXD FQRCE WInD DIRECTEION kiR TEMPERATURE WATER TEXPERATURE

10 knots North and West 149-30° ———

——=
DESCRIPTION OF FAILURE

{Include sketch of fracture showing stastsng point ond rclative locateon of welds and other structural features)

i

——

APPARENT STARTING POINY

The fractures apparently began from the corners of #3 and # hatches
in the upper deck.

GERERAL HISTORY AMD OCLSCRIPTION OF FAILURE, INCLUDIKG XNOWN LONTQISUTOxY fA, TRS”

The vessel oame down on & very high sea aud split in four places, The
upper deck plating, bulwark end side shell fraoctured on the starboard
side from the forward ends of #3 and #4 hetches and on ths port side

at the after ends of the same tatches. The cracks extended down through
the shell plating to below t - ‘ween decks. The oracks did not occur
along the welds but were cles.. ureeks in the plating, which opened and
olosed with tho worliing of the ship.

Beading moment in still water = 50,000 Ft. x Tons Hog at #3 Hold
Strass in orown of dook = 56C0 Lbs./in.% Tension

CLASSIFICATION OF FAILURE

Cracked deck

DISPOSITION OF VESSEL

Pepaired, lost, etc.)

The vessel wac abandoned by 1115 on 8 March, 1343, and sunk by
shells from an allied vesssl.

S1GuED (Tawe ond fitle) OLSTRICT

Figure 2. ™ 23
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REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD
NAVCG~2787

This report includes all

avalladlie Information

up to.

DESCRIPTION OF VESSEL 1 Apr., 1944

{Date)

NANE OFFICIAL B0 TYPE {(Jry Cargo, Passenger, etc.) M.C. DESIGN

JOHN P. GAINES 248861 Dry Cargo Vessel BC2=5-C1

aULLOER SUILOER®S NULL WO DATE COMPLETED

Oregon Shipbuilding Corporation 725 8 July,

143

OWNER QPLRATOR

War Shipping Administration Nortkland Transportation Ce., Ino.

EXTENT OF WELDING

Y8 | sroe swett seans Y68 | orcx seans

Yoas | stor smecl sutrs | YeB | sorvom seans Yes TRNEE BOTTOM SEANS Yes | occx aurrs

X FRANES TO S10C SHEaL | Y @8 | sotrom surrs Yos INXEP BOTTON BUTTS Yas | seans 7o orox

Yo | suincacs Yes | rioors to saet. Yes |, FLOORS 0 1uack sortow Yes | oetck 10 suewe

CIRCUMSTANCES SURROUNDING FAILURE
(Attach all avaslable detasls of shid's loadsing!

DATE OF FAVLURE Ting 0241 SHIPTS LocATION 55«07 N. 165-30 ¥

0
24 Nove.. 1943 #10 time zone |40 miles bearing 1786° true from Chirkoff Island.

SHI?*S SPEED COURSE ORAFT FuD. ODRAFT AFT

9 Xnots Dutch Harbor to Ssattle, 76° trus 18'-0* [10¢-0"

SEA COXDITION WEATHER OIRCCTION OF WAVES WITH RESPECT TO SKHIP

Long ground swell |Fairly olear 15° - 20° off port b

wIKD FORCE WIND DIRECTION AR TEMPERATURE YATER TEKPERITURE

5~6 Beaufort ENE 40° - 46° | About 40° F

DESCRIPTION OF FAILURE

{Include sketch or fracture showing starting downt and relatsve locatson of welds and other structural feotures)

APOARERT STARYING POINY

Near Fwd. corners #3 hatch between Frames #74 and 76

GENERAL MISTORY ANO OELSCRIPTION OF FAILURE INCLUDING XNOWY CONTRIBUTORY FACTORS

At sbout 2200 on 23 November, 1943, loud noises were heard but the
source oould not be located in the dark. At about 0241 on 24 Nov.,
1943, an exceptional sea struck the port bow and boarded near the
forwerd gun. The fraoture immediately propagated. It appears that
vhe vessel broke pertially as it passed oither over or between

swells and the following swell ocompletely broke off the forward end.
All orew and passengers were on the after end. Survivors were pioked
up by U. S. Army Transports except for 11 men, including six soldiers

in one lifsboat, which woe loa¢.

Bending momen’, in still water = 54,000 Ft. x Tons Hog at #3 Hold

Broke in two

Stress in orown of deck = 6200 Lbs./in-z Tension CLASSIFICATION OF FAILURE

Dls;bSlTlou OF VESSEL
{Reporred lost, ete.)

!
’ The bow iz believed to have sunk. The stern is aground on Big Koniuji Isla

nd.
SIGNED (Fowe and Iatle) DISTRICY
— — - = 7o)
24 Figure 3.
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REPORT OF STRUCTURA\ FAILURE OF INSPECTED YESSEL
UHITED STATES COAST GUARD
XAVCG-2752

Thls report i1nctudes ail
avaljable information up to

) DESCRIPTION OF VESSEL 1 Octe, 1944 (2ate,
vllmt —— QFFICTIAL WO, TYPL (Dry Corgo, Passenger etc.! M.C. DESIGN
JOSEPH SMITH 243693 Diry Cargo Vessel EC2-5-C1
BUTLDER BULLOER" Y nULL 0. DAYE COMPLETED
Permanente Metals Corporation #2 119 4 June, '43
OWRER OPERATOR
%ar Shipping Administration | Alaske Packers Association

EXTENT OF WELDING

Yes SI0C SHELL SEAMS

Yas BECK S€ans

|

Yos SIDE SHELL BUTTS Yeas | sorton stass Yes ANER BOTTOM SEANS Yes oLCK BUTTS

No FRANES To ss0t snitt | Yeos 20TTOM BUTIS Yes 1ENER SOTTOR BUTTS ;E;ﬂ I BEANS TO DECK

Yeas BULKHEADS Yeos FLOORS TO SMELL Yes FLOCRS TO 1%nER BOTTON Yes 0CCK 10 SHELL

- it R R R T

CIRCUMSTANCES SURROUMDiING FAILURE
{AttacA all cvaslable detatrls of ship's loadsng) o
OAYL OF FALLURC HEN SHIP®S LOCATION About lat. 44° -30' N.,
9 January, 1944 1416 Long. 43° -0i' W -- in North Atlantic
SKIFSS SPEEC COURSE ong%n&ap1xp€€rgr
7.2 knote —~——— 710" 211 -0%
SEA CONDITION WEATHER QIRECTION OF WAVES WiTH RESPECT TO SHIP
, Heavy Very heavy SH_to ¥ orosas sass and srall
} wiND FORCE WIND DIRECTION ATR TENPERATURE WATER Y[K'ERH’U&[
6-9 SW oW 34° 50
) - DESCRIPTIOK OF FAILURE .

fInclude shketch of fracture showsng starting point and retative locotion of welds and other structural fealuress

=Y

£
APPARENT STARTING POINT

After starboard and forward port corners of #3 hatch fractured in the upper
decke.

GENERAL WISTURY AXD DESCRIPYION OF FAILURE, 1RCLUDING XNOWN CONTRIBUTORY FACTORS:

At 1400 GCT on ¢ January, the vessal was pounding and pitching when she ocame
down heavily with her fore foot causing & fracture in the girder and deck
plating at the after starboard corner #3 hatch. At 1800 GCT another fracture
oocurred in the girder and plating at the forward port corner of #3 hatoh. At
0730 GGT on 11 January the third fracture cocurred in upper deck plating et
the starboard inside after corner of midship deckhouse to entrance of starboard
alleyway extending to forward starboard sovner of #4 hatoh, across the deck to
port side, through bulwarks, down side plating to light load line and then
turned forward. Longitudinal girders fractured in line with break on upper
deck. Tween deck piating orecked similiar to that on main deck. All oracks

developed aoross the center of a plate or stiffener snd not in PP YCT S —
welding. loading data inaoourgte - No bending moment ocomputeds| cracked deck

DISPOSITION OF VESSEL
(Repasred, lost, «te.)

e yessel abandoned at 1480 on 11 January, 1944, and shelled to -

s16x(d

(Jase ond title) oIsTRICT

. (»
Figure 5.

RN e -~
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REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
URITED STATES COAST GUARD
NAVCG-2782

This report incluges all
available information up to:

DESCRIPTION OF VESSEL 1 Apre, 1944 e
NAME — OFFICEAL N, TYeL (Dry CaréZi"as:cn(cr, ete.) K.C. DESIGN .
SAMUEL, DEXTER (2) 243200 Dry Cnrgo Vessel EC2-8-C)
BUILOER BUILDER"S mUL L NO. DATE COMPLETED
Delta Shipbuilding Co., Inc. 42 15 Apr.,'43
OWNER OPERATOR
War Shipping Administration Woterman Steamship Agency, Ltd.
EXTENT OF WELDING
Hull ail - = ]

S10C SMELL SEANS ‘VOIdOd

Yea DECK SEaus

SHOE sufLl euTtsS Yea BOTTOIM SEAMS Yca FRNCE 90TTOM SEANMS YGS CECK BLTTS

K ] I i; | TION QUTT l i LANER DOTTOR BUTTS AMS TO DECK
ag FRAKES TO SIDE SRELL a8 ”ort TS a8 . 3 . Yea 114 €C

Yes BULKKFEADS Yea FLOCRS T SKRELL Yee FLOORS TO INRER BOTTOM YGS 0ZCK TO SHELL

el

CIRCUMSTANCES SURROUNDING FAILURE
(Attach all aveslable detasls of ship's loading)

OATE OF Fallume TINE SHIP*S LOCAT ioN =
21 Jen., 1944 2100 Lat. 64° - 48' N.; Long. 229 - 456' W

SK1P'S SPEED COURSE ORAFT FwD. DRAFT AFY
Hove to 47 RPM United Kiagdom to New York gr-g* 21

SCA CONDITLON WEATR?R OIRECTION OF waAv({S VITK RESPECT TO SWIP
High secas Bad weather S points on starboard bow

wIND FORCE wWiND DIRECTION AR TEMPERATURE WATER TEMPERAT RE

8 TSR 400 £ 40 !

DESCRIPTION OF FAILURE

{Include sketch of fracture showine startang foint ond relative location of welds and other strucoural feotures)
APPARERT STAPTING POINT

Forward corners of #3 end #4¢ hatches port and starboard, all four oracks
starting oxactly in corner. Aft port corner #3 hatch 3 cracks starting

gQinx uncartaine
GERERAL MISTORY AND DESCRIPTION OF FALLUQE, INZ uDIAG XNOwk (ORTRIAUTORY FAnTHAT

At 2100 on 21 January, deck oracked oppusite #3 hatch and vessel was turned !
with stern to sea. At 2116 deck oracked at #4 hatoh.. A thorough examination '
was made on 22 January, snd the two cracks from the forward corners of #3
hatch wers found to extend soross the deck and down the side to below the 2nd
deck port end starboard. The orack acroes the deck from the starboard forward
corner of #4 ran down the side below the waterline. The weathor moderated
during the 22 to 24 January but a watoh was kept on the oracks which were
gradually inoreasing and opened and closed 1" in the szeaway. Rad weather

wag forecast £o botweon 1530 and 1630 on 24 January, the vessol was sbandoned.
Bending moment in still water = 43,200 Ft. x Tons Hog at #3 hold.

Stress in crown of dsck © 5,000 Lbe./in.“ Tension. CLASSIFICATION OF FAILLAE
o Craoked decgk

DISPOSITION OF VESSEL
iRetarred, lest, ete.)

-

Vessel drifted ashore on Rarra_Island of the Hebrides. Future undetermined.
SICNED {Xawe ont T1*, ) orsrere” .
— fe}
Figure 6.
e e g pi— - s~ e ey




REPORT OF STRUCTURAL FAJLURE OF §NSPECTED VESSEL
URITED STATES COAST GUARD
XaAVCG=2752

Thils report incluges all
avalladble Information up to:

DESCRIPTION OF VESSEL 1 Oct., 1944 .,
NAME OFFICIAL WO, 1vPL (Dry Cargo, Passenger, etc.) . C. OESIGH
JOFL R. POINSETT 242838 Dry Cergo Vessel EC2-S-Cl
BUILDIR BULLDER®S WULL X0, DATE COMPLETED
Houston Shipbuilding Corporation 43 128 Feb.,'43
OXMER OPERATOR
| __%ar Shippinz Administraticn | : iy Company |
EXTENT OF WELDING
Y68 | sior sweet stans Yeq | otex seans

Yo | sioe suere st SOTTOM SEams 1NRER BOTION SCAMS Yos | orex surns
FRANES TO SI10f SwEit BOTTOM BUTTS IsNER BOTTON BUTTS Yes BrMs 10 O(Cx

Yo | suxneaos Yos | rioors 1o suewt

FLAORS TO INNER FOTTOM Yeg | oeex 10 swil

CIRCUMSTANCES SURROUNDING FAILURE
{Attach all avariable detasls of ship's loading!

OATE OF FAtLJRE TIng T S 1P'S LOCATION
4 Warch, 1944 0340 Lat.53%°-30" N., Long.56°-30' W.,in N. Atlantio
SHIP*S SPEfY COURSE DRAFT FwD. DRAFT AFT
 Approx. b knots Wect by South 131-0" | 211-5"
oCA CONDITION YEATRER DIRECTION OF WAVES WiITK RESPECT TO Suip
Rough Heavy 3 points on starboard bow
wikD FORCE wikD DIRECTION ALR TEMPERATURE WATER TENPLRATURL
8.=12 WE 200 400

DESCRIPTION OF FAILURE

(Include sketch of fracture saowing starting point and relatsve location of welds axd othew st-uctura. feotures)
APFARENT STARTING POIRT

U/nknown

GEXERAL HISTORY AnD OISCRIPTIOR OF FARLURE, INCLUVING KNOWa (ORTRIBITOPY FACTORS

A loud repert, followed by two smeller ones, was heard, the sngines were stopped,
and a general alarm was given. Immediately afterward, the forward end of the
ship separated from the after end and floated away. The vessel parted between
rremes 82 and 83 on the starboard side and between frames 78 and 79 on the port
side. The deck fracture passed between the after ond of #3 hatch and the forward
end of deck house from starboard side to inboard side of strake €-10 where the
fracture ran longitudinelly forward to frames 78-79 and went outboard on the port
side,

Bending moment in still water = 68,900 Ft. x Tons Hog at #3 Hold.
Stress in crown of deek = 6,900 Lbs./in.? Tunsd

m. -
S,dv o/all. N3 RO

CLASSIFICATICN OF FANLURE

. Broke jirx %two
DISPOSITION OF VESSEL

(Reparrea, lost, elc.)

— Vessol was abandoned at 1000 on b March, 1%4%, with no less of 1ife. Forward
end sank. The after end reached Halifax, N.5., at 0200, on 22 March, by tewboat.

SIGRED (Fame on4 Title) 01STRICT

(Y
Figure 7. 27
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REPORT OF STRUCTURAL FATLURE OF INSPECTED VESSEL

UNITEC STATES COAST RUARD
nyce-2782

DESCRIPTION OF VESSEL

Tats report inclucey all
avallable Information up to:

1 June! 1946 (Dats)

NAME QFriCIAL %0, 1YPE (Dry Cargo, Possenger, etc.) M.C. DESIGX
SACKEBIT'S HARBOR 243882 Tanker T2-SE-Al
sutLOER SUILDER’S MULL NO. DaTE COMPLETED
Kaiser Co., Inc., Swan Islsnd 2V July, 1943
OwnER OPERATOR
War Shipping Administration Pacific Tankers
EXTENT OF WELDING

SI0E SxELL SEavs

YQB GULKNEADS YQS

Hull ¢ 1 welded
No in.sr bettom

Yes
! ;;8 I $10€ SHELL 8uTTS l ;;B I BOTIOM SEAMS
—
| ;ea I FRANES 10 S10f SHELL K I BOTTOM QuTIS

FLOORS 10 SKELL

TRNF QB TTON SEAMS

TuRER BOTTOM BUTYS

FLOORS T0 IRNER $0TTCN

Lt

Yes DECK 3K4n3

YBB OECK BUTTS

' ;E ;; I sLans TO DECK

Yea 0ECX TO SNELL

CIRCUMSTANCES SURROUNDING FAILURE
(Attach all avaslable detasls of ship’s loading)

OATE OF Fallumg = TimE SHIP'S LOCATION 0
3-1-46 2220 Long. 169~ - 13' E.; Lat. 43° - 10 N.
SkiP*S SPLED - COURSE o ORAFT FwD. ORAFT AFT
80 RPM 075° true 19v-6" |24t-0"
SEA CONDITION wEATHER OIRECTLON OF wAYES wily RESFECT TO SHIP
Smell to moderate Mild 30° %o port bow
WIRD FORCE WinD DIRECTIOF ALR TEMPERATURE - wATER TEMPERATURE
4 N.E. 37 36

DESCRIPTION OF FAVLURE

tinclude sketch of fracture showsng startsng point and relative location of welds and other structural features)

APPARENT STARTERG P01wY

Unknown

towed into this port.

T28.

Bending moment in still water = 41,100
Stress in crown of deck * 3315 Lbs./in.

GENERAL HISTORY ANG OESCRIPTION OF FAILURE, INC/'UOING KNJwn CONIRIBUTORY FACTOPS

The starbosrd side cracked at Freme 60 and vessel opened to port.
Stern section headed for Adak under own power.

t. x Tons Hog at Fr. #60

Tension.

Was subsequently
Bow scotion was capsized when located and
sunk by gunfire as menace to navigetion.
Photographs and Maritime Commission records show thet this vessel
wag not fitted with longitudinal deck connected I-beam strengthen-
ing under the main deck transverses which was fitted on later

£LASLICICATIAN OF ga1L0DC

Broke in two

DISPOSITION OF VESSEL

(Reparred,

los: etec.)

Stern sectlon awniting tow; bow section sunk by gunfire.

31CKED (Same and Fitle)

o15741Ct

28
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Figure 8.
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REPORT OF STRUCTURAL FAILURE GF INSPECTED VESSTi
UNITED STATES COAST GUARD
BAVCG-2742

This report includes all
aveiladle Information up to:

DESCRIPTION OF VESSEL 1 Apr., 194¢ ..,
AN OFFICIAL NO. TYPe (Dry Cargo, ’a:unlu.kntt.l M.C. DLSIGN
SCHENECTADY 242620 Tank Vesael T2-SE-Al
Butr dER SUILDER®S NULL ®O. DATE COMPLETED
Kaiser Co., Inc., Portland, Oregon 1 31 Dec.,t48
owngR QPERATOR
War Shipping Administration Deoonhill Shipping Conmpany
EXTENT OF WELDING
Hull all welded h
l Yes] aot s seans  NO inner bLottom Yo8 | oex seans

l Yes l SEOF SHELL BUTTS I Yeos l B0TTON SEANS l -~ ! IANER BOTTOM SEANS Y68 | orexaors
[ YCB-] FRAMES TO S1DE SHELL BOTTOM BUTTS - l INNEY SOTTON BUTTS Yeas | JEINS TO DECK
{ | S |

Yes |aeaasans Yes | riooes ro suewt - FLOORS TO {WAER 307TON Yes DECK TO SwELL

CIRCUMSTANCES SURRQUNDING FAILURE
fAttack all asvaslable detasls of ship’s lcadsng)

JATE GF FAlLURE TiME SHEP'S LOCATION

16 Jan., 1943 2230 PNT Tied up at fitting out pier, Swan Island
SHIP’S SPECO counst ORAFT FwO. ogart art

0 - 61=4" 170"

5€4 CONDIT:IOM wEATRER ODIRECTION OF wAYES #1TM RESPECT TO SuiP

Still Water {lear No waves
winD FORCE wiND DIFECTICON AIR TLMPERRTURE WATER TEMPERATURE

Light st wind 26° F 40°p

DESCRIPTION OF FAILURE

{Include shetch of fracture showing starting point and relative location of welds and other structural festures)

APPARLNT STARTING POIRT

The fracture started at the junoture of the fashion plete at the aft .
starboard corner of the bridge sunerstructure and the sheer strake.

GENERAL WISTORY AND DESCRIPTION OF FuliuRE, INCLUDING XMOWN COXVAIBUTORY FACTORS.

Without warning and with a report which was heard for at least a mile,

the deck end sides of the vessel fractured just aft of the bridge super-
structure. The fracture oxtended almost instantaneously to the turn of
the bilge port and starbourd. The deck side ghell,longitudinal bulikheads
and bottom girders fractured. Only the bottom plating held. The vessel
%ack-knifed and the center portion rose so that no water entered the hull.
The bow and stern settled into the silt of the river bottom. Sounding
tuken around the vessel eliminated the alleged possibility of the vessel
having grourded amidships %o a drop in water level.

Bending moment in still weter = 182 000 P+. x Tous Hog amidenips.

Stress in arown of deck = 9900 Lbas./in.° Tension.

CLASSEFICATIOR OF Fayruet

Broke in two

DISPOSITION OF VESSEL
{Repasred, lost, ete.)

Yessel repeired and put in service.

S4GNED (Fawe and fitile) 0IsTRICT

{»
70129247—3 Figure 14.
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REPORT OF STRUCTURAL FA{LURE OF INSPECTED YESSEL
UNITED STATES COAST GUARD
HAVCG=2752

This report lncludes all
avallsble Information up to:

DESCRIPTION OF VESSEL 1 Apre, 1944 ,,,,
iuu[ OFFICIAL uo.“ YrYre (Dr;‘c'a—r;;, Poum;—cr, etc.) = M. C. DE;_MI
ESSO MANEATTAN 242167 Tank Vessel T2~88~Al
BUILDER BUILDER"S NULL NO. DATE CONPLETED
Sun Shipbuilding & Drydoock Company 267 22 Aug.,'42
OwWNEP QPERATOF
Standard 0il Co. of New Jersey _ _ | stendard 01l Co. of New Jersey ]
EXTENT OF WELDING
HUGLl &1l welded
Yeg | /00 shELL stans No inner bottom ‘ Yes__ DECK SEAMS
Yes SHOE SMELL BUTTS BOTTOM SEAMS E TUNER BOTTOM SEAMS Yes | OECK BUTTS
‘ Yes | FRAMES TO SIDE SwELt YGB 80TTOM BuTTS - INNER BOTTOM BUTTS Yes BEAMS TO DECK
Yos | tvincaos Yeas | FLooks 10 srew - £L00RS 0 1NRER BOTTOM Yeg | otcx 10 sutie
CIRCUMSTANCES SURRCUNOING FAILURE
attach all avarlabdle detasls of ship's lyading) .
OATE OF ¢ LURE Ting SHIP'S LOCATION 40 fathoms of water
29 March, 1943 1206 HEAT 3/4 mile insuore buoy 3, Ambrose Channel,N.Y.
SHIP'S SPEED Couest ODRAFT FWD. ORAFT AFT
14 knots 121° true 121-1" [ 18t-7"
SEA CONDITION WEATHER OIRECTION OF wavES WiTH RESPFCT TO SHIP
Slight ground swell Clear Oa port bow
wInND FORCE WIKD DYRECTION AR TEMPERATYRE WATER TEXPERATURE
! Force 2 Northeast _ 30° 4o 40° Not knowm
DESCRIPTION OF FAILURE
tInclude sketch of frocture showing star&_l_n_g point and relative locatson of welds and other structural features)
SPPARIAY STARTraG POINT
The fracture started in a butt weld between plates A-9 and A-10
at the crown of the deck.
GERERAL NISTORY AND DESCRIPTION OF FAILURE 'ECLUDING KNOWN COXTRIBUTORY FACTORS -
With a sound desoribed variously as a thump,thud, bang, cresh, or exploeion,
the fracture ran across the deck in way of #6 tank,end down bdoth sides, pro-
gressing to the bilge port and starhoard. The vessel jack-knifed and the bow
dug under an oncoming wave. The orew abandoned in the boats and were picked
up by the USCG KIMBALL. The bottom fractured later and the two portions
drifted apert. The buit weld in which the orack started contained oxide,
slag and porous areag.
Bending moment in still water * 225,800 Ft. x Tons. Hog amidships.
Stress in crown of deck = 12,200 Lbs./in.¢ Tension.
CLASSIFICATIOR OF FAtLURE ™
. Broke in two
DISPOSITION OF VESSEL
(Reparred iost etc !
Repaired on drydock-at Todd Erie Basin and returned to service.
CiN(l "Fome ong Tetle JIsTaICt
30 Figure 18, s
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Fraure 18.---Forward portion of S. 8. Valeri Chkaloe.
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Figure 19.—Stern portion of S. S, Valeri Chkalov.
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REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED SYATES COAST QUARD
WAV(G-2782

This report includes all

asvarlable Information up to:

DESZRIPTION OF VESSEL 1 Apre, 1944 4oy
"ANE OFFICIAL 0 TYpL (Dry Cav{c—P::un(u atc.) H.C. DESIGA
VALERI CHKALOV None Dry Cargo Veasel £L2~8-Cl
BUILDER Permanonte MGt&lB COrporation BUBLOCRS HULL 0 OATE COMPLETED .
Richmond Shipyard Noe. & 481 17 Apre,'4S
owxEa OFPERATOR
¥ar Shipping Administration Union of Soviet Socialist Republios
EXTENT OF WELDING
= == —
Yes | stoe sue seans Yes | ocex stans
Yes SIDE SHELL 8UTTS ‘ Yos BOTTOM SEaS Yes | 1nxer sorrom seans Yeag | orcx sutrs
; No I FRANES TO $10¢ swiut | T OB I 80TTON ByTTS Yes | tuntr sovron qurss Yes | scans o oces
qu BULKKEADS Yes FLOORS TO SNELL Yes FLOORS TO tNNER SOTTON Yes | occr 10 sueen
CIRCUMSTANCES SURROUNDING FAJLURE
‘Attach all avaslable detasls of ship s loading)
— -
DATE OF FAILURE TinE SHIP'S LOCATION
11 Dec., 1948 1210 Latitude 35° N, Longitude 168° - 25¢ W
SHiP S SPEEC COURST ORAFT FNO, ORAFT AFT
Cut by storm Sovetokaye Gavan, Siberia to Akutan, Alasks [Unknown | Unknown
SEA CONDITioN WEATHER CIRECTION OF WAYES WITH RESPECT TO SNIP
Heavy Heavy storm, vis. O Apparently a head sea
WIND FORCE WIXO OIRECTION AIR TEMPERATURE VATER TEMPERATURE
6 to 8 Unknown 29° -~ 340 Inknown |

DESCRIPTION OF FAILURE

tInclude sketch of frocture showing starting posnt and relative location of welds and other structural features)

APPARENT STARTING POINT

The cracks which finally broke the vessel started exsotly in the
forward corners of #3 hatch, port and starboard.

GENERAL MISTORY AND DESCRIPTION OF FAILURE ENCLUDING £KOWN COKTRIBUTORY FACTORS:
The vesssl departed from Sovetskays on 1 Dec., 1943, in ballast. Gales
and heavy seas wure encountered after departure. At noon dn 11 Dec.,
1943, a loud report was heard and three cracks were found, one on the
port side at Fr. #74, one on stbd. side at Fr. #74; and one on the stbd.
side at Fr. #76. The port side orack extended from the hatoh corner
across the deck and down the shell to the bilge. The stbd. oraock at Fr.’
#74 was in the side shell from the sheer strake to the tween deck. The
stbd. crack at Fr. 76 ran down the cide sholl from the sheer strake
halfway down the tweon decks. The vessel was iaken in tow by the tug
"Joseph Stalin®™ but at 2206 on 13 Dec., she broke completely in two.
Both portions were taken in tow by U. S. Navy tugs and brou

anchorage. _The crews did not abandon ship. Ballasting CLASSIEICATION OF FAILURE
de"agfeg'.’.".ll & mhaGs allaple by the USSROin the_noar Mng_.‘_ Broke in two

DISPOSITION OF VESSEL
{Repasred lost etc.)

B,

SILNLD (Xaxe and fitie) OISTRICT

Both portionc at anchor in Send Bay, Great Sitkin Island. FPFuture undetermined.
e —1

Figure 20,
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REPORT OF STRUCTURAL FAtLURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD

RAV(G=2782
This report includes all
avallabte informatfon up to:
DESCRIPTION OF VESSEL 1 June, 1846 (s
AAME E————— »6};ICRAL>;;: ‘—;vrt (Ory Oaf(o:—;;;::;;;;: n;.;“~ I.C.-;;SISI
DONBASS III (ex BRACON ROCX 246377 Tanker T2
BYILDER SUILOER®S NULL %0, OATE COMPLLTLD
Kaliser Co., Inc., Swen Island 84 Sept., 1944
owiEn outer Russia - "Nar.omorflot"™
Lend-leased to Russia __(U.S. agonts - Moore-MoCormack)

EXTENT OF WELDING

- — e - oy T e ——

Hull &ll welded
Yas | stor sarit seaxs No inner bettom

DECK SEAMS

(]

Yag | srot suetL surrs I Yeos ] BOTTON SEAMS l - ! TNRER 20TTON SEaNS Yos | owex suris
Yas | frawues 1o stor sneet l Yes | terroxauris [ = | vemer sortom aurrs Yeog | 3caus To otex i
Ye’ BULXNEADS YeB FLOORS To SnmELY - FLOORS TO InvER 80TTON Y35 OfCK 10 SWELL

CIRCUMSTANCES SURROUNDING FAILURE
(Atgich all avaslable detasls of shst's loading)

DATE OF FalluRg TERE SKIP*S LOCATION
17 Peb., 1946 1426 Long. 176° -11'; Lat. 46° -55' N
Snip'S SPEED COLRSE DRAFT FwD, ORAFY AFT
7 knots About 7.5° South of West, 291-8" | 31+-8"
$EA COXDITION WEATHER stm.my(?) had Dee] CHRCTIon oF waves witn RESPECT To Snir (dep.ut
Heavy for four days just befora. 60° on port bow San Pedrg
wiND FORCC winD DIRECTIOR AIR TEMPERATURE WATER TEXPEMATURE
9-10 Beaufort From SSW 37°F 41°-43°F

DESCRIPTION OF FAILURE

(Include sketch of fracture showsng starting buun? cnd relative locatson of welds and other structural features) '
APPARERT STARTING POINT

The herringbone psttern on the fractured plate eage indicates the origin
of fracture to be below the waterline.

GCINERAL HISTCRY ANO OESCRIPTION OF FAILURE, INCLUDING Ravah COn 2 BUTO0RY FAZTCRS:

Fracture occourred in way of # tank (the abovea~wuter portion of fracture is
between Frs. 61 and 62). Vessel broke in two. Stern portion of vessel towed
to Port Angeles, Washington; For'd portion towed to Dutch Harbor: The 18th
CG Distriot has inspected after above-water portion of hull. Report, photos,
etc., have becn received at CGHQ. Project underway to prooure similar in-
formation relative to underwater portion of fracture. According to photos
and records, this vessel was fitted with deep I~beam longitudinal strengthen~
ing under the main deck transverses. These were apparently of no value in
crack prevention or in limiting & orack of bottom origin. Fifteen lives

were lost.

Bending moment in still water = 165,200 Ft. x Tons Sag 8t Fr.#6Lk [thsricmies o ranert
L=:§Fraea in bottom of keel = 7,800 Lbs./in.2 Tension. Broke in two

DISPOSITION OF VESSEL
{kepasred, lost, ete.)

SIGNED (fame and 2itle) O13TRICT

S —

32 Figure 21.
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PART II
Analysis of Factors Contributing to Structural Failures

A. Sea and Weather Conditions

In determining the effects of sea and weather, it was
necessary to use extra care to avoid misleading results.
Ships of different designs might tend toward exclu-
sive use of specific trade routes. For this reason and
because there were sc many identical subjects, the
Liberty ship was used as the specimen for analysis.
Existing orders to morlify the hatch corners of vessels
headed for regions of severe weather conditions
tended to segregate the Liberties on a sea and
weather condition scale. For this reason, vessels were
eliminated from the study when the hatch corners
were modified. For the same reason, the newer
vessels with design and workmanship improvements
were preferred for the more severe services, and this
factor had to be considered. The sclection finally
narrowed down to the 667 EC2 vessels launched
before February 1943. These vessels were completed
before any structural design details were altered.

The service life of each vesscl was included from
datc of launching to the present or to the date it was
lost, loaned abroad or modified at the hatch corners.
The modified vessels were then studied separately.

Each vessel of the group was located from the log
entry on 1 February 1943; 1 August 1913; 1 February
1944; 1 August 1944; 1 February 1945; and 1 August
1945. The locations of the ships for each of the six
dates were plotted together on one chart, figure 25.
Vessels in port were kept separate. The combined
picture is representative of the condition over the
operating period.

To obtain the data regarding the proportion of
service time experienced at various tcmperatures,
the world chart of ship locations was applied to
twelve charts of the world including isotherms for
the monthly average temperatures. The ship occa-
sione chart, Fig. 25, was considered to represent the
distribution of Liberty ships over the world at any
instant during the period under study, as it shows
the integrating positions based upon six occasions

spread over the period of study. The 3,413 ship
occasions indicated on the chart were divided be-
tween the 10° temperaturc ranges described by
the isotherms on the world charts, The occasions
within cach temperature range were then summed
for the wwelve monthly charts. Thus a relative dis-
tribution was obtained indicating the experience of
the ships in each temperature range based upon
monthly isothermal charts.

The isothermal charts show the average monthly
temperature. Instantaneous temperatures are above
and below the average for a ce.tain percentage of
time. Data regarding the average spread distribution
corresponding to each average monthly temperature
and for various different climates were obtained from
the Weather Bureau and the Hydrographic Office. A
correction was applied to the accumulated occasions
within each temperature range and they were redis-
tributed to represent instantaneous values. This cor-
rection was generally not great. The resulting figures
indicated the proportionate amount of service time
for cach temperature range as established with the
aid of the ship occasions chart. . These relative figures
were changed to actual ship months of service by a
straight multiplication because the total number of
months of service time on the particular group of
ships was known.

A similar procedure was followed in the case of
both the sea and swell charts but the Hydrographic
Office furnished charts which were on a percentage
of time per month rather than an average monthly
basis. It was therefore not necessary to make the
correction for average monthly values.

The number of fractures for the corresponding
period of operation were plotted opposite the tem-
perature which was reported with each. When the
temperature at time of fracture was not reported, the
fracture was not enumcrated in this study.

From the assembled data based on the 667 Liberty
ships launched before 1 February 1943, an attempt
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Figure 26.

was made to ascertain the risk of casualty under
varying conditions of air temperature and state of
the sea. Various plots were made but it was found
that the data were not sufficient to establish casualty
risks under known combinations of air temperature

and state of sea in such a manner that they would
withstand a rigorous statistical appraisal. It was
possible, however, to eliminate entirely the effect of
sea in a study which was made on ships in port only.
The results of this study are presented in figure 26

Tasre 111
CLASS 1 AND 2 CASUALTIES ON 667 LIBERTIES LAUNCHED BEFORE 1 FEBRUARY 1943
Number of Casualties (c) by Age and Calendar Month at Time of Casuglty, and Number of Ships Afloat (s) of the Same
Age in the Month of Casualty

Fall Winter Spring Summer kall Winter Spring Summer Fall Winter

Axc‘ (Moegh’ after 1941 1941-42 942 1942 1942 1942-43 943 1943 1943 1943-44
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TaBLe III—Continved
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and show the distribution of service time and frac-
tures for various air temperature ranges. This plot
includes Class 1, 2 and 3 fractures for the above water
line portion of the hull as well as an indication of the
risk of casualty in terms of casualty per ship months
of service time; all curves are plotted against air
temperature ranges.

Although the number of fractures did not permit
a complete subdivision on the basis of both sea
and weather, it was possible to get a rough idea of
what the combined effect of these two items would
be. From the approximations made, it would appear
that the risk of casualty at the lower operating tem-
peratures and rough seas is many times the risk of
fracture in very warm weather and in port. These
are extremes of operation, however, and it is fortu-
nate that there are few ships operating in cold
weather and heavy seas, Although it was not possible
to obtain the actual risk under any given condition,
it is possible to make a comparison of the overall
contribution of the two variables on the fracture
problem and with respect to the 667 Liberty ships.
For this purpose, the operating time of these ships
was divided into four equal parts and it has been
possible to separate the 620 fractures (Class 1, 2
and 3) into corresponding groups.

IFractuml Ratio

Temperature high in port.................. 11 1
Temperature lowinport................ .. 37 3
Temperature high atsca '... .... ......... 53 5
Temperature low atseca !..... ....... ... 519! 47

11t must be realized that two-thirds of the operating time
was spent in port, consequently the service ime in the two *“‘at
sea’ quadrants includes not only the data in heavy scas, and in
normal and calm seas, but also a certamn amout:t of time 1n port,
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All reported air and sea temperatures and sea
conditions are tabulated in the alphabetical index of
casualties in the appendix of this report.

B. Agze of Vessel

The date and age data, table II, permit study in
many different ways. A sample plotting of winter
casualties, figure 27, shows that casualty rate is not
appreciably affected by age. Summer casualties are
very few and show no anomalies. Other divisions by
season may be plotted ad lib but most of the casualties
were in winter.

The cffects of structural alterations on the “667
Liberties” are eliminated by deleting each ship from
the list at the time the alterations were made, table
II1. Thus greater homogeneity of the date and age
data on these ships permits further analysis. Although
the curves, figure 28, show risk diminishing as age
increases, such a conclusion would be hasty. This
trend might be explained in several different ways;
as by decreasing quality in ship construction practices,
increasing notch sensitivity in the steel, or the selec-
tive assignment of missions to different categories of
ships, there s no way of disentangling these influerces.
In any case, it is not to be regarded as an effect of
climination from the category of ships especially
subject to casualty (lemons).

One conclusion whizh might be drawn from the
curves for winters 1942-43 and 1943-44 is that the
conditions to which the ships were exposed in the
second of these wcre notably more severe than in
the first.

The upper and lower dispersion limits are shown
on figures 27 and 28. These limits are established on
the basis of probability so that 99 out of 100 sir ' r
findings could be expected to fall between them.
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CASUALTIES PSR 3 MONTH PERIOD (Winter 1943-44)
Divided by SHIP-MONTHS SERVICE IN SAME PERIOD
MERCHANT VESSELS BUILY BY MARITIME COMMISSION (See Table 1.)
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C. Loading of Vessel

It was early suspected that poorly distributed
cargo loading, under the pressure of wartime neces-
sity, had been responsible for many of the structural
failures, It was therefore decided to .mbark upon
a study of the effect of cargo loading and in this
regard, information was solicited from Merchant
Marine inspectors and supplemented by data from
the logs of many merchant vessels, The information
on the dry cargo Liberty ships presented a great
variety of loadings and no rational method for
reducing thir mass of data was evolved. It was
noted from a rough survey that the details of the
loading were considerably different, but the fore
and aft distribution varied -vithin relatively narrow
limits inscfar as bending mument on the hull was
concerned.

In order to obtain a base line to which compari-
sons could be made, calculations were made on the
Liberty ships at several different drafts with a load-
ing which was uniformly distributed so that the trim
was representative of typical operating conditions.
Typical trim conditions at various drafts were
obtained by recording the fore and aft drafts of 216
ships from the log books. The trim used in the cal-
culation was the average of the scattered plots. From
these bending moment calculations, the maximum
tensile stress in the crown of the deck amidships was
determined and is indicated in figure 29 by triangles
and a solid line. The maximum nominal stress value
in the deck with this type of loading was about 7,600
pounds per square inch tension at 24 feet mean
draft. Comparison between the uniform loading used
for this ca'.uiation and the numerous loading charts
forwarded to Coast Guard Headquarters indicates
that the uniform loading was practically typical and
can be considered so.

For further comparison, stresses from bending
moment calculations pertormed by the University
of California on two Liberties have been plotted as
hollow circles. It will ne noted that the scatter of
points follows the general trend of the line of uniform
load distributions, In additi..., a calculation was
made on a condition representative of the most
severe hogging load likely to occur in normal service
and the deck stress was found to be 13,750 pounds
per square inch tension under this abnormal bending
load.
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Finally, calculations were made on several vessels
which had cracked. The nominal stress at the point
of fracture is plotted with solid circles. The scatter
again centers around the line of uniform loading.
This indicates that the loading on the vessels which
fractured was apparently not abnormal even though
the stress from loading is appreciable.

Although a wide range of cargo distributions can
be produced, it can be seen that the actual difference
in bending moment between typical normal distribu-
tions is not great and little would be gained by
attempting to prescribe cargo loading distributions.
On the other hand, ballasting presents a possibility
for a wider range of variations without interference
with good operating conditions. Prescriptions were
therefore made up for standard ballasting distribu-
tions and are now in use on Liberty ships in the North
Atlantic. The nominal deck stresses with the various
standard ballasting plans are indicated by boxes on
the illustration, figure 29, The box indicated as
London and Glasgow bz iasting represents the ballast-
ing system used befure the longitudinal bending
moment was a consideration and failures became a
problem. The Maritime Commission 1,500-ton bal-
lasting schedule is now in use, The weight distribu-
tions in the standard ballasting conditions is shown
on Table IV,

A similar but less extensive study was done on the
cargo loading or. the T2 Tankers. I¢ was found that
a much wider possible range existed for the cargo
loading corditions with nominal dec} stresses reach-
ing 14,540 pounds per square inch tension under an
abnormal load condition. Stresses from uniform load-

ing, however, were even lower than those in the’

Liberty. They varied in a smooth curve from 6,000
pounds per square inh tension in the light condition
to 600 pounds per -uare inch compression with a
uniform full load, the deck stress in lightship condi-
tion being the maximum value for a uniformly dis-
tributed loading. Loading calculations have been
made on two T2 casualtics and the nominal stresses
at the points of fracture in the sheer strake in one
case and in the deck in another was found to be
9,900 pounds per square inch tensior: for the SS
Schenectady and 12,150 pounds per square inch
tension for the S Esso Munhattan. It is clear that
in the case of tankers, abnori~:l loading can con-
tribute to the failures but that i. can be avoided with
greater ease than on the Liberties,
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Summary Sheet—Loading Gonditions
(Liberty EG"--Cl)

unknown factor as the ciiprit. An attempt was made,
however, to get some idea as to whether such “lemons”
actually exist.

A probability calculation has been made to deter-

M. G ballast of 1500 | MXC. ballast from mine the number of repeated failures which would
tons; retwrn from | London, Lefh and - result from a random scattering of 922 casuaities

Liehtehi 2670 670 2mong a correspond.ug group of 2,580 ships on the
in an%' stoges. . 30 "o  assumption that all units are equally likely to attract
Potable water.. ......... 56 54  trouble.
Inner bottom NWo. 1...... 144 144
Inner bottom No. 2...... 340 346
Inner bottorn No. 3...... 234 254 TasLe V
iﬁﬁ:: :g::g: gZ' g """ ;g: ;:g Theorctical Versus Actual Distribution, Repeated Casualties
Inner bottom No. 6...... 110 120 EC2-8-Cl Casualties Up to 1 August 1945
Forepeak........ooovve 145 138 Based on 922 Class 1, 2 and 3 Casunalties
Deep tank No. 1........ 0 228
Deep tank No. 2........ 420 424 tAc;ordingr Actuall
Settling tanks........... 100 108 p‘;;b:g%‘;, reporten
D nk No.3........ 760
Afctcpiatz ° 155 152 %.C?'s which suffered no casualties... ... 1,806 1,932
Cargo spacc No 1 ’ ' . 0 0 132’s which suffered 1 casualty only. .. 644 454
Cargo space No‘ 2 ) . . 360 300 EC2’s which suffered 2 casualties only. . 115 140
Cargo space No. 3 615 300 EC2’s which suffered 3 casualties only. . 14 33
Cargo space No' P 525 450 EC2’s which suffered 4 casualties only. . 1 17
Cargo space No. 5. 0 450  EC2’s which suffered 5 casualties only. . 0 3
Lazarette. ... .. . ) . 0 9 EC2's which suffered 6 casualtics only. . 0 1
Tons displacement... .. .. 8,032 7,520 Toial shipsinvolved . . ............... 2,580 2,580
Il:.:r;;:'s:’iflf:g:;ai;;;t 2 422 53 2‘33 The indication is that after a ship has had a
P.s. 1. stress in deck. .. .. 2.202 5:900 casualty, it is somewhat more liable to a casualty

D. Repeated Casualties

Certain vessels have incurred more than one
casualty. When a ship suffers two or more failures,
there is a tendency to dub her “a lemon”. This fre-
quent reaction to repeated failures irnplies that cer-
tain ships by virtue of inherent characteristics are
more liable to suffer structural failures. It would be
practically impossible to separate the causes of such
additional casualties and point to workmanship,
fabrication practices, material or to some mysterious

46

than before the first.

1The Poisson distribution formula was used in this com-
putation:

e m*
p(x)= I1x

where e is the basc of natural logarithms.
x is the order, or the integral number of repetitions
considered.
p(x) is the fraction of the whole number of casualtics for
cach order “x”.
m is the average valuc of casualtics per ship, i.c.,
922 +2580.
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PART III \
Susceptibility to Fracture of Different Ship Designs and Structural Details

A. Shipbuilder and Type of Vessel

The various Maritime Commission designs have
been divided to show the susceptibility of each desig -
to structural casualties. In addition, the EC2s aud
T2 Tankers have been listed by shipyard because the
number of vessels built by each yard was sufficient
to permit a picture of their relative performance.
The figures in Table VI show the number of ships
launched in each group, the ship months of service
time up to 1 April 1946, the number of casualties of
all classes which were reported up to that time, and
the Class 1 casualties,

A study of the figures shows that no real conclu-
sion can be drawn. Considering only those groups
which accumulated more than 3,000 ship months of
service, it will be seen that the best record with the
Liberty ships was in Permanente Yards 1 and 2, and
second best was Bethlehem-Fairfield, which was the
only yard where shell seams were riveted. Considering
the Clas: 1 casualties only. however, it will be noted
that the best yard is Bethlehem-Fairfield and second
best is New England.

It is difficult to rationalize these results on the
basis of workmanship because Bethlehem-Fairfield
did not exhibit remarkably good appearance in the
Welding Advisory Committee’s workmanship report
and other reliable reports indicate that the quality of
hull structure produced by Permanente varied from
fair to good as systematic controls were introduced.
At the other extreme, Oregon received a poor report
from the Welding Advisory Committec and has a
correspondingly poor casualty record. Calship is inter-
mediate with a moderately poor casualty record and
a good report by the Welding Advisory Committee.

A fecling of confidence in the vessels with riveted
shell scams resulted in their assignment to routes
where severe weather conditions were anticipated.
In light of this and the good performance record
under such adverse circumstances, the beneficial

. —— "NJJM" e e e

influences of riveted seams cannot be denied.

In connection with the Class 1 casualties, thic good
record of New England . difficult to explain but it
should be noted that this yard riveted the bulwark
to the top of the sheer strake, thereby eliminating
many serious fractures which might have emanated
from the bulwark. A similar lack of alignment be-
tween serious class and all class casualty results exists
in almost the entire table and cannot be explained.

The casualty result on the T2 Tankers is even
more difficult to rationalize but it is interesting to
note that Marinship, where great care was taken in
the structural details and where gamma ray inspec-
tion was used, has a measurably superior record to
the other three shipyards. This yard received about
the most favorable report of any yard visited by the
Welding Advisory Committee,

Sixteen of the 78 Marinship tankers were delivered
directly to the Navy. This is a somewhat higher
proportion than for the other yards, but the good
record of Marinship cannot be greatly affected by
this factor because reports of major difficulties on
Navy operated vessels did not include any Class 1
casualties for Marinship.

It is gratifying to see the record of the Victory
ships as compared to the others. Their record indi-
cates quite clearly that it is possible to eliminate most
of the fractures by improving design details including
riveted gunwales and using more careful workman-
ship.

Previous repor*s have mentioned the high casualty
rate of the C2 refrigerated ships. These casualties
were invariably in the tween decks inside of the
insulated holds. The numerous repairs have included
rounded corners for the hatches and in several cases,
the introduction of riveted seams around the margins
of the tween decks. In recent months, the number
of failures reported for these ships has dropped
markedly indicating that the alterations have been
effective, (For other designs see Table VII.)
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Number ships

Ship months

RUPRN

oo

1 v ftes

Ceia one casualie

Type of vessel and shipbuilder launched ! of servee ualues ;.‘.; ) o Ines per
1 Nu-'. suap renth 0 Sueeber stap 4 outh

EC2-5-Cl i { '
AlDAME. . ..ottt e 20 | 704 21 | 0.0293 . - 0 6020
Bethlehem-Fairficld.. ......... ..... ....... 28 10,521 o0 0.0633 ! 2 0.0¢02
Calship......cooo0 ol 0 ol 36 I 10619 164 0.0154 1 0.0018
B 1 T 122 | 549 57 0.0161 121 6,003
Jones Brunswick...... . ...t i 3 1415 27 0.0141 | ! 0.0003
Jores Panama...... ... v ceeverinnrenene oo €6 , 1 95 14 0.609+ | 1 0.0007
Kaiser Vancouver...... ... ..ooiiiiiiinnennns 10 5.9 8 0.0217 ! i, 0.c027
Marinship. oo oovviviiis e e 15 512 7 0.0129 ' 01 0
New England........ N 236 5,70. 72 ¢.012¢ . 2 1 0.0004
North Carolina....... ... ... iiiiiiinnnennn 126 4,085 60 0.5i47 5 0.0012
Oregon............. e e 322 11,013 2'5 0.0195 20 ! 0.0018
Pcrmanente....... . C e e 489 15.557 100 0.0064 e 0.0009
Rheem. . ovevinniioir o0 i 1 41 0 0 0 0
St.Johns. ..o ivi i e 82 1,908 26 0.0136 1 0.0005
Southeastern.............. ... il 88 2,196 23 0.0105 1 00.005
Todd-Houston. .........oooiiiin ciiiaiennns 208 5,542 74 0.0134 16 0.0032
Walsh-Kaiser....... . .. .oiiiiiiiinninens 10 309 7 0.0227 0 0
Total EC2-S-Cl........... ..... ... .. 2,530 76,396 964 0.0126 99 ! 0.0013

T2 TANRERS

Alabama............ .o 102 2,147 22 0.0125 o 0.0027
Kaiser Swan.....oouiiiinn i 147 3,283 66 0.0201 a 0.0018
Marinship. ..o ooee et e 78 1,611 4 0.0025 0! 0
SUD. o e e e 203 4,991 101 0.0202 . 0.0008
Total T2 tankers. ............... ...... ' 530 12,032 193 0.01¢0 10 0.0015
- — S— S
TotaL ViCTORIZS I 414 5,940 33 0.0056 0 0
All Maritime Comsission Ships. ............. ‘ 4,087 125,985 1,441 0.011 127 ' 0.6010

B. Liberty Ships

A plot, figure 30, has been prepared showing the
longitudinal and vertical location of all classes of
fractures on the Liberty ships. This chart indicates
that the fractures pecak up necar amidships in the
upper deck and in the bottom with few fractures in
the tween decks, indicating that longitudinal bending
stresscs play an important part in their distribution.
The tabulation also shows the magnifying cffect of
certain design features such as the hatch corners
which were responsible for 612 fractures or 2%.4
percent. The sketch of the EC2-5-C1 vessel indicates
the effect quite clearly, figure 31.

The distribution of the fractures in the 89 serious
casualtics occurring up to 1 August 1045, is some-

4

what different, figure 32. In many cases, the damage
was so extensive that the starting point was not
located. For this 1eason, it is only possible to identify
positively the sizrting point of 31 casuaitics involving
42 fracturcs. Ten of these fractures or 24 percent
started in the sheer strake cut {or the gangway ladder.
22 or 52 percent started in the hatch corner includ-
ing 48 percent at No. 3 hatch.

Figurc 33 shows the original dcsign of the hatch
corner and indicates the three most important sources
of fractures. The greatest number of hatch corner
fractures occurred in the manner indicated as A,
second greatest as B, and there were scveral of type
C. In the case of the type B fractures, there was
involved a combination of design and workmanship.
The abrupt end of the 51-pound doublcr bencath the

g me—-
v i e

Ml e ey h s Y o




LT 3 e LAV A

pamg VT

Cosuottice Qceurring on Varicus Des.gne

rant ey wwsﬁp o et B VM an G A NG § AR At
.
.
- ‘ e -
‘
Lixorrel Lo 0
vh x4 e o~
AN PRI
AN GRS Y
Z-FC2.85 5

RC2S-AMW

Tuh!.

EiL
12
T3

CIA & C1B.
.

C2 Retiy.
3.,

CA

Sotamd Caveo

P& C...
ccrac..
C3r&C

Crtr oo

l
!
i
|
!
!
i
Miseri are s i C1-MAV]
L6, ...,
B
‘ V4

Vietors .

VC2-8-AP2, 3, & 4.

“olal

(91335 B P . Crssvees et ee s

' totare 1 ADE JO40

P ore LAu 1945 |1 Aur 451 Ao 1o

922 | “ 9ns
. 53 | 9. "2
!
| . ..
.o 3 1 &
» i
. ! i
! ’.
! 1 O 1
| 178 15 | 193
X 18 O 18
i
| 3n ?, a1
< 3t 2 | 33
i i 1 41
i 8 3 il
‘ 2 i 3
L L R
. 4 0 4
s ...........
' ]
4 N 4
]
13 2 13
13 HE! 1!
1 ! i
!
o 14 wt 53
...... 1,342 29 ? ) 1441

ceck was probably sufficient in itself to start a frac-
ture at :o critical a location but in many cases, this
wae suprlemented by a saddle weld in the butt of
the deck plating at this peint. It was common prac-
tice in souie shipyards to weid with a Unionmelt
taachine to within a few inches of the hatch coaming
where the automatic equipment kad to be stopped.
The remainder of the seam was completed by hand
weldine without further preparztion and a saddle
weld resulted because of failure of the welding to
penctrate the square edged butt.

Many fracturcs occur at the sheer strake cut for
the gangway ladder and the square ~nding of the
hoat deck plate stanchions, figures 34 and 35.

Tt has been noted that the fractures at the center-
line stanchion of the second deck almost always
occurred as a result of rough weather, The second
deck at the edge of the hatch is under high tension
whenever there is cargo loaded in the tween decks
because the heavy supporting ¥ stanchion is just
bencath. Most of these fractures have occurred in
the forward cnd of No. 2 hold and the aft end of

No. 1 hold. This is just about wheic maximum
pounding would be expected. The thrust of the
bottom force overcoming the inerti~ of the tween
deck cargo produces high stresses in the deck over
the H column. In addition, notches ~round the sole
plate of the tween deck stanchion .:d the ends of
brow plates magnify the stress, figues 50.

Bending tests on the Libertics indicate that the
bending stresses in the hull are only slightly redvced
by the presence of the deck house. The number of
amidship bulwark fractures and shell fractwres at
the gangway support this, It is curious to notc that
up to 1 August 1915, the corners of the machinery
casings which are similar in desizn to the other
hatch corners suffered less than 13 fractures, IHatch
No. 3 suffered 377 fractures and No. 4 110 fracturcs
and the beneficial influence of the warmth in the
casing is hard to contest.

It has frequently been held that the hatch corners
were not the serious offenders but that many of the
fractures emanated at the bulwark or gunwale and
ran inboard to the hatch corner. A fracture running
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Igure 33.

from hatch corner to gunwale would warrant grading
the casualty Class 1. The Class 1 EC2 casualtics
include 67 fractures involving the hatch corner
vicinity. Thirty-nine of these fracturcs arc Lnown

to have originated in the hatch corner. A simple

3+
0
"5..8.3 R, HATCH COAMING

FORE_ & AFT.

proportion indicates that 5 or 6 of the 28 fractures
of indefinite origin probably can be attributed to
the details of the gunwale or bulwark. The reported
612 hatch corner fractures do not include these 5 or
6, nor do they include the remaining 22 or 23 which
probably originated in the hatch corners.
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LIBERTY VESSEL
COMPOSlTE SKETCH OF FRACTURES AT FORWARD BOAT DECK STANCHION

DUINDLEY M. GARRISON -EC2S-C!

@W:LLIAM G FAQGO EC2-S-C)
REPORTAD 20 ATR. 1944

@) WILLIAM H. M<-UFFEY-EC2-S<CI u

1-2 FRB.1944 »
@WlLLtAM Moumzne EC2-5-C — 15.3% §. ]
14:27 JAN. 194 ) o

(®FREMONT OLBER - EC2:5-C! 530y -
FOUND 24 MAY 1944 — ’

O connecTion or ' /‘i‘CKET LI

UP TO 1, ALG, 1945 BT.OL. STANCRION §

@
BULWARK RAIL END or s
2€0 FRACTURES WERE \ [ THRY By ""C‘;’::,gn
REPORTED TO HAVE
S 5"0 srmcmon "

OCCURKED AY THE 5\ Bt
BOAT DK. STANCKION.
S\l
I == Q\ |
y

4@ CONNECTION. OF BULWARK BRIL § BRACKET

NOTE:
FRACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SKETCHES
Figure 34,
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.LIBERTY VESSEL

COMPOSITE SKETCH OF FRACTURES AT
CUT IM SHEERSTRAKE FOR ACCOMMODATION LADDER

® JOAQUIN MILLER
5 TECLMDER 1343

@ DAKEL HESTER
TRNARY 1943 -

® EDWARD RUTLEDGE
FOUND 1l APRIL 1944

® MARK HOPKINS
FOUND 24 APRIL (944

UP TO 1,AUG, 1848, 32
FRACTURES WERE

REPORTED TO HAVE
OCCURRED AT THE
SHEER STRAKE CUT.

NOTE:
FRACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SKETCHES

Figure 35,




LIBERTY VESSEL
CENTERLINE STANCHION, SECOND DECK

(D) JUAN DE FUCA -EC2-S-CI
FOUND I ALG.I944

@ LUCIUS FAIRCHILD-EC2-5-Ci
FOUND 17 APR. 1944 ﬁ
@ENOS A. MILLS -£C2-5-Cl A\

RLPORTED 5 FEB. 1944 \'\” \
@ JOSEPH REYNOLDS-EC2-5-C}
25 MAR. 22 APR.1944

@me&g{; gﬁﬁ)&%&.gcz.s.q e2—10” H BEAM STANCHION

@MELV!LLE JACOBY- EC2-5-CI
\ 20 MAR.1944
¥ ),
UP TO |, AUG, 1945, 36
FRACTURES OF THIS

TYPE HAD BEEN RE-
PORTED, INCLUDING \
12 IN No.2 HATCH \

3
-

e e ————

o 14 x 141 H BEAM STANCHION

\ [

\ .

FOACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SKETTHES

Figure 36.
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C. [ 2 Tankers

The longitudinal distribution of the fractures on
the T2 Tankers also shows a peak amidships indi-
cating that bending of the hull is partly responsible
for their occurrence, figure 37. All of the nine serious
casualtics occurred in Nos. 3, 4, 5, 6, and 7 tanks.

The source of the failure has been located on two
of the ships which broke in two. In the case of the
SS Esso Manhattan, a defective butt weld was the
source and in the casc of the $§ Schenectady, it was
a notch resulting from the combined cffect of a
design detail and a defective weld, The source of
trouble on the two recent T2 Tanker catastrophes is
not yct known.

Most of the Class 3 fractures occurred in a detail
at the juncture of the transverse and longitudinal

T2 The FR .",”,‘ : -
LONGITUCINAL DISTRIBUTION L,,/,,;’-"‘ ”“
cr FRASTURES ZAREa 2 FEY coe
—— T L 7 4
sZ?‘?‘.‘-"‘;&vZK‘ /;’
BA3ED UNON @63 FRAGTURES OGGURRING V‘,‘{f,j-’ 9 ¥
ON T2 TANKERS BEFORE i, AUG. 1945, % /7;/’) /% /,/J
456 OTHER FRAGTURES OGGURRED /4/ ) O e //
ON TRANSVERSE BULKHEADS 4R ; 7 % / "'7/';/"°/° A,
BYANK . p e
SCRT 10T AGOURATELY LOGATED. a7 %1 /7/4 % % 2 //4
77 / / / 7 A
<A s 4 -, o s
NOTY FIGURES 4T TCP OF DARL ARE, r// / / // %% NO FRAGTURES V7
.. : 5 WERE REPORTED /7
NUWBER GF FRACTURES -~ LEFT / / // / / ¥ IN THE FY/0. // /
PERGENT OF FRAGTURES--RiGHT / % ’/ / /203*-"""60% DCEP TaNXK. [/
a9 )
1;97“”'<3¢.// //’ / / / 7,
e
A M 11111 | e
T e B A A N
;//1 ‘;,..22.,93% ',3-3-'3,%, // /A/ /., 7 A //A A / % A""m
} - e ey
; '.
|
i ,."—" i\‘
R e D4 2 N
(IR l.. t —3-4_-—-1:.:":17}1-", m.:——'—:—}f:..l'—‘@..['-.!,u ""/7
ENGINT e ‘ \ /\ //‘\ I
u 1 w“s w3 w~? w~é . . . e . . /I'
Figure 87.

bulkheads, figure 39. Three hundred twenty-five frac-
tures reported before 1 August 1945, at these inter-
scctions have been traced to design details which
cause a siress concentration under the influence of
both hull bending and local hydrostatic loads. It
would appear from the longitudinal distribution of
these fractures ihat the hull bending stresses have
considerably more to do with the failures than local
hydrostatic loading, either static or dynamic.

The sources of thesc fractures have been located
by calculation and test and a satisfactory mcasure
has been devised to case the offending detail.

One hundred and seventy fractures occurred at the
toc of a braclet on the transverse bulkheads, figure
40. This is a design detail which can easily be cured
and improved arrangements have been fitted in
several vessels. A check on the longitudinal distribu-
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T2-SE-Al TYPE
COMPOSITE SKETCH OF FRACTURES
CONNECTION OF FLUTED LONGITUDINAL BULKHEADS TO TRANSVERSE BULKHEADS

@) NEW LONDON

REPORTVRD 26 JUME,1944
@ NORTHFIELD

FOUND 12 SEPT, 1943
(3 CHURUBUSCO

REPORTED 12 JUNE, 1944

@ RIVER RAISIN
REPORTED T JULY,1944

UP TO 1 AUG.1945 325 FRACTURES
WERE REPORTED AT THESE
BULKHEAD INTERSECTIONS.

® 14"ON THIS FLUTE UP TO M4 0N THIS FLUTE

@EXTENT OF RED LINE

Te
AN
3N
e
A Uk 8
Whp 3
Ifﬂ?gﬁﬁ Ap
oG ) ® oW FLUTE
Wt
0.
\\ 3
NOTE:
FRACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SKETCHES
Figure 39,
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T2-SE-AY TYPRR
_ COMPOSITS SKETCHM OF FRACTURTS
TRIPPING BRACKETS OF BULKHMEAD STISFENSES OM TRANGVERSD BULMHIADS

O o
I{

/ &,' PR SRNPS DvIA Py A

@ ACTHFIZLD
19 APRIL, 1948 UPON EXARINATION
@RAMER
FOUND 21 JUNE (944
LW ronDoN
ﬁfﬁo,?rf.o 26 TJUNE 1944
O,/!"R RAIS IV 9

ssbpasbn. Y 1944 5’
GUBUST /944 @}/‘"’

/I‘acru;'r\ a /o f

enlire weld

hd. /)/az.e

a Lot "

//@a)yd I’C)'I.' /e o’/‘(;’ }7/,’7?0'((
&

g

i
(}7" along weld fraclureod, M‘
ks Rl oy
g i ’
/_:e " S
| s \’;;”/":-1'!.9"&\’.
2" Qgrac/z{ ot i
e rippIn i '
b:ackw 7P jlf ] ;}
15.5% &, ,\7 N o ]
LI “or ;
20 A°R ‘; \ | J
UP Y0 1 AUG.I945 170 FRACTURES e S i
WERE REPORTED AT THETSL \}\ ~ ! !i
BRACKETS. X P s
/IR N
v
i
v
i
v
2 ol
- b ‘: i
1 ’/ i .
i B
-
2 ¢ Il
8°%30.67 FACE & OM
103 28 5*FACL B 10/0FF £ — f
8°120 4% Face % 150FF 4 ]
NOTE.
FRACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SXETCHES
Figure 40.
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VICTORY SHIP
TYPICAL BULWARK FRAGTURE O
AT FWD. EN[ F DEGK HOUSE.

® LEWISTON VIGTORY
23, JAN. 1946
FWD. END P & §.
AFT ENC P 8 S.
@ GRINNELL VIGTORY
BEFORE AUG. 1945

FWD. END, PORT ONLY
AFT END P. 8 S.

tion of these fractures indicated that they could not
be related to the longitudinal bending of the vessel.
They apparently result from local loading.

The large number of fractures in the forepeak
indicated in figure 37 have involved many details of
the internal structure. They are local in nature.

D. Victory Ships

Practically all of the casualties on the Victory
ships have been Class 3. The fractures reported
before 1 August 1945, indicate two principal sources

of trouble: the bulwark cap rail and plating and
701292—47—5

L
S

N

Figure 41.

the bulwark braces. The casualties occurring before
1 August 1945, included 53 fractures, Eighteen, or
30 percent, occurred in butts of the bulwark and 27,
or 51 percent, occurred at the toes of the bulwark
braces.

61




62

VICTORY_ SH!Ip
FOC'SLE DX,

0 mmatta -

SHOWING TYPICAL DECK

FRAGTURES IN LEWISTON
VIGTORY WHICH OCCUR-

RED ON 23, JAN. 1948

[, oy ¢
)
() )

Ol § g

) ( (

) 4

=L

GH HO

) {)

||

Figure 42.
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VICTORY SHIPS

SHOWING FRACTURE OF MIZZEN -
MAST OF MAHANOY CITY VICTORY |

WHICH OCCGURRED ON 24, JAN, 1946,

FRACTURE EXTENDED COMPLETELY — I
AROUND MAST EXCEPT FOR 8-1/2° | /

ON THE FORE $IOE, /r B
e o |_MIZZEN
1T MAST
4l
1 1 __L 1 I 1 1 5 : i 1 T t 1
e FRACTURE 4] _~masT House

TWEEN DK.

MIZZEN MAST
3 HEAVY 3 HEAVY
SHROUDS ey SHROUDS
3
x
9
PORT $7BD. 3

STARTING __/

POINY OF FRACTURE
172" BELOW INTERNAL =
FILLET WELD. *
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Most of the bulwark failures occur at the forward
and aft end of the deck house where the bulwark is
flanged to land perpendicular to the rounded house
front, figure 41. This is a poor design detail but is
not a dangerous feature because experience with the
Liberties led to constri-ting the Victory bulwarks
free of the top of the sheer strake. This freedom
prevents the cracks from propagating into the hull.

Most of the bulwark brace failures ocuurred on
the forecastle, figure 42. It appears that the load of
water resulting from plowing into a wave bends the
widely flared bulwarks outward and causes the
braces to fail. Sometimes the wel® between the
brace and deck plating cracks but frequently the
deck itself is torn or cracked. This is not serious on
the forecastle but it sometimes occurs nearer amid-
ships. Most of the Class 2 Victory ship casualties
involve this type of fracture.

Since 1 August 1945, there have been reported
five new and curious failures, figure 43. The masts
have broken on five new ships as follows:

ANTIOCH VICTORY..... Foremast..... Bethlehem-Fairfield.
MauanoyCrryVicrorv| ivlizzen Mast. .| Bethlchem-Fairfield.
Brown VICTORY. ..... Mainmast. . ..| Oregon.
Wavcross Vicror? . . .| Mainmast. . ..| Bethlechem-Fairfield.
St.LaAwrenceVicroity.| Mainmast....| Permanente,

The cause of ‘hese failures has not been determined
but the sources of the steel are being checked.

E. Relative Contribution of Design and
Workmanship

The fractures occurring on the EC2-S-C1 design
have been grouped to determine the proportionate
contribution of design and workmanship to the num-
ber of fractures which occurred. It is impossible to
make a breakdown with a clear line of demarkation
between the groups because in many cases, poor
design details and poor workmanship went hand in
hand in their contribution to the fracture. In other
cases awkward design resulted in defective welds
because of the difficulty in performing the welding.

Using reported casualty data supplemented by the
findings of the research projects for guidance, it has

64

been possible tv make a rcasonably reliable judg-
ment regarding the part played by workmanship in
1,800 of the 2,504 fractures reported occurring on
the EC2-S-C1 vessels before 1 August 1945, It was
found that in 25 percent of these cases, no fracture
would have resulted had good workmanship been
used. In 20 percent of the cases, there was some
question but it was believed that the failure might
have heen avoided had the workmanship heen good.
In the remaining 55 percent, the design conditions
created such severe notches that perfect workmanship
could have done little to prevent wae failures.

The 25 percent fractures which could have been
avoided by good workmanship include welded butts
in the bulb bars in the buiwark and bilge keel. These
defective butt welds might have been avoided in
the design stage by the use of some other member
instead of the bulb bar. The 20 percent which might
have been avoided by good workmanship were prac-
tically all a. the end of the hatch corner doubler
where the participation of perfect workmanship is
questionable. It can be seen from this that design
contributed to a large proportion of the casualties,
far greater than did workmanship.

This should not be taken as an excuse for relaxing
the standards of workmanship because many serious
failures including the Esso Manhattan which broke
in two were traced to defective butt welds where
poor design played no part whatsoever,

F. Discussion

Almost all of the fractures could be traced to a
notch of some sort. This notch might be a design
geometry or a defective weld but in practically every
case, a real notch could be found. There were a few
cases, however, where geometry did not participate.
In most of these, the fracture commenced at a longi-
tudinal welded seam and spread to port and star-
board. In the five Victory ship mast failures, the
fractures have occurred near but not in geometrical
configurations, In each case, however, they were near
welds. The welds in some cases appear to affect the
structure apart from creating geometrical discon-
tinuities.
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PART IV
Effectiveness of Certain Structural Alterations

A. Summary of Alterations Performed on
Liberty Ships

Table IX shows the numbers of vessels of various
types which have been altered in accordance with
requirements which have been issued. It will be seen
that hatch corner reinforcements have been fitted
on practically all of the vessels and that riveted
crack arrestors have been fitted on a great many.
Compliance with current requirements involves im-
mediate addition of hatch corner reinforcements,
deck and gunwale crack arrestors on all passenger-
carrying Libertes. Cargo ships must have hatch
corner reinforcements and gunwale crack arrestors
before issuance of the annual inspection certificate
beginning 30 June 1946. All alterations will therefore
be completed by 30 June 1947.

Type of Liberty Ship
Surps CoNveRTED To CARRY TROOPS

AP ~Dry cargo ship completely converted
for troops operated by Navy.

APK  —Dry cargo ship partially converted for
troops operated by Navy.
XAP —Dry cargo ship completcly converted

for troops operated by WSA.
XAPK —Dry cargo ship partially converted for
troops.
—Dry cargo ship converted to hospital
ship.

XAH

Dry CArco Swirs

XAK-1 —General cargo not converted EC2-S-C1
(except Navy operated).

XAK-2 —General cargo converted to cable ship.

XAK-3 —~General cargo converted to mule
carrier.

XAK+4 ~Tank (motorized equipment) carrier
Z-EC2-S-C2.

XAK-5 —Tank and airplane carrier Z-EC2-S-C5.

e e R < i o I

AK  —General cargo not converted EC2-S-Cl
operated by Navy.
XAC —Colliers, EC2-3-AW1.
Liguip Carco SHips
XAO —Tank vessels Z-ET1-S-C3 (except
Navy operated).
AO  —Tank vessels Z-ET1-S-C3 operated by
Navy.
Misc. VesseLs OPERATED BY ARMY AND Navy
Army: MA—MA repair ships, etc.
Navy: MN-M, AG, AK, AKN, AKS, ARG,
ARV, and IX (unclassified).

B. Hatch Corner Reinforcements on
Liberty Ships

Figures have been prepared to show the relative
effectiveness of the various types of hatch corner
reinforcements prescribed for the Liberty ships. The
results up to 1 August 1945, are tabulated below:

TasLe VIII
Type of hatch corner Sh;‘p f ?:v'glavl:rlx? Camall:}u
. sh
reinforcement m:cr;w‘/ic,co c!;;cel:’ p&znm”
Unreinforced. ..........o0et 22,146 210 0.0095
Reinforeed in service, Codes 5, L]
6,and 7. ..ot 4 17,115 37 .0022
Reinforced during construction,
Codesiand2.............. 7,722 0 0
Hatch codes 3, 4, and 8, (not
approved) ... iiiniiinn., 5,403 8 0015
Approved codes 1,2, 5,6, 7....] 24,993 37 0015

The above table should not be considered a true
statistical presentation of the relative merits of the
hatch corner reinforcement designs because it is
impossible to determine the weather ani sea service
conditions to which the various groups of ships were
subjected. The comparison of casualty rates used
above is a sound method of approach provided the
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HATSH REINFORCEMENT
CODE NUMBER 1,2 83

]
4 wexmt lPI ‘} [ °X4"K 20%
" L)
- L
hd 12"
ax. P . « I kol L 3
® g
- . 1 . HATOM mu-../ ,:
$ L
et 4 HATOH ENO BEAM. l'-f
— ~ L—naren coamne — L
¥ . 1£°RAD W WSEAT R & DeL. 2. r...-r-
ry |
. ot
JIAQONALS
n [
p"
— HATCH ENO GE5W  NATON OOAMNG ___, - 166 coaw. .,
. o 20.4 O
% » e SEATH O7 sLeY TO
2L T A wiN
—ORL Y AT
| »
. — £HD WELAT, ”
20.3 IMSERT R 28.5 coar. &
SECTION_8-8 TION A~

KATCH CORNER LOOKING CUYBOAAD

FATCN QLR0RR

HATCH CORNER KING INBOA

CODE NUMBER | --~ MATCHES 2,3, & 4 IN UPPER DX, CODE NUMBER 3 ~--~HATCHES 2,3 & 4 IX UPPER DX,
US. MARITINE GOMMISEION MG PLAN ECE-S-Oi-Sis~2-3, 0T 2 a3} PERMANZNTZ LITILE SOAR MIOn. & PLAN NS 18-ZTI-l
t} U3, MARITINE CONMISBION KO FLAN £CE-3~CI=$ii-a~¢ OLTS. 2 &3 30.4°00UBLER & DIAGONALS, NO_INSEAT LY
| MUORE ORY DOCK PLAN 99907, DEZTS. 2 6 3 OREEOH 3§ OOMP, SIMILAR BUT EARLY MULLS HAD 3.4 08L

SETHLEHEMN 3TEZEL CO $.B, DIv. S6TH ST. BXLYN PLAN T-398 DET 2 & DIAG
‘ #1883 & COX, CALSHIP MCE PLAN 1-312 ~Sil~8-4A ALT. XY OL78. $A 8 €A
GI1BDP3 & COX, OELTA  MCZ PLAN 1-312-S11=8~4 ALT. A OCY. 9 {(NO DIAG.)
JA, JOMES COMST OO M0, PAMANA ZITY (SK-811+8 4L DETS 24 3)(X~8K-Sh-4-48 DEL 2)
CODE NUMBER 2 ---NO DIAGONALS,APPLIES TO TRUNKS 3,4,5,6 8 7 IN UPPER DX
(HATCHES 2,3, 8 4)
US MARITIME COMMISSION MC PLAN 2~(TI~3~01-318-2-3 DET 2

Figure 4.
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HATYCH REINFORCEMENT
GODE NUMBER 5,68 7

] Wy i A T . !} b
, HATCH Eh0 SEAM! I
:ﬁ-—ox sLAN :: [} ::
N i !
: ; | : R
N -~ — y
N s~ " I 4 e xa'xeoL T exa'x 000
N L3 T g s’ ¥ 5 w T
Uity 3 INSERT PL " ox ”
! v A | '
s " i ' 1
L | B R R .: - x‘ = L
] s Pt " 20 g il ]
Lotoet 7 s poveien (], " f -
L i [ / " LLIVC " _/ T
A {- = zmrop—— 4 e HATCH GIROER -“
s Ny P -
: ll \V,—a——’__‘ 204 8AK'TS 1
# NN :n’
v MATCH END BEAM —.ff
§ v
g y .
! -
INSERT cusser
y g oK. Pt \pur:—‘. /— ¢ DIAGONALS
P lj-—** <" FACE PL
: COAMING _.*U- St QOUBLER-/ ‘o /(1]"
~
] = 4 L BRX'T
] o= 30.6 FACE FL
i 1 COAMING —|
d
' A'Mm A
SECTION A-A
POR AFT

-

HATCM LCT%ER LOOKING OUTBOARD

CODE NUMBER % --- HATCHES 2,3 8 4 IN UPPER DX
¥U S, MARITIME COMMISSION 34C PLAN ZC2~S-ui~3i16-2-3 OETAILS I& 3
U 3. COAST GUARD PLAN EMM I7? “S11=17-1 ALTERATION “A°
W S COAST QUARD PLAN M1 15-3H=17-1 DETAIL A
{NOTE: THE US GO PLANC, OETAIL A 0O NOT INCLUDE OIAQONALS AT THE LOWER FLANGES
OF THE BEZAMS & CGIRDERS)
MOORE DRYDOCK CO. ~LAN 9997 OETAILS I8
*BETHLEHEW STECL CO. $8 DIV, 56TH 3T SXLYN PLAN T=388 DETAIL | & DIAGONALS
SARTHUR G BLAIR INC, PLAN DOA-98 OLTAIL A & 3
Jd A, JOMES CONST CO. INC., FANAMA CITY (3X-S11-6= AL OETAILS 1 & 3 & Z-SK=S1I~0~-4p DErANLS 18 3
( JONES PLAN SHOWS SIQOUBLER PLACED AP~VE INSERT PL )
CODE NUMBER 6--- NO DIAGONALS, APPLIES TO “2UNKS 3,4,5 6 87 IN UPPER OX (HATCHER 2,3 8 4)
U 3. MARITI¥E COMNISSION NC PLAN X~-ETI-S~C3-316-2-3 OLTAIL |
CODE NUMBER 7 ---SIMILAR BUT NO DIAGONALS
HURLEY MARINE WORKS INC. PLAW ECE ~33 DOFS NOY RYAYL CoeuEss T

NAVY DZPT. BU. OF SHIPS FLAN OIT499 . - - - N -
HORFOLK MAVY YARD PLAN AKIi4 ~S1.OG~E97823, UPPER OK. HATONES ) Y0 § I'IO.
NOTES

SOME LIBERTY SHIPS HAVE NO INSERT PLATE3 AT THE HATCH CORNER.
*# SOME LIBERTY 8HIPS HAVE THE 31”DOUBLER ABOVE DX,

* GODE NO. 5 EXACTLY AS SHOWN
Figure 45.
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HATCH REINFORCEMENT
CODE NUMBER ¢

VoA

o Fi
oKX P "

i

]

- 8LOT
coayine N

'

3 :: o
% 1a3nve :: 0

e 18 0d
=R

L) - g
¢ X4"X20¢ /

.'..:;4’!._;:-__‘

NAYCH QIROER —/

L3

$°X 4" X 207
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Figure 46.

service conditions are identical and the number of
cases are sufficient for sampling purposes. Failing
this, the traditional method of judging the benefit
of altcrations by impressions gained in service and
as recorded in making up this table must be used.
In this connection, we know that the service condi-
tions to which the ships with reinforced hatch corners
were subject were more severe than those to which
the ships with unreinforced hatch corncis were sub-
jected. The comparisons set forth above are therefore
conservative. The effcctive performance of the pre-
scribed hatch correr reinforcements is both gratify-
ing and reassuring. It is reassuring because it demon-
strates that rcasonable care and practicable designs
are capable of easing points in the structure which
are known to be sources of trouble.

C. Crack Arrestors on Liberty Ships

The crack arrestors fitted on vasious designs have
proved very effective. They were found to have
stopped cracks in 17 instances on 15 vessels which
suffered normal structural casualties. In addition
there have been reports on four other ships subjected
to war and marine casualties where fractures occurred
indirecily from grounding or torpedoc and mine
damage. The crack arrestors stopped eight cracks on
these four vessels and the influence of the crack
arrestors was questionable in the case of two other
cracks. In the case of one other vessel, which ran
aground off the coast of California, it is claimed
that the crack arrestors were responsible for del.ying
the complete failure of the vessel and permitting
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LIBERTY VESSEL
COMPOSITE SKETCH OF FRACTURES AT *2,%3, 0R ¥4 HATCH CORNERS, UPPER DECK
HATCH MODIFICATION ? MARITIME COMMISSION PLAN No. EC2-5-C1-816-2-8,0KY, 2¢3
HATCH MODIFICATION 3 AS ABOVE EXCEPT NO. INSERT PLATE ...ccoovcen.

@ JOHN STRAUB -EC2-5-CI
FOUND 2ZMAR, 1344 (NO INSIRT R)

(D WILLIAM A HEMRY - £C2°S-Cl
FOUND 25 SEPY. 1944 (N0 WSERT R.)

‘UP 1O ), AUG. 1945 THERE
WERE § FRACTURES RE-
PORTED ON HATCH REIN-
FORCEMENT, CODE 3 &
NONE ON CuLE 1}

HATCH CORNER LOOKING INBOARD

CODE 3 SHOWN

HATC!H CORNER LOOKING OUTBOARD

CoDE 3 SHOWN

ROTER:
FRACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SKETCHES

Figure 47.
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LIBERTY VESSEL
COMPOSITE SKETCH OF FRACTURES AT *2, 73,0274 HATCH CORNERS, UPPER DECK
HATCH MODIFICATION 5,68 7
MARITIME COMMISSION PLAN No..EC2:5-C1-816-2-3
DETAIL 1 43

(@ JOSHUA B. LIPPINCOTT-EC2:5-CI
29-30 JAN. |

9 i
@ WILLIAM BLAGK YATES - EC25-cI
B0 MAR. ~IDADR. 1944

@ FERDINANDO GORGES- EC2-5-Cl
b DEC. 1944

9
@ LYMAN BEECHER - EC2-5-Ci
FOUND 3 MAR, 944

UP TO 1, AUG, |945, 36
FRACTURES HAVE
BEEN REPORTED IN
HATCH CORNERS RE-
INFORCED WITH
CODES 5,6, %7

GIRDER

HATCH CORQNER LOOKING INBOARD

"HATCH COQNER LOOKING OUTBOARD

NOTE!
FRACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SKETCHES

Figure 48,
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LIBERTY TYPE VESSELS
(EC2-S-Cl ONLY)
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FRACTURES WITHIN LENGTH OF DK. ARRESTOR s 5.1 %

FRACTURES WITHIN LENGTH CF GUN'L_ ARRESTOR : 96.8 %

FRAGTURES WITHIN LENGTH OF SHORT QUN'L
ARRESTOR « 94.4 %

NOTE:
THIS DRAWING 1S BASED ON 1736 FRAGTURES IN ALL

PARTS OF LIBERTY SHIP STRUCTURE AND REPORTED
BEFORE 17, OCT 1944
Figure 49.
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CRACK ARRESTOR ON DECK
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18"~ 306 OK. STRAP
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PLAN VIEW OF STRAP END.
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PLAN VIEW OF DECX STRAP,
17 PAN HEAD RIVETS WITH COUNTERSUNK POINTS
RIVETS SPACZD 7 EQUAL SPAGES N 30"
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w—— CODE NUMBER 2

NUMBER |

U.S3 MARITIME GOMMISSION M.C PLAN EC2-3-CI-Sli-6-6 DETAIL 8
U.5 COAST GUARD PLAN M1 14-SU-17-1 DETAIL 6

ARTHUR G. BLAIR INC. PLAN DGA 95 OETAIL 8

OELTA 8 B8. CO KG PLAK SHU-6-6-~A

NUMBER 2

U.3 COAST GUARD PLAN M.| 13 SU=-iT~1 DETAIL 8

NUMBER 3 - SIMILAR TO CODE NO. 2, BUT EXTEMDING

FROM FR. 17 TO 154 ’

WAR DEPT. PLAN KO LI-G8-A-R OETAIL O

Figure 50.
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GUNWALE ARRESTOR

\‘ CENTERLINE OF RIVEY
—I
6" X 6° X 3/4" ANGLE (NEW VESSELS)
v OK. PLATE
SHEER SYRAKE 2, \ N\
=Y
L——-' 1

CODE NUMBER |

GENTERLINE OF RIVET
] 7°% 6" X 3/4" ANGLE (VESSELS HWOW (N SERVICE)
SHEER STRAKE
k OK. PLATEZ
{

P

CODE NUMBER 4
&

CODE NUMBER 9

CODE NUMBER 1| ~(EXTENDS FROM FR 28 TO 143)
U.8. MARITIME COMMISSION WM.C: PLAN EC2-S~Cl-S1-6~6
With WO PLAN NO. Sti-o-4a
DELTA 3.8. 00. MC PLAN StI-6-4A
DELTA 3.8, CO. PLAN Si1-g-3
J.A. JONES, PANAMA CITY PLAN ATl -8 ~-4a
CODE NUMBER 4 - (EXTENDS FROM FR 28 T0 145)
U. S. MARITIME GCONMISSION MCE PLAM S)i-6-48
CODE NUMBER 9 --{EXTENDS FROM FR, 3g TO 135)
U.8, COAST GUARD PLAN EMM.17-811-17-1 ALTERATION "B "
Figure 51,
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GUNWALE CRACX ARRESTOR
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Figure 52,

sufficient time to remove the personnel aboard. The  effects of reducing the length of the gunwale crack
dctails of each case are included in table X. arrestor and shows the percent of the fractures in
In no case is any crack known tc have crossed  way of arrestors of various lengths.

an arrestor. Figures 53, 54 and 55 describe a typical case of an
Figurc 17 was originally prepared to weigh the  effective crack arrestor. The photographs were taken
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Figure 53.

from the location iricated by an arrow on the
sketch. The fractured specimen shown was removed
from the ship by the British Admiralty and is avail-
able for examination at Coast Guard Headquarters.

Many cases have been reported where riveted
seams and chain intermittent welding have been
responsible for limiting the extent of fracture but
such cases have not been tabulated.

D. Gunwale Cuts on Liberty Ships

Thirty-two fractures occurred at the gunwale cut.
Of these, eighteen were Class 1 and fourteen Class 2.
Three of the Class 1's had “alterations” No. 5, a
rounded gunwale cut. The rest were unaltered.

E. Serraied Bilge Keels

There have been seventeen bilge keel fractures.
Sixteen of these involved bilge Leels which had not
been altered. Fifteen of these failures were Class 2
and one was Class 1. Only one altered bilge keel
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failed. This was a Class 2 failure and the bilge keel
was altered with Code 1 (serrated).

F. Underdeck Girders on T2 Tankers

Underdeck girders were fitted on the T2 Tankers.
These girders were not welded to the deck and it
was expected that they would remain intact in the
event of a major deck fracture. So far all of the
major structural failures occurring since these girders
were fitted started in the bottom. For this reason,
there has never been an opportunity to evaluate
fully their effectiveness. In one case of a fire on board
one of the vessels, the deck fractured and the girders
held. Full details of this casualty are not yet available.

G. Bulkhead Intersections on T2 Tankers

Various alterations have been made at the bulk-
head inierscctions of the T2 Tankers. Test data
e Jmnt~ alns i AL POV DR MU D% IRy ). SRR R
v ate Liiae  uige \.uausb- AtaUs dIIVMIU 1CLITVE  WiC
trouble but actual casualty data are not yet available
for this report.
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Fravre 51 —Termination of fracture at gunwale, starboard side, 8. 8. Colin P. Kelly Jr. (see arrow fig. 53.)
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GUNWALE ALTERATION

ORIIIBAL SORSTRUSTION

CODE NUMBEZR 3

ROUND Ocllly\ /_O\H’ PILLRD N

CODE NUMBER &

CODE NUMBER 5
US GCOABT GUARD SLAM EMNIY-Rii-i17+1 ALTERATION Yo
VAR SHIFPING ADMINISTRETION PLAN WA I8 <311
1893 & COX MG, CALOMIP MO PLAK I*lIf-SH-4-4-4 ALY XX
COOE NUMBER ¢
(8. 00AST SUARD PLAN ECMNIT-$it:17+1 ALTERATION 'P°
U3 COAST GUARD PLAN ML IS ~811=17=1 OLTAWL o
WAR OEPARTHENT PLAN Li-€0-a-R DETAIL O
MUALLY UARINE WORKS PLAK QOR=3T
CODE NUMBER T --~CUT OMITTED
QRDY 8 COK INC. CALINIP MCE PLAN 1°312-8i8-4-4A ALT. {

BILGE KEEL ALTERATION

CODE NUMBER COOE HWUMBER 2

CGOE NumpEX 3

CODL NUMNEP !---AS SHOWN

GOCE NUMBER 2
U.8. QOASYT SUARD PLAN CMN I7-S11-17-1 ALTERATION "0~
ARTHUA 6. BLAIR (0. PLAN O8A-93 DCTAN D

CODE HUMBER 3
U S COART SUARD FLAN MI-t8~811=i7=1 DETAIL O

Figure 56.
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PART V
Steel Quality

Defective material might offer an easy explanation
of the fractures but such an exp.snation would be
conditiona! and incomplete.

Samples of steel were removed from several of the
ships which fractured, and forwarded to the Metal-
lurgy Division of the Na.ional Bureau of Standards,
where tests were made to determine their properties.
It was usually impossible to test the steel removed
from the starting point of the fracture because this
usually occurred in a defective weld or a design
detail and not in the plating itself. Most of the plates
submitted and described in part V are the first plates
through which the fractures progressed as they spread
from the starting po.nt.

A. Routine Tests

The material in which the fractures started was
tested in the case of many ships, from which samples
were taken near the point of origin. Thus 25 speci-
mens from the ships showed agreement with appli-
cable standards of yield strength, ultimate strength,
and elongation. In addition, the material had passed
the usual inspection tests with requirements for
sampling and physical properties.

Complete certainty is not assured by these tests,
with respect to every part of every piece of steel, but
we can be sure that the fractures, which are numerous
and widespread in occurrence, do not result from
failure of stcel to meet specifications.

B. Notched Bar Tests

There are indications that the steel is deficient in
a property not covered by the specifications. In the
report of the Research Advisory Committee, data
are given on this property in relation to notch
sensitiv:'y, and the significance of this property for
fractures like those seen in the ships has been studied
in the laboratory.

Thirty one steel samples from the ships were given

the standard V-notch Charpy test for evaluation of
energy absorption in a notched bar, They are desig-
nated Group A.

In all cases, the bar was located with notch per-
pendicular to the surface of the plate, and in such
a manner that the notch orientation corresponded to
that of the crack as it progressed through the plate.
This resulted in placing the bar parallel to the direc-
tion of rolling in all cases except on the SS Sea Bass
where the deck plating is transverse. Four bars were
tested at each of eight or nine temperatures or about
30 bars per plate.

Data for tbe 31 plates have been averaged with
respect to temperature: the averages are shown in
the lower portion of figure 57, along with the best
and the worst curves. The energy absorption values
at 70° F are also indicated for each of the plates
tested (upper left) with dotted lines to indicate the
spread of the energy absorption values covercd by
the four specimens tested at that temperature.

Since the specifications for hull steel do not include
notch bar tests, there was no standard value for
comparison. For this reason, the Coast Guard Mer-
chant Marine inspectors obtained from the shipyards’
stock and scrap piles numerous samples of 12 inch
hulil steel plate which were forwarded to the United
States Naval Shipyard, New York. These are Group
B samples. In addition, the Navy had requested the
steel mills to submit samples of plate complying with
both their own and the American Bureau of Shipping
hull steel specifications. These are Group C samples.
On Groups B and C a series of Charpy tests was also
run, but only at 70°F. The results are indicated on
the plots, figure 57 (upper center and right). The
spread of values was similar to that in Group A and
has not been indicated.

Data from Groups B and C have been entered in
the temperature diagram on figure 57 and comparison
suggests that specimens of steel in Group A (from
fractured plates) were more notch sensitive than
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Figure 58.

the samples from the stcel mills (Group C) and these
in turn more so than samples from yards (Group B).
Thesc comparisons are based on averages, however,
and in view of wide dispersions, stand in need of a
quantitive estimate of their significance.

Even if a significant difference in notch sensitivity
existed, it might be partially caused by a difference in
thickness, since Groups B and G were Y, inch and
Group A averaged % inch thick. To test this, similar
tests were made to compare two plates rolled to these
two thicknesses from the same heat of steel. The results
arc shown in fgurc 58. They suggest that if Groups
B and C had been %; inch thick, the values would
have been about 5 foot pounds less, and the spread
between Groups A, B and C reduced.

The fractured plates are thus not notably more
notch scnsitive than other plates which might have
been used, though more precise work might establish
a moderate difference.

C. Chemical Analyses

Chemical analyses were made on the fractured
plates from the ships to determine if there was any
specific trend which might be indicated on surveying
the chemical constituents of the plates involved in
the fractures. The detailed analysis of each plate so
tested is inciuded in Table XI.

These tests were conducted by the United States
Naval Shipyard, Philadelphia, and the National
Bureau of Standards.

D. Temperature and Notch Sensitivity

Figure 57 shows that the steel in fractured plates
Joses the ability to absorb energy in the notched con-
dition as temperature gocs down. Low temperature is
said to increase the notch sensitivity of the steel.
Experience also shows that fractures in service gain
in frequency at lower temperatures. It would be
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Figure 59.

natural to cxplain this as a result of increased notch
sensitivity.

This similarity is shown in figure 59 where
the average curve for Group A from figure 57 is
superimposed on another curve drawn from the
data on service fractures. This second curve was
obtained by plotting ship months per fracture, the
sumple reciprocal of the quotient “fractures per ship
month” in figure 26. When these two curves are
brought together, it appears that the ships lose heavily
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their rusistance to fracture and the notched bars
become highly notck sensitive at a temperature which
is the same for both, roughly fror 40° to 80°F.

It has been found that many fractures emanate
from minor discontinuities which cannot be economi-
cally eliminated from ships under construction and
from pads and clips welded on for various purposcs
after the vessel is in service. Protection against trouble
resulting from such minor transgressicns can best be
provided by improved steel characteristics,
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Conclusions

1. The serious epidemic of fractures in the steel
structure of welded merchant vessels has been curbed
through the combined effect of the corrective meas-
ures taken on the structure of the ships both during
construction and after completion, improvements in
new designs and improved construction practices in
the shipyards.

2. Fractures occur more frequently at lower tem-
peratures.

3. By far the greatest frequency of fracture occurs
under a combination of heavy seas and low tem-
peratures.

4. Statistically the age of the vessel has no appreci-
able influence on the tendency to fracture.

5. The longitudinal distribution of cargo on the
Liberty ships which fractured was not abnormal and
little would be gained by establishing cargo loading
prescriptions designed to reduce the number of
casualties,

6. The longitudinal distribution of ballast on the
Liberty ships including those which fractured was
not abnormal but this was improved by changes in
the ballasting prescriptions without interfering with
operating conditions.

7. In the case of the tankers, pocr distribution of
cargo or ballast on the tankers can create high stresses
more readily than in Liberty ships. General loading

prescriptions for tankers appear feasible and desir-
able.

8. A tendency for certain ships to incur repeated
casualties can be measured but the trend is not great.

9. No marked correlation between the incidence
of fracture on the ships and the shipyard construc-
tion practices could be found. However, with due
allowance for difference in design, the ships con-
structed in yards utilizing sub-average shipyard con-
struction practices showed a higher than average
incidence of fracture.

10. S:eel removed from plates which had fractured
complied with Amcrican Bureau of Shipping physi-
cal ~equircments for hull steel.

11. The hatch corner modifications on the Liberty
ships have proved effective.

12. The riveted crack arrestor at the gunwale has
been effective. Riveted shell seams have also been
responsible for limiting the extent of fracture. No
crack has heen known to pass an arrestor.

13. More fractures started at notches occasioned
by design than at notches resulting from defective
workmanship. Although the relative contribution of
poor workmanship was less, there were important
cases where workmanship was the sole cause.

14. Every fracture investigated could be traced
to a starting point at a definite geometrical discon-
tinuity involving design or workmanship.
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PLATE

FIGURE |
WEATHER DECK OF SS. SEA BASS AS
VIEWED FROM ABOVE SHOWING FRAC-
TURE FROM THE AFTER PORT CORNER
OF NO.3 HATCH.

NOTE: LOCATIONS MAY BE MaRKED EITHER
BEFORE OR AFTER TAKING PHOTOGRAPHS.

STARTING POINT IN WELD

FIGURE 3

FIGURE 2
FRACTURE OF S.S.

SCHENECTADY SHOWING START-
ING POINT AT END OF FASHION

FRACTURED 51*% DECK PLATE FROM FIGURE 2 SHOWING POORLY FUSED
WELD IN UPPER FLANGE OF LONGITUDINAL HATCH SIDE GIRDER.

FioUre 60.
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Appendix

UNITED STATES COAST GUARD
Merchant Marine Inspection Instructions

Chapter 4, Part 1
Material Inspection: Hulls—Construction

4-1-1 Structural jailures
| NAvGG 2752 |

A. Report structural failures on Form NAVCG-
2752 unless the damage is so extensive that advan-
tageous use can be made of the large forms for
Liberty ships and Maritime Commission tankers.
Supplement the report with photographs and larg-
scale sketches emphasizing the point at which the
fracture started. Mark the sketches and photos clearly
with ship’s name and with reference points such as
frame numbers, strake of plate, deck or shell, port
or starboard side, etc, See figure 1. Use arrows or
lines to point out the fracture and particularly its
starting point. No letter of transmittal will be re-
quired in submission of the above form. The form
shall ve signed by the OCMI in the spac. provided,
and shall be stamped on the back with th: date of
issue and the issuing office. Any necessary remarks
should be typed on the back of the form.

| Details of Failures Required ]

(1) Details regarding the starting point of the
failure are the most important part of the report
because all contributing factors are assembled at that
point. There is a herringbone pattern on the edge of
a fractured plate. The apices of the angles of this
herringbone point toward the starting point of the
fracture. Figures 2 and 3 are typical fractures. They
show how it is possible to trace a fracture back to
its source, and how it should he marked, Where it ic
impracticable to obtain a square view as shown in
figures 2 and 3, take photographs properly angled to
show clearly the herringbone pattern on both sides

of the starting point, Each such photograph shall
include the starting point, Where accurate data
regarding “Circumstances Surrounding Failure”
required by NAVCG-2752 are not available, do not
leave the spaces blank. Give best available informa-
tion such as date damage was found or examined,
ports of departure and arrival, a statement as to load-
ing, i.e., either “Ballasted” or “Loaded” and weather,
temperature, sea condition, and other pertinent data
as it is recorded in the ship’s log for the voyage.
Where it is not obvious that certain of the informa-
tion is approximate, label it as such.
| Saaples of Steel Repaired |
(2) If steel is removed in repairing the fracture,
two pieces about two feet square taken from opposite
sides of the fracture and each including one side of
the starting point, should be obtained. If sufficient
scrap is not available for these sizes or close approxi-
mations thereto, obtain such smaller samples includ-
ing the starting point, as are available. Mark the
stee] samples with reference points. Indicate these
reference points and the sample location on sketches
marked in similar fashion to those on figure 1, and
then forward both samples and sketches to the
Metallurgy Division, National Bureau of Standards,
Washington, D, C.

l HQ Advised of Failures of Major Importance I

B. If a structural failure of major importance
sceurs on a vessel, IIC should be aavised by dispatch
immediately in order that 2 representative can
examine the fracture before critical features have
been destroyed in commencing repairs.
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TasLe XII

CLASS I CASUALTIES
Chronological Order

B
Name of vessel Type Yard Launching date 701:'23 Crsualty date Loading and drafts
2‘&
1.... Enpers M, VOORHEES..... Bulk freighter Great Lakes Engi- DelJuly 1742 4 10 Nov. 1942 Ballasted..............
not MC neering Works, approx. 12-3"/21'-8145*
River Rouge
2..  JeremiaH WapsworTH .... EC2-S-C1... Houston Shipbuild- 7 Sept. 1va2 2 11 Nov. 1942 Loaded................
ing Corp.
3 .. TuosMas MacDoNouGH.... EC2-8-C1... “rregon Shipbuilding 28 Jan. 1942 9 14 Nov. 1942 Loaded........ .... ..
C p. 27'-87/29'-0"
4 ... James McNenL WaistLer . EC2-S-C1... Oregon Shipbuilding 30 Sept. 1942 1 28 Nov. 1942 Ballasted..............
Corp. 7-17/18-0"
8.... ALreN GIFFORD.......... N3-S-Al.... Leathem D, Smith... 2 Aug. 1942 2 x Nov. 1942 Ballasted......... ....
6.... GEORGE CHAMBERLIN...... EC2-8-C1 .. Orégon Shipbuilding 14 Aug. 1942 3 1 Decc. 1942 Unknown..............
orp.
7.... Harvey W, ScotT........ EC2-8-Cl... Orcc:gon Shipbuilding 19 July 1942 4 5Dec, 1942 Loaded......... ......
orp.
8.... Joun C. AINSWORTH. ...... EC2-S-Cl... Oregon Shipbuilding 24 July 1942 5 25 Dec. 1942 Ballasted..............
Corp. 6'-6"/15'-8"
9.... HENRY BALDWIN.......... EC2-S-Cl1... California Shipbuild- 18 Oct. 1942 2 27 Dec. 1942 loaded........... ....
ing Corp.
10.... WiLriau T, SuerMan .. ... EC2-S-C1... Orcgon Shipbuilding 25 Nov. 1942 1 27 Dec. 1942 Loaded................
Corp.
11.... Danrer HESTER . ... ..., EC2-S§-C1... Houston Shipbuild- 22 Aug. 1942 4 1-12Jan.1943 Unknown..............
ing Corp.
12.... NicHoras GILMAN......... EC2-S~C1... Houston shipbuild- 25 July 1942 5 3-4 Jan. 1943 Unknown..............
ing Corp.
13.... SCHENECTADY...... ..... T2-SE~Al... Kaiser Co., Inv...... 24 Oct. 1942 2 16 Jan. 1943 Ballasted..... ........
Swan Island 6'-4"/17'~0"
14.... ABRAHAM BaLDWIN....... EC2-S-C1. . Dclta Shipbuilding 16 May 1942 8  x Feb. 1943 Ballasted......... ....
Co., Inc.
15 . CHAMPLAIN «x BELLE IsLE... L6-S-Bi.... Amcrican Shipbuild- 15 Nov. 1942 2 12 Feb. 1943 Incompletc............
ing Co., Cleveland
16.... Joun Frren.............. EC2-§-C1... Pcrmancnte Mctals 28 Aug. 1942 5 15 Feb. 1943 Loaded . .. .......
No. 2 22'-107/26'-5"
*7... Henry Wynkoor......... EC2-S-C1 ., Declta Shipbuilding 26 Nov. 1942 2 16 Feb. 1943 Loaded...... ......
CO., Inc. 24’-0'/27'—6'
18.... JaMesBowie............. EC2-S-C1. . Houston Shipbuild- 27 Oct. 1942 3 19 Fcb. 1943 Loaded....... .
ing Corp. 25'-107/27'-9"
19... THOMAS SUMTER.......... EC2-5-C1... North Carolina 31 May 1942 9 2-4 Mar.1943 Loaded...... ........
Shipbuilding Co. 21-0"/27'-3"
20 .. TuoMas Hooker ........ EC2-S-C! .. New England Ship- 13 July 1942 7 5 Mar. 1943 Ballasted .

building Corp.

14'-0" /220"

$ Speed indicated tn revolutions per minute.
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TasLe XII

CLASS I CASUALTIES
Chronological Order

—abandoned.

i Wind Ship's Temperature
g;ﬁ %‘:n,cdc‘:;g: ng;‘}gn . lﬁ}cd age/:r::r Location of fracture Ongin of fracture Remarks
Scale 'RXPOB  Fanrepheit
. Heavy.. . 36 80  25°/42°.... Shcer and stringer plates, frame Probably at gunwale. Complete fracture .. 1
mph 134 starboard and frame 130 port. of strength deck.
. Normal.... ............. Spring . Sheer strake frames 90-91, Cut in sheer strake 2
Port Qrtr. for accommodation
ladder.
Heavy..ooo ivninnnnss . Autumn.... Bulwark, sheer strake and deck to  Probably at butt weld 3
within 6" of No. 4 hatch at  of bulwark insert
forward starboard corner. plate.
... Heavy..... 9 1-2  32°/42°.... Deck at aft port end No. 3 hatch; Probably at deck butt 4
bulwark, sheer and strake below,  weld 15" fromhatch
frames 81-82; bilge strake frames corner; unknown;
74-75. unknown.
Normal.... ......ccvvues Autumn. ... Stringer and sheer strake for 2’~0” Unknown 5
opposite aft end No. 3 hatch,
port,
Heavy..... 9-10 ........ Autumn.... Stringer and adjacent strake at Unknown 6
after end of No. 3 hatch, starboard.
Normal.... ..covvvenn.. . Spring..... Stringer, sheer and strake below, Cutin sheer strake for 7
frames 90-91 starboard. accommodation
ladder.
. Heavy cross. 5 3-4  40°/40°-46°. Sheer and stringer plates frames Cutin sheer strake tor 8
90-91. accommodation
. ladder.
.. Heavy..... 10 2 70° ... Deck at forward port corner of No, Probably at hatch 9
3 hatch and sheer strake. corner.
... Heavy..... 87 ... ..... Winter. .... Sheer strake and stringer plates Unknown. . 10
about frame 128.
. Unknown... .......cun. . Winter..... Sheer and stringer plates frames Cutin sheer strake for e 1
90-91. accommodation
ladder.
Heavy..oovt viveevnnennn, 40°/....... Stringer and adjacent strake, about . 12
frame 113, starboard.
Calm...... ....oouvii . 23°-38°/... Deck, side shell and longitudinal Defective weld con- Broke in two in 13
bulkheads in way of No. 5 tank. necting starboard port-repaired.
fashion plate and
sheer strake.
Unknown... ......ovvunns 20°-50°/ Sheer and suinger plates frames Cut in sheer strake 14
31°-50° 90-91. for accommodation
ladder.
CalMaeseeee viviennnennns 11°-29°/... Sheer, stringer plates and hopper Defective butt welds Complete  fracture . 15
sides, port and starboard frame of hatch facing of strength deck.
100 (No. 9 hatch). channels.
Normal 4 e -10°/33°. .. Stringer and two inboard strakes, Probably atbutt weld . 16
bulwark, sheer and strake below, of bulwark rail.
frames 8385 port.
Calm...... ...vvvvivnnee °~17°/31°.. Upper deck from centerline, port, Unknown, .17
frames 62-64, sheer and strake
below.
. Heavy port 9-10 ........ 44°/38°. ... Stringer, sheer and strake below, Cut in sheer strake ... 18
Qrtr. frames 91-92. for accommodation
ladder.
Heavy..... 8 ..l 24°/34°. ... Sheer and stringer plates frames At frames 90-92 cut . 19
90-91, 91-92, and 102-103, i sheer strake for
accommodation
ladder.
. Heavy..... 7 9 22°/38°.... Deck and shell in way of No. 3 Probably at hatch Complete fracture ..., 20
hatch. corncr. of strength deck
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Tarte XII—Continued
CLASS I CASUALTIES

Chronological Order
Narme of vessel Type Yard Launching date %é Casualty date Loading and drafts
2(

21.. . J.L. M, Curry...... ... EC2-S-Ct... Alabama Drydack 31 Jan. 1942 13 7 Mar, 1943 Ballasted..........
and Shipbuilding 12'-0%/19’-0"
Co.

22.... Sternex C, FosTER....... EC2-S-C1... Houston Shipbuild. 12Jan. 1943 2 14 Mar. 1943 Loaded...............
ing Corp. 23'-3"/28'-6"

23.... Joaguin MiLLER.......... EC2-S-Cl1... Permanente Mectals 22 July 1942 7 15 Mar, 1543 Loaded....... .......
No. 1 25'-117/26'-1"

24. ... LEWw WALLACE........... EC2-§-C1... Pcerancntc Metals 21 July 1942 8 26 Mar. 1943 Ballasted..............

o.1

25.... Esso MANHATTAN ........ T2-SE-Al... Sun Shipbuilding and 31 July 1942 7 29 Mar, 1943 Ballasted....... . ....
Drydock Co. 17'~67/23'-0"

26.... CurisToruEr GREENUP.... EC2-S-Cl... Oregon Shipbuilding 5 Mar, 1943 1 29 Mar.- Loaded......... ......
Corp. 6 Apr. 1943

27.... WiLLtam L. SmrTH . ....... EC2-5-C1... Hqust%io Shipbuild- 6 Jan. 1943 2 5 Apr. 1943 Ballasted...........
ing Corp.

28.... THOMAS JOHNSON......... EC2-S-Cl... California Shipbuild- 24 Oct. 1942 5 14 Apr. 1943 Loaded...... ..... ..
ing Corp. 256" /276"

29.... Brockuorst LivinosTon ... EC2-S-C1... California Shiptaild- 21 Oct. 1942 6 2 May 1943 Ballasted........... ..
ing Corp. 14-07/20’-0"

30.... Anprew MoOORE..... ..... EC2-8-C1... chz SlIﬁpbuilding 7 Sept, 1942 7 5 May 1943 Ballasted....... .o

., Inc.

31 ... Wiuiam H, Crawrorp.... EC2-5-C1... Houston Shipbuild- 5 Feb. 1943 3 5 May 1943 Loaded...............
ing Corp. 26'-3"/28'-10"

32.... Freperic ReEMINGTON..... EC2-S-Cl.. Permanente Metals 6§Dec. 1942 4 5May 1943 Loaded.......... ....
No. 1 24’-117/27-0"

33.... MARKAY ..evivinnnnnnnn, Tanker...... Sun Shipbuilding and Sept. 1942 9 18 June 1943 Loaded................

not MC Drydock Co.

34.... JouN GORRIE............. EC2-S-C1... St. John’s River Ship- 27 Mar. 1943 6 13 Oct. 1943 Ballasted....... ......
building Co.

35 ... ABrAHAM Bawbwin...,... EC2-5-Ct1 . Delta Shipbuilding 16 May 1942 19 13 Oct. 1943 Ballasted.... .........
Co., Inc. 13'-6"/19'-6"

36 ... S. M. BaBCOCK ......... EC2-5-Cl... Orc(gon Shipbuilding 1 Nov. 1942 11 14 Oct. 1943 Ballasted, 16 mean......
Corp.

37.... Ricaaro J. REetss ........ L6-S-Bt.... Great Lakes Engi- 19 Sept. 1942 12 17 Qct, 1943 Loaded................
am oo AT Awlan
River Rouge ’

38.... Rosmert C, StANLeY ..... L6~-S-B1.... Great Lakes Engi- 19 June 1943 4 10 Nov. 1943 Light.................
necring Works,
River Rouge

39.... Joun P. GAINES . EC2-5-C1 . Oregon Shipbuilding 11 July 1943 4 24 Nov. 1943 Ballasted....... ......
Corp. 13'~0/19'-0"

40.... THeoDORE SEDGWICK . EC2-S-C'... Houston Shipbuild- 19 Aug. 1942 15 28 Nov. 1943 Ballasted.........
ing Corp. 13/-9*/21'-0"

¥ 8peed indicated in revolutions per minute.
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TaBLE XII—Continued

CLASS I CASUALTIES
Chronological Order

Sea condlth }Vlnd Ship's 'I‘:?;)pga‘mn
oD peonde Ater Location of f Origin of i Remark
and dchction Bcs‘;fl‘:" m’mln Fm‘ atiou of fracture ngin racture emarxs
.. Heavy .. 10 5 31°-40°/. .. Deck and shell at forward corners Probably at hatch Complete fracture .. . 21
No. 3 and No. 4 hatch starboard,  corner. of strength deck
after corners No. 3 and No, 4 —abandoned.
hatch port,
LCGalm L. L L 32°/20°. ... Deck at forward port corner No, 3 Exactly at hatch 22
hatch and sheer strake; aft star-  corners.
board corners No. 3 hatch for
two strakes.
. Heavy.... 9 ........ 30°/34°. ... Deck at forward port corner No. 3 Exactly at hatch 23
hatch, sheer and two strakes corner.
below.
. Heavy.. . 9 17°-20°/37° Stringer, sheer and strake below, Probably at cut in . 24
frames 91-92 port. sheer strake for
accommodation
ladder.
Normal.... 2 14 30°-42°/... Complete section of hull frames Defective butt weld Broke in two at sea ... 25
55-56 (No. 6 tank). of centerline strake —salvaged.
main deck.
. Normal.... ....... ... L16°%/ ... Sheer and stringer plates in way ot Butt weld of half 26
half yound moulding, round moulding.
Heavy..... ............. 33°/48°. ... Deck and sheer strake at forward Exactly at hatch 27
starboard corner of No. 3 hatch. corner.
Heavy..... ...... 6-11  Unknown... Stringer and sheer strake, frames . 28
112-113 starboard.
Heavy. . 8 165  32°-41°/ Deck cxccﬁt centerline strake, bul-  Unknown. Complete fracture ... 29
42°-44° wark, sheer and strake below, of strength deck.
frames 1i2~113.
Heavy . 8-10 ..... Spring . . ... Bilge keel and bilge strakes, frames Defective butt weld 30
4-65. of bilge keel.
Heavy 8 166  Autumn.,.. Deck and sheer strake at forward Probably at hatch Complete fracturc . . 31
Australian  starboard corner and after port  corner. of strength deck.
area corner No, 3 hatch.
Heavy..... 9 ... Autumn. ... Sheer and stringer plates frames Cut in sheer strake 32
90-91. for accommodation
ladder.
Heavy . 16  Unknown... Bilge strakes in way of No. 5 port Defective butt weld 33
tank. of shell plating.
Heavy 8 43°/...... Deck, sheerandstrake belowforward Forward starboard Complete fracture .. 34
ort and after starboard corner corner No. 3 hatch of strength deck.
0. 3 hatch; sheer and strake be- probably at butt
low, frames 134-135 starboard. weld of bulwark.
Heavy head. 7 . 36°—42°/ Sheer, stringer and adjacent strake Probably at cut in . 35
45°-47° about frame 90 port. sheer strake for
accommodation
ladder.
Heavy . 10 38°/46°. ... Deck from ventilator to gunwale, . 36
sheer and strake below, frames
113-115 starboard.
Heavy . Autumn.... Stringer and hupper side at frame  Frobabiy at corner of . 37
100, port. access opening.
Heavy .... ....... . ... Autumn, ... Stringer and hopper side hetween Probably in welding 38
No. 9 and No. 10 hatches, star- of insert plate of
board, access opening.
Normal.... 5-6 9 40°-45°/ ... Complete cross section in way of Near forward corners Broke in two atsea . . 39
head forward end No. 3 hatch. of hatch. —abandoned.
. Heavy..... 6 47 85/ ....... Deck, sheer and strake below at Exactly at hatch cor- . 40
head forward s.arboard corner No, 3 ner; probably ven-
hatch; deck from ventilator to tilation opening in
gunwaic 2nd sheer strake frames deck.
82-83 port. .
91




TasLE X1I—Continued

CLASS I CASUALTIES
Chronologizal Order

Name of vessel Type Yard Launching date g % Casualty date Loading and drafts

41.... GrORGE B, SELDEN........ EC2-S-Cl1..., Permanentc Metals 4 Nov 1942 12 29 Nov 1943 Ballasted.............
No. 2 11'-0"/20"-0"

42.... LAMBERT CADWALADER. ... EC2-S-C1... Houston Shipbuild- 16 Nov 1942 12 xDec 1943 Loaded..... . .....
ing Corp.

43.... LAURAKEENE..,......... EC2-S-Cl1... Kaiser Co., Inc. 1Feb 1943 10 11 Dec 1943 Ballasted... . . ......
Vancouver 11'-0"-20'-0"

44.... PHINEAS BANNING......... EC2-8-Cl1... California Shipbuild- 9 Feb 1943 10 11 Dec 1943 Ballasted.. ..
ing Corp. 11/-4" /217"

45.... CHIEr WASHAKIE. ........ EC2-S-Ci... Orcgon Shipbuilding 24 Dec 1942 11 11 Dec 1943 Ballasted....  ......
Corp. 11-6"/19'-6"

46.... VaiLer: CugALOV........ EC2-8-Cl... Pcrmanente Metals 4Apr 1943 7 11 Dec 1943 Ballasted..............

No. 2
47.... HAT CreER........0utes T2~SE-Al... Alabama Drydock 30 Apr 1943 7 11 Dec 1943 Loaded........
and Shipbuilding 29'-6"/32'-6"
Co.
48.... HAT CREEK........0ttee T2-SE-Al... Alabama Drydock 30 Apr 1943 7 13 Dec 1943 Light.............
and Shipbuilding
Co.
49.... JoAQuUIN MILLER,......... EC2-5-Cl1,.. Permancnte Metals 22 July 1942 16 15Dcc 1943 Loaded..... ........
No. 1 25'-3",28'-6"
50.... ASKOLD.......eveeuinnnens EC2-s-C1... Or(c:gon Shipbuilding 24 June 1943 5 15 Dec 1943 Unknown. ...... ...
orp.
51.... Jaues Gorpon Bennerr... EC2-S-C1,.. California Shipbuild- 13 Sept 1942 15 18 Dec 1943 Unknown......
ing Corp.
52.... CHARLES CROCKER........ EC2-§-Cl1... California Shipbuild- 11 May 1943 7 21 Dec 1943 Loaded....... ..
ing Corp. 23/-10%,26'-6"
53.... WarLTeR Hines PagE...... EC2-S-C1... North Carolina Ship- 27 Apr 1943 7 23 Dec 1943 Ballasted..............
building Co.
54.... ALEXANDER NEVSKY....... EC2-S-Ct1... Oregon Shipbuilding 29 Mar 1943 8 24 Dec 1943 Ballasted... .
Corp.
55.... WiLL1AM BLACK YATES..... EC2-S-C1... Southeastern Ship- 27 Sept 1943 3 28 Dec 1943 Ballasted....... ... ..
building Corp.
56.... ABIEL FOSTER............ EC2-8~-Cl1... California Shipbuild- 22 Mar 1942 21 29 Dec 1943 Ballasted.... .......
ing Corp. 11'-87/21'-0"
57.... GrorGE CHAMBERLIN...... EC2-S-Cl... Oregon Shipbuilding 14 Aug 1942 16 29 Dec 1943 Ballasted.. . ... ....
Corp. 11'-6"/21'-0"
58.... JouNn VINING.......vvttts EC2-5-C1... Delta Shipbuilding 23 Nov 1942 13 2 Jan 1944 Loaded ..... ...
Co.. Inc. 24'-0"/25'-2"
59.... SEABass...........000l, C3-8-A2.... Western Pipe & Steel 2 Aug 1942 17 5Jan 1944 Loaded...... . . ....
Co. 24'-10"/29'~8"
60.... EmiLiaN Pucachiv........ EC2-S-Cl... Orggon Shipbuilding 13 Apr 1943 8 5Jan 1944 Ballasted..... ..
rp.
61.... RoBirr NEWELL......... EC2-S-C1 .. Orcgon Shipbuilding 2 May 1943 8 6 Jan 1944 Loaded...............
Corp. 21'-47/25"-2"

1 Speed indicated 1n revolutions per muinute.
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TaBLE XII—Continued

CLASS I CASUALTIES
Chronological Order

Sea condition }‘Vind Ship's T alture
C C. l.lO orce air/water Locati fi >
and direction B§‘2‘,‘§2" opeed pﬂfmi‘ ation of fracture Origin of {racture Remarks
. Heavy..... 9-10 ........ 45°/45°. ... Stringer, sheer and strake below, .. 4
frames 102-103, port.
. Unknown................. 42°/...... Stringer and sheer strakes frames Cut in sheer strake . 42
91-92 port. foraccommodation
ladder.
. Normal.... 5 914  Autumn.... Deck, bulwark, sheer and strake Probably at hatch .. 43
below at forward starboard cor- corner.
ner No. 3 hatch.
Heavy..... 8-10 2.5-4.0 60°/64°.... Decck, bulwark and sheer strake at Exactly at hatch cor- Complcte fracture .... 44
two starboard corncis and aft  ners, of strength deck.
port corner No. 3 hatch.
Hcavy Bow. 10 145  29°/42°.... Deck and sheer strake at forward Exactly at hatch cor- Complete fracture .... 45
starboard and aft port corners ners; unknown. of strength deck.
No. 3 hatch; stringer and 2 in-
board strakes, sheer and strake
below, frames 85-86 port.
Heavy..... 1., 29°-36°/.... Complete cross scction in way of Exactly at hatch cor- Broke in two atsea .... 46
forward end No. 3 hatch. ness, —salvaged,
Heavy..... 6 8 32°/45°. ... Bilge strakes in way of No. 3 port . 47
tank for 20'-0",
Unknown........c.ovvunens Autumn. ... Sheer stringer and strake inboard Unknown; probabl .. 48
in way of No. 4 tank; B and D in butt weld of sh
strakes in bottom shell of No. 6  plates,
tank and C strake butt weld.
Calm........ ....ovvvue Autumn.... St'inger, sheer and strake below, Cut in sheer strake .. 49
t-ames 90-91 port. for accommodation
ladder.
Unknown................. Autumn. ... Deck, stringer and strake below, Probably at hatch 50
from No. 2 hatch, corner,
. Unknown.......cooovnnnn, 26°-42°/.... Stringer, sheer and strake below, . 51
frames 43-44,
. Normal.... 4 914  76°/75°.... Stuinger and sheer strakes frames 52
110~112, port.
Heavy....ovvivvinnnnnn. 33°/54°. ... Deck and sheer strake at forward Probably at hatch . 52
starboard corner No. 3 hatch. corner,
Heavy 9 5-6 Winter..... In vicinity of No, 2 hatch in deck 54
and shell,
Heavy 7-8 ........ 34°/35°.... Stringer, sheer and bulwark frames Probably at forward . 55
101-102, port. corner of freeing
port.
Heavy..... 7-8 5 42°/50°. ... Deck and shesr strake at forward Exactly at hatch cor- Complete fracture .... 56
starboard corner; deck at for- ners. of strength deck.
ward port corner No. 3 hatch,
Heavy 11-12......... 40°/...... Deck, bulwark, sheer and strake Probably at hatch Y4
below at forward starboard cor- corner.
ner No. 4 hatch.
Calm...... S 13°/38°. ... Stringer, bulwark, sheer and strake . 58
below, frames 109110 port.
Heavy..... 6 ..., 55°/52° . Deck and sheer strake port, deck Hatch corners, Complete fracture . 59
starboard, at after corners No. 3 of strength deck,
hatch,
Unknown................. Winter..... Deck, sheer strake and strake below Completc fracture .... 60
Norik at forward port corner and aft of strength deck.
Pacific starboard corner No. 4 hatch.
. Heavy,2... 7 10 Winter..... Deck from gunwale to within 2 feet Probably in butt weld .. 61
points on of No. 3 hatwch frames 75-76, of deck.
port starboard.
quarter o o
701292~47—7
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TABLE XII—Continued

CLASS I CASUALTIES
Chronolegical Order

Name of veseel Type Yard Launching date %% Casualty date Loading and drafts
b3

62.... Josep R. LAMAR......... EC2-S-C1... J. A. Jones Construc- 29 Apr 1943 8 9Jan 1944 Ballasted..............
tion, Brunswick 13/'-0"/21-0"

63.... JosepH SMITH. ........... EC2-S~Ci... Permanente Metals 22 May 1943 7 9 Jan 1944 Ballasted........ .....
No. 2 7'-0%/21'-0"

64.... THEODORE PARKER........ EC2-5-C1... California Shipbuild- 24 Feb 1943 10 9 Jan 1944 Ballasted.... . .......
ing Corp. 110" /200"

65.... WrLiam L. Marcy..... .. EC2-5-Cl1... California Shipbuild- 28 Dec 1942 12 12Jan 1944 Ballasted..............
ing Corp. 12'-57/20'-3"

66.... Rooer Grsworp......... EC2-5-Cl1... Delta Shipbuilding 1 Mar 1943 10 12 Jan 1944 Ballasted..............

Co., Inc. 12'-07 /21'—6"

67.... Josep N. NicoLLET...... EC2-5-C1... Delta Shipbuilding 24 May 1943 7 14~16 and Loaded . ..............
Co., Inc. 27 Jan 1944 252" /28'-1"

68.... Esso WASHINGTON......... T2-SE-A1.., SunShipbuildingand 10 Nov 1942 12 16 Jan 1944 Loaded............
Drydock Co.

69.... JurrersoN Dave.......... EC2-8-C1... Alabama Shipbuild- 12 July 1942 18 16 Jan 1944 Loaded...... .......
and Drydock Co. 24'-10"/25'-9"

70.... LoreNzo DE LAVALA...... EC2-S-C1... Howston Shipbuild- 29 May 1943 7 20Jan 1944 Ballasted....... ......
:ng Corp. 13'~6"/20"~6"

71.... GEORGE GALE......0.0000n EC2-S-C1... Dc(l:tg S;:ipbuilding 15 July 1942 18 21 Jan 1944 Ballasted..............

., Inc.

72.... SAuuEL DEXTER.......... EC2-5-C1... Declta Shipbuilding 29 Mar 1943 9 21 Jan 1944 Ballasted..............
Co., Inc. 9'-6*/21'-0"

73.... JANELONG.......0ovuvunnnn EC2-8-Ci... Houston Shipbuild- 14 May 1943 8 22Jan 1944 Ballasted..............
ing COl'p. 13'—6'/21'-0'

74.... Jaues Goroon BesNerT... EC2-S-C1... California Shipbuild- 13 Sept 1942 16 22 Jan 1944 Ballasted... .. ......
ing Corp. 11-17/18'~3"

75.... JuLen PoyDras.......... EC2-8-Cl1... Dclta Shipbuilding 17 May 1943 8 24Jan 1944 Loaded...............
Co., Inc. 23'-4%/26'~10"

76.... Georoe A, CusTEK....... EC2-8~Cl1... California Shipbuild- 23 Sept 1942 16 25Jan 1944 Ballasted....... ......
ing Corp, 14’~17/20'~1"

77.... RscHARD J. CLEVELAND.... Z-ET1-S-C3 California Shipbuild- 15 Sept 1943 4 28 Jan 1944 Loaded........ .....
ing Corp. 25'-0'/28'~4'

78.... DEKABRIST......... ceenen EC2-8-C1... Orégon Shipbuilding 27 Feb 1943 11 29 Jan 1944 Loaded................

orp.,
79.... AsrAnAM Bapwmt....... EC2-8-Cl1... Dcéta Shipbuilding 16 May 1942 20 29 Jan 1944 Ballasted..............
0., Inc,

80.... WiLLiax H. PrescorT..... EC2-8-Cl1... California Shipbuild- 21 July 1942 18 1 Feb 1944 Ballasted....... e
ing Corp. 12'~-10"/21'-6"

8i.... AMELIA EARHART......... EC2-S-C1... Houston Shipbuild- 18 Dec 1942 13 2Feb 1944 Ballasted.... .... ....
ing Corp. 11'~10"/21'-2"

82.... Joux L, Svrrivan........ EC2-S~Cl... Permanecnte Metals 26 May 1943 8 2Feb 1944 Ballasted..............
No. 2 13'~3*/19'~8"

83.... SAMuzRL ADAMS........... +C2-8-Cl1... California Ship- 31Jan 1942 24 3Feb 1944 BPBallasted..............
building Corp. 8'-57/15"-0"

1 Speed indicated in revolutions per wmlnute.
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TasLe XII-—Continued

CLASS I CASUALTIES
Chronological Order

T ¥

. Wind Ship’s Temperature
f:ﬁ ii‘::ed;tlxlg: B{:tl}:rt . speed ’g{;::;r Location of fracture Origin of fracture Remarks
Scale ‘B kBol Fahrenheit
. Heavy..... 8-10 7 50°/68°. ... Deck from centerline to gunwale, . 62
forward No. 4 hatch.
. Heavy cross. 6-9 7 34°/50°. ... Deck and shell necar ferward end Complete fracture .... 63
No. 4 hatch; two corners No. 3 of strength deck
hatch. —abandoned.
.Hevw..... 6 6 44°/54°. ... Deck at forward port corner and Exactly at hatch cor- . 64
one strake at after starboard cor- ner.
ner No. 3 hatch.
Heavy..... 89 5 38°/51°. ... Deck, sheer and strake below at Exactly at hatch cor- Complete fracture . 65
head. after port corner; deck at for-  ners, of strength deck.
v};r:r(}l starboard corner No. 3
tch,
. Heavy..... 8 9 38°/58°. ... Deck, bulwark, sheer and strake Exactly at hatch cor- . 66
head below at forward starboard cor- ner.
ner No. 3 hatch.
. Heavy..... 10 Mspeed 32°/....... Deck from ventilator to gunwale, . 67
sht::,’cr to second deck frames 112~
113.
. Heavy..... 5-8 13 Winter. .... Three bilge strakes at forward end Probably butt weld . 68
No. 6 tank, starboard. of shell.
Heavy..... 8-9 ...... .. 41°/42°, ... Stringer and two inboard strakes, . 69
frames 83-84, starboard.
Heavy........coooivvvies 56°/47°. ... Deck, sheer, and strake below at Probably at hatch . 70
tl'::arwcﬁrd starboard cerner No. 4 corner.,
tch.
Heavy..... 8 ... 42°/50°. ... Stringer, sheer and strake below, .
port side, near amidships.
Heavy..... 8 147  40°/48°.... Deck and sheer strake at forward Probably at hatch Complete fracture .... 72
3 points corners No, 3 hatch and forward  corner. of strength deck
on St:rl; starboard corner No. 4 hatch. —abandoned.
board bow
Heavy...oooovnens 6  37°-49°/.... Deck, sheer and strake below from .. 73
port side No. 4 hatch.
Heavy..... 7 10 Winter..... Deck to ventilator, bulwark and .74
;hccx;l strake, frames 83-84 star-
oard.
Heavy 57 ..., 47°/54°, ... Deck alt forward port corner No. 3 Exactly at hatch cor- .75
hatch. ner.
Heavy..... 8-6 8  46°/47°.... Deck at forward port corners No. 3 Probably at hatch Complete fracture .... 76
head hatch. corner, of strength deck:
Heavy..... 8 ........ 24°/34°, ... Deck from ventilator to gunwale, Probably at vent .77
2 points sheer a!;)d :itrakc below, frames opening in deck.
on star- 112 starboard.
board bow
Heavy......coiivvviiann, Winter..... Deck and shell to tween deck at Probably at hatch . 78
forward port corner No. 3 hatch, corner,
Heavy. .o ovvvrevnnnnrnnns Wicter..... Deck inboard 16/, shell 14’ about .79
5’ aft of No. 3 hatch.,
Heavy 8-10  4-5 52°/50°.... Deck and shell in tween deck at Probably at hatch Complete fracture .... 80
head forward port and after starboard corner. of strength deck.
corness No. 3 hatch.
Heavy 9 52  50°/49°,... Deck at forward starboard corner Probably at hatch ... 81
No. 3 hatch; deck from vent. to corner
gunwale frame 83 port.
Heavy..... 9-11 3 50°/54°. ... Deck and shell to tween deck at Probably at hatch . 82
forwﬁrd starboard corner No. 3 corner.
hatch.
Calm...... 2 e 32°/34° . Stringer, bulwark and sheer, frames ... 83
111~112, starboard.
95
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TABLE XII—Continued

CLASS I CASUALTIES

Chronological Order

Name of vessel Type Yard Launching date {éé Casualty date Loading and drafts
2 -
84.... Sax Houston II.......... EC2-S-Cl1... Houston Shipbuild- 30 June 1943 7 4 Fcb 1944 Loaded...............
ing Corp. 26'-7"/25'-11"
85.... VernoON L. KeLrogo...... EC2-S-C1... California Ship- 15July 1943 6 5Feb 1944 Loaded........ ......
building Corp. 24'-0",/29'-0"
86.... Cyrus H. McCoryuack. ... EC2-S~Cl1... Permanente Metals 20ct 1942 16 12Fcb 1944 Ballasted.... .... ....
No. 2 8/~4"/18"~4"
87.... Cuamp CLARK............ EC2-S-Cl... ngstcgl Shipbuild- 30 Dec 1942 13 20 Feb 1944 Ballasted..............
ing Corp.
88.... Cuarres TREADWELL..... N3-S-A1l.... Pacific-Bridge Co. 7 Nov. 1942 15 xMar 1944 Ballasted..............
89.... Georce P. GAreisON...... EC2-8-Cl1... Houston Shipbuild- 12 July 1943 7 2 Mar 1944 Loaded...............
ing Corp. 20'-0"/25'-3"
90.... McCreLLAN CrEEK....... T2-SE-Al... Alabama Drydock 4 Apr 1943 10 2 Mar 1944 Ballasted....... ......
& Shipbuilding Co. 4'-77/15'-11"
91.... Brmsua GravesOris...... EC2-5-C1... Permanente Metal 5May 1943 9 3 Mar 1944 Ballasted..............
No. 2
92.... Janz A, DeLANO.......... EC2-S-C1.,. Permanente Metals 9 Mar 1943 11 4 Mar 1944 Loaded...... ........
No. 2 20'-5"/27'-5"
93.... JoxL R, PomnseTT. .. ...... EC2-S-C1... Houston Shipbuild- 19 Feb 1943 12 4 Mar 1944 Ballasted..... ........
ing Corp. 13’-0"/21'-5"
94.... JaMES IREDELL........... EC2-5-C1... North Carolina 29 Nov 1942 15 4 Mar 1944 loaded................
Shipbuilding Co.
95.... Wiuiau M. Mereprra. ... EC2-8-C1... Oregon Shipbuilding 5 Feb 1943 13 5 Mar 1944 Loaded 19'-4%/24'-6". ...
Corp.
96.... CHARLES CROCKER........ EC2-$-C1... California Ship- 11 May 1943 10 15 Mar 1944 Loaded................
building Corp. 28'-7"/28'~7"
97... WHITEOAK........cuunt. T2-SE-Al... Kaiser Co., Inc, 25 Sept 1943 5 13-20Mar Unknown..............
Swan Island 1944
98.... SUCHAN............ «.... EC2-8-C1... California Ship- 2 May 1943 12 16 May 1944 Unknown..............
building Corp.
99.... Jonn P, ALTGELD......... Z-ETI-S-C3 California Ship- 18 0ct 1943 11 9 QOct 1944 Loaded........ ......
building Corp. 26'~0"/28'-0"
100.... FErRDINANDO GORGES. ..... EC2-5-C1... New England Ship- 12 Aug 1943 16 16 Dec 1944 Loaded...............
building Corp. 27'-1" /30'-5"
101.... LEBANON................ C1-M-AV1.. Walter Butler Ship- 14 Oct 1944 2 9 Jan 1945 Light 1’-11"/14'-0". ...
builders, Inc.
102.... JoHK SERGEANT.......... EC2-8-Ct... Bethlehem-Fairfield 21 Aug :942 29 25Jan-11 Feb Loaded........... ...
Shipyard, Inc. 1945 194" /25’~0*
103.... WARRIOR...........cune. C2-S8-E1.... Gulif Shipbuilding 14 Mar 1943 22 27 Jan 1945 Loaded...............
Corp, 26'-8* /27'-8"
104. ... WALTER FORWARD........ EC2-5-C1... Orégon Shipbuilding 22 Jan 1943 24 29Jan 1945 Loaded...............
orp.
T8peed indicated In revolutions per minute. - .
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TABLE XII—Continued
CLASS I CASUALTIES

Chronological Order

. Wind Ship's Temperature
§:§ fﬁ?gf&:: B::::?;n speed alr/ ;vr::r Locauon of tracture Origin of fracture Remarks
Scale 10 knou Fahrenheit
. Heavy Port. 6 163  38°/42°.... Deck and shell to twe.n deck at Exactly at hatch cor- . 84
Beam forward starboard end No. 3 ner; unknown.
hatch and at gangway.
. Heavy..... 7-8 8,5 52°/63°.... Deck inboard from gunwale for ... 85
8'-0" and sheer strake for 3’~0".
. HeavyZPts, 8 5.5 50°/54°.... Stringer and sheer, strake frames Cut in sheer strake . 86
on star- 90-91 staiboard. for accommodation
board bow ladder.
Heavy..... 6 9 20°/. ..... Deck and shell to tween deck at  Exactly at hatch cor- .. 87
forward port corner No. 4 hatch. ner.
.Heavy.......oovviiiinn, Winter ..... Stringer and sheer strake starboard. .. 88
Heavy..... 11-12 4.4 36°/45°. ... Stringer and two inboard strakes . 89
and sheer frames 134 port.
. Normal.... 4 ........ 16°/35°. ... Deck from cargo hatch to gunwale, . 90
sheer and two strakes below,
frames 53-54 starboard.
Heavy............. ..o Winter. . ... Deck and shell to tween deck after  Probably at  hatch .9
portand deck for 16'~0” at forward corner.
starboard corner No. 3 hatch.
. Heavy For- 6-8 6 20°/40°. ... Deck from center linc to gunwale, . 92
ward port sheer and strake below. Frames
beam 83-84 starboard.
. Heavy3pts. 8-12 5 20°/40°. ... Complete cross section between .................... Broke in two-stern .... 93
on star- No. 3 hatch and deckhouse. part salvaged.
board bow
. Heavy.......ooiiiil Winter..... Deck at after port corner No. 2 Exactly at hatch cor- . 94
quarter hatch for 12’; deck from center ner; unknown.
line and bulwark, frames 60-62
port,
Calm................... 34°/35°. ... Stringer, sheer and strake below, Butt weld of half . 95
frames 137-138 port. round gunwale
moulding.
Normal.... 4 7.5 50°/70°. ... Deck and sheer strake at forward Exactly at hatch cor- .. 96
starboard corner No. 3 hatch. ner,
Unknown........... eiees Spring..... Bilge and bottom shell for about 14’ Defective welding in .97
frame 61 starboard, adjacent shell
butts,
. Unknown................. Spring..... Sheer and stringer plates framne 111 . 98
starboard.
. Heavy..... 9 ........ 45°/50°. ... Sheer, stringer and strake inboard, End of slotted freeing . 99
frames 113-114 starboard. port in bulwark.
. Normal 3 7 39°-47°/... Deck, sheer, and strake below, Defective butt weld . 100
beam 48°-52° frames 81-82 port. of stringer plates,
sCalm. ... -16°/32°. ... Deck from coaining No. 3 hatch to  Probably in hatch Crack stopped at ....101
rivet in gunwale, frames 81-82 coaming. riveted gunwale
starboard. angle.
Heavy..... 67 ..., 22°-32°/42° Frame 9697 accommodation lad- .................... Crack on port side ....16%
der upper deck continued down stopped at riveted
through sheer strake. scam and deck
house.
Normal 4 14 32°/47°, ... Deck and cide shell in middale of Buttweldsofbulwark Completc fracturc ....103
port qtr. No. 3 hatch P, & S.; deck and  rail; vicinity of  of strength deck.
coaming port side No. 3 hatch. stringer; deck
deck forward of housc for 7'-0* doubler.,
starboard.
Normal............co0v0n 51°-60°/ Upper deck stringer plate frames ..........c...v..... Crack ran inboard ....104
66°-69° 104-105. for 20" and down
shceer strake, stop-
ping at crack
- arrestor,
97
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TaBLE XII—Continued

CLASS I CASUALTIES
Chronological Order

Nuame of vessel Type Yard Launching date % :g Casualty date Leading and drafu
2
105.... McCreLLaN CreEk....... T2-SE~A1.. Alabama Drydock 4 Apr 1943 21 30Jan 1945 Loaded................
and Shipbuilding 29’-10"/31’-0"
Co.
106.... Esso PATERSON........... T2-SE-A1... Sun Shipbuildingand 11 Nov 1942 26 x Jan 1945 Locded...............
Drydock Co. 28'-10"/30'-4"
107.... J.D. YEAGER............ EC2-S-Ci... Houston Shipbuild- 6 Oct 1944 4 19 Feb 1945 Ballasted..............
ing Corp. 11'-37/21'~0"
108.... Esso LrrTe Rock........ Tanker...... Sun Shipbuilding and  Del. Jan 41 50 8 Mar 1945 Loaded...............
Not. M. C Drydock Co. approx. 29'-3"/30'-5"
109.... LezvrAND STANFORD........ EC2-8-Cl... Ca_lifor(r:ﬁa Shipbuild- 4 Aug 1942 18 x Mar 1945 Unknown.............
ing Corp.
110.... ATLANTIC STATES......... Tanker...... Sun Shipbuilding and  Del. Mar 43 24 17 Mar 1945 Loaded...............
Not M.C. Drydock Co. aporox, 29'-7"/30'-1"
111.... Hmary A, Herperr. ..... EC2-S-Cl... North Carolina Ship- 27 Jure 1943 21 x Mar 1945 Unknown........ Ceeaen
building Co.
112 ... Esso PITTSBURGH.......... Tanker...... Sun Shipbuilding and  Del, Feb 1943 27 11 May 1945 Loaded...........
Not M.C, Drydock Co. approx; 30~117/31"-6"
13.... Samuer Cuase........... EC2-S-Cl... Bethlehem - Fairficld 22 Feb 1942 40 4 June 1945 Unknown.............
Shipyard, Inc.
114.... CAPRISABEL............. C-1B....... Consolidated Steel 28 May 1943 25 27 June 1945 Loaded ..............
Corp. Ltd. 26'-3"/27'-0"
115.... Henry C. WaLrace. ..... 2-ET1-5~C3 California Shipbuild- 15 Ang 1943 25 18 Sept 1945 Loaded. .............
ing Corp. 28'~9"/28'-10"
116.... WiLLiax W. Mavo. ...... EC2-S-Cl... Permancnte Metals 10 June 1943 28 24 Oct 1945 Loaded...............
No. 2 24'-7% 27-11*
117.... Jean RmsatT.....o.el.e EC2-8-Ct... J. A. Jones Construc- 5 May 1944 18 8 Nov 1945 Loaded...............
tion, Panama 26'-107/27'-5"
118.... MeAcHAM. . ............. T2-SE-A1... Kaiser Co., Inc.,, 30Dcc 1943 23 12Nov 1945 Loaded...............
Swan Island 29/-27/32'-5"
119.... Camp NaMANU............ T2-SE-At1.. Kaiser Co., Inc., 25 Apr 1944 19 18 Nov 1945 Light......... ..
Swan Island 1'-07/19"-10"
120.... Josep HHOOKER.......... EC2-8-C1... Permanents Metals 20 June 1942 41 12 Dec 1948 Ballast . ...,
No. 1 12'-6"/20'~0"
121. .. joun C. SpuNCER......... EC2-$8~Cl... Houston Shipbuild- 5§ Mar 1943 2f 21 Dec 1945 Ballasted..............

ing Corp.

1 Speed indicated in revolutions per minute.
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Tasre XII—Continued

CLASS I CASUALTIES
Chronological Order

. Wind Ship's Temperature
iﬁa cdol:’g::;g: ng::}:n . speed ’g{:r:‘:: Location of fracture Origin of fracture Remarky
Scale i@ knots Fahrenheit
. Heavy..... 8 179 32°/38°.... Shell plate at bulkncad 53-47 port ..105
side wvertical crack from G12
to B13,
. Unknown............... .. 37°/38°.... No. 4 tank starboard vertical 28° above scam con- ..106
from “F" strake to “B” strake. necting “E” and
“F* strakes.
Heavy..... 9-10 .......0 40°........ Upper deck cracked from statbuard  Possibly deck house Crack stopped at ....107
P
gunwale to ventilator opening at corner at upper vent. and riveted
frame 113 deck. gunwale angle.
. Normal.... 5 14,5  30°/47°.... Sbell plate at No. 3 starboard wing  Bilge keel weld, ..108
tank, Crack 21’ vertical {rom
scam at top ES to within 18” bot-
tom of C4.
... Unknown............. cees 49°~.‘;8°/ . Stringer plate between frames 113~ ....109
62°-64 114 starboard.
. Normal.... 3 14 40°/37°.... Shell plate, portside in way cfNo. 7 ..110
tank. Across bottom straker A
and B.
«.. Unknown............... .. Unxnown... Shell butt in starboard ‘D’ strake S 3}
in No. 4 hold extending 6" in
““E” strake,
Heavy . ... 5-6 8 43°/42°.... No. 4 and No. 5 cargo tanks, frames Defective butt weld Bottom completely ....112
28-32, Shell cracked from 2’ be- in port biige strake. fractured.
low upper deck to 4’ beiow upper 2nd crack appears
deck around bottom. to start at fatigue
crackinshellatend
of longitudinal,
vo.. Unknown........oovvvvnne e, Shell plate cracked at butt weld v 113
frame 96d l}ctwecn D-9 aud D-10
starboard for 14°,
. Normal.... 5§ 13 57°/53°.... Cut for accommodation ladder Probably at corner cer 114
N.W. starboard crack went down and of cut in sheer
stopped at riveted scam. plate.
... Heavy...... 9 158  50°/52°.... Deck plate at frame 113 starboard After starboard cor- ..115
proceed down shell plate 1¥ into ner of deck house
glatc H-11, deck »plate E-11 at frarcx;c kii3 on
eck. upper deck.
. Heavy..... 7-10 9.6  58%/61°.... Sheer strake plate between frames Top of sheer strake ..116
Aft 89-90 port side fractured down plate,
to seam, s'tringcr plate fractured
inboard 17,
. Heavy..... 7-8 9 37°/42°.... Upper deck frame 83 starboard Probably at dbl. at Stoppedoutboardat ....117
stringer plate E8 to B7. oint where deck crack arrcstor.
;:usc meets deck
plate.
. Heavy..... 4-5 13,3 50°/53.... Framc 56-57 port zhell plate sirake Plates E-13 and E-14 ....118
Swell “A" to “H” rupturing 20 long’ls occurred near end
also frame 60. oflong’lsweld.S.H.
Calm....... 1 0 55°/60°. ... 30" forward frame 54, No. 7 wing. At sheer atrake, ees 119
deck plate from sheer strake in-
board for 16,
leavy.........e. S 45°/62°. ... Shell plaic beiween frawey 74 und  Jauity weid at buii .120
75 from “D" strake tu 24" in-  {in bilge keel. Ser-
board B-C scam rated holes ﬁgﬁ
tangent to shell,
Heavy 6-7 4.08 54°/63°. ... Framc 112 starboard sheer strake, ... 121
to forward corner No. 4 hatch.
Also aft deck cracked for 3’ out~
board from winch.
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TasLe XII—Continued
CLASS I CASUALTIES

Chronological Order
Name of vemwel Type Yard Launching date aé;aé Casualty date Loading and drafts
=
122.... WnLiam A, Henry....... EC2-S-Ci... Oré%on Shipbuilding 14 Dec 1943 25 3-4 Jan 1946 Vessel Loading.. ..
rp.
123.... Quaxer Ho,........... T2-SE~A1... Alabama Drydock 7 Oct 1944 15 8 Jan 1946 Loaded (at dock)...
xér:,d Shipbuilding 25'-0"/27'-0"
124.... CaNvON CREEX........... T2-SE-AS .. Alabama Drydock 28 Feb 1943 35 14 Jan 1946 Loaded......
and Shipbuilding 22'-4"/25'-6"
Co.
125.... Hexry Batowin ......... EC2-8-Cl... California Shipbuild- 18 Oct 1942 39 15 Jan 1946 Ballasted..... ..
ing Corp. 13'-8"/19’-6"
126.... Rorerr Lowery......... EC2-S-C1... Delta Shipbuilding 10 May 1943 32 19Jan 1946 Loaded...............
Co., Inc. 22/-7% /24'-6"
127.... Freoerick C. Hicxs. ... .. EC2-S-Ct. . California Shipbuild- 4 Mar 1944 22 21 Jan 1946 Unknown............ .
ing Corp.
128.... AMIENS.......covvuvnnnns T2-SE~A1l... Sun Shipbuildingand 17 Mar 1945 10 22 Jan 1946 Loaded ......... ....
Drydock Co. 28~87/30'-8"
129.... Donpass III............. T2-SE-Al... Kaiser Co., Inc., 8 Aug 1944 18 17 Feb 1946 Loaded ...........
(Lend leased to Russia.) Swan Island
330.... CurisToPHER GALE. ...... EC2-S-C1... North Carolina Ship- 21 Mar 1943 35 25 Feb 1946 Ballastcargo....... ...
building Co.
131... SacreTr’s HARBOR........ T2-SE-Al... Kgiscr Co.,d Inc., 5July 1943 33 1 Mar 1946 Ballast ...........
wan Islan
132 .. Mixnaw Kuruzov........ EC2-3-Ct... Oregon Shipbuilding 21 Mar 1943 36 17 Mar 1946 Unknown......... ...
(Lend leased to Russia.) Corp.

3 Speed indicated in revolutions per minute.,
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TasLe XII—Continued

CLASS I CASUALTIES
Chronological Order

Se dii ‘;_Vind Ship's Te‘!ln})enlurc
a condition orce r/water 1 : f 2ol fi R k
and direction Bcs:;]‘z" in.ie::n FB;‘::;::“ ocation of fracture Origin of fracture emarks
Calm........... 0 50°/42°. ... Framc 60-61 starboard shell plates Faulty weld 1n butt ..122
cracked vertically 11/ from E6 to between D6-D7.
C11, Seam at frame 62 slugged.
sCalm.. e 25°/45°. ... Shell plate at No. 7 starboard wing At butt weld in bilge ..123
and center tanks from plate keel.
F12-B-13.

Calm...... 34 .. 8°/36°..... Shell plate No. 5 starboard wing Probably at bilge keel .. 124
tank, 18" inboard of secam D- butt.
starboard to 1/2 of F-9.

Heavy 10 3 30°/42°. ... Frame 138-139 forward starboard Probably in “D” ..125
corner No. 5 hatch to rivet hole strake on deck in
of frame 135 at J-13, way of padeyes.

Calm.........cciiieninnne 30°/43°. ... Upper deck cracked. Starboard .. 126
side of No. 5 hatch to gunwale
frame 141-2.

Heavy .. ........... «++. Unknown... Frame 83~84 upper deck cracked ..127
from ventilator to gunwale, and
into shcer strake and straxc
below.

. Calm...... 3-4 133 36°/36°.... Frame 59, No. 5 and No. 6 tank ..128
shell plate C-10, E~13, bw&head
at frame 59 cracked ¢”.

Heavy........coviiniinns 37°/41°-43° No. 5 tank at frame 6° > "7~ sel Crack indicates it Vessel brokein two. ....129
had additional stre . ..« gcrobably originated 15 lives lost on
installed. low water line, bow scction.

grcsumably at
ulkhead.

Heavy. . ... 6-7 3.8 48°/68°.... Frame 90 crack in upper deck ex- Sheer strake plate ...130
tended into deck house and 61 where bul. is re-
down sheer stake to stop at rivet. cessed for accom-

modazion ladder.

Heavy..... ... .ciiiiiiiiiiiiiiinna, Vessel cracked at No. 5 tank, aft Unknown.......... Vessel broke in two, ....131
of deck house.

Unknown...........couenn Unknown... Unknowr. ..132
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Abbreviated mame used in index

Alahama............civiveenn.
American-Cleveland. ............
American-Lorain...............
Barnes-Duluth..................
Bethlehem-Fairfield. . ...........
Bethlchem-Fore River...........
Bethlehem-San Francisco........
Bethlchem-Sparrows. . ... ...
Calship.....oovvviiiniiiine,
Chicago.......ovvvinnniinnnnn,
Consolidated-Long Beach........
Consolidated-Wilmington . .......
Delta. ... iiiiiiiiiiiiiennes

Ingalls. .......ooovviiiiinvnns.
Jones-Brunswick................
Jones-Panama..................
Kaiser-Swan........ceveeevesen
Kaiser-Vancouver.......covune..
Leathem U. Smith..............
Marinship. ... .covivviiiiiine,
Moore........oovt i teeen
New kugiand . .....oooviinnnn.
Newport News. . .ovvvvnvnnnnnn,
North Carolina.................
Odenbach........oveveiian..,
Oregon..ooovveriiniiniins ous
Pacific Bridge . . .. ..............
Pennsylvania...................
Permanente. . .........coeuvenn.
Pusey and Jones............ovues
Rheem...ooviviiniiieineenns
St.Johne. ...t
Seattle-Tacoma.... ............
South Portland.................
Southeastern. .. ..ooovvieinenn,

Todd-Houston.........oovuvnnnn
U. 8. Shipbuilding..............
Walsh-Kaiser...........ocovvnnn
Walter Butler .. .. ........
Welding Shipyard .. ............
Western Pipe.... .. ...

Abbreviations used in Tables XIII and X1V

Full name and location

..... Alabama Dry Dock and Shipbuilding Co., Mobile, Ala.

..... American Shipbuilding Co., Cleveland, Ohio

..... American Shipbuilding Co., Lorain, Ohio

..... Barnes-Duluth Shipbuilding Co., (Later Walter Butler), Duluth, Minn.
..... Bethiehem-Fairfield Shipyard, Inc., Fairfield, Baltimore, Md.

..... Bethlchem Steel Co., Shipbuilding Division, Fore River Yuid, Quincy, Mass.
..... Bethlehem Steel Co., Shipbuilding Division, San Francisco, Calif.
..... Bethlehem-Sparrows Point Shipyard, Inc., Sparrows Point, Md.
..... California Shipbuilding Corp., Wilmington, Calif.

..... Chicago Shipbuilding Co., Chicago, Ill.

..... Consolidated Steel Corp., Ltd., Long Beach, Calif.

..... Consolidated Steel Corp., Ltd., Wilmington, Calif.

..... Dclta Shipbuilding Co., Inc., New Orleans, La.

..... Detroit Shipbuilding Co., Wyandotte, Mich.

..... Federal Shipbuilding & Dry Dock Co., Kearny, N. J.

..... Globe Shipbuilding Co., Superior, Wis.

..... Great Lakes Enginecring Works, Ashtabula, Ohio

..... Great Lakes Engincering Works, River Rouge, Mich.

..... Gulf Shipbuilding Corp., Chickasaw, Ala.

..... Houston Shipbuilding Corp., (Later Todd-Houston), Houston, Tex.
..... Ingalls Shipbuilding Corp., Pascagoula, Miss.

..... J. A. Jones Construction Co., Inc., Brunswick Yard, Brunswick, Ga.
..... J. A. Jones Construction Co., Inc., Wainright Yard, Panama City, Fla.
..... Kaiser Co., Inc., Swan Island, Portland, Ore.

..... Kaiser Co., Inc., Vancouver, Wash.

..... Leathem D. Smith Ship' 1ilding Co., Sturgeon Bay, Wis.

..... Marinship Corp., Sausa to, Calif.

..... Moore Dry Dock Co., G 2kland, Calif.

..... New England Shipbuilding Corp., South Portland, Me.

..... Newport News Shipbuilding & Dry Dock Co., Newport News, Va.
..... North Carolina Shipbuilding Co., Sunset Park, Wilmington, N. C.
..... Odenbach Shipbuilding Corp., Rochester, N. Y.

..... Oregon Shipbuilding Corp., St. John Station, Port!and, Ore.

..... Pacific Bridge Co., Alameda, Calif.

Pennsylvania Shipyards, Inc., Bcaumont, Tex.

..... I'ermancente Mctals Corp., Richmond, Calif.

..... Puscy and Jones Corp., Wilmington, Del.

..... Rheem Manufacturing Co., (Later Walsh-Kaiser), Providence, R. I.
..... §t. Jobns River Shipbuilding Co., Jacksonville, Fla.

..... Scattle-Tacoma Shipbuilding Corp., Tacoma, Wash.

..... South Portland Shipbuilding Corp., (Later New England), South Portland, Me.
..... Southeastern Shipbuilding Corp., Savannah, Ga.

..... Sun Shipbuilding and Dry Dock Co., Chester, Pa.

..... Todd-Houston Shipbuilding Co., Houston, Tex.

..... U. S. Shipbuilding Corp., Yoniers, N. Y.

..... Walsh-Kaiser Co., Inc., Providence, R. 1.

.. .. Walter Butler Shipbuilders, Inc., Riverside Yard. Duluth, Minn.
..... Welding Shipyards Inc., Norfolk, Va.

..... Western Pipe & Steel Co., San Francisco, Calif.

Sea conditions:
C Calm
N Normal
H High
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TasLe XIII

Casualties Reported from T August 1945 to 1 April 1946

o Temperature

Sea Degrees
Vessel Casualty, Survey, Builder a4 hull no. condition Fnhrcrllﬁx_t
Air Water
ABIEEL FOSTER (3) ... vvevii it 11-27-45 | Calship, 15. . ... ..o iiiiiiien, ? ? ?
AFRICAN DAwWN ... ... ... e 8-23-45 | Federal, 237...........ciiiiiieannns H 56 61
AMIENS ..ot inr i iear e annnn 1-22-46 | Sun, 464 .. ... ... it C 36 36
Ancus McDonNALD (2)............... 8-45 | Todd-Houston, 49................... ? : ?
ANTIOCH VICTORY . . . ...t eennt.e 12-22-45 | Bethlehem-Fairfield, 2469............. H ? ?
ArtHUR R1cas (3).................. 12-10-45 | Oregon, 634. . ........coviiviinnen, N 54 49
BENJAMIN GOODHUE . ............ .. 11-20-45 | Calship, 16..............civieit.n. ? ? ?
BowbpOIN VICTORY . ................ 12~11-45 | Permancnte, 588................. ... ? ? ?
BrowN VICTORY  ............00unen 2-21-46 | Oregon, 1225. . ... ..ovviiiinnnnnn. C 20, ?
Caup Namanu (2) . ........... 11-18-45 | Kaiser-Swan, 64..................... ? 55 60
CANYON CREER (2).........0vvnunn 1-14-46 | Alabama, 249.......... o iiiinannn C 8 36
Care CoNSTANTINE (1) . . ..vovovnnn 8-45 | Pennsylvania, 271..........c00vvennn.. 13 ? ?
CAPE CONSTANTINE (2) . . vvvvevnnnn.. 12-2-45 | Pennsylvania, 271........cvvnennennn. ? ? ?
CAPE ELIZABETH. ....o0ovvenevnnnnen 9-45 | Consolidated-Wilmington, 245......... ? ? ?
CHARLES CROCKER (3)............... 1-45 1 Calship, 186...........ccoviviiinntn ? ? ?
CHARLESYOWN (2) .. .ooovveenvnn.n, 8-45 1 Sun, 37 .. ... ? ? ?
CHRSTOPHER GALE. ................ 2-26-46 | North Carolina, 78................... H 48 68
CoLmNA (2) .o vvee i iiiieiinen e 1145 1 Sun, 251 . ..o i ? ? ?
CostA RIcA VICTORY. .. .o evevnen .- 12-26-4% | Permanente,529...... ...t 1 39 42
CrosBY S. NOYES.......oovievnnn..n 11-27-45 | Bethlehem-Fairfield, 2168............. ? 2 | ?
DANIEL WILLARD (2)....c0vvennnn. .. 11-45 | Bethlchem-Fairfield, 2075............. ? ? ?
Donmass ITT.. ............... .... 2-17-46 | Kaiser-Swan, 84........... .. ....... H 37 | 41-43
EpGar E, CLARK (2)......ccvvnnnn. 8-45 | Jones-Panama, 23.................... ? ? ?
EuasRemsero (3)....cvvveeeennn.. g-45 | New England, 3110.................. ? ? ?
ELmnu THOMSON . .. ....vvvevennnn. .. 12-45 | Permanente, 427...... ... ... . ..., ? ? ?
FORTGEORGE. ..o vvvivneennnnnn. 12-21-45 | Kaiser-Swan, 19..................... ? ? ?
Francis DRAXE (2)......c000nnnen.. 11-45 | Calship, 54. ... ... iiiii ... ? ? ?
FRANGISVIOO. ..ooiiiveiiee e 8-45 | Bethlehem-Fairfield, 2237............. ? ? ?
FRANKLIN K, LANE (2) .. .o0vennn ... 1-46 | Calship, 196. ........... . ..oieit.. ? ? ?
Freperick €, HICks. ., ...ov0vul ... 1-21-46 | Calship,302........cccviiiiinnninnn. H ? ?
GEORGEGIPP . . ...c.cvivnrnvnnnnn. 12-16-45 | Permanente, 1116.................... H 47 53
GeorGEROSS . .............. ..l 1-25-46 | Permanente, 52...... ... i, H 45 45
GeoRGE W.BROWN ................. 1-25-46 | Walter Butler, 25.................... H 56 70
GRINNELL VICTORY..........c0vvvnn, 8-45 | Permanente, 729 ... .. .. L. ? ? ?
Har J.Kereey (3) ..o oviveen.l, 1-1-46 | Oregon, 637.......... ..ot ciiunn H 56 60
Hannis TavLor (2)................ 12-24-45 | North Carolina, 162.................. H 60 61
HARRY PERCY.......oovvviiinnn . 2-20-46 | Todd-Houston, 105.................. ? ? ?
Henry Batowin (3) .. .............. 1-15-46 | Calship, 82. . ..... .o, H 30 42
Henry C. WALLACE . . . oot 9-18-45 | Caiship, T-2..... ... .c.ccviernnn.. H 50 52
Henry Fatuing (2) .. o.ooooiooi e 1-8-46 | Oregon, 662. ................co.... N 41 39
Henry V. LonereLLow (2).......... 1-18-46 | Oregon, 188... ................. C 32 34
Horace H. Harvey (1)............. 1-16~46 | Delta, 85. .... ... ... ..., C 37 46
Horace H. Harvey (2)............. 1-2-46 1 Delta, 85 ... i N 69 72
Jacos Thompson {(4)........ ; 1-3-44 ¢t Delea, 68 . L i 2 ? ?
Jares B. Ricuarosom (3) ... ........ 12-16-45 | North Carolina, 35................uu. H 5C 60
Jean BapTiste LE MoyNe............ 11-45 | Delta, 81. ...t ? ? ?
JeaNRmBavuT. .. ...l 11-8-45 | Jones-Panama, 41.. ................. H 37 42
Joun C. Spencer (3)................ 12-21-45 | Todd-Houston, 45................... H 54 63
Joux P. Avteern (5)........ ....... 8-9-45 | Calship, T-17....................... ? ? ?
Joun Staco..........oLoolll 11-13-45 | Delta, 67 ... oot ? ? ?
Joseprr Hooker .o ouovnnin ol 12-12-45 | Permanente, 67 .............. ... ... H 48 62
Josernt M. TERRELL. ..ottt 12-21-45 | Jones-Brunswick, 131...... . .. ..... H 50 58
Josnua Senevy. ...l 11-27-45 § Delta, 15.. .....ooviiiiiiiiinin.s, C 49 53
Lerich VICTORY .. .. ............. 8-18-45 ! Calship, V=59 . ... ... ..o inn. C 84 63
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TasLe XIII—Continued

Casualties Reported from 1 August 1945 to T April 1946

M> Temperature
Date of Sea Degrees
Vessel Cuual;{, Survey, Builder and bull no. condition ‘F_a_l:_r:nhcit
or Report -

Air Water

Lewiston VicTory (1).............. 12-17-45 | Oregon, 1202. . ... cviinneenen H ? ?
LewwistoN VICTORY (2) .. ..cvvirn... 1-23~46 | Oregon, 1202. . ......oiiiiiniunnnn. ? ? ?
JIMON. et i i i e 10-28-45 | Gulf, 20, ... .......oiiviiiy iaennn, ? ? ?
Lost HILLS s o chviiniiiiiiiiinnn 12-20--45 | Marinship, 58..........ccoiiiinnen. ? ? [4
Louts KossuTH (2) ..o v vreenvnnnnn. 2-1-46 | Bethlehem-Fairfield, 2286............ H | 54-62 | 56~59%
Mananoy City VICTORY . . ..ottt 1-24-46 | Bethlichem-Fairfield, 2451..... .. .. H 52 58
MANDON VICTORY . . vivvi e, 12-6-45 | Cregon, 1025, . .....ooviviii e .. H 60 63
MMarie M. MELONEBY{2).............. 11-17-45 | Bethlehem-Fairfield, 2226........ .... H 59 57
MARINE LYNX. . oo i e 12-30-45 | Kaiser-Vancouver, 810, .............. H 52 58
MARY ASHLEY TOWNSEND......oonutn 9-12-45 ! Delta, 65...... ..o Ll ? ? ?
Mary M. DobGe.......otiitll 9-22-45 | Permanente, 2138.................... H 60 60
MEACHAM . o ciii i iiiien e enennnns 11-12-45 | Kaiser-Swan, 46.................... H 50 53
MEREDITH VICTORY. .. ...covvvnnennn 10-45 | Calship, V-83.................... .. ? ? ?
MERIDIAN VICTORY .. c.oovvivannnnt, 1-21-24-46 | Calship, V=24.................... . 1§ 46 45
MicHAEL J. STOKE. ... .. .0voevnn, 11-45 | Todd-Houston, 5......... ......... H ? ?
MIDLAND VICTORY . ..o vvvvnnennnnn 12-26~45 | Oregon, 1252... .. ..... .. ... . ? ? ?
Minuat. Kvtvzov ..o oo 3-17-46 | Oregon, 652, . ... i, 4 ? ?
MoLmno DEL Rev (3) . .vveenennnnn.. 9-21-45 | Sun, 283. ... ..., 2 ? ?
MorToN PrINCE. ..... .. ..ol 11-6-45 | Calship, T-14.................cc. .. ? ? ?
NORWAY VICTORY . . o0 ,vvvnnncnnnnn 2-6-46 | Oregon, 1005 .. ..................... H ? ?
PETERSBURO VICTORY.....oovreeenn.. 12-25-45 | Calship, V-96.................... .. N 83 82
Prymoursi VICTORY. .. ...oovveennn, 1-1246 | Oregon, 1015. . ........... .. ... .. H 52 64
Quaker Hitr...........ovnnnt, 1-8-46 | Alabama, 310....................... C 25 45
QueMaDO LAKE. . ......ovinaill 8-45 | Alabama, 257................ ..., ... ? ? ?
R.C.STONER (2)..ovvvinnnnnnnnacnn 12-14-45 | Sun, 239, ... i ? ? ?
RoBerT LOWRY (2) ..........ccu..t. 1-19—46 | Delta, 55.. ..ot C 30 43
Rurus W. PECRHAM. . ............... 12~13-45 | Bethlehem-Fairfield, 2090............. H 36 60
RusseLu R, Jones......ooiinnninl o 12-16-45 | Todd-Houston, 195.................. H 58 61
SACKETTS HARBOR . ........oo0nunnl, 3-1-46 | Kaiser-Swan, 20..................... H ? ?
St. Jouns VICTORY...........ouuuunn 1-18-46 | Permanente, 596..................... N 29 46
SANTA MARIA (2)............oc..t. 11-1—45 | Federal, 235..............covvvnnn., H 65 66
SeA PARTRIDGE (1).. .. iiinnnn.n. 10-26-45 | Western Pipe, 127.. ................ HI 44 51
SEA PARTRIDGE (2)...0vvnrrannnnn.. 11-23-45 | Western Pipe, 127.......ovvvnvnns... fTH 55 57
SEASHARK. . ...ovviiiiuiiiinannn. 2-7-46 | Western Pipe, 133................... 4 ? ?
SterHeN W. KEARNEY..........on... 2-3-46 | Permanente, 1729...........c0venn... H 56 50
STONY POINT. .ovoviiiinenenn. 8-45 | Kaiser-Swan, 6. ...oouvrerrnervaennnn. P ? ?
Tuomas J. Lyons.........ooonit 12-13-45 | St. Johms, 42....... ... ool C 2z 46
TICONDEROGA (4)......covvn v vtnn 10-18—45 | Sun, 208. . ... vt N 76 70
Waco VICTORY... ... coiiv e e einnn s 1-24~-46 | Calship, V=30...................... H ? ?
WAYCROSS VICTORY ..o ve ety 12-17-45 | Bethlehem-Fairfield, 2493, ............ N 42 56
Witiam A. Henxry 3). ... 0L 1-3-4-46 | Oregon, 817 ., ..., C 50 42
WiLLiaM BRADFORD (2)........ ..... 12-7-45 | South Portland, Z08.................. H 76 74
WiLtaM Few (2)..... ..ot 12-10-45 | Beothichem-Fairfield; 2059............. H ? ?
Weenrsu W Mave (1) ... ... 10-24-45 | Permanente, 1572, ... i 'u 58 ot
WitLiau W. Mavo (2) ... ...l 12-19-45 | Permanente, 1572,.. ... ... ........ B 31 51
WooD IsLARD ... ...l 8-45 | Glohe, 106......... .ot .t ? ? ?
105




TasLe X1V
Casualties Reported Up to T August 1945

Temperature
Date of Sea Degrees
Vessel Cuualg, Survey, Builder and hull no. condition Fahrenheit
or Report
Arwr Water
A JOCERMAR . v vniviiiiiinnn, 12-21-43/2-24-44 | Bethlchem-Fairficld, 2284............. ? | 21-62 | 30-60
ABEL STEARNS.. ... teivvunrernanns 10-9-14—43 | Calship, 99..........ccoiiiiiinnnnn, H | 36-47 53
ABELFosTER (1) ....c.oivivevnnn.. 12-29-43 | Calship, 15. . ... oo iiiiiiiin i, H 42 50
ABEL FosTER (2).....cvvvevinnenn... 3-3-44 | Calship, 15. ....... ... i i, ? | 25-37 36
ABIGAIL GIBBONS. ......ovviinnnnen. 11-20-44 | Jones-Brunswick, 164................. H ? ?
ABNER DOUBLEDAY.......ooovvvnn... 1~31-44/2-2—44 | Oregon, 598....... . ..covvnvinnnnn. H ? ?
AnrarAM Bartowin (1) . ... ... .. 1-31-43 | Delta, 4............ i e, H ? ?
ABRAHAM BALDWIN (2).............. 243 | Delta, 4. ..o i i i, ? | 26-50 | 31-50
AvraxAM Barowin (3) . ..iivnola.. 10-13-43 | Delta, 4. ..ot H | 36-42 | 45~47
ABRAHAM BALpwiN (4) . .......... .. 1-29-44 | Delta, 4 .. ..ot rennnn. H ? ?
ABRAHAM CLARK . . ....cevevnnnnnnns 144 | Calship, 18. . ......... iiiiiiians. ? ? ?
ADOLPH SUTRO. .. «.cvuvvenerencnans 2-44 | Prrmanente, 1560.................... ? ? ?
AEDANUS BURKE (1).....coovniinnnn 4-21-44/5-8-44 | Delta, 46......covvenvienininnninnn H 76 61
AEDANUS BURKE (2) ...l 5-27-44/6-15—44 | Delta, 46.....oooovvvinniiiiniinnan, N 65 59
AFRICAN SUN. . .....ciiiiiiennnnenns 2-5.844 | Federal, 238 . ...........ccvivevinnn. H ? ?
AGWIMONTE. ... oivrrinnnnnnnannes 5-1-43 | Consolidated-Long Beach, 156......... H ? ?
AGWIPRINCE....0ovivivnenriennnnnns 7-44 | Consolicated-Long Beach, 157......... H ? ?
ALBERT GALLATIN . . ....oiovnunnnnen 843 | Calship,8..............oiiiiiinn. ? ? ?
ALpERT J. BERRES.......0iiiinnnne, 3-14-17-45 | Calship, T-3..........ccviiivivinnn, H ? ?
ALCOA PrLoriM. . ......ooiiiiienene, 12~43 | Consolidated-Long Beach, 234......... H ? ?
ALcOA POINTER.........iovvnnnnnnns 3-45 | Consolidated-Long Beach, 236......... N ? ?
ALDEN GIFFORD (1) . ovvvvivvennnnnn. 11-42 | Leathem D. Smith, 269............... N T ?
ALnEN GIFFORD (2) . .. .vvvvinnnnnnnn 1-44 | Leathem D. Smith, 269............... H ? ?
ALDEN GrrrorD (3) ..o vveviiiianntn 3-27-44 | Leathem D. Smith, 269............... ? ? ?
ALEXANDER GRAHAM Berr (1)........ 1-27-44 | Oregon, 583 .. ... iiiiiiinnnnnnenn ? 40 55
AL:xXANDER GRAHAM BELL (2)........ 2-10-44 | Oregon, 582 . ... ... . cciiierennne. ? ? ?
ALEXANDER HAMILTON ... ...covvvnnn s 2-18-44 | Oregon, 180.........covviiinnnnnnns N 38 46
ALEXANDER J. DALLAS......oouuttls, 3-27-44 | Oregon, 620..........coiviiinnnnnnns ? | 48-50 56
ALEXANDER LILLINGTON............. 2-43 | North Carolina, 47................... H ? ?
ALBXANDER NEVSKY....vvuuurenneenn 12-24-43 [ Oregon, 657 .. .........cvvviueinnnn, H ? ?
ALexaNDER WHITE (1) ... ..vvvnnnt 1-12-44 | Delta, 20.. .0ttt iininnnne, C 45 49
ALEXANDER WHITE (2) . .......ccu.... 4-12-45 I Delta, 20....c..ooviniiiiii i N | 56-73 49
ALEXANDER WILSON. ... ovvvnnnenns 4-22-44 | Permanente, 2706......0c0veinnnrnnn. ? ? ?
ALEXANDR SUVOROV.... ....cvevenn. 3-44 | Oregon, 651 ... .. .coviiniininnann, ? ? ?
AM2LIA EARHART. ... ..ovoovvneennn, 2-2-44 | Todd-Houston, 23..........000evenn. el 50 49
AMERICAN BUILDER.........vvvnnns, 2-12-44 | Western Pipe, 59........ciiivintt, ¥ ? ?
AMERICAN MANUPACTURER (1)........ 9-16-43 | Western Pipe, 57 .. .....cvivvvinnnes. ? ? ?
AMERICAN MANUFACTURER (2)........ 2-23-44 | Western Pipe, 57 .. ... viiiiiiiin.. H ? ?
AMERICAN PACRER . ................. 3-10~42 | Western Pipe, 61 ... ....oouvvan., ? ? ?
AMERICAHSUN. .. .....ociivvnnatn, 4-13-44 | Sun, 196. .. ... . i i it ? ? ?
AM-MER-MAR (1).....oiiiinne.e, 11-44 | Delta, 134 .. ... i iiienen, ? ? ?
AM-MER-MAR (2). .........vovnunnn. 1-18-45 | Delta, 134... ... ... ... ciiiiinnns. N 21 43
Aumos G. Turoor (1).........cvn..s. 2-29-44 | Calship, 101.................. ..., ? ? ?
Amos G. Turoor (2)................ 3-6-44 | Calship, 101 ... . .. ...... ..... ? | 20-38 35
Ancin U Hames.oooooo i ien o, £8-45 | Delta 132 H ? ?
Anprew A. HusmpRreys (1).......... 2-45 | Delta, 77.... ... i, ? ? ?
ANprEwW A. HuMPHREYS (2).......... §-45 | Delta, 77 ... .. it viiiiian ? ? ?
ANDREW BRISCOB . . ..vvnvnrvreannnn 3-44 | Todd-Houston, 108...... ........... H ? ?
ANDREw Carnecte (1).............. 7-43 | Oregon, 566. ..........ccviviennnnn. ? ? ?
ANDREW CARNEGIE (2).............. 2-21-44 { Oregon, 566. . .......ovvvineninnn. ? | 52-76 36
ANDREW MOORE......ovviivnnnnnnn 5-5-43 | Delta, 12... ... ... (et H ? ?
ANDREW PICKENS . . ........ ........ 4-45 | Southeastern, 17...... ... .0, ... . ? ? ?
Anprew Turnpurr (1)........o. ..., 3-44 | St. Jobns, 30 ..... ... ...l H ? ?
Axprew TumrnpuLr (2) ... ... ... . 2-45 | St. Johns, 30 . . ... ..., ? ? ?
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- 7 Temperature
Date of Sea crecs

Vessel Cuuul;{, Survey, Builder and hull no. condition Fahrenheit
or Report Air Water
AnpREw TurRNBULL (3).............. 4~6~45 | St. Johns, 30............ ..ot H ? ?
Ancus McDonawo (1)............... 4-21-45/8-13-45 | Todd-Houston, 149............u.t... N | 38-70 | 42-75
ANNAH.BRANCH. ....covvvvenennns. 3-44 | Todd-Houston, 118.................. H ? ?
AnNA Howanp Suaw (1)............ 10-18-23-43 | New England, 240................... H ? ?
ANNA Howaro Suaw (2)............ 1-44 | New England, 240................... H ? ?
ANSON P. K. SAFFORD . .............. 1-24~44 | Calship, 216...........cccviniien, H 44 53
ANTHONY WavNe (1)................ 1-3-44 | Permanente, 45...........cc0vivvnnn., N 65 ?
ANTHONY WAYNE (2).....cvnennnen 245 | Permanente, 45.. ........ ... H ? ?
ANTINOUS (1) . ..ot it i iiiiiiennes 3-1-28-45 | Gulf, 26........cco it N 59 66
ANTINOUS (2) . v v v ieinnennnenannnen 5745 | Gulf, 26, . ... ..o i e ? ? ?
APPOMATTOX . - o vt v svensionnennnnnn 6~45 | Sun, 289 ... ... ... L ? ? ?
ARCHBISHOP LAMY . «....viviuinnnn, 2-18-43 | Calship, 107...........ccvvvvvvvnn, H 85 80
ARLIE CLARK. . tvviiinn v rennaen 4-45 | Southeastern, 87...........ccunttn ? ? ?
ARTHUR L. Perry (1) ............... 344 | New England, 233............... .0 ? ? ?
ArRTHUR L. PERRY (2)............... 1-4-45 ) New England, 233................... ? ? ?
ARTHUR P.DAvIS. . .........c.uene. 10-15-43 | Calship, 229. . ......coiiiivnrnennnn. ? ? ?
ArTHUR R1GGS (1) ............... ... 4-44 | Oregon, 634 . ... ........coovvinnnn. H ? ?
ArRTHUR R1GOS (2) ..ot 4-10-45 | Oregon, 634. . ......covvviivinnnnt, N 63 67
ARTHUR SEWALL (1).....oovuvnntn, 3-7-44 | New England, 3006.................. C 29 ?
ARTHUR SEWALL (2).....c0vvnnne... 4-44 | New Iingland, 3006.................. H ? ?
ABKOLD.. ..o ivvennnnneeniannnnsn, 12-15-43 [ Oregon. 714, ... ..., ? ? ?
ATCHISON VICTORY . . .. v vivinnnn 6-17-44 | Calship, V=-11.............coviiit, ? ? ?
ATLANTIC STATES. o vviveienennnnnn, 3-17-45 | Sun, 230. ... ittt N 40 37
ATLANTIC SUN . ... covviiiininnnnns 8-11-43 | Sun, 212. .. ... it ? ? ?
B.F.SHAW ....ooiiiiiiiieininennns 4-4-17—45 [ Oregon, 663 . . .......covveivvvinnnn, H ? ?
Batp BaGLe (1) .. .ooiviiiiiiinnn.. 5-28-43 | Moore, 217 ... vi it ? ? ?
BALDEacLe (2)..ooiiv i, 9-27-43 | Moore, 217 ... ..ottt C 76 82
BALD EAGLE (3) ..ovviiiiniiiinnnn. 1-7-44 | Moore, 217 .. .. coviiiiiiniiiannianns H ? ?
BarTHOLOMEW GOSNOLD............. 2-14-44 | New England, 237............ ..., ? ? ?
Berva Lockwoop (1)............... 1-29-44/2-16-44 | Orcgon, 646..........ccovunvivnnnnn. H ? ?
BeLva Lockwoop (2)............... 4-44 | Oregon, 646.. ... ......cvinvunen. H ? ?
Berva Lockwoop (3).............. 9-6-44 | Oregon, 646. . .........ccviiieivnnn. ? ? ?
BewLva Lockwoop (4)............... 1-45 | Oregon, 646, . .......ccvvviviinnnnn, ? ? ?
Bemis HElGHTS . .. ... cov it 3-28-45 | Alabama, 303..............0c0iinnt, ? ? ?
BeNjAMIN BourN. ... ... ..ol 6-9-44 | Todd-Houston, 7.............. ... ? ? 64
Bemjamin CHEW......  ........... 2-28-43/3-13-43 | Bethlchem-Fairfield, 2045............ H ? ?
Benjauin D. WitsoN .. ....cooae s 5-16-44 | Calship, 179.. ... .. ... ...t ? ? ?
Benjamin FRANKLIN (1) ............. 3-18-43/4-3-43 | Calship, 3............ccovvivinninnn. H 40 50
Benjamm FRANKLIN (2) .. ... ... ..., 4-17-43/5-5-43 | Calship, 3...........ccvviiiiin.es H 42 40
Benjamin H. Bristow .....ounl Ll 9-44 | Permanente, 515. ... ..ovvivnnann, ? ? 70
Benyaran H. GRIERSON . ...... ...... 1-6-44 | Oregon, 650.............covivnnen. H 56 52
Beajasin HOHie ..o iiens 12-44 | Jonecs-Brunswick, 130................ H ? ?
Benjamin H. LatroBe (1) ... ....... 2-43 | Alabama, 283...............cun.. H ? ?
Benjamiy H. LatroBe (2)........... 1-9-12-44 | Alabama, 283. ..................... H 56 ?
Benjasin H. Latrose (3)........... 3-0—44 | Alabasma, 283. . ... . ..., il 50 50
Benjamin HoLr. oo oL 344 | Permanente, 1108............ ..l s ? ? ?
BenjaMIN LUNDY .. ..o oivi e 10-43 | Calship, 141, . .......vvunans, H | 36-39 46
Bengasan R Miwas. ..., 6-45 | Todd-Houston, 65......... ......... ? ? ?
BENJAMIN SCHLESINGER . o vvvunnvnnn 5-45 | Bethlehem-Fairfield, 2315............ ? ? ?
Benyasy WiLntams (1).......oonaes, 2-15-43 | North Carolina, 21......... ........ N 70 ?
Bengasmin WiLLiass (2)..........ne 1-1-45 | North Carolina, 21.................. ? ! 68-69 68
BEN ROBERTSON .« . ovvvvvannennnnn. 2-14-41/4-1-44 | Southcastern, 37.......c.coervuunnes H ? ?
BENNINGTON (1) .. eiteinvennnnnes 10-43 | Sun, 269. .. .o i e ? ? ?
BENNINGTON 2) .o ov i 1-10-11-44 | Sun, 269. ... ... ...ttt H ? ?
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BENNIHOTON (3) v vvvveiennnnennnnn. 2-23-44 | Sun, 269 .. .. .. iieiiierrieaaes H 66 65
BeNNINGTON (4) o iviiiiinenenn, 4-8-44 | Sun, 269 . . . ... it ciiiieeea C 45 ?
BENNINGTON (5) ¢ vvveevienneannnnnn 7-20-44 | Sun, 269. . ... . . i i H ? ?
BERNARD CARTER . . .. ..ovvurrnenn.. 9-28-44 | Bethlehem-Fairfield, 2042............ ? ? ?
BErTTY ZANE (1) . .0 viiie it 2~26-43 | North Carolina, 51.................. ? | 6676 71
BETTY ZANE (2) .0 i iii i 5--26-44 | North Carolina, 51.................. ? 66 72
BIENVILIE. . . viiiiiiieiiiniennnnns 2-9-45 | Gulf, 9. ... i e ? ? ?
BicroOT WALLACE .. ..coo i inne, 4-44 | Todd-Houston, 22................... H ? ?
BiLLy MITCHELL ... ..oiveiniininn, 6-29-44 | Calship,200...........c.cievviinnnen ? ? ?
BinGER HERMAN. .....covvvinn o 3-44 | Oregon, 717. ... ... iiiviiniinn, H 60 58
BLUE JACKET . . ... vvvniiinnannnnnn. 7-17-19-44 | Moore, 214 ... . ittt N | 73-80 | 75-78
BOUNDBROOK . .« vt evienienarnnnnnn 6-44 | Sun, 335 . ... . i ieieee H ? ?
BRANDYWINE . . oo vvientrenneenronnas 9-1-15-44 | Sun, 323 ... .. . . . i e ? ? ?
BROADRIVER . . .....covivinvinann. 12-2-44 | Kaiser-Swan, 25............ccvue... ? ? ?
BrockuorsT Livinesron (1)......... 5-2-43 | Calship, 83 .. ... ... ... i i H | 32-41 | 4244
BrockHoLst LivingsToN (2)......... 3-11-44 | Calship, 83..... ... vvvvuna... ? | 27-47 39
BROOKFIELD . . ... ivvininanennnns 2-44 | Kaiser-Swan .... ........ccoviieins ? ? ?
BueNa Vista (1) ..o o it 223-44 | Sun, 280..... .. ... e H ? ?
BueNA VISTA (2) ... iviennena.., 3-12-44 1 Sun, 280 . .. ... .. N 32 39
BurrFALO WALLOW. ........oovventn 10-44 | Alabama, 247.......... ... .. o il ? ? ?
BULKCRUDE . ¢vvevvvenirenniennnnnns 7~22-44 | Welding Shipyard, 10................ ? ? ?
BUulkruel (1)....oooviiiininnnn... 2-10~45 | Welding Shipyard, 15................ H ? ?
BULKFUEL (2) .. ooviieeiniinnennn 5-11-45 | Welding Shipyard, 15................ H 51 56
BULKLUBE. . . c.ininnineinnnnnns 9-15~44 | Welding Shipyard, 4................ H ? ?
BULL RUN. ....covviiiniiiinnn e 11-1-7-44 | Sun, 287 . ... .. it iieneeeaas ? ? ?
BunkerR HiLt (1) ..o eeeven it 9-22-43 | Sum, 242. ..ttt ? ? ?
Bunker HiLr (2)..... .. oocoeveennn 4-4-16-44 | Sun, 242, .. ... ittt ieiieaeea, H | 55-90 | 51-79
Busker HL (3) . ..ooevvennnt 10-1-27-44 | Sun, 242. .. ..ottt ieiiiin i ? ? ?
CADILLAC. . .ot iiiieinninaneannns 3-14~43 | Great Lakes-River Rouge, 291........ C ? ?
Camp Navanu (1) .. ...t . 1-1-11-45 | Kaiser-Swan, 6. ...........covvnnnn ? ? ?
CanyoN Creek (1)....... ......... 3-45 | Alabama, 249..............cciiiaLL, ? ? ?
CareBranco (1)....coooivienenn.. 1-20-43 | Pennsylvania, 270................... o] 28 32
CAPE BLANCO (2)......oivvinnnn... 5-20~44 | Pennsylvania, 270................... ? ? ?
CAPEBORDA ......oivviiiiiininnnn, 3-45 | Pusey and Jones, 1100............... ? ? ?
CAPE CATOCHE . + ... vvvviinvnnnns 3-13-45 | Cousolidated-Wilmington, 537........ H ? ?
CAPE CHALMERS. ... .covveninaannnns 2-21-45 I Consolidated-Wilmington, 344, . ... ... N 54 52
Care CorwiN (1) .. ...ccovivnven..s, 1-1-2-45 ) Pusey and Jones, 1087 .. ............. ? ? ?
CAPE CORWIN (2) ... .o, 11-17-43 | Pusey and Jones, 1087............... ? ? ?
Care CorwiN (3) ..ottt 3-2-44 | Puscy and Jones, 1087 ............... ? ? ?
CAPz FAIRWEATHER . . ... .ooevunnn.. 8-25-44 | Seattle-Tacoma, 4................... N 80 83
Cape HenvoreN (1). . ........ott 10-43 | Pusey and Jones, 1084............... H ? ?
Care HenroreN (2) . ... .ovvvnnnn., 7-18-44 | Pusey and Jones, 1084............... ? ? ?
CAPE ISABEL.......0vvinnniinn..ns, 6-27-45 | Consolidated-Wilminston, 342........ N 57 53
CAPE LOOKOUT. . .....ovnvivnennn, 4-10-45 | Pennsylvania, 366................... N ? ?
CAPE MEARES.......covvvnennnnn., 5-13-44 | Consolidated-Wilmington, 250......,. ? ? ?
Cape Mepenrrur (1) .. ... ........ 2-5-44 | Consolidated-Wilmington, 272. ... . .. ? ? 13
CAPEMEREDITH (2) . . . ..t 5~21-44 | Consolidated-Wilmington, 279........ H ? ?
CArE POSSESSION. ...........vnunnn. 8-16-44 | ConsoriaTep-Wilmington, 754....... ? ? ?
CAPERACE .......oovve o0 cvnnnn, 4~45 | Puscy and Jones, 1098............... ? ? ?
CArE ROMAIN..........ovvviniinnn, 4~25-28-44 | Consolidated-Wilmington, 240........ H ? ?
CAPEST.GEORGE . . . . ..ovvvininnnn.. 12-1-19-44 | Pennsylvania, 257..... ............. ? ? ?
CARIBBEAN . &« o vt ieientanrnnsnan, 3~11-17-42 | Sun, 273 . . . o e ? ? ?
CarL Sexurz (1) ... .o evie et 2-3-43 | Oregon, 692 . . ......... ......... ? 1 39-45 49
CARL SCHURZ (2) . .. i i eiiennnn 9-4-43 | Oregon, 602 . ................... ? | 55-59 52
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T Temperature
Date of . Sea rees
Vessel C.uualg, Survey, Builder and hull no. condition Fahrenheit
or Report Air Water
CARLSCHURZ 3)....... .......... 10-1-19-43 | Oregon, 602...........cccvvnnennnn. ? ? ?
CARLSCHURZ (4). ......cvvvvnnnnn, 1-24~44 | Oregon, 602...........c.ccvivunnn. ? 45 47
CARLSCHURZ (5).......coovnvuunnn. 5-30-44 | Oregon, 602........ ....c.ovvnnnnnn. Cc 70 58
CARLScHURZ (6)..........ccunn... 8-3~44 1 Oregon, 602...............cvvvinnn. ? 54 56
CARL ZACHARY WEBB............... 2-10-45 | Deita, 159 ... ..ot H ? ?
CarLetoN Erris. .. ...... ..., 6-45 | Calship, T-12.............ccvv.. ... ? ? ?
CARLOS CARRILLO. . ..o ivvvnninnnnns 1-17-44 | Calship, 123........................ C 47 50
CastMir Puraskr (1) .......c.vent 8-43 | Southeastern, 15.................... ? ? ?
CasiMIR PULASKI (2) ..0vvvvvennnnn .. 3-17-44 | Southsastern, 15.................... ? ? ?
Castmir Puraskr (3)................ 4-44 | Southeastern, 15.................... H ? ?
CeciLN.BEAN ...t ii i, 6-45 | Delta, 106..............ccevvvine... ? ? ?
CHAMP CLARK. . . .0vvvntieennnnnnns 2-20-44 | Todd-Houston, 24................... H 20 ?
CuampioN’s HiLL ....... ..., 1-7-18-45 | Sun, 451 .. . ..ovivinii i ? ? ?
CHAMPLAIN . .ottt viiinineennnnnns 2-12-43 | American-Cleveland, 1009............ Cc| 11-29 ?
CHaMpoEG (1) . ... oeveiiiie, 11-3-43 | Kaiser-Swan, 33.................... C 38 45
CHAMPOEG (2) . ... civiininennnnnn 5-1-12-45 | Kaiser-Swan, 33.................... ? ? ?
CHANCELLORSVILLE . . . v tvvvnnennnnan 2-45 | Sun, 295 . .. oo, ? ? ?
CHARLES A, MCALLISTER. . .......... 6-45 | Bethlchem-Fairfield, 2135............ ? ? ?
CHARLES BRANTLEY AYCOCK......... 2-29-44 | Delta, 26........c00viiiiiniinnnnn.. ? ? ?
CHARLES BuLeinent (1) ... ..., 1-44 | Bethlehem-Fairfield, 2149............ H ? ?
CHARLES BuLrineH (2) ... ...ooontt 12~16-44 | Bethlechem-Fairfield, 2149............ ? ? ?
CHARLES CROCKER (1).............. 12-21-43 | Calship, 186...............ccovt... N 76 75
CuARLES CROCKER (2).............. 3-15-44 | Calship, 186........... ...t N 50 70
CuARLES D, POSTON . . . ...cvvnunt. .. 344 } Calship, 194. ...........c...ocoiat. H ? ?
CHARLES DAURAY . ... .....ovnnen s 7-17-45 | New England, 3013.................. C 32 63
Cuarres H. HERTY............u..t 1-31-44 | Southeastern, 31.................... H 55 45
CHArLES L. McNARY .. ............. 5-45 | Todd-Houston, 179.........ccvvvunn. H ? ?
CuarrLes M. Scuwas (1) ............ 5-10-44 | Bethlehem-Fairfield, 2114............ ? ? ?
CHARLES M. ScCHWAB (2)............ 11-44 | Bethlehem-Fairfield, 2114....... ..... H ? ?
CuARLES M. ScuwaB (3) .. .......... 3-20-45 | Bethlehem-Fairfield, 2114............ ? ? ?
CuarLEs M, Scuwas (4) ............ 7-2-45 | Bethlehem-Fairfield, 2114............ N 68 59
CHARLES ROBINSON . . . v v v vvvennnn.. 4-10-44 | Permanente, 1583 ................... Y ? ?
CHARLES ScrIBNER (1) .. ............ 1-44 | Bethlchem-Fairfield, 2266............ H ? ?
CHARLES SCRIBNER (2).............. 5-19-45 | Bethlchem-Fairfield, 2266............ H ? ?
CHARLES TREADWELL (1)............ 6~10-11-43 | Pacific Bridge, 8.................... N ? ?
CHARLES TREADWELL (2)............ 3~-44 | Pacific Bridge, 8.................... H ? ?
CuARLES WiLLsoN PEALE............ ~4-45 | Oregon, 605.......ocvvvviiunnnnn... N | 31-45 56
CHARLESTOWN (1) .. ...ovvvvinn et 1-45 L Sun, 317 . ..o e e ? ? ?
CHARLOTTE P. GiLman (1)........... 5-1-44 | Calship, T-13...............cuuv.... ? ? ?
CHARLOTTE P. GiLman (2)........... 5-29-44 | Calship, T\13...........ccoiiiennt. ? ? ?
CHERRY VALLEY . . . ......covinnnnen 8-1-24-44 | Sun, 249 . ... .. ... i ? ? ?
CHICKAMAUGA . .. ..o iiiiiinennnnn, 9-44 1 Sun, 260........ ... iiiiiieiia., ? ? ?
Cuier WasHAKIE (1) . .......ovtus 6~10-43/7-15-43 | Oregon, 613 . ..........oovivininnn. ? ? ?
CHIEP WASHAKIE (2)........cvvuenn 12-11-43 | Oregon, 613 ...............ccovuunn. H 29 42
CHIEF WASHARIE (3) . oo vvivenennnnn 7-24-44 1 Oregon, 613....... ... ...l ¥ 1 55-57 54
CHIEF WASHAKIE (4) . .......ovutnn. 5-45 | Oregon, 613...............0evvnnnn. ? ? ?
CanaMAlL (). .......oiiiaa., 6-26—43 | Sun, 201 ... ... ... . e el ? ? ?
CiaNAMAIL 2)......coiiiiiia .. 2-5-44 | Sun, 201 ... ... . .., ? ? ?
CHINAMAIL (3). . ..cove e 244 | Sun, 201 . .. ...t H ? ?
CHINAMAIL (4)..0vei it 9-1-18-44 | Sum, 201 ... ... e, H ? ?
CHRISTOPHER GADSDEN (1)........... 2-43 | North Carolina, 50.................. H | 47-60 | 66-72
CHRISTOPHER GADSDEN (2)........... 11-9-18—44 | North Carolina, 50.................. H 56 56
CuristopHer Greenve (1).......... 3-29--43 /4-—6-43 Oregon, 644 . . ..........iiiiiiiennn, N 16 ?
CHRISTOPHER GREENUP (2).......... 1-24—44 | Oregon, 644 . . ... ... ....ccievinnn.. ? ? ?
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Date of ! Ses Degrees
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or Xeport Air Water
CHRrisTOPHER GREENUP (3).......... 4-26-45 | Oregon, 644 . . .oovvvvieiiiininninnn. ? ? ?
Curistopner L. Snorxs (1).......... 4-44 | Calship, T=8. .00 virriiinnenennnnn. ? ? ?
CuristorHER L. SHOLES (2).......... 11-44 | Calship, T-8 ... 0vvnvinrreenennnnnn. ? ? ?
CHURUBUSCO (1) . v viiiiiennnnen, 6-5-44 | Sun, 254. .. ..ttt ? ? ?
CHURUBUSCO (2) v v v vveneennnnnnn, 645 1 Sun, 254 . . ...ttt ? ? ?
CIMARRON . tvtvveinttnnnennnnnnnns 12-17-42 | Sun, 172, . it iiee e ? ? ?
CLARABaARTON (1) ..ot viivninnnt, 12-11-28-43 | Calship, 61..... e resae e H | 28-34 | 36-40
CLARABARTON (2)......ovvvvnnnnnn 1-45 | Calship, 61 ......cociiiiiiiennnnnn. H ? ?
CLARA BARTON (3)......coo0vvnnnnn 3-30-44 | Calship, 61.........cvvviinniinens. ? ? 33
CLARENCE B. RANDALL.............. 4--2-43 | Great Lakes-Ashtabula, 523........... C ? ?
CLEVELAND ABBE.......oovnuvnnenn. 343 | Oregon, 565. . ..oiviiininnnn, ? ? ?
Coumn P, KeLry, JR.couvevennnaen, 1--14—45 | Alabama, 285........c0cieiernnennn. N 54 58
COLINA (1) 4+t veeeneinnnnnennnnnnn. 12544 | Sun, 251 .. \ieeiieiiiiaeaes, H ? ?
CoLLis P, HunTINGDON. ....cvven 1-5—43 | North Carolina, 38.................. C 28 ?
COLOMBIA VICTORY .« vocvveennnnnnn. 9-18~44 | Calship, V-10............c0v. o0t N | 53~75 | 53~65
CoNasTouAa (1) .o vivniinnennnnn., 3-2-43 1 Sun, 277 . ..t C ? ?
CoMAS10GA (2) o vivevn e, 943 [ Sun, 277. . ... ? ? ?
CONASTOGA (3)...vvvvrinnnervnnnnns 2-28-44 | Sun, 277 . .. ... it H 44 47
CONASTOBA (4) ..ot iieene, 3-18-44 | Sun, 277 . .. ciiii it e C 52 37
CONASTOOA (5). . cveiieiinnnnn., 4-13-44 | Sun, 277. . ..o iiieiiieieii e, H 56 57
CONASTOGA (6) ..o vvvievriiinnnnnnnn 9-1-22-44 | Sun, 277 ...ttt ? ? ?
CONASTOGA (7). v viieineinnnn, 4-5-45 | Sun, 277 . ..t iiiiieir it ? ? ?
CONASTOGA (8). . e vviiinrerinnnnes 645 | Sunm, 277. ... .. i e ? ? ?
CONTRERAS .+ + v vvniveenensnnnnnnas 4-3-44 1 Sun, 282. .. ... it iiieii e e ? ? ?
CoQuILLE (1) ... vivvinnnnnnnnnnn.., 10-1-18-44 | Kaiser-Swan, 44. . ............... ... ? ? ?
CoQUILLE (2) . .o vviiniiiinninnn.n. 3-45 | Kaiser-Swan, 44...............ccun.n. ? ? ?
CORINTH . .« ot vviiiiniennnnennnnns 12-1-18-44 j Sun, 305... ... ...civriiiiiiiiiin e ? ? ?
CORVALLIS (1) .o vie i iiiinennenn,, 2-1.9-45 | Kaiser-Swan, 35........c00vivvvnnn.. T ? ?
CORVALLIS (2). .. ovvvvenennannnns, 2~26-45/3-13-45 | Kaiser-Swan, 35........c0nvvnnn.... H | 49-98 | 54-80
CRATER LAKE. . ....oivivivnnnnnnnn. 7-9-44 | Kaiser-Swan, 51...........0vvvven.n. ? ? ?
CrowN PoinNT (1).. ..., 8-15-44 | Sun, 321 . ... .. i e ? ? ?
CrOWM POINT (2)......ocvvvinnn.., 1-1-29~45 1 Sun, 321 .. ......oiiiiiiiii e, ? ? ?
CusuMaN K. Davis.................. 1-10-44 | Oregon, 681 .. .....ccovviviinnnn.... ? ? ?
Cyrus H. McCormek (1)........... 7-19—43 [ Permanente, 76. ... cvvviininnnnnnn. ? | 72-84 85
Cyrus H. McCorMick (2)........... 2-12-44 | Permanente, 76......cvivenr vunnnnn. H 50 54
CYyRUSW.FIELD .......c.ovinnnnn,, 8-8-45 | Permanente, 1105.................... ? ? ?
DANBEARD (1)....ccvvvnninnns,. 12-11-12-43 | Permanente, 464..........co0vennn. H 56 64
DANBEARD (2)..eveinininnnnnnnnn.. 3-44 | Permanente, 464..........couviinn.,. ? ? ?
DANIEL CARROLL .. ..o vvvnennnnn.. 11-3-43 | Todd-Houston, 6. .......ccovvvernnn. H ? ?
DaANEEL DRAxE (1)... ..ovn...... 7-43 | Calship, 140.............. ... ... ? ? ?
DANIELDRAKE (2).....0coevvennnn.. 1-44 | Calship, 140........ .......c.. ..., H | 33-50 40
DANIEL HIESTER . ..o oveeie e 1-1-12-43 | Todd-Houston, 12..... ............. ? ? ?
DanNiEL H. LOWNSDALE..........0u.. 9-22-43 | Oregon, 557. . ..... .. .oeeiviiinnn., ? ? ?
Danier S, LaMont (1)..vvvvvenn.n.. 11-25-43 [ Oregon, 619.....c.oovivevinnn ne,. H | 31-44 48
DanieL 8, Lamont (@)oo 4-44 | Oregon, 619...... ... ...vnie.... ? ? ?
Danter S. Lamont (3)............... 9-5-44 | Oregon, 619......covviiinvnian...., ? ? 52
Daner Witearp (1)t 7-31-44 | Bethlehem-Fairfield, 2075.. .......... ? 84 89
Davip C, SHANKS ......ovvvvivninnn, 12-20-22-44 | Ingalls, 298... ................ ... ? ? ?
DAVID GAILLARD . . +v.vvvivenennnns 12-26-43 | Permanente, 441, ... ... ..., H 55 53
DAvID J. BREWER ........cc0vunenn. 3-30-44 | Permanente, 506.......... .......... ? | 42-47 46
Davip R.FrRANCIS. . oovvniii i 2-3-44 | Calship, 238........................ ? ? ?
Davip R.LeCraw. .. ..o ivnivn 1-10-44 | Walter Butler, 20 .............ccvn... C ! 17-20 32
DAVID STARR JORDAN .. ..o vevnnn, 1-13-44 | Permanente, 472............c0in.... ? ? ?
Davip WiLMor (1)..v.oveevvnennnn, 10-15-43 | Todd-Houston, 82................... ? ? ?
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Date of Sea Degrees
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DaviD WiLMOT (2).. 00 viiviinennss, 12-43 | Todd-Houston, 82................... ? ? ?
DEKABRIST. ....ovv i 1-29-44 | Oregon, 641.......ccvvvivinininnns, H ? ?
DELAWARE............covvunnine, 8~44 | Sun,325. . ..., e ? ? ?
DELAZON SMITH. . .................. 1-9-44 [ Oregon, 721 .. .......cooiiiiinnnnn, ? ? ?
DoLLy MADISON. . .....oovvivvnn... 12-43 | Jones-Panama, 12.................... ? ? ?
DONALD MACLEAY..... ... ..o..... 7-15-43 { Oregon, 718. . ..o vninnn,, C ? ?
DuncaN U, FLETCHER .............. 4-17-44 | Jones-Panama, 11.................... ? ? ?
DURHAM VICTORY. ..ot vvve i, 7-17-44 § Calship, V-19.......... ... vennns. C ? ?
Dwionr L. Moopy. . ............... 6~5-44 | Jones-Panama, 8..................... ? ? ?
E H.BLUM........ooiiiiiiiinns. 6-5-44 | Sun, 211 .. .. ..ot ? ? ?
EpGAR E. CLARK (1)................ 1-24-45 | Jones-Panama, 23...............c..... "I | 47-54 62
EpMuND FANNING................... 10-24-43/1-26-44 | Calship, 135..........covvvuniann.., H | 35-40 50
Epmunp G. Ross..... ............ 11-44 | Oregon, 787 .. ... ieviiiennnnnn, ? ? ?
Epwarp D. BARER.................. 7-18-44 | Oregon, 735. . ... coiiivnnnnnnn.n, ? ? ?
EpwaArD H. CROCKETT. . ............ 5-2-44 | New England, 2211.... . ........... ? ? ?
Epwarp KAVANAGH. . .............. 12-30-43 | New England, 2207.... ... ......... N 10 ?
Epwarp N. HURLEY . .......cvals 5-17-27-43 | Bethlehem-Fairfield, 2113............. ? ? ?
Epwarp N. WEsTCOTT. . . ...0tttL s 9-19-43 | Oregon, 750 .. c.ooevvvtiiinnenenn s ? ? ?
Epwarp RuTLeDGE (1).............. 6-23-43 | North Carolina, 29................... ? | 70-89 75
Epwarp RUTLEDGE (2).............. 4-11-44 | North Carclina, 29................... ? ? ?
EDWARD SPARROW. .. .....oouvenn.., 10-18-20-43 | Delta, 62.......ccceviiiiinnninnn.,. H ? ?
EpwArp W, Screpps................ 1-2-44 | Calship, 178..............oiiat., H 52 ?
EowiN BooTH...................... 9-5~44 | Oregon, 606............oouuviann.. N 90 69
EpwiN M. STANTON................. 5~31~44 | Oregon, 564............c..covununt. ? | 68-81 77
EpwiN MARKHAM. .. ................ 5-43 | Calship, 25.........coviiiiiut,. . ? | 45-50 50
EpwiNW.MoOORE .................. 2~15~44 | Todd-Houston, 80................... H ? ?
Ece HARBOR.......... ............ 4-5-43 | Kaiser-Swan, 5........... ...t C 53 50
EtpERT H. GARY .. ...l 11-17-43 | Chicago, 66.........c.ocvivvinnn.... ? ? ?
ELBRIDGE GERRY . ..........c.cuo.... 3-8-44 | Calship, 12........cvv ... C ? 56
EttasHowe (1)..oovvvvve i, 2-10-43 | Kaiser-Vancouver, 2. ................ C i 37-44 45
EvtasHowe (2)...ovvveenni... .. 3-8-43 | Kaiser-Vancouver, 2. ................ H 75 ?
EvLias RetsBerG (1) .. .....ooovnnn. ., 5-45 | New England, 3110.................. H ? ?
Evias RewsBerG (2).. ... ........ ... 7-45 | New England, 3110.................. ? ? ?
EummuRoor............. ... ..., 2-44 | Jones-Panama, 6...........ovue.n. H ? ?
EvrpHALET NOTT. .. 00ttt aa 5-8-44 | South Portland, 261.................. ? ? ?
EvisHA GRAves O1is (1) ............. 12-11-43 | Permancnte, 1110................... H ? ?
ErisHA GRAVESOTIS (2)............. 1-25-44 | Permanente, 1110................... H ? ?
Evrisa GrRaves O1is 3)............. 3-3-44 | Permanente, 1110................... H ? ?
Evriza JANE NICHOLSON . ...... ...... 12-22-44 | Delta, 83...........0 oo, H 45 53
Etk HILLs. ....ooiiiiiiiii .., 1-1-26-45 | Marinship, 57........ ...... ..., ? ? ?
ELMer A. SPERRY (1)............... 12—17-43/1—1—44 Oregon, 588 . ...... . .oiieiiiannn, H ? ?
ELMER A. SPERRY (2)............... 3-29-44 | Oregon, 588 ...... ....cciivvenrunnn ? | 34-74 39
ELMIRA VICTORY. ...........vtviuus, 7-6-44 | Oregon, 1021 . ..........ooiiiuntt, C 82 75
Erovy ALFARO (1), ..ot 3-44 | Bethichem-Fairfield, 2311............. H ? ?
Eroy ALFARO (2).......ccvvvven.... 1-45 | Bethlehem-Fairfield, 2311............. H ? ?
Esiinian PUGACHEV (1), ... .o iaL, 10-19-43 | Oregon, 665. ... viiiiiiiii i, ? ? ?
Esivian Pucacuev (2). ... ......... 1-5-44 | Oregon, 665.......vovvvneiiiinn... ? ? ?
Euxyva WILLARD.. ....... ... ...... 4-15-43 | New England, 267................... C 34 39
EnpDERS M. VOORHEES. .. ............ 11-10-42 | Great Lakes-River Rouge, 288. ...... H 25 42
Exos A . MiLLs (1).................. 2-5-44 | Oregon, 812. ...t cunnn G ? ?
Evos A MiLts (2)....... .......... 7-18=45 | Oregon, 812. . ........ .. .. ..ovutn ? ? ?
EPHRAIM W, BAUGHMAN . . ........... 3-44 1 Oregon, 706 . . ........ cciveininnnn. N ? ?
ErvaN (1) .o it 11-43 | Oregon, 720 .. ............ ? ? ?
ERIVAN (2) .. ..oiiiiniinn e 2-21-44 % Orecgon, 720............ e e ? ? ?
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Date of Sea Degrees
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Esso BAYWAY .. .o.ooh viiiiieninne, 11-43 | Federal, 144 .. .............. .ot ? ? ?
Esso BUFFALO. ..........ivvvenns., 3-44 | Sun, 214 . .. ... e H ? ?
Esso HartForRD (1) . ......coovtnt.. 1-1-4-45 | Bethlchem-Sparrows, 4367 . ........ ... ? ? ?
Esso HarTFORD (2). ............. .. 2-1-22—45 | Bethlchem-Sparrows, 4367............ ? ? ?
EssoLirtLe Rock . ................. 3-8-45 | Sun, 197 . ..ot iiii i e e N 30 47
Esso MANHATTAN (1)................ 3-29-43 1 Sun, 267..... ..ot N | 30-42 ?
Esso MANHATTAN (2)................ 9-44 | Sun, 267.. ... i H ? ?
Esso NEW ORLIANS ........ccvvvnnnn. 2-45 | Sun, 235. . ... ? ? ?
EssO NORFOLK.......eivnvvnnnninnn. 4-1-24-45 | Sun, 274. . ... .. it iiieniaaa. ? ? ?
Esso PatersoN (1).................. 1243 | Sun, 272. . oo ? ? ?
Esso PATERSON (2).......ooovvenn... 2-15—44 | Sun, 272. .. ... H ? ?
Esso PATERSON (3)......ccvvvnnn... 3-12-44 1 Sun, 272. .. i ? ? ?
Ess0 PATERSON (). ........ocvenn... 1-45 | Sun,272. .. .. ...l i, ? 37 38
Esso PHILADELPHIA . .. .............. 3-14-44 {1 Sun, 219. .. ... ... .ol ol ? ? ?
EssO PITTSBURGH....... +.v.evnunnn 5-11—45 | Sun, 220.... ... ...l o, H 43 42
EssoRarteica (1)........cvovnnns. . 2-43 | Sun, 237 ... ? ? ?
EssO RALEIGH (2)...........cett... 9-43 | Sum, 237 . ... e ? ? ?
Esso RALEIGH (3)...........cvvtn... 3-21-44 | Sun, 237 . . ... e e ? ? ?
EssO RALBIGH (4)................... 6-3-44 1 Sun, 237 . ..... ... ? ? ?
Esso RALEIGH (5)...oovinnnnnnen.... 7-3-45{ Sun, 237 ... ... .. i ? ? ?
EssoRicumonp (1).....ooovvennn.s. 10-43 | Sun, 215. ..ot e ? ? ?
Esso Ricumonp (2)................. 7-8-44 | Sun, 215. .. . .. ? ? ?
Esso RocHesTER (1)..........oouut 39943 [ Sun, 213. . ... e ? ? ?
Esso ROCHESTER (2)................. 2-26-44 | Sun, 213.... ... ... ...l e N 56 70
Esso RocHESTER (3).........cvvnnnn. 3-22-44 | Sun, 213. .. ... ? ? ?
Ess0 SCRANTON. ... ..ovvvevinennn.. 4-1-11-45 [ Sun, 414. . ... ... i, ? ? ?
Esso WasHINGTON (1) . ........ ..... 143 | Sun, 271. . ..o H ? ?
Esso WASHINGTON (2)............... 1-16=44 { Sun, 271. .. ....... ... i, H ? ?
Esso WasuingTON (3) .. ..o ovvvntn Lt 3444 | Sun, 271 . ... e H ? ?
Esso WiminGgTON (1).....00vivvn. .. 2-43 | Sun, 270........ ... .o ? ? ?
Esso WiLMINGTON (2)................ 2-14—44 (1 Sun, 270. .. ... i e e N 43 56
Esso WiLMINeTON (3)................ 4-30-44 | Sun, 270. ... H 37 32
Esso WILMINGTON (4)........cvnnn.. 10-16-19-44 | Sun, 270. . . ... .. i i H ? ?
Esso Wising7oN (5)................ 12-29-44 | Sun, 270. .. ..oi it C 24 ?
Esso WILMINGTON (6)................ 1-7-9—45 | Sunmy 270. .. cocii i H ? ?
Esso WiLMiNgTont (7). .o vvvnennnn.. 1-30-45/2-5-45 | Sun, 270.......coviiiiiiiiiiaii H ? ?
Eucene E. O'Donnerr (1)........... 2-9-44 | New England, 2209.................. C ? ?
Eucene E. O’DonNeLL (2)........... 8~44 | New England, 2209.................. ? ? ?
EUGENE SKINNER.............coun... 1-4-43 | Oregon, 556............ ... ......... C ? ?
Evans CrReex (1)........ .......... 3-1-8-45 | Alabama, 266................. ..... ? ? ?
EVANS CREEK (2)......covvvinnnnn.. 3-11-45 | Alabama, 266............. ......... ? ? ?
EXCHEQUER. ...ovvvviennnnnnnnnnn, 3-1-44 | Bethlchem-Sparrows, 4394............ ? ? ?
EzZRA CORNELL.......ovvvvuvnnnn.. 3-21-25-43 | South Portland, 264.................. C 42 38
Ezra Meerer (1)...........connn 1-22-43 | Oregon, 611......... ... ...t C ? ?
E2zra MEERER (2) .. .vvivvnnnnnnn. 3-43 | Oregon, 611........... ............ ? ? ?
F o Manon CRAWFORD .« oo veeevevnnn, 4~17—34 { Permanente, 487..................... ? ] 41-51 42
F. Scotr FITZGERALD . . . ........... 2-17-18-45 | New England, 3086.................. H | 33-38 | 52~56
F. T. FRELINGHUYSEN, ... ............ 3-30~45 § Delta, 50............ccoiviiii.... N 42 45
FARFAX (1), 4~7—44 | Sun,308........... ... .o, ? ? ?
FAIRFAX (2). .0 iiiiiiiie e, 11-1-14-44 | Sun, 308...........oovt i, ? ? ?
FArRLaND (1) ..ot 7-12-43/8-4-43 | Gulf, 3............ ..o, H ? ?
FAIRLAND (2). ... iviiev i 943 1 Gulf, 3..... .. H ? ?
FALLeN TIMBERS............c00nunn. 10-15-43 | Kaiser-Swan, 11..................... ? ? ?
Fetre DENEVE ....... ......... 2-10-44 | Calskip, 64 ............. ... ........ ? | 33-39 41
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FELIX REISTNBERG . . ... .covvnnnn. .. 1-30-45 | Jones-Brunswick, 176................. H ? ?
FERDINANDO GORGES . ............... 12-16-44 | New England, 238................... N | 39-47 | 48-52
FisuEr AMeEs (1).........cooveenn o 11-11-43/12-27~43 | Oregon, 190..........ovvvnnennnn.n, H 52 50
Fisuer AMes (2)........covveennn... 12-14-44 | Oregon, 190. . ..o i v, ? ? ?
FORTERIE.............0ouuv.. . 5~26-44 | Kaiser-Swan, 23.............c00vvun. ? ? ?
ForT HENRY........covivienat, 3-18-44 | Kaiser-Swan, 23..................... ? ? ?
ForT McHENRY.................... 4-13-44 | Kaiser-Swan, 27..................... ? ? ?
Forr MouLTRIE. .. ... ...ttt 2-1-26-45 { Kaiser-Swan, 3...................... ? ? ?
FOrRT NIAGARA (1)......covvv oot 4-16-21-44 | Sun, 316. . . ... .vtii i e H ? ?
ForT N1AGARA (2).. .............. 11-1-20-44 | Sun, 316......... .. ittt ? ? ?
ForT ORANGE...... ........ e 3-44 | New England, 241................... H ? ?
FORT SCHUYLER............... . .. 3-14-45 | Sun, 336. . ...... . ? ? ?
FORT STEPHENSON................... 10~1-27-44 | Kaiser-Swan, 17............... ... ° ? ?
FORT SUMTER..................ou.. 9-26-44 | Kaiser-Swan, 28, .................... N 80 ?
FORT WASHINGTON. ................. 7-21-43 | Kaiser-Swan, 4..............ccuvv.nn H 57 61
ForT WINNEBAGO. ................. 4-1-8-45 | Kaiser-Swan, 74..................... ? ? ?
FRANCIS ASBURY ...... ......u...... 9-20-44 | St. Johns, 3....... ... il N | 56-73 | 62-76
Francis DRARe (1). ... ............ 2-8-24-44 | Calship, 54..............covenn... H | 60-65 60
FRANCISL. LEE..................... 5-16-18-43 | Bethlehem-Fairfield, 2013............. H 76 79
Francis Marion (1) . ............... 3-1-43 | North Carolina, 6.................... H 37 | 45-50
Francis Mariow (2)....... ........ 2~14-44 | North Carolina, 6..............c.0.t. ? | 22-34 35
Francis Scorr Kev...... ....... .. 11-43 | Bethlchem-Fairfield, 2003............. ? ? b ?
Francis W, PARKER................. 4-20-44 | Oregon, 793 .. ....ccoiiiiiniiinnnen ? ? ?
FrRaNK ARMSTRONG (1)............... 3-30-43 | Great Lakes-Ashtabula, 522........... C ? ?
FRANK ARMSTRONG (2)............... 3-44 | Great Lakes-Ashtabula, 522........... ? ? ?
FRANK GILBRETH ................... 2-12-45 | Walsh Kaiser, 3120.................. ? ? ?
FRANKLIN KL LANE (1) . ... ... .. 12-22-43 | Calship, 196. . ... ...civiiiiinnnennn C 72 3z
FRANKLINB. MALL................. 9-44 | Bethlehem-Fairficld, 2107............. ? ? ?
FreEDERICK REMINGTON (1)........... 5-5-43 | Permanente, 508..................... H ? ?
FrECERICK REMINGTON (2)........... 5-3-44 | Permanente, 508.................e.e ? | 54-73 | 52-55
FrepErICK W, TAYLOR.............. 7-25-44 | New England, 2220.................. ? ?
FREDERICKSBURG. .. ...vvvernnnnnnns 10-1-18~44 | Sun, 294 ... ... . it ? ?
FREMONT OLDER.............c.cvunn. §5-24~44 | Pcrmanente, 1576.................... C 52 49
FRENCHTOWN.......vivett vennenns 3-45 1 Sun, 391. .. ...l e ? ? ?
G. W.Goeraats (1) ................ 11-7-43 | Oregon, 599 .. ... vviiviinnnnnnn.. ? ? ?
G. W.GOETHALS (2) ........ouet .. 3-30-44 | Oregon, 599. . ..cviririnnnnnn C 40 38
G. W.GoetHALS (3) . ............... 2-27-45 | Oregon, 599. . ....ccvvvienievannnn. H 58 60
Gasrie DuvaL.................... 1-22-43 | Calship, 81........... .. iiivin.. P ? ?
GAalNesMILE....... ......c.ounnnns, 145 | Sun, 262...... ...ciiiiiiiiiiin.n. ? ? ?
[@7N7) X5 5 & 2 J 11-9-44 | Moore, 252.. ... iiiiiiiiiiiinnnns H ? ?
GENERAL FLEISCHER........... ..... 1~-8-10-44 | Permanente, 269...............0vuns H ? ?
Generar Georce W, GoeTnats (1) ... 2-20-43 { Ingalls, 268.............coivinunnn, C ? ?
GeNERAL GEORGE W GOETHALS (2) ... 1-6-44 | Ingalls, 268................coounan. ? ? P
GeorGE A, CUSTER . . . .............. 1-25~44 | Calship, 71 .. ...t innn. H 46 47
GEORGE A. SLOAN (1) ............... 3-19~43 | Great Lakes-River Rouge, 202, ....... c ? ?
GEORGE A. SLOAN () ...ttt 11-14-43 | Great Lakes-River Rouge, 292......... H ? ?
GeORGE B. SrabeN........... ...... 11-29-43 | Permanente, 428..................... H 45 45
GEORGE BERKELEY (1)............... 5-9-44 | Permancnte, 1568.................0t. ? ? ?
GroRGE BERKELEY (2)............... 10-44 | Pesnanente, 1568.................... H ? ?
GeorGe CHAMBERLAIN (1)........... 12-1-42 | Oregon, 560. . ....cocvviiinnnnnnnenn H ? ?
GEORGE CHAMBERLAIN (2)........... 12-29-43 | Oregon, 560. .. ..cvvvvviienennnanes H 40 ?
GEORGE CHAMBERLAIN (3)........... 5-4-44 | Oregon, 560..........ccovviniinnes H ? ?
Georce CROCKER (1)............... 12-23-43 | Walter Butler, 26.................... C ? 33
George CROCKER (2).... .......... 12-30-43 | Walter Butler, 26.................... C 36 ?
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GEORGE D. PRENTICE......ccvvernnn 11-43 | Permanente, 536........... ... vt H ? ?
GEORGE DAVIDSON ... oo vvvvevvnnnns : 11-25-43 | Oregon, 697 .. .. c.vvvivnvninenan.ns. ? ? ?
GEORGE DAVIS. . . coiiiiiiinineranes 5-11-45 | North Carolina, 54................... N 58 50
GeORGE DEWEY . .....covvviveinnnnn 4-44 § St. Johns, 10.....ccivviiiiiiiiiinns, H ? ?
George DURANT (1) . ....ovviieen. 2-16-44 | North Carolina, 182.................. H 40 42
GEORGE DURANT (2) . vvvvvnrennnnnn. 2-16-44/3-23~44 | North Carolina, 182.................. H 46 48
GEorGE E. HALE (1).........vvvnnen 12-12-43 | Calship, 125 .. ... viiiiiiiiiiinnnnn, H ? ?
Georoe E. HALE (2).......00vvvvnnn 3-44 | Calship, 125. ... ccovviiiiiiiinennn ? ! 61-64 | 63-65
GEORGE E. MERRICK. ... ccvvnvnn nnn 11-44 | St. Johns, 40............coieiiinn, ? ? ?
George F. PATTEN...........ve0e . 12-23-43 | New England, 226................... ? ? ?
GeorGE FLAveL (1).........ovvvennn 3-29-44 | Oregon, 658......cciviviinnniiinnnn. N 51 51
GeOrRGE FLAVEL (2)..........0vvuen 4-19-45 | Oregon, 658.......ccvviviiininennnn. H 46 44
GeORGE GALE (1).... ..o vvviiiiinne, 12-19-42/1-10-43 | Delta, 7o o oiiiiiiiviinnniennnns H ? ?
GEORGE GALE (2)....covivvinnenrens 1-21-44 { Delta, 7 ... ..oiiiiiiiiiiiiiennannn H 42 50
GeORGE H. PENDLETON.......cvnuttn 4-24-45 | Bethlchiw.-Fairfield, 2163............. N 52 52
Georce H, POPHAM. ....c.covvvienn, 12-5-13-43 | New Ergland, 2194.............. .00 ? ? ?
GEORGE H. THOMAS. . ...ooovernnnnnn 5-10-45 | Oregor, 569 ........cccvvvvivnees H 55 51
Georce H. WiLLtams (1) . .....oveee 12-31-43 | Oregea, 544 . ... ..ovviviiiinnnn, ? ? 58
Georoe H. WiLLiams (2) . ........... 2-44 | Oregon, 544 . ... ..coiiiiiiiinnnnnens ? 68 67
GEORGE KENNY . .. coivvvirnnnnnnsen 4-45 | Calship, 237........cviviiiiinnnnnn. H ? ?
GEORGE L. BAKER . . . vevvvivvevnnsns 645 | Oregon, 655 . ......ciiiieeninnnensns ? ? ?
GeorGE M. BIBB.......cvvvarninann, 6-20-43 | Oregon, 528 . ... .civiiiiiiinnnnnnns N 80 84
GEORGE P. GARRISON........c00vvneen 3-2-44 | Houston, 73......ccoviiiiiiinnninnns H 36 45
GEORGE POINDEXTER ..ovvevrennvnnes 244 | Delta, 56 .. ... .cciiiiiiiiiinnnenanns H 62 72
GeorGE RoGERS CLARK (1)........t 11-25-43 { Permanente, 448.....c0viievnnennnnnn N ? ?
GeOorGE RoGERS CLARK (2).......... 3-13-44 | Permanente, 448. ... .c00vivinnnenannn H | 38-43 46
Georoe RoGers CLARK (3).......... 4-3-44 | Permanente, 448.....0000cvnnnnnnn.en ?{ 33-46 40
GeORGE RoGERS CLARK (4).......... 4~24-44 | Permanente, 448.......c0ciiiieenann. N 60 43
Georor S. WassoN (1)..eueennenenns 12-20-43 | New England, 2206........0000000en (o] 38 38
GEORGE S. WASSON (2) . v0vevrvevnnnn 12-28-43 | New England, 2206......0000vevennnn C 7 ?
GECROE STEL'RS....c0t vesseersonssns 12-23-44 | Houston, 119, .....ccvivvevrerecnnnns N 50 52
GeORGE W, CAMPBELL. . ....vvennnes 4-24-25-43 | Oregon, 623 .. ...iiviiinerinnnnnnss H 42 49
Groroe W, KeNDALL (1)....000vnnn 5-44 | Delta, 64.. .. ..o vririniiinrnerrnnnss ? ? ?
Georce W, KENDALL (2)......0000ee 9-4-44 | Delta, 64 .. .cvvveiniiiierenrannnas ? ? ?
GecrRGE W, KENDALL (3)......000v0. 10-12-44 | Delta, 64.. ... coviiriirnnnnnennenns ? ? ?
Georoe W. KeNDALL (4).........t0s 145 | Delta, 64 ... ovveerreinnnreneeanenn ? ? ?
GEORGE WALTON ... iovviineenninnnn 11-43 | Southeastern, 4.........covvvieenns.. H ? ?
GEORGE WHITEFIELD (1), ... 0vvenne 12-16-43/1-3-44 | Southeastern, 19...c.evvivevunnnenn. H | 47-56 54
GeORGE WHITEFIELD (2).......00000. 3-2-3-44 | Southeastern, 19......0vvivnnreeranns H | 18-20 | 40-42
GeorGE WYTHE (1).....coivvivnnes 8-43 | Bethichem-Fairfield, 2011,............ H ? ?
GeoRGE WYTHE (2)......ccvviviernn 12-5-43 | Bethlchem-Fairfield, 2011............. ? ? ?
GEORGE WYTHE (3)....0vvnern.enns 2-29-44/3-2-44 | Bethlchem-Fairfield, 2011............. H ? ?
GEORGE WYTHE (4)......ccvveennsns 1-45 | Bethlchem-Fairfield, 2011............. ? ? ?
GERONIMO . v vtvvnvasocsasssannns 1-44 | Permanente, 1122, ... ...cvviivneene, ? ? ?
GERVAIS. « ot vev i veesrncrosnnssannns 5-44 | Kaiser-Swan, 36......000cviiinennnn. H ? ?
GiDEON WELLES. oovvvnevesanssonnns Z=45 [ Oregon, 563....c000veninennss Ceeee N | 47-52 | 6470
GRACE ABBOTT. .. overennnsanssonsss 1-1-5-43 | Bethlchem-Fairfield, 2069............. H 58 57
GrRACE R.HEBARD. .....ivvienncnnen 12-44 | Orcgon, 813 .. .oiiiiiiiiiiinrnnnnss H 35 39
GRANDE RONDE . . . vvvivveensnnnenns 6-16—44 | Kaiser-Swan, 43..........ccivvvnn.en ? ? ?
GREAT MEADOWS (1)....vivirnnnnens 10-28-43 | Sun, 319, .. iieeeeriervnrenniercnnnss ? ? ?
GREAT MEADOWS (2)..0vevveenennnns 6-12-44 | Sun, 319 ... iiiiiiiiiiiiiiiiiiana ? ? ?
GREEN BAY VICTORY. . ..coiivnncnnss 2-3-6-45 | Oregon, 1213 ... o.vuvivneiinnnnnns H 52 54
Grover C, HUTCHEZRSON. . ...ovvvvnnn 2-3-7-45 | St. Johns, 76......covviviiiniiiinnnn H ? ?
GUADALOUPE. . o oot v srnnvnonsnnnnas 5-5-43 | Newport News, 371.................. ? ? ?
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GULF CARIBBEAN . . ..vvvvvvvenrennns 11-44 | Sur, 240, .. ... iiiiiiiiiiiieennnnn ? ? ?
GurzoN BoroLuat (1) .. .oovvvnvnnne, 11-28~43/1--17-44 | Calship, 240.........ovvvvninnianen N 65 53
GuTtzoN BoroLUM (2)......vuvuit 2-7-44 | Calship, 240. . .....c0vvviveienennnnn ? ? ?
HADLEY F. BROWN........covveienen 6-45 | New England, 3023..........0000.0e. ? ? ?
Hatr J.Kerrey (1) ... .oevvvnnnnnns 3-44 | Oregon, 637 .. ..cviiivnnennnennnnnns N ? ?
HaLL J. KELLEY (2)......cov0nuennn 4-25-44 | Oregon, 637 .. .0 iiiireiennnnnnanens 7 ? ?
HaMLIN GARLAND (1) .. ...vivniannns 12-10-13-43 | Southeastern, 16.........ccciveveenne. H 59 66
HAMLIN GAR . *ND (2) . vt vivininans 12-10-19-44 | Southecastern, 16........cccivvevrnnnn. H 60 56
HanGiNg Rock (1)....0cvievnnannns 6-2-¢4 | Suny 390, . .. ittt ? ? ?
HANGING ROCK (2)...cvveviievvnnnns 4—45 1 Sun, 390 . .. ittt ? ? ?
HANNIBAL HAMLIN. .. .. oveieieeenns 3-28~4 South Portland, 213............0vv0ns ? ? ?
HANNIS TAYLOR . .. .. vviveienenenns 12-19-44 | North Carolina, 162..........ccvuvnn. N 17 52
HARALD TorRSVIK (1)......covvnunnn, 11-44 | St. Johns, 66......covvvivnrinrennnes H ? ?
HARALD TORSVIK (2). .. covvvennnnnen 2-5-45 | St. Johns, 66......c0cveuciracenneass ? | 18-52 40
HARPERS FERRY (1).....0vviennnnnnn 9-1-8~44 | Sun, 300.....c00viins tiennnernnnen ? ? ?
HARPERS FERRY (2)......00vnveeennn 11-44 | Sun, 300. .. ...c0iiiinrenrnnnencennn ? ? ?
HARRIET TUBMAN.......ovrennnnsn 8-44 | New England, 3032.........cc00vvuee H 86 79
HARRINGTON EMERSON.....ccvvuunnn. 4-4-44 | Oregon, 823 . ... ivierievinnnnnennns ? ? ?
HARrrY L. GLUCKSMAN....... teresens 3-16~45 | Southeastern, 50......veeverevncenass N 76 40
HARRY LANE (1).....0vvriiiennnnn. 8-43 | Oregon, 559 .. civieiinennnsnansonnss ? ? ?
HARRY LANE (2). ... vviiennneae ves 3-16—44 | Oregon, 559 .. ..cceveinnennensnnnnns ? | 51-77 49
Harry Lane (3) .. ..covvivvnnen. “es 6-21-44 | Oregon, 559 . . cviieeeurecnennncenans ? ? ?
HART CRANE.......ovvvvennnnnenes 10-5—44 | Calship, 276.....cc0vieirveennnnses ? ? ?
HARVEY W. SCOTT... vivvvrnnrrennn 12-5-42 | Oregon, 552......0..... Ceeveceenans N ? ?
HASTINGS ... .o ivieviineervonronans 145 1 Gulf, 28..........0000s resesseetans H ? ?
HAT CREEK (1).0iiiinininnennnnnn 12-11-43 | Alabama, 251......c.0ivviececennnnss H 32 45
HATCREEK (2).0ivviierrrrnnnonenes 12-13-43 | Alabama, 251........... fereerranee ? ? 4
HATCREEK (3) .0 eiiivevnrncenoans 2-8-14—44 | Alabama, 251.........ccvviiiinannss H ? ?
Heren HUNT JACKSON (1).00eveennnes 4-6-44 | Calship, 98.......c00viinnrirennenns ? | 28-34 48
Heren HUNT JACKSON (2)..000venann. 6-28-44 | Calship, 98.....0cvverernennerecnsss N | 74-85 71
HenbersoN Luerune (1)...00evnens. 12-27-43 | Oregon, 640...... Ceseterenas cheree. ? ? ?
Henperson LueLLing (2)....... veaes 1-27-28-44 | Oregon, 640......civunvveennnanns .. H 30 40
HENRY AUSTIN . . o covvvennnnne rans 2-7—-44 | Houston, 100.........c000uuues Cevees ? ? ?
HeNrY BACON..........0uee vesrents 12-27-42 | North Carolina, 40........... revreaes C ? ?
HeNRY BALDWIN (1) .. ovunnveeananes 12-27-42 | Calship, 82.....000000n ceterenrenas H 70 ?
HeNrY BALDWIN (2)..0vevinennnnnn, 344 | Calship, 82.......c0vvvrrsocenncsns H 56 70
HeENRY BARNARD . .. ..vivvvnnncansns 2-8-43 | Oregon, 603..... Creresesititareenes ? 1 42-47 51
HENRY CLAY.....ciiviiinineconsens 244 | Alabama, 233.......000iiiiiiiiinnas (o] ? ?
Henry D. THOREAU .. . vvvvenenannen 4-18-44 | Orcgon, 197.......... ceeenriananaes ? | 47-54 51
HENRY GEORGE ... vvvvvvnvnvannnsss 4-19-43 | Cregon, 574. . .ivivvivenensrirannnn ? | 66-68 | 69-81
HENRY GIBBINS. ... vvvnvrvrnornanses 4-44 | Ingalls, 297.....c00vennn cesasane vees H ? ?
Henry FAtring (1) ... civievanns ves 4-3-44 | Oregon, 662....00eueeensenneans ceee ? ? ?
Henry H. RICHARDSON . .. vovvsvvevss 344 | Permanente, 528.....0 cecvcascceness H ? ?
Henry H. SIBLEY......ovvvvesnnns .. 1-30—45 | Calship, 153 .. ..ccivieiieerannrrenes ? ? ?
HENRY J. RAYMOND. .. vovvvvionnnenns 6~11-44 | Permanente, 492......c0vvvrenrrcenas ? ? ?
Henry L. ELLSWORTH. . .. ccinvvt v, ‘e 344 1 Delta, 74 i Cereetacens .o ? ? ¢
Henry ML RIce (1)...0iiiiiennnne. §-3-43 | Calship, 154......... cearaenes cevaas H 45 45
HeNRy MLRICE (2)..cvieeneninnnes 11-28-29-43 | Calship, 154. .. v viveneenconcocanes H 46 52
Henry S. LANE (1) . ..iiveinnennnnns 7-26-31-43 | Oregon, 692. . ..000evinnercconnnannn H ? ?
HeENRY S. LANE (2) .. iivivnninnnnnns 4~8-44 | Oregon, 692........ RN crerennes ? ? ?
Henry S. Lane (3)........ Ceneeeaas 1-3-45 | Oregon, 692.......c.cnvvenns crrraens ? ? ?
HeNRY LOMB. .. .. vevverennscnnanes 5-16—44 | Bethlehem-Fairfield, 2232........... . ? ? ?
HeNRY W. GRADY .. ...ciiiiennnnnnn 12~18-44 | Jones-Brunswick, 117.......c.00evune. C 38 51
Henry W. LonorerLow (1).......... 8~25-42 | Oregon, 188........0viveeveinnnann. H ? ?
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HeNRY WARD BEECHER..........0. ., 2-44 | Calship, 67.........cviviiiiinnnn, H | 62-68 | 66-67
Henry WitsoN (1)...oveeiniennn.n.. §-1-8-43 | New England, 272... ............... C 40 40
Henry WinsoN (2)......cveenens, 1-31-44 | New England, 272................... ? ? ?
Henry Wynkoor (1)...o.oviin.nn. 2-16-43  Delta, 21 ... ct 7-17 ?
Henry WyNkooP 2)......0.ovuueen, 3-2-11-44 | Delta, 21 ...... .o iiiiiiiiiiiinn, H ? 7
Henry WYNKOOP (3)...vniiennnann. 3-6-45 | Delta, 21 .. ...t ? ? ?
Heruar Mecvinte (1) ...t 12-22-42 | South Portland, 218.................. ? ? ?
HerMaw MeLviLie (2)....oonnnn..s, 3-44 | South Portland, 218................. H 19 27
HerMaN MeLvitee (3). ..oovol.nt. 4-44 | South Portland, 218.................. H ? ?
HmoaArgo (1) .ooiiiiiiiinnnn. o0, 12-26-44 | Walter Butler, 38.................... C -12 ?
HoALGO (2) .. oevii i e 1-5-45 | Walter Butler, 38.................. (§] -1 25
Hrary A. HERBERT. .. .....oivt e, 3-45 | North Carolina, 170.................. ? ? ?
HiNton R. HELPER . . ..o0vvviinnane, 12-27-43/1-2-44 | Calship, 49..................c..o0t H ? ?
HimaM S, MaXmM....ovvvviiiennnen.. 5-43 | Permanente, 468, ........ ..o i H ? ?
HoBrIRKS HILL............cintns. 12-1-14-44 | Sun, 418 . .. ... . i ? ? ?
HORACE BUSHNELL. . ..ot voenaen, 3-4-44 | Bethlchem-Fairfield, 2243.......... .. H ? ?
Horace See (1).............oo.ott 11-19-43 | Calship, T-11........... . ...ccovenn. H ? ?
HORACE SEE (2)....viienrnnennnnnnn 4-25-44 | Calship, T-11..................ovt. ? ? ?
HorAcE SEE (3).....oviiiin.en. 7-22-44 | Calship, T-11................ovnnnt. B ? ?
HorAcE SEE (4) . covvvvinen s, 1-45 | Calship, T-11....................... ? ? ?
HorAce SEE (5).......ivvuiennintn 2-22-45 | Calship, T~11.............cooivnen.. H 35 30
HORACE SEE (6)......covvvennnnnn.. 3-8-45 | Calship. T=11....................... H ? ?
HoracE SEE (7). ..veivnnnnnnnnn.. 4-18-45 | Calship, T~11....................... C 34 38
HORATIO ALLEN ........coovinunne, 3-45 | Calship, 296 ................ .. ..., ? ? ?
Howarp E, CorFin (1).............. 3-16-44 | Jones-Brunswick, 128................. H ? ?
Bowarp E. CorrN (2).............. 2-27-45 | Jones-Brunswick, 128................. H ? ?
Howarp T. Rickets (1)............. 1-12-44 | Calship, 225. . .....ccoiviiininnn.s. ? ? ?
Howarp T. Ricrets (2)............. 9-6-44 | Calship, 225...............ccovuun... H 52 58
Husert Howe Bancrorr (1)......... 1=25-45 | Calship, 94.. ... ... i, M | 20-28 40
HuserT Howe Bancrorr (2)......... 5-45 | Calship, 94...........cccvvivinen... H | 69-75 | 68-75
Huow WILLIAMSON. . ................ 3-19-43 | North Carolina, 13................... H 41 53
INA COOLBRITH. ..o ovviiieneininenn 6-23-44 | Calship, 227............. ... h.. ? ? ?
IRAN VICTORY......ccvvvivinnnnnen, 6-22-44 | Oregon, 1010, . .............. ... .. ? ? ?
TRVIN S. COBB....cvvveerienennnnns 11-29~44 | St. Johns, 55..........ccviuirninn... H ? ?
IRWIN RUSSELL .. ..o 3-29-44/4~4-44 | Delta, 73.....oiiiiiiiiinii. . H 46 48
ISAAC I STEVENS. .. ...oovvvennn.... 1-22-30-44 | Oregon, 820............ e H ? ?
IsaAc CoLES. . ..ovviniiiinnnnn e, 2-22-44 | Caiship, 33........ ... ... il H | 36-47 42
IstANDMAIL. . .covei e 5-30-45 | Sun, 200... . ......... .iiiiiiaan.. H 43 33
IsRAEL Putnam (1), vt 12-21-42 | Alaban g, 242.......... ............ C 21 ?
IsRAEL PUTNAM (2).....0viivvnnnn.. 1-22-44 | Alabama, 242...........cceiiiennnn, H | 2848 37
IsrAEL PUTNAM (B)...oovnninnnaen, 1-17-45/2-1—45 | Alabama, 242....................... H 54 66
JD.Ross(1).ovnvinennnunnnnnnnn., 3-2-44 | Oregon, 727 . oo iiiiiieninann ? ? ?
JD.ROsS(2)..coviiniiiinannnnn., 6-5-44 | Oregon, 727 .. ...ttt vieeninnnnn. ? ? ?
J D.YEAGER. ...cooiiviiin 2-19-45 | Todd-Houston, 169.................. H 40 ?
JEBStuaRT (1)...coonviinn..... 12-43 | Houston, 20............cc0vennnnn... ? 70 7!
T EBSTUART (2) . .oevvvnvennn... 7-31-45 | Houston, 169........................ ? ? 83
Jo L ILMan, Jre ..ol 3-44 | Great Lakes-Ashtabula, 524........... ? ? ?
JHKINRAD........oieivina .. 8-14-44 | Permancnte, 480 ................... N ? ?
JHTorTE. ..o 6-43 [ Sun,238........ ... ... L ? ? ?
JLMOCURRY.....cocviiiinnnn, 3-7-43 | Alabama, 231...... ............... H | 14-30 ?
J. RuFINO BARRIOS. . .....ovineelets 7-45 | Delta, 140......................L. ? ? ?
J. WARREN KEIFER. ........ouele e 4-9-10-44 | Oregon, 789............. . ........ H ? ?
Jacos S. HausreLp . . ...oonnaLL s 1-12-45 | Calship, 198..... ............... .. ? ? ?
Jacob TuompsoNn (1)..... . ... .... 2-1-2-44 | Delta, 68 .............. ... .. ..... H ? ?
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JacoB THOMPSON (2)......coovvuunn. 5~29-44 | Delta, 68.... ..o iiiiiieiiii e ? ? ?
Jacos Tuompson (3).........oevunn. 3-10-45 [ Delta, 68..........ccvieiiiiint. H 62 54
Jacques CarTier (1)................ 6-43 | Calship, 162... .................... H ? ?
Jacques CarTIER (2)................ 8-17-43 | Calship, 162. ....................... ? ? ?
JacQues CArTIER (3)................ 10-19-43 | Calshup, 162........................ H ? ?
JaMes A. WETMORE (1) . ... .ocvvnnn. 12~7-43 | Jones-Brunswick, 118................. H 40 ?
James A, WETMORE 12).............. 1-17-44 | Jones-Brunswick, 118................. H 39 ?
JAMES A, "WeTMORE (3) ... ...uual 2-16-44 | Jones-Brunswick, 118................. ? ? ?
JameEs A, WeTMORE (4) ...t 3-44 | Jones-Brunswick, 118................. ? ? ?
JaMmes B. RicHARDsON (1) ............ 2-18~44 | North Carolina, 35. ................. N 47 56
James B, Ricuarpson (2)............ 4~28-44 | North Carolina, 35................... ? | 45-52 48
James B. WEAVER (1)............... 12-12-23-43 | Calship, 157 .. ...... .. viieninnnn, H | 37-61 54
JaMmes B, Wizaver (2)............... 3-16~44 | Calship, 157. . .........oviiieivnen, ? ? ?
JAMES BARBOUR. ...ttt 3-23-43 | Houston, 41.............coovinnann. H ? ?
James Bowie (1)...........ccoune. 2-19-43 | Houston, 32.. ... ....civiiirnunnnnn. H 44 38
James Bowie (2).. ................. 8-43 | Houston, 32........ ....c.....v0v . ? | 75-88 84
JAaMES CALDWELL . . ... .ovvuiinnn.n, 3-45 | Bethlehem-Fairficld, 2065............. ? ? ?
JaMES COOK....oviii i 3-12-44 /4-3-44 | Calship, T-7............cooiiniiinn. ? ? ?
James DEVEREUX (1) ... ..coinna.... 5~4-44 | Permanente, 2745.............. .. ... ? ? ?
JaMes DEVEREUX (2) . ........cottt 7~10-44 | Permanente, 2745, ... ... ... ... .. ? ? ?
James FEnivore Coorer (1)......... 1-21-44 | Oregon, 235.............oovviennnn H ? ?
Jaumes FEniMore CoOPER (2)......... 3-44 [ Oregon, 235. . ..ot H ? ?
JAMES G. MAGUIRE.........c.vvuuet, 12-28~44 | Permanente, 2183.................... C ? ?
James Gorron BennerT (1).......... 12-18-43 | Calship, 68........... ..ot ? | 26-42 ?
Jaries Gorbon BENNETT (2)....... .. 1-22-44 | Calship, 68. . .....ovvirrviniinnennss H ? ?
James HArrROD . ... oivvvii it 6-43 | Oregon, 643..................0cout, ? ? ?
JamMes HoBan. . ... ............... 1-43 | Alabama, 281............ciienin, ? ? ?
James L McKay................... 4-44 | North Carolina, 180.................. H ? ?
JAMES IREDELL . . ........oiivienn... 3~4-44 | North Carolina, 45................... H ? ?
Jases Ives (1).............velll 1-21-44 | Permanente, 530.........00viinnnnnn. H ? ?
James Ives (2)........cooiiini., 4-29-44 | Permanente, 530...............c... .. ? | 41-48 47
JAMES LONGSTREET. . ....c.vvvnnnnn.. 8-43 | Houston, 18........coiiiiiiiiunnan.. ? ? ?
James Lykes (1)........oovviiun... 6-1-21-44 | Bethlehem-Sparrows, 4344............ H ? ?
James Lykes (2).........ccoviennnn. 7-26-44 | Bethlehem-Sparrows, 4344............ ? ? ?
James M, Wayne (1)................ 6-43 | Jones-Brunswick, 105................. H ? ?
Jares M. WAYRE (2)........ovnen.. 1-5~44 | Jones-Brunswick, 105................. H ? ?
JAaMEs MaxniNG (1) ...oooiiiianl..s. 1-44 § New England, 2198.................. N ? ?
JAMES MANNING (2) ... 0oiiiiinenln, 4-3-44 | New England, 2198...... ........... ? ? ?
James McNEenL WHISTLER .. ... .. s 11-28-42 | Oregon, 576 .. ....cooiiiiiinnnann, H 32 42
JAMES SCHUREMAN . . . ...i.vvnnennn. 11-42 | Calship, 30......ccoiiiiiiiiiieinnn, H ? ?
JAMES SHIELDS......covvvvvvevnnnnn, 12-43 | Calship, 201................... ? ? ?
Jaoes Sutr (1) .o ol 12-17-43 | Permanente, 53........cccvviiieeenn.. H 37 ?
James SMITH (2) ... .o, 12~26-43 | Permanente, 53............0iiienan, H 37 45
James SMrt (3) ...l 2~44 | Permanente, 53............ e, H ? ?
James W FANNIN. .. ....oooiennntt., 6~21-44 | Houston, 59..........ccovvviiinnnnn, ? ? ?
Jares W Neswrw L L 2-45 1 Orcgon, 533, N | 44~62 | 62-65
Javes Wiircoms Rutey (1).......... 2-28-43 | Oregon, 199........ccvvviiiinnn., H 40 44
Jasmes Wimircoms Ritey (2).......... 1-30-44 | Oregon, 199. . ... ... ..o, H 34 ?
JaMes Woobrow . . ...l 2-8-43/3-31-43 | Bethlchem-Fairfield, 2079............. H | 47-60 | 66-72
JANJorES (1). ...t 10-23-43 | Calship, 126..........ccoviiinnnnn. ? ? ?
JANJORES (2) . ..o, i~1-14—44 | Calship, 126........... oot H ? ?
JaN PieTERszoON COEN.............. 2-15-44 | Permanente, 2263........... .. ... C 48 53
JANE A.DELANO (1) .. eeiael Ll 12-14-43 | Permanente, 465..........ccoiinn. .. ? ? ?
JANE A. DELANO (2) .. ..o vuvenn... 1-20-44 /2-4-44 | Permanente, 465..................... H 42 50
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Jane A.DeELaNo (3) .. .iviiiiiinnen 3-4-44 | Permanente, 465......00viirrinneennn H 20 A0
JANELONG......cvviiiiii s 1-22-44 | Houston, 57......cccvviniiinnnnannn H 37 49
JANET LORD ROPER......ivvvinann, 11-44 | Bethlechem-Fairfield, 2157...... ...... H ? ?
JARED INGERSOLL.......o0oovviinnnnn 4-45 | Bethlehem-Fairfield, 2047............. ? ? ?
JAsMINE ..ol 10-44 | Bethlehem-Fairfield, 2020............. H ? ?
JEANLYRES. ....iiiiiiiiiiineainns 7-4-45 | Consoiidated-Wilmington, 229......... H 8¢ 1
JerrrsoN Davis.....o.oeiiae 1-16—44 | Alabama.238..............cc0vitns, H 41 42
JEREMIAH O’BRIEN ... ovvhivvninnnnn 3-28-44 | New England, 230.........c000vunnn ? ? ?
JerEMIAT WADSWORTH . . v.vvvvnnnn 11-1142 | Houston, 31.......coiviiiininennnnnn N ? ?
JESSE APPLEGATE . .. covvvnvriinannns 8-44 | Oregon, 549 .. covvviiviiieiieanonen, ? ? ?
JessE BILLINGSLEY.....cooviinanrinnn 3-44 | Houston, 79......ceviviriiiinienann, H ? ?
Jesse G, COTTING. . . oovvinennnnennn 6-17-44 | Walter Butler, 8.......coovvvvnnnnnn. ? ? ?
Joaguin MiLrer (1) . ...oviinennnn.. 3-15-43 | Permanente, 484......cc0viiiiiien H 30 34
Joaguin MILLER (2) .. ...itviannnnt, 9-43 | Permanente, 484........00iiiiiiannns ? ? ?
JoAQuiN MiLLER (3)......vuvenenn . 12-15-43 | Permanente, 484.........ccvvvinnnnn. C ? ?
JorL CHANDLER HARRIS. . ...uetnen 5-18-45 | Alabama, 240............cc0viiinnn C ? ?
JOEL R. POr™sEIT....ovvvnnennnnnnn, 3-4-44 | Houston, 43..........cooiiieninnne H 20 40
Joun A. CAMPBELL......coivunreaann 1-45 | Jones-Brunswick, 112..............t.. ? 0 ?
Jomn A. QurtMAK....... ..., ceenens 1-16-44 | Delta, 57 .. ... iiiiiiiiiininnoen.s H 40 40
JOHN ARMSTROKG .....ovvinrvinnn, 6-45 | Houston, 39.....ccviiriiinnrnennansss ? ? ?
JouN B. GORDON . ... vvvnneriananns 12-24-43 | Jones-Brunswick, 120................. H ? ?
Jour BARRY (1) c.ovivviiiinnnnnnnnn 7-25-43 | Orcgon, 174, . ..o iviiinnennnnn, H 55 53
Joun BARRY (2) ... viniiiiiiene, 6-44 | Oregon, 174. . ... .iiiivieiiiiinnnnnn H | 74-80 | 77-81
Joun BURKE (1)..0.. uvivnennen o] 1-4-43/5-14-43 | Oregon, 609 . .....ovviieniernnnnnnns ? ? ?
Joun BurRke (2).......ociueiinnnn, 3-3-44 } Oregon, 609......c.covennnnns Caeees N 42 38
Joun Burre (3).......coveiiinnnnn 4-21-44 | Oregon, 609..........covuenns e H 38 39
Joun C. AmNsworRTH (1), ..ouvvnnnen 12-25-42 | Oregon, 554. . ..ccvvviiinvnvnnnanen, H 40 | 40-46
Joun C. AINswORTH (2) . ............ 9-9-43 | Oregon, 554...ccoviiniiiiernsnnnens H 47 46
Joun C. AinsworTEE (3) .o vvvvnvnntnn 1-8-44 | Oregon, 554.......ccvuvn. creraaans C 45 39
Joun C. SeENCER (1)....oveniiannen, 12-25~43 | Houston, 45. ... ccoveveineeconnesnns H ? ?
Joun C. SPENCER (2)...vivrennenanns 3-5-44 | Houston, 45......cviiiennvnennnenas H 54 57
Joun CARVER (1)....covvvevnnnnnnne 6-1-15-43 | South Portland, 207...........0000.t. ? 68 70
JouN CARVER (2)....viviininnennnnn 9~44 | South Portland, 207.....c..c0vennenn. ? ? ?
Joun CLarke (1).....vvviiinnnnnenn 244 | Walsh Kaiser, 2. .....c.000ivivannen ? ? ?
Joun CLArke (2).......... teeesseas 3-12-44 | Walsh-Kaiser, 2. .....covviininneennnn N 64 66
Joun Croprer (1)........ tesentaanse 3-44 | North Caroling, 8......c00vvvieiinnns H | 63-65 | 68-70
Jonn CrorreEr (2)............ ceene 10-20—44 | North Carolina, 8.....c0v0vvvnnnnnne. ? 70 70
Jonn CropPER (3)....cviviniiennnn, 1-45 | North Carolina, 8....... eeeereeieens ? ? ?
Joun D. WHIDDEN . . ...oivvennnnnnns 1-12~44 | Walter Butler, 24.............. cerens C 12 32
Joun DAVENPORT....... Ceesnrraenas 6-26~43 | South Portland, 207.............000s. 34 ? ?
Joun Drake Sroar (1).............. 6~43 | Calship, 122.......0iiiuiinncnannnss ? 48 60
Jomi DRAKE SLOAT (2).0vvvvennnnnnn 1043 | Calship, 122. ... ..c0vvneneencrennnss ? | 58-69 | 70-77
JOBNDREW....covvuvvinnnninennnns 5-44 | Calship, 274. . ... vviiiveninnnnenen. H ? ?
Joun E. Sweer......... Vheeseranans " 3-45 | Southeastern, 43.......000htiiiiinnnn ? ? ?
JouN EvaNs......oiiieiiiiiniiann, 5-45 | Permanente, 1712000000t H 64 ?
Joun F. ApprLeBY (1) vvnvvvnnnnnn 5-43 | Permanente, 421......0000vveninnn... H | 50-51 47
Joun F. AppLEaYy (2)...cvvienens... 10-11-43 | Permanente, 421.....00viiiiiniians, H | 40-44 46
Joun F. ApPLEBY (3).....ovvvnnnnn, 3-16-44 | Permanente, 421........cccvenniinnn. ? | 11-15 38
Joun F. ApPLEBY (4)...cvvvvvnnenn. 4-44 | Permanente, 421, ... 0 0veveninnnnnns H ? ?
Joun F. STEPFEN.......vvvvnveannnn. 12-18-43 [ Oregon, 709 . . ...cvivieninenrvennnns ? ? ?
Joun Frrenm (1)...cveviininieneannn, 1-6-43/2-13-43 | Permanente, 72......covevnunnes oo ? ? ?
Joun Fite (2)...0vveiiiiiinnennnnn 2-15-43 | Permanente, 72. ... c0vveiiienes vunn. N -10 33
Joun G. CARLISLE, . ...vvvvevvnnenn, 5-44 | Permanente, 519.........00iiiuillet ? ? ?
Joun G. Warrmer (1), ... ........ 4-10-44 § Oregon, 194. . ... iviiivinnennnnnn. ? | 42~52 44
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Joun G, WHITTIER (2).....0vivnnunns 1-45 | Oregon, 194. . . ... iiviieniinenn.. ? | 40~65 | 57-74
Joun G. Wiittier (3)........covunns 4~45 | Oregeon, 194. . ... i iiiiiinennnns ? ? ?
JouN GOODE ......iviiiiiiianns 3-20-44 | Calship, T-1...........oviivinennes, H 43 53
Joun GorriE (1), . .ovveveviinnnenes 10-13-43 | St. Johns, 2.....cviiiiiiiinnnnnann H 43 ?
Joun GorrIE (2). . ..oviiiiiiiinenn 11-9-43/12~5-43 | St. Johns, 2...........oiviinnininnn. ? ? ?
JounN GorrIE (3) .. ..ovvviiinniiin 2-44 | St. Johns, 2.... ..t . H ? ?
Joun GorrIE (4) . . ..ovviivinennens 3-44 1 St. Johns, 2..... ... o e, H ? ?
Joun H. Hammonp (1) . ...oovnvnens 2--45 | Jones-Brunswick, 170................. ? ? ?
Joun H. Hasmonp (2)...0.ovvnnennn 3-45 | Jones-Brunswick, 170...........c..... ? ? ?
Joun H, MarioN (1)..covvvennnn. 4-14-44 | Calship, T=16.......cceiiiinnrnnnes ? ? ?
Joun H. MARION (2).....ocvvnnnnnn 10-44 | Calship, T-16.........ccccviiueensns ? ? ?
Joun H. MARION (3)....vvvinnnnnnn 3-17-45 | Calship, T=-16.........ccvviivuneens C 31 54
Joun H. MarIoN (4)......ccvvvnnns 6-45 | Calship, T=16........ccvvvnerrrrnnas ? ? ?
Joun H. MURPHY........coiivnnnnnn 2-21-45 | Bethlehem-Fairfield, 2346............. H ? ?
Joun HARVEY......oovvviiinnnnns 3-16~43 | North Carolina, 56..........cc0vuuens ? | 50-63 60
Joun HatorN (1) . .ovivviivinanesn 2-15-44 | Calship, 24......c.civiiiiiiirnnnnns H ? ?
Joun HATHORN (2) ... .cvvvunannn 4-45 | Calship, 24........ciiviiiiniineennn ? ? 50
o £ 2 3-30-44 | Jonecs-Panama, 7.......c00iveunnnnns. H ? ?
Joun HeEnry (1)....ooviiniinnnion 9-42 | Bethlchem-Fairfield, 2032............. H ? ?
Joun Henry (2).....ccivniinnnnnn, 1-25-44/2~4-44 | Bethlchem-¥7 rfield, 2032............. H 37 56
Joun HOLMER . .. iiivivieiinnnnnnns 4-18-44 | New England, 216.............0000n. ? ? ?
JoHN IRELAND......ooivviiinenennns 3-45 | Houston, 125................ cesanane ? ? ?
Jonn J. CRITTENDEN . .. ovvvvnennnnns 6-5—44 | St. Johns, 4........iiiitiiiiiiieinn, ? ? ?
Joun L. MCCARLEY...cvvvonnreennns 3-45 ! Jones-Panama, 83.........0000000nunn ? ? ?
Joun L. Suruivan (1)....... Ceesenes 12-26-43 | Permanente, 1121, ... .0c0vievvnnnen H ? ?
Joun L. SULLIVAN (2} .. .covvneninnnn 2-2-44 | Permanente, 1121, ... . civiianinensn H 50 54
Joun L. SurLivan (3) c..iinininen, 6-11-28—44 | Permanente, 1121........c000iienenns H ? ?
JoHN M. SCHOFIELD.......covvvenuns 2-15-45 | Permanente, 433.......0000inninennan C | 30-33 35
Joun MARY ODIN (1) .. euunennnns, . 9-43 | Houston, 67........c00vinneranncnnns H ? ?
Joun MARY ODIN (2) .. vvvevnnnnnnns 2-9-44 | Houston, 67......cvcvvvsovrennorsess ? ? ?
Joun MasoN............ PR ceees 3-16-44 | New England, 239.......00000iinnnen ? ? ?
Joun Merrick (1)........... cevanns 11-44 | North Carolina, 174.......cccivveenen ? ? ?
Joun MEeRRICK (2). ..., Cevenevens 5-25-45/6-18-45 | North Carolina, 174.........ccvvueees N ? ?
Joun McLovorLn (1) .....0veunne. . 2~44 | Oregon, 548. . ..c0vvvnnnss RPN ves H | 4048 | 53-55
Joun McLOUGHLIN {2) . ..uvvereenees 3-12—44 | Oregon, 548.....cvvivrvecnnns ceereen N 48 48
Joun MiTcHeLL. ... Crereeenieees . 1-24-44 /2-2-44 | Bethlchem-Fairficld, 2061.......... H 50 48
Joun MORTON.....civvvinnnreennnns 2-43 | Permanente, 58.......00000ueinnns .o ? 32 57
Joun Murray Fopzes (1).......... . 1-1-43 | South Portland, 254....... chessene - C 30 36
Joun Murray Forpes (2)...... ceees 4—43 | South Portland, 254.....000000000e oae ? 43 ?
Joun P ALTGELD {1)...cvvivnnvennns 9-1-25-44 | Calship, T-17....c.c0vvnuenn ceeenes ? ? ?
Joun P, ALTGELD (2)......cc0vvennnes 10-9-44 | Calship, T-17.....ccviivrreennrnnnas H 45 50
Joun P, ALroeLD (3)...civeinevnnnn . 12-14-15~44 | Calship, T-17.......cvveiiinreninns H ? ?
Joun P. ALTGELD (4)....0c00nnee ees 2-26-45 | Calship, T=17......cviurevernnrnnens N 38 38
JouN P. GAINES. ... viviieeiinennnnnns 11-24-43 | Oregon, 723. ... viviiineerinnnanses N | 40-45 ?
Joun P. HOLLAND. .. ovvivvvunnennns 6-5-43 | Oregon, 589 .. civviiiiiinennnnrennns C 41 ?
Jomm Paco..oiiiiiiiiiiiiii e 32245 Calhip, 2%. .. 0iiiiiiiiiiniiinnans Ty 47-52 52
Joun Paur Jones (1)....... ceeeraees 9-3-43 | Calship, 4......cccoiiiiiiiiniennnn. ?| 72-88 82
Joun PauL JoNES (2)..v.vviinnvninn, 1243 | Calship, 4......covivinerrrennnneees N ? ?
Joun PauL Jones (3)....vvueneennnn, 5-14-45 | Calship, 4.....ccoviiiieviiiennnenns ? ? ?
Joun RINGLING........... . 2-21-45 | St. Johns, 58......ciiiiiiiiiiiiannn N 43 38
Joirn S. CaseMENT (1)..0vivivvenn... 7-22-43 | Calship, 187 . .....coiiiviviiiieennns H 41 50
Jonn S, CaseMENT (2)..0vnvanevnnen, 4-20-44 | Calship, 187 .......vvinieeirnnnnnse ? ? ?
Joun SERGEANT.......voviunennnnn, 1-25-45/2-11-45 | Bethlchem-Fairfield, 2050............. H | 22-32 42
Joun Suarp WiLLiAMS............... 2-26-44 | Delta, 58 ... cvvviiiiiiiiiinnnens H 15 36
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Jorn STRAUB (1) . ... oiiana Ll 1-12-44 | Oregon, 808 . ................ H | 26-38 | 37-38
JouN STRAUB (2) .. ...l 3-22-44 | Oregon, 808. .. .................... C 45 42
Joun T.Horr..........cooiiiit 3-44 | Bethlehem-Fairfield, 2206 ......... .. H ? ?
Joun Vinmng (1)......oooevvennan.. 2-43 | Delta, 19.. ... oot it i e H ? ?
JoHN VINING (2).........covintnt, 1-2-44 } Delta, 19...... ..o c 13 38
Joun VINING (3) ...t 4-44 | Delta, 19.... ... L ? ? ?
JOHNVINING (4)..............0o.e 7~26-44 | Delta, 19...... . . . ... ... ... ? 1 76-88 73
Joun W. CuLLen .................. 1-15-44 | Oregon, 638... . .. ... .. ....... ? ? ?
Jorn W. Werks (1)....ooienn ot 5-18-43 | Orcgon, 617.. . ... ... ... ..., ? ? ?
Joun W. WEEks (2)................. 1-18~44 | Otegon, 617 ... ... ... ... ... ..., ? ? ?
Joun W. Weeks (3)................. 5-3-44 | Oregon, 617...........c.vivinna.. C 54 42
Joun W. Weeks (4)................. 8-14-44 | Oregon, 617 .. ... .......iiiua.... ? ? ?
JoHN WHITEAKER. .. .........coues. 2-20-23-43 | Oregon, 631.. .................. N 56 55
JonaTrAN HARRINGTON. ............. 3-7-44 | Oregon, 561... .. . .............. H 40 41
JonaTHAN TRUMBULL.............. 7-8-43 | Delta, 18...... . ... ..., ? | 66-75 60
Jose G.BeNITEZ ... .. Ll 4-27-44 | Houston, 115........... . .......... N 47 55
Josepsr C. LINCOLN...........uvnnn, 5-45 | New England, 3035.................. H ? ?
JosePru FRANGIS. .. ..ol 10-11-12~43 | Calship, 246..... .................. H 48 49
JosEPH G. CANNON. .....covnnuen . 10~44 | Permanente, 447.. ... ........ ... ? ? ?
JosEPHGALE.........ooviinn... 5-43 | Oregon, 594 .. ....... ... i ? 74 ?
JosePh GOLDBERGER . . ....ouuvnn... 11-43 | Delta, 78.............. . ...l ? ? ?
Josep H. HOLLISTER . . .. ouveetu e 3-43 | Calship, 118. . ....... ... oot ? ? ?
Joseps HABERSHAM . . ............... 2-1-45 | Southeastern, 26..................... H 56 56
Josepm HENRY (1). ........ ... ... 2-43 | Kaiser-Vancouver, 45................ C ? ?
Joserr Henry (2). ... iill L, 4-19-20-43 | Kaiser-Vancouver, 45................ H 42 46
Josep Henwy (3) . ..ol Lt 7-1.20-43 | Kaiser-Vancouver, 45................ ? ? ?
Joserr HENRY (4) . .......coviie §-4~44 | Kaiser-Vancovver, 45................ N 60 40
JosEPH HEWES..........ovveinnn.n. 10-31-44/11-4-44 | North Carolina, 26 .................. N 68 70
Josepr Horr..oovv ool 3-2-44 | Permanente, 432... ... ... L. H 66 68
Josepr Lo Meex (1)................. 4-1-44 | Oregon, 596. ..., ....ooviiivnnin.., H 0 17
Josern L. MEEK (2) ......ovenill, 6-12-44 | Oregon, 596..........c.cooiiuun... N 45 44
Josern M. MeprLr... ..., ... 3-45 | Jones-Panama, 5..................... ? ? ?
JosepH MCKENNA. . ... ... ... 5-21-45 | Calship, 35........... ... ... ...l ? ? ?
Josep N. NtcoLLET. ... ... LLL.ee, 1-14.16 & 27-44 | Delta, 61 ........... ... o, H 32 ?
JosErr N. TeaL (1)................. 3-43 | Oregon, 581 .. .......ccviveinnnnn... C ? P
JosepE N. TEAL (2)...........col. . 11-28-43 | Oregon, 581 .. .vvvrininininnnnn... C ? ?
JosePH R, LAMAR (1).......nnuus, 1-9-44 | Jones-Brunswick, 107 ................ H 50 68
JosePH R. LAMAR (2)................ 2-26-27-44 | Jones-Brunswick, 107. ............... H 38 41
JosepH R. LaMAR (3)......... ... ... 3-22-44 | Jones-Brunswick, 107................. H 34 ?
JosePH R, LAMAR (4)................ 5-26-44/6~-9~44 | Jones-Brunswick, 107................. N | 45-46 | 52-71
Josepr R. LAMAR (5)................ 10-16-18-44 | Jones-Brunswick, 107............ .... H | 55-68 | 62-65
JosepH REYNOLDS.........ovnnillt 2-25-44/4-22-44 | Calship, 241........................ H 62 21
JoseRrH SMITH ... . i 1-9-44 | Permanente, 1119.................... H 34 50
JOSEPH SQUIRES. . ....c.ovvvvnnnnnnn 6--29-44 | New England, 3028..... ............ H ? ?
JOSEPH STORY.......covvinunn... 3-23-44 | Calship, 80......................... ? | 31-34 37
JOsEPH WARREN............coiile, 4~5.12-43 | New England, 266................... C 46 39
JosHua B. LipPINCOTT (1)....vvun... 1-29.30-44 | Bethlchem-Fairficld, 2289.......... . H ? ?
Josnua B. Liepincorr (2)............ 10-44 | Bethlchem-Fairfield, 2289............. ? ? ?
JosnuA L. CHAMBERLAIN ............ 4-44 | N:w England, 229................. .. H ? ?
Josnua W, ALEXANDER (1)........... 1-44 | Bethlchem-Fairfield, 2154.... ........ H ? ?
JosHuAa W. ALEXANDER (2)........... 1-2-45 | Bethlechem-Fairfield, 2154 ............ H ? ?
Jostau G. Horranp (1)...... ....... 12-43 | Calship, T=5........................ ? ? ?
Jostan G. HorLanp (2).... .... .... 4-7-44 | Calship, T=5........................ ? ? ?
JosiAM PARKER .... ......... ...... 3-44 | Dclta, 13... ..., .. ...l ? ? ?
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TasLe XIV—Continued
Casualties Reported Up to T August 1945

[

. Temperature
Date of Sea Degrees
Vessel C ‘sualty, Survey, ‘ Builder and hull no. condition [ _ Fahrenheit

2r Report | Air Water

Jovce KILMER,... ................. 6-7-44 | Bethlchem-Fairfield, 2244............. ? ? ?
JuanpEFuca.......... ...l 8-11-44 | Kaiser-Vancouver, 41................ ? ? ?
JuaN FLacoBrowN ................ 4-44 | Calship, 167........... ... ........ H ? ?
Juoan P.BenjaMIN .. ..., . L. 9-13-44 | Alabama, 237....................... 2 ? 81
JULESBURG..............ovvviois. 9-12-44 | Alabama, 252........ .............. ? ? ?
Juuia L. DuMONT. .. 3-2-44 | Permanente, 2718....... ... ... ..... ? ? ?
JULIA P. SHAW . o\ ovooees eer 1-45 | New England, 3083. .. .............. H 2l 2
JuLieN POoYDRAS. . ...l 1-24-44 [ Delta, 59 .....oiiiit o vt H 47 54
JuLiwus OLSEN....... ...oovinnn... 5-45 | Houston, 128........................ ? ? ?
JunmusSmiTH. .. ..ol 12-44 | St. Johns, 69..... ..... ... ... ..... H ? ?
JUSTIN S, MORRILL. .. ..cvvivvenn 5-23~44 | Permanente, 461.... . ........ .... ? ? ?
KASKASKIA. . .......cii it 3-12-43 | Newport News, 370.. . ............. ? ? ?
KeEiTH PALMER . .................... 1044 | Houston, 117........ ............ . ? ? ?
Kemp P.BATTLE.................... 2-21-44 | North Carolina, 157................. ? ? ?
Kunesaw MounNtain (1)............. 5-25-44 | Sun,306............ ... ..., ? ? ?
KENESAW MouNTAIN (2)............. 8-1-14-44 | Sun, 306......... ... ... .. .. ..., ? ? ?
KenvoN (1)........cciiiiiininnn... 4-44 | Bethlchem-Sparrows, 4388............ ? ? ?
KENYON (2)....cviiiii it 12-1-26-44 | Bethlehem-Sparrows, 4388............ ? ? ?
KERNSTOWN.........cooviiiiiaant, 2-13-29-44 [ Sun, 333 .. ... ... oo, ? ? ?
KitTannING. ... oo, 4-16-44 | Sun, 322........ ... ...l . ? ? ?
KeaMatH FaLts (1)................. 2-29-44 | Kaiser-Swan, 38.... . .............. ? ? ?
KraMatH FaLts (2)........... ..... 10-44 | Kaiser-Swan, 38...... .............. ? ? ?
KNUTE NELSON. .....ooovveninnn ... 3-44 | Calship, 156........................ H ? ?
Knute RocknE (1) .. .vnve ... 3-44 | Permanente, 1111.............. .... H ? ?
Knute RockNe (2)......ooieens.s. 6-12-44 j Permanente, 1111................... ? ? ?
Korxmoznik (1)..........oovnn.... 2-27-44 | Permanente,460..................... ? ? ?
KOLKHOZNIK (2).....covvinnnnnnns. 3-19~44 | Permanente, 460, ... ................. E ? ?
KueaN.... ..o, 1-2-44 | Oregon, 686...........ovetievnnnn. ? ? ?
LAMBERT CADWALADER. . ............ 12-43 | Houston, 34................ovvuenn.. ? 42 ?
LANGDON CHEVES. ... covvvninnn. . 5-26-44 | Southeastern, 13..................... ? ? ?
Lavka Keene...................... 12~11-43 | Kaiser-Vancouver, 46, ............... N ? ?
LAWRENCE J. BRENGLE............... 2-45 | Bethlehem-Fairfield, 2348............. H ? ?
LawroN B. Evans (1) ....o.0onuens. 3-3-10-43 | Alabama, 287....................... H ? ?
Lawton B. EvaNs (2)............... 3-26-44 | Alabama, 287..................eeL. N 54 50
Le Baron RusseLL Briags. .......... 2-19-45 | Joncs-Panama, 42.................... H 36 47
LEBANON. ........ ..o, 1-9~45 | Walter Butler, 40............ ....... C -16 32
LEIVEIRIKSSON . .. oovvvn e 3-1-16-44 | North Carolina, 59................... 'H ? 35
LELAND STANFORD (1)............... 1-11-43 | Calship, 53 .. ... cvviviien ciinn f? ? ?
LeLAND STANFORD (2)...... ........ 3-45 { Calship, 53..........cviiineian, ? | 49-58 | 62~64
Lewis EMery, JR.........ooon. Lo 12-19.22-43 | Bethlchem-Fairfield, 2254............. H 33 ?
Lew WALLACE. . ....ovvinninnnnn. 3-26-43 | Permanente, 485.................... H | 17-20 37
LIGHTNING (1)... .o iiiiiiiiinens, 11-23-42 | Sun, 202. .. ...t s H ? ?
LicurviNGg (2). ... vei i 1-15-43 | Sun, 202. .. ... it H ? ?
LIGHTNING (3)..cviiivinnnennenn... 2-23-43 1 Sun, 202. .. ... N ? ?
LIGHTNING (4).....covinnnnnn... 4-23-30-43 | Sun, 202. .. ... i ? ? ?
LIGHTNING (5)....cvvvieennnnennnn, 7~14-43 | Sun, 202 ... .. ... e, ? ? 4
LIGHTNING (6).... ..o viinnnnnnn.n. 8~1-9-43 | Sun, 202...........c it C ? ?
LIGHTNING (7). .ot iiiiiinennn. 11~12-43 1 Sun, 202. .. ..ot ? ? ?
Licurning (8).... .o vvvivieae o 1-5-44 [ Sun, 202......ciiiin e ? ? ?
LINCOLN STEFFENS ... .....c0ovvn... 1-44  Calship, 93.... ............ .ot H ? ?
LinpLey M. GARRrisoN {1)........... 5-17~43 | Oregon, 616. . ........ccovviiien.... ? | 48-55 49
Linorey M. GarrisoN (2)........... 1243 | Oregon, 616. . .....cciviiivnninnnn. ? 48 ?
LinpLey M. Garrison (3)........... 2-10-44 | Oregon, 616 . ...t ? ? ?
LINNBOYD.....oooiei e 6-28~44 | Delta, 97 ...ttt ? ? ?
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TasLE XIV-—Continued

Casualties Reported Up lo T August 71945

Temperature
Date of Sea Degrees
Vessel Cuual;{, Survey, Bailder and hull no, condition Fahrenheit
or Report Air Water
LORENZO DE ZAVALA......iovnnvnnnn 1-20-44 | Houston, 64............ivininvinnn. H 56 47
LOUGEHRIG...... vt veervnnnnn. 2-44 | South Portland, 210.................. H 39 55
Louis BAMBERGER...... tevvenvnnna, 2-21-45 | St. Johns, 72......... ..o il H 40 67
Louts Kossuts (1)...00vvvnvnvn.n.. 4~4-7-45 | Bethlchem-Fairfield, 2286............. H 39 50
Louts MCLANE. .....oveviinien wet, 10-43 | Calship, 109.........coovviviiinn, P | 45-50 50
Lucius FAIRCHILD. .. oo vvnnvnnnn s, 4-17-44 | Oregon, 796. ... cciiniiiiiiinnnens N | 80-90 80
Lucy STONE. .. voviiierinnnnonnsen, 1-16-31-44 | Permanente, 474. ... ... ... iiiinnnn H ? ?
Lunpy's Lane (1)........ovuvnnn.. 4-1-44 | Kaiser-Swan, 22.........c0ovvuenvnnn ? ? ?
LuNDY’S LANE (2)...00veivnnnnennns. 8-44 | Kaiser-Swan, 22.. .....ccivennnnnnn ? ? ?
LunsForRD RICHARDSON ...ovvvvnnn... 10-16-20-44 | Jones-Brunswick, 1589................. H ? ?
LYMAN ABBOTT....vvviiiennennnnen 5-7-45 | Walsh-Kaiser, 5. ..........c0eviunnn. ? ? ?
LYMAN BEECHER......cvvinnennnaan, 3-3-44 | Marinship, 7.......... ...l ? 63 56
LyMaANHALL.......oooiiiiinea, 9-43 | Southeastern, 5..............c.0uhnn. H ? ?
LYON’S CREEK....cvvvvvrnvecerrnn., 3-45 | Sun, 393 . ... . e ? ? ?
M. E. LOMBARDI. .. vt vvvenenernnnnnn 1-21-45 | Sun, 193, .. ..ot H ? ?
M.M.GUHIN. .....oviviniinnnns, 2-3-44 | Oregon, 615........oiiiiineiiinnn, ? ? ?
MAHLON PITNEY.. . ....ovvv e enn s, 9~43 | Bethlechem-Fairfield, 2092............. ? ? ?
MADEN CREBK......vvvuurernnnnnn. 2-5-44 | Gulf, 16.....cvvvii i ? ? ?
MANNINGTON.......iviivenennnnn. 5-43 | Barnes-Duluth, 3.................... ? ? ?
MARENGO .. ..ot vviiinen vinnnnnn,s 1-22-45 | Walter Butler, 43..........ccovunnn. C ? ?
MAaRrie M. MeLoney (1)............. 10-17—-43 | Betblchem-Fairfield, 2226............. H ? ?
MARINA. . .ovviiiiiiii e, 1-27-44 | Puscy and Jones, 1075................ H ? ?
Marine Eacre (1).......c0vvennn... 12-18-43 | Sun, 340. .. .ciivenir ittt ? ? ?
MariNg BAGLE (2)......cvvvivnnn.. 4-26-44 1 Sun, 340. ...ttt ? ? ?
MARK TwaIN (1)...oiviiiinnnnnn.. 2-13.20~43 | Oregon, 233. ... iiiiiiiiiiinnnnnn H ? ?
MARK TWAIN (2). ..o viiineenns 5-24-44 | Oregon, 233.........c.cviviniiinns, ? 72 65
MARKAY . oot iiniannanenn, 6-18-43 { Sun, 232... ... it H ? ?
MARK HOPKRINS.. .o oovvvvvnnnnnenns. 4-24-44 | Marinship, 9..........coiiiiinn ounn C 72 59
MAarY WiLkins FREEMAN (1) ......... 5-13-44 | New England, 2192.................. ? ? ?
MARy ' x'Ns FREEMAN (2)......... 9-23-44 | New England, 2192.................. ? ? ?
MATTHEW B. BRADY . . .oovvvnnnn.. 1~14-45 | Permanente, 1117.... ... ... ... ... N 22 44
Marthew P. DEADY .. .ovvvnnnL .. 3-43 | Oregon, 545. . .ovoviiiviiienin, ? | 54-59 | 62-68
McCrLeLLAN Creex (1)......c.vu.... 3-2-44 | Alabama, 254........ ..ot N 16 35
McCrLeLLAN CrEEK (2).............. 1-30-45 | Alabama, 254............. ..., H 32 38
MECHANICSVILLE (1) ... vvvninnnn.. 10-44 | Kaiser-Swan, 32...........cccvvnnnt. ? ? ?
MECHANIGSVILLE (2) .. .....ccvvuun.. 2-45 | Kaiser-Swan, 32.. ..........co00unes ? ? ?
MELVILLE JACOBY . . e vevvvvnnnnnn... 3-20-44 | Walsh-Kaiser, 3119.................. C 22 24
Mmpwest FarMzr (1) .. ..ovnun.. .. 5-29~44 | Oregon, 760 .. ...c.vivriinnennneannn C 64 ?
Mipwest FARMER (2)......c..vnuns, 11-30-44 | Oregon, 760........ovvviueiinnnnn, ? ? ?
MINOT VICTORY ... v oo v vieee 12-11-44 | Oregon, 1203................co0unes. C 39 44
MissioN SANTA CRUZ (1)...0nunnn... 3-4-44 | Marinship, 26.............c.0ovunnt. ? ? ?
MisstoN SANTA CRUZ (2).....vuuun... 4-17-44 | Marinship, 26.............ccevuvunn. ? ? ?
MoLNo DEL REY (1) ....cvvvvvnnns, 3-44 | Sun, 283 ... ... i ? ? ?
MoLmNne DELREY (2).....evvevenn.. 8-1-25-44 | Sun, 283 ....... it i ? ? ?
MONMOUTH .. oot vvenennnnnnennns, 10-1-19-44 | Sun, 248..........oviiiiinn vinnnn, ? ? ?
MONOCACY . v v vv et vvnesieninnnnnnn, 2-20-44 | Sun, 290, .. ..ttt ? ? ?
MONTANA (1) ..o ivviiiiiii et 12-13-26-42 | Sun, 225 . .. it i ? ? ?
MONTANA (2) . oo vveiiiiiiiiiienan, 1-14-44 | Sun, 225. ... ..ottt C 30 ?
MorMacMoO™ (1)...vvvinnnnennen... 8-20-42 | Ingalls, 253...........ccovviinennnen, H 57 80
MonrMmAcMOOM (2)...coviieiin.aL, 2-2-43 | Ingalls, 253...........coiieninnnn, H 56 51
MorMacswaN (1).......ovvvnnn.., 7-21-43 | Federal, 158.......ccvvvvirnennnnnnn H 66 56
MORMACSWAN (2)......covvvvvnnnnn. 10-43 | Federal, 158...........civviiviuns, N | 47-70 | 50-70
MORMAGSWAN (3)....ovvvivnvnn... 3-27-30-44 | Federal, 158 .. ....cvvvviirennnnnnn, H 51 54
_I_vionmcswm (€ T 12-44 | Federal, 158 .. ......covvvivinnnnn... H ? ?
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Date of Degrees
Vesses Cuual;{, Survey, Builder and hull no, coh uon Fahrenheit
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MORMACTERN . ..t vieiiieinnaannsn 3-44 | Consolidated-Wilmington, 227......... ? ? ?
MoRRISON R WAITE . ... .ooivuaaae 5-8-44 | Permanente, 503..........00ihan i ? | 50-63 53
MOSES BROWN....ovrivvinineennnnen 2-7-44/3-29-44 | Walsh-Kaiser, 6........c.0cciiinnaen H ? ?
Moses CLEAVELAND. ......c.vvnnn.. 5-5-43 | Kaiser-Vancouver, 44................ H 39 34
Moses ROGERS . . ...vvvve vivvnnnnen 6-43 | Permanente, 492.. . ... . 00i0ihennn. H ? ?
Mount KATMAL. ... ociivinnnnal e, 1-17-45 | North Carolina, 195.................. C 28 ?
NAHODKA....oviviiiiiiiiiiinn e, 12-44 | Oregon, 712.......ooiiviieinnn ., ? ? ?
NASHBULK. ...oivviiiiiiiiiiinnann. 4-1-2-45 | Welding Shipyard, 19................ ? ? ?
NATHAN TOWSON . ...ovvveinnnnnnan. 3-27-45 | Bethlehem-Fairfield, 2158............. H 42 41
NATHARIEL BacoN (1)............... 3-43 | Alabama, 241.........00iiiiiniinen, ? | 54-69 | 62-68
NATHANIEL BacoM (2).....covvvenn. 1-22-44 | Alabama, 241...........ccvvvivinnnn N ? ?
NATHANIEL BACON (3)....ovvvvnnnnn. 8-44 | Alabama, 241..........ccivvniinnnn ? ? ?
NATHANIEL CROSBY . . vvvvinnnnnnn, 4-44 | Oregon, 756 . . ...oovviiiininiennnnns ? ? ?
NaraNiEL J. WYETH. ....vivae o 4-26-43 | Oregon, 639.......ccvvvviiininen.. ? ? ?
NECHES.....ovviiiiiiineiinannnnnes 4-29-43 1 Sun, 221. ...ttt ? ? ?
Neorey D. CocHraN (1) ............ 12-15-44 | St. Johns, 56........c.coviiiiin.L, ? ? ?
Neorey D, CocHRAN (2) ............ 345 | St. Johns, 56..........iiiiiiinnn., ? ? ?
NeaateM (1)...covveiviniiinnnnnn.. 8-44 | Kaiser-Swan, 47..........covv it ? ? ?
NegALEM (2)......00vieiieninnnna., 4-19-45 | Kaiser-Swan, 47......c.ocvivvevainn. N ? ?
New LoNpoN (1) .. vvovvvnnnnn outt, 7-5-25-43 | Kaiser-Swan, 7......ccvevivriennnnnns N ? | 50-91
New LONDON (2} .......cvviinvnnn, 9-5-7-43 | Kaiser-Swan, 7.......coevivinniann.. N ? | 54-92
NEWLONDON (3) cvivviiinninnnnnn, 9-9-43/10-43 | Kaiser-Swan, 7. . c.vvevvrinirnnennn.s N ? | 54-90
New LONDON (4) eoovvnvviinnnennnn. 2-17-44 | Kaiser-Swan, 7.....covievrrrennennss ? ? ?
NeEW LONDON (5) cuvvvnvvinnnnnnnnn, 5-26-44 | Kaists Swan, 7.....couvreinnnnnnen. ? ? ?
NEWBERG (1) ..vvuiviiiriennnnnnnn, 12-10-44/1-10-45 | Kaiser-Swan, 52............cc0vuunn. ? ? ?
NEWBERG (2) . .t vvvviiverennnnnnn, 2-45 | Kaiser-Swan, 52........cc00iininnnnn ? ? ?
NicHoras GuuMaN (1) .. ...oovuetts., 1-3-4-43 [ Houston, 9.......vvvinnerrnenennnnns H 40 ?
NicHoLas GILMAN (2) .. ..oovvnnnn... 1-44 | Houston, 9......cvvviuivrnrnennnonnns H | 55-60 | 54-60
NicroLas GiLman (3)............... 2-19-45 1 Houston, 9......c.ccovieriarenarenes ? ? ?
NichoraAs HERKIMER (1) ............. 12-20-43/2-4-44 | Southeastern, 14..................... H | 50-55 45
Nicroras HERRIMER (2)............. 2-19-24-44 | Southeastern, 14............ceviunn.. N ? ?
NORTHFIELD . . v o vvvninnaninanannn, 9-12-43 | Kaiser-Swan, 9.........coovveivnen., H ? ?
NorwicH VICTORY.........oovvnn.n, 5~2-45 | Calship, V=53.........civiniinnnen., H 58 ?
NOVOROSIISK . . vvvvviiiiinnianne. 12-2-25-43 | Oregon, 688.....covvnieininnnnnnne, ? ? ?
O.B.MARTIN......civiinineennnnas 2~45 | Todd-Houston, 131.................. ? ? ?
OBERON. . e ot tviertenennnsennnnenns 1-10-44 | Federal, 184.. ..., ? ? ?
OCceaNMawL (1)..eoviiiiiinenn. 3-1-16-43 | Sun, 199. ... it e H ? ?
OCEANMAIL (2)....civviiiiniennn.. 3-43/4~43 | Sun, 199 ... ...ttt H ? ?
OCEANMAIL (3) ... viiiiiiiiinnnnn 16-43 | Sum, 199, ..ot H ? ?
OceANMAIL (4) ... iiiiiinnnennn, 2-28-44 | Sum, 199, .. .iiiiiit i ? ? ?
OLIVER EVANS......covviiinniinna, 2-17-44 | Permanente, 1109................... ? ? ?
OKLAHOMA . .ot viiiiinnnneennncns 8-28-44 | Sun, 198.......cciiiiiiniiiiiiin.n, ? ? ?
OPEQUON....oovivvtivienininnnansn 1-20-44 [ Sun, 312. .. .oiiiiiiii i ? ? ?
ORAN M. ROBERTS. .....cevvvnvenne, 10-17-44 | Houston, 74......ovivinnnnnenerenn. H ? ?
OrecoN TRAIL (1).... ............. 2~12-44 | Kaicer-Swen, 34, .. ... ... .00, ? 7 ?
Orecon TRAIL (2).......cvvvnnnnn., 7-5-44 | Kaiser-Swan, 34..............co..... ? ? ?
OscAR S, STRAUS. . .vvviiveiinenns, 12-12-44 [ Delta, 79....coivi i H ? ?
P.T.BANNUM. .ot iiiiiinnaneens 8-43 | Calship, 188............coivinntt, H ? ?
PALcA 1o (1) e ... 10-9-43 | Sun, 279... .o iiiiiiiie e v . ? ? ?
PALOALTO (2) v iiveienenrannnenn.. 4~18-44 | Sun, 279 . ...ttt it ? ? ?
PANNMAINE .. oov it iiinenn s 4-44 | Federal, 141.........ovvvveinnnn.. H ? ?
PAN-PENNSYLVANIA....ovionnennnnnn 3-17-28-44 | Welding Shipyard, 13................ H ? ?
PAN-RHODZ ISLAND . . .0v0ueninnnnn.. 4~44 | Federal, 189......ccovvvvvvnnnnn.., H ? ?
PAREBENJAMIN.. ... ....oviunniinnan 3-28-44 | New England, 3008.................. C 25 ?
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or Report Air Water
PELDRO MENENDEZ . .. ...covvvnvnnnn. 4-45 | Jones-Panama, 54...... ........00.. H ? ?
PereGRINE WHITE (1) ............... 1-25~44 | New England, 248................... H 40 45
PeREGRINE WHITE (2) ............... 10-44 | New England, 248................... H ? ?
PEROTE. .o ovvinniienennnnnasinnnns 11-44 | Sup, 286. .. .....oviiniii it ? ? ?
PERRYVILLE......coiivivninannnnnnn 1026—44 | Sun, 263 . ... . ... it ? ? ?
PETER CARTWRIGHT................. 2-22-44 | Calship, 57.............ciiiiinnn. H ? ?
PETER DONAHUE.................... 2~23-24-44 | Marinship, 12..............co il H 65 62
PeTEr J. MCGUIRE ................ 12-30-44/1-2-45 | Permanente, 6....ocvvveeeennnnnnann. H ? ?
PeTER V.DANIEL.........occvinnn 12-15-43 | Calship, 86...............cooiiit, H ? ?
PETERSBURG .........c0ciivinnennn, 11-1-20-44 ) Sun, 296, .. ... . it e e ? ? ?
Puwip F. THOMAS. .................. 4-45/5—45 | Bethlehem-Fairfield, 2229............. H ? ?
PriLip P, BARBOUR.................. 1-44 | Calship, 85.......... ......coil.t H ? ?
Puip KeaRNY......ooviinai L, 12-44 | Marinship, 5......... ..o, H ? ?
PHiLIP SCHUYLER ................... 6~12—44 | Oregon, 184................ ... ... N 86 67
PuiNeas BANNING (1)................ 843 | Calship, 136.............ccvviiinnt. H ? ?
PHinNzAs BANNING (2)................ 12-11-43 | Calship, 136..........cciiivinnnnan, H 60 64
Pierre S. DUPONT. ................. 1-26-45 | Oregon, 576...........cviunnnn.. ., GC 8 | 30-32
PoPrwco............cooiii 1-12-28-45 | Calship, 121.........oovevviinnnnnn. H ? ?
PLATTE. .ot ceen 4~7-43 | Bethlehem-Sparrows, 4329............ ? ? ?
PLATTSBURG.........ccocvivnnenn... 5-11—-44 | Kaiser-Swan, 24......... ........... ? ? ?
POCOHONTAS (1) oo vvein ... 8-21-43 | North Carolina, 49................... C | 67-70 29
PoCOMONTAS (2)......ovvvvinnn o 2-44 | North Carolina, 49................... H 55 62
Poranp Victory (1)................ 7-44 | Oregon, 1003............ooiinnnnnn. ? ? ?
Poranp VicTorY (2).........ccvvtt 12-31-44 | Oregon, 1003 . ............covvvnnnn. H ? ?
PoNcEDE LEON.........oouvinnnn, 9-44 ! St. Johns, 1... ...l ? ? ?
Prince L. CampBELL. .. .oiivllL L 2-18-44 | Oregon, 771 .. ... iiiiiiiinnenn, H ? ?
PUEBBLO.....ciiviernerninnnnnnnnnn. 8-44 | Sun, 256.......c000iiiiieiiiiinnn, ? ? ?
10]5::3:):1 1 ¢ 1) 2-43 | Kaiser-Swan, 2. ......c..oivuviinnnn. ? ? ?
QUEBEC (2)..covviianeinnnnn, 5-31—44 | Kaiser-Swan, 2...........c..coveen, C 72 66
R.C.BrRENNAN (1)..0evvn e, 6-15-43 | Oregon, 695 ... ..o evviieinnnnnn.. N ? ?
R.C.BRENNAN (2)...........ounss. 7-22-43/8-7—43 | Oregon, 695 .. ..cvivreivniniinnn.. H ? ?
R.C.BRENNAN (3)....cvvvivnnn.... 11-11-43 | Oregon, 695. . ... vvviiinnnnnnnne. ? ? ?
R.C.BRENNAN (4).................. 5-23-44 | Oregon, 695. . .....ciiiviinennennn. C 54 ?
R.C.BrENNAN (5).................. 12-19-44 | Oregon, 695. . ... coviiiurevnnnnnnnn, N 36 60
R.C.StoNer (1).......oovee. 944 | Sun, 239. ... e H ? ?
R.J.Reynowos.................... 1-3-45 | Jones-Brunswick, 162................. ? ? ?
R M WiLiamson..........c.c.n.n.. 2-17-45 | Houston, 78...........c.ccvviiennen. H ? ?
RAINER....c.oovvcveiiane..,. 6-21-44 | Kaiser-Swan, 54..................... ? ? ?
RALPHBARNES. ..........c00vennen. 944 | Oregon, 815...............couvt.... ? ? ?
ReGINALD A, Fessenpex (1).......... 4-10~44 | Delta, 75, iiiienieenn H 52 54
REGINALD A. Fessenpen (2).. ....... i=45 | Delta, 75.......civii i e ? ? ?
RENALD FERNALD. . ......cc.ven.... 10-44 | New England, 2215.................. C 48 60
ReuBeN SMOow......covvviiiinennn, 1-12-44 | Pacific Bridge, 5...........ccvvunn.n, ? ? ?
RicHARD CASWELL.........cconunn., 6-43 | North Carolina, 48................... H ? ?
RicaarD H. ALveY................. 1-16-23-44 | Bethlehem-Fairfield, 2040, ... ........ H ? ?
RicHARD HARDING DAvVIS. ........... 8~1-44 | Oregon, 671..............cvvvnnn, ? ? ?
Ricuarp J. Creveranp (1).......... 1-28-44 | Calship, T-4..............vvinnnnn.. H 24 34
RICHARD J. CLEVELAND (2).......... 3-23-44 | Calship, T-4......cooiiiivernnnnnn, ? ? ?
RicHARD JL REISS...ovvvenennenn. ., 10-17-43 | Great Lakes-River Rouge, 290......... H ? ?
RICHARD JORDAN GATLING........... 7-31-45 | Permanente, 419 ........... ..ol N 81 60
RicHArD M, Jounson (1)............ 3-17-44 | Delta, 60...........ccoivvvrenninn. H ? ?
RicHarp M. Jounson (2)............ 9-44 | Delta, 60...... .....c.vvivininnnnnn. ? ? ?
RicHArRD M., Jounson (3).......... . 12-13-44 | Delta, 60...........cciiieeiiinnnnn, C 38 42
RICHARD MANSFIELD . oo oo v vnnnn, 3~31-44 | Oregon, 608. . ... .....cciivvnnennnn. ? N ?
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or Report “TAir | Water
Rictimonp Musrorp Pearson (1) 3-31-43 | Delta, 29..... ....... ... . ... ? ? ?
Ricumonp Musmrorp Pearson (2) 4~23-43/5-14-43 | Delta, 29.....  ...... . ..... H | 30-39 | 40-42
Ricuarp OwNey (1) . ... ... 3-43 | Delta, 37..... ..  ...... ? ? ?
Ricnarp Orney (2)...... ... 3-43 | Delta, 37...... ... ... ... ... .. ? 1 66-73 | 66-70
Ricuarp Rush........ . 1-24-45/2-5-45 | Oregon, 621........... .... ..... . N | 60-65 | 66-68
Riveir Raisin (1) ......... 10-31-43 | Kaiser-Swan, 15........... ......... ? ? ?
River Ramsiv (2)......... 7-7-44 | Kaiser-Swan, 15................. ... ? ? ?
Rosert C. STANLEY. .. ... 11~10-43 | Great Lakes-River Rouge, 294. . H ? ?
Ropert C. TUFTLE. . ... oo, L. 6-4-43 | Sun, 194. .. ... ... ... .. .. C 9 ?
Rospert E. CLARKsON (1)........... 1-25-45 | Todd-Houston, 161.............. ... ? 13 ?
RoperT E. CLARXSON (2).... ... 6-13-45 | Todd-Houston, 161.......... .. - N 55 48
RoperT EDEN......... .... .... . 5-30-44 | Bethlchem-Fairfield, 2165.. .......... ? ? ?
ROBERT ERSKINE.......... ... 10-20-43 | Bethlehem-Fairfield, 2159. ........... H ? ?
Rosert G. INgeRsOLL (1)... ....... 10-11-43 | Calship, 226.............covvn oot ? ? ?
RosperT G. INGERsOLL (2) ...... . . 1-29-44 | Calship, 226.............cvvvnn ... 4 ? ?
Rosert HOwE . ... .. ... 7-43 | North Carolina, 57................... ? ? ?
RoBerT Lowry (1) ........ . ...... 4-11-44 | Delta, 55......c.ocoiiiiiinn... . ? ? ?
RoBert Lucas. .................... 4-22-44 | Permanente, 1560 ... ... ... ... ? ? ?
RoOBERT MORRIS. . ......... ... .... 8-1-44 | Calship, 7................oiui.t . ? ? 85
RoserT NEwWALL (1)........ ..... 10-10-20-43 | Oregon, 684.............. ......... H ? ?
RorerT NEWALL (2).... ....... ... 1243 [ Oregon, 684. . .......covvvuvenenn .. ? ? ?
RobBert NEwaLL (3).......... . 1-6-44 | Oregon, 684........ ......cvvu.n. H ? ?
RoperT NEwALL (4).............. 4~44 | Oregen, 684. . ... coiviinnenn, ? ? ?
ROBERT ROGERS. ....... ...... ... 2-25-44 | New England, 281............... .. H | 52-62 | 57-58
RoperT S. LOVETT.................. 2-45 | Todd-Houston, 155 ................. H ? ?
ROBERT STUART ...t oot v ol 10-44 | Calship, 131.............. ......... ? ? ?
RoBerT TOOMBS. ..... .... ... . 6-45 | Southeastern, 7... ............ ..... H ? ?
RoBERT TREAT.. ........ ... . ... 5-16~44 | New England, 276................ .. ? ? ?
RonerT TREAT PAINE.. ...... 4-44 | Bethlchem, Fairfield, 2019...... ..... H | 54-58 | 63-64
ROBERT TRIMBLE . ............ ..., 5-2-44 | Joncs-Brunswick, 109................. ? ? ?
RockLAND VICTORY....... .... ... 3-18-20-45 | Oregon, 1017 .. .......... ... c...s. H ? ?
RoGeR Grisworp (1)............... 1-12-44 | Delta, 43.. ..o H 38 58
Rocer GriswoLp (2)...... ........ 2-8-25~44 | Delta, 43...........covvei o u.. N | 25-45 | 36-49
RoGER GriswoLp (3)......... ... .. 5-29-45 | Delta, 43 ... ..ot N 60 52
ROGER MOORE.........covvun .o, 3-4-44 | North Carolina, 81 ..... ......... .. H ? ?
KouGe RIVER ......oovvvvenon ... 12-44 | Alabama, 316....................... H | 53-63 | 64-65
RoseBup (1).....ocov o ... .. 6-44 | Alabama, 258..... ................. H ? ?
RoseBuD (2)...ovnen. . .. 12-44 | Alabama, 258.................. .... ? ? ?
Rurus C.DAwES. . ......... .. .... 10-43 [ St. Johns, 12..... ................. H ? ?
RusseLL H. CHITTENDEN. . ... . .... 10-2-4—44 | Calship,297.... .............. H 79 75
S.M.Bascock (1) ... ... .. ...... 10-14-43 | Oregon, 590. . ...... .. ........... H 38 46
S. M. Bascock (2)..... 1-7-27-44 | Oregon, 590. . ...........ccovve ... N 38 46
SABINESUN........ . e 1-23-45 1 Sun, 234. .. ...t ? ? ?
Sacajawea (1).. ... .. ... 4-18-44 | Oregon, 612. . ........ocevininnnn... ? ? ?
Sacazawra (2}, ... Lo L 5-43 | Oregon, 612. . ... oiiiiiiinnninn.. H ? ?
Sacajawea (3)......... 2-44 | Oregon, 612. . ..........ooiveen. .. N { 48-52 52
SAGHARBOR. ............... . ... 10~1-25-44 | Sun, 337 .. ....... ..ot ? ? ?
SAGUARO . ........... . ....... 4-1-22-45 | Kaiser-Swan, 119.............. .... ? ? ?
SALAMONIE.......... 12-5-41 | Newport News, 372.. ? ? ?
SALVADOR Brau..... . 3-1-44 | Jones-Panama, 25 . .... ..... ..... ? ? ?
Samarmoa (1) ... ... . ... 11-27-43 | Calship, 249..............covvin.t, ? ? ?
SAMARINDA (2)......... ... 4-44 | Calship, 249........... .......... . ? ? ?
SAMAROVBK. ..... «v0u'r vvreennn.. 4-44 | Calship, 236............ ..... . . . ? ? ?
SaMBurr ... L ol 8~44 | Bethlehem-Fairfield, 2269 . ....... .. ? ? ?
701292—47—9
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SAMBUR . . ccviiiiiiriiiiienneennn 12-4-43 | Calship, 247 ............... cheieeaan ? ? ?
SAMBLADE . . ...ovtiiiininnneinnans 9-43 | Calship,230..............covn ..e. H ? ?
SamecaLia (1)....... ...l 12-13-43 | Calship,252... ............... . .. ? ? ?
SAMCALIA (2)... .. ...l 2-44 | Calship, 252........................ ? ? ?
SAMDON. ........... il 12-28-43 | New England, 2210....... ... ...... C 16 34
SAMHOLT...........ocoiiii it 10-43 | Calship,218.. .................. .. H ? ?
SamHouston IT (1), ............... 2-4-44 | Houston, 70 ...............ccvunn., H 38 42
SamHouston 11 (2)................ 5-31-44 | Houston, 70... ................ . .. ? ? ?
SAM JACKSON......covviiiiinnnnns, 5-30-44/6-1-44 | Oregon, 632 .................. . .. ? ? ?
SAMMONT.......cooiiiiiininennns, 4-45 | Calship, 255............... ........ ? ? ?
SAMPAN .. ...ttt i 10-45 | Calship, 234. ............... . ..., H ? ?
SAMPEP........iiiiiiininennnennns 11-15-43 | Calship,242............ .. ... . .. ? ? ?
SAMPFORD . . ........civvviiiennn .a 3-44 | Permanente, 2099... . . . . ........ ? ? ?
Samson (1) ..o ooii e 12-43 | Calship, 219 .. ...........coive. .t ? ? ?
SaMsoN (2) ... ... i, 1-45 | Calship, 219......... ... ... ... ... H ? ?
SamrreDY (1)....oveiiii ., 4-44 | Calship,251............. .......... ? ? ?
SAMTREDY (2). ......vviiinininn. 2-45 | Calship, 251........................ ? ? ?
SAMTROY . .....covviniiniinnnnnnnns 4--17-44 | Bethlehem-Fairficld, 2282.......... .. ? ? ?
SAMTYNE ......ooiiiiiiiinininas, 2-45 | New England, 2222..... ......... .. H ? ?
SAMUEBL ADAMS. ..........c0vuvnnnn. 2-3-44 | Calship, 8............... ... (..., C 32 34
SAMUEL ASHE........... v ..0vuunn 10-30-42 | North Carolina, 20........ .......... C ? ?
Samuer Cuase (1).....ovvvnnn.., 5-2-44 | Bethlchem-Fairfield, 2010............, ? ? ?
SAMUEL CHASE (2)......ccvvnvvnnnt, 3-45 | Bethlehem-Fairfield, 2010.. .......... ? ? ?
SaMueL Crase (3)......coooiiinn.. 4-11-45 | Bethlchem-Fairfield, 2010............. H ? ?
SAMUEL CHASE (4)........... .. .... 6-45 | Bethlehem-Fairfield, 2010.......... . ? ? ?
Samuzr CoLT. .. ovii il 4-12-44 | Oregon, 585...........c.vien o ? 1 38-43 42
SamueL D, IngHAK (1).............. 543 | Oregon, 622...........ovvvnen.. .. ? ? ?
SAMUEL D. INGHAM (2) ... ... ....... 11-7-43 1 Oregon, 622. . .......c.cvver el N 40 42
SAamuer D. InonaM (3)..... . ... .. 1-12-44 | Oregon, 622..............vvveen.., C ? ?
Samurr D. InguAM (4).............. 3-31-44 | Oregon, 622...........ccovvvivnnnnn H | 12-20 38
SamueL Dexter (1)................. 1143 | Delta, 42......c..ooiv i ? ? ?
SAMueL DexTER (2).......... ... .. 1-21-44 | Delta, 42, .....cooivvet vivniee. . H 40 48
SamueL F. B.MoORsE. ............... 5-43 | Bethlchem-Fairfield, 2379........ . H | 52-66 | 50-51
SAMUELGRIFFIN.................... 3~24-44 | Houston, 10.. ............... ...... ? | 42-52 39
Samuer JOTIDEN. .. ........oL L, 6~30-43 | Oregon, 597...... ........ . ? | 70~62 70
SAMUEL JOHNSTON............ . .... 5-18-45 | Bethlehem-Fairfield, 2033. . . . . .. C | 55~64 | 50-66
SAMUEL MGINTYRE.................. 7-2-43 | Bethichem-Fairfield, 2150............. ? ? ?
Savuer Nerson (1)................. 1-20-44 | Calship, 87 . .......coouvviiiinn... H 36 34
Samuer Newsox (2)................. 2-29-44 | Calship, 87 ................o L H 38 41
SamuerL Nerson (3)........ ........ 3-26-44 | Calship, 87 ................... . .. N 49 51
SAMUBL PARKER ........... ........ 2-44 | Oregon, 593. ......... ... ... .. H ?
SAMUEL SAMUELS (1)........... .... 12-21-43 | Walter Butler, 22....... . ....... C 7 ?
SAMUEL SAMUELS (2).....coivvnnn.. 1-11-44 | Walter Butler, 22....... ....... ? ? ?
SAMUEL SEABURY................... 12-42 | Oregon, 572. . ..oovviiiiiiinn,. .. ? ? ?
SAMYTHIAM . ...ttt 1-14-44 | New England, 2212.................. C 18 ?
SAMZONA.......... ooiiiiiia. L 3-14-44 | Oregon, 761 .. ............. .. ...... ? ? ?
SAM ANTONIO........cvvviinnnnnn. 12-1+16-44 | Sun, 255.. . ..., L ? ? ?
SANTABARBARA.................... 7-5-44 | Federal, 239................... ... ? ? ?
SAnTA CECIIA. ... 4~8-44 | Federal, 233.............cccvvuiun.. ? ? ?
SAaNTACRUZ. ... 7-1-43 | Bethlehem-San Francisco, 5360... ... .. H ? ?
SANTAISABEL............... ...... 4-43 | Newport News, 373............... .. ? ? ?
SANTAMARIA (1)........ ... .ia, 12-42 | Federa!, 235....... ......... ... .. H ? ?
SANTAMONICA. ............ovuuu.., 2-43 [ Federal, 155..................... .. H ? 4
Scueneerapy (1)................... 1-16-43 | Kaiser-Swan, 1................... .. C 23 38
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ScHENECTADY (2)................... 8-43 | Kaiser-Swan, 1 ... ...... . ..... ? ? ?
SCHENECTADY \3)....covivivinnnn. 9-43 | Kaiscr-Swan, 1 C e e e ? ? ?
Schuyrer Corrax (1)..,............ 2-24-44 } Calship, T-20.. ... . .............. H 30 60
ScHUYLER CoLPAX (2)............ .. 3-25-44 | Calship, T-20.... H 53 54
Schuyrer Corrax (3)............ .. 6-11-44 | Calship, T-20. .. ................ N 56 ?
ScruvyLer CoLFax (4)...... ..... .. 2-2-45 | Calship, T-20.... . ... ..... .... C 38 40
ScHuYLER CoLFax (5).....ccovvvnnn. 2-10-45 | Calship, T-20.................. .... N | 38-40 40
ScHuyLER CoLrAx (6)............ .. 4-45 | Calship, T=20.......... ....... . .. ? ? ?
SEAANGLER..........o0vius ool o 2-9-11-44 | Western Pipe, 121...... ... .... .. N ? ?
SEABASS..... ...l 1-5-44 | Western Pipe, 80....... ............ H 55 52
SEAKAY..... .. oottt 1-44 [ Sun,231................ ..ol ? ? ?
SeAa Porpoise (1) ....ooovivnnn.. .t 4-6-44 | Ingalls, 332,......... .......oall H | 50-67 | 37-67
Sea PorpPOBSE (2) ..., 7-3-45 | Ingalls, 332............. ...l N 65 65
Sea SerpeNtT (1).. .. ..ol 12-31-42 | Sun, 206.........cct tiiin cennn ? ? ?
SEA SERPENT (2)......covvvivrnint, 5~15-43 { Sun,206.............. ... ... ? ? ?
SeA SERPENT (3)....covvvinnnnt. 6-21-43 | Sun, 206.......c0viiiiiiiii ? ? ?
SEASERPENT (4)......oovvinn. .. 7-18-43 | Sun, 206, . ..ot iiiii s ? ? ?
SEA SERPENT (5) .0 v iivrnnnnnnn s 8-9-43 [ Sun,206......c0iviiiiiieiiina. ? ? ?
SeA SERPENT (6). .............. .. 9-20-43 1 Sun, 206.............ooiii il ? ? ?
Sea SerPENT (7). ...l 10-2-44 | Sun, 206. . ..ovvriveenani e, ? ? ?
SEATIGER. ...t 12-7-44 | Ingalls, 409..........oooiiiaiaatt, H 65 ?
SeamoBiLE (1) .. ..ovviiiivinan.s, 7-44 | U. S. Shipbuilding, 5................. H ? ?
SEBASTAIN CERMENO................. 3-43 | Marinship, 11............. . ....... ? ? ?
SEBASTIAN ViZCAINO.. ............ . 3-23-44 | Calship, 105. . ...t H ? ?
SEDALIA VICTORY..........covnnnn.. 3-18-24-45 | Bethlechem-Fairfield, 2441.... . ...... H ? ?
SEVASTOPOL..........c0ovvnen vuenns 1-7-44 | Oregon, 670. . ..oovvvinn oiinnn.. Cc ? ?
SevEN PINES. . .......... ...l 6~27-44 [ Sun, 259.....0viivein e ? ? ?
Sewerr Avery (1).. ............. §-21-43 | American-Lorain, 827............. .. N ? ?
SewreLL AVERY {2).......... ....... 12-44 | American-lorain, 0%7........... .... ? ? ?
SHABONEE...............covunn.s 9-1-5-44 | Bethichem-Sparrow, 4386.. ... . . .. ? ? ?
SHoornG STAR (1) ... ........... .. 8-14-42 1 Sun, 205, .. ciiivienienninnan. .. ? ? ?
SHOOTING STAR (2) .. .... .......... 2-23-43 | Sun, 205. .. .iiiinnn i ? ? ?
SHOOTING STAR (3) ... ..o vtn L 4-43 [ Sun,205. ... .c0iiiein cin e e ? ? ?
SHOOTING STAR (4) .. . ... ... .. 5-22-43 ] Sun, 205.......c0000 . L ol ol ? ? ?
SHOOTING STAR (5) ... . vivviie e €-13-43 | Sun, 205....cccvvuvneniiiniin cainnn ? ? ?
SHOOTING STAR (6) . .. ... v 8-31-43/9-9-43 | Sun, 205...c.ccvviiiiiiiiiieen. ? ? ?
SHOOTING STAR (7). . . ...t 10~4~43 | Sun, 205, ... 0ivveeen i e ? ? ?
SHOOTING STAR (8) ... ....v..vott. . 3~14—44 | Sun, 205. .. vttt ? | 34-38 | 45-52
SmoNEY EDGERTON. . ... .iieennns §-23-44 | Oregon, 754.............. ... .... ? ? ?
SIDNEY SHERMAN . . . ... voout... 3-25-44 | Houston, 86.............. . .... .. ? ? ?
SiLas WeIr Mrrcuerr (1)............ 2-45 | Bethlehem-Fairfield, 2125............. ? ? ?
SiLas WEIR Mitcuerr (2)............ 5~31-45 | Bethlchem-Fairfield, 2125.. .......... C 49 59
SiLvERBOW VICTORY .. .............. 10-9-44 | Oregon, 1024....................... ? ? ?
SiMoN NEWCOMB. ... ...oviuiiinne.., 3-4-44 | Calship, 158..............covunnn .. N 54 52
SMON WILLARD . . ... vvv i viann s 4-18-44 | Alabama, 284....................... ? | 50~-52 57
SRAGWAY VICTORY.........0vvuinnnn 10-1-28-44 | Oregon, 1032............ ... .0, ? ? ?
SKULLBAR........... ...t 1-1-8-45 | Alabama, 267................ . .... ? ? ?
Swoxky HiLr. . ..........ooiinn 12-44 | Kaiser-Swan, 38.... . ...... ....... ? ? ?
SOLON TURMAN. ... ovvivenniennnenss 5-43 | Consolidated-Wilmington, 231 ........ ? ? ?
SOMME. . ...t i 5~15-45 | Sun, 434. ... ... ... ... i, ? ? ?
SouTH MOUNTAIN...........evet. 12-44 | Sun, 303.......... .. ..... .. .. ? ? ?
SOVETSKAYA GAVAN.... .....vonnnn. 2-44 | Oregon, 708. . ....... ... ... .. ? ? ?
SPOTTSYLVANIA, ...... ...cvvnen... 4144 | Sun, 297 .. ..ot e ? ? ?
StacHouno (1).......vvvv v, 9-42 | Sun,204. ... ? ? ?
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Stac Hounp (2)..........cvvvvnn. 11-25-42 1 S, 204... . .o i ? ? ?
StacHounnp (3)............c.... .. 1-19-43 [ Sua, avd. . oot i H ? ?
Stac Hounp (4).......ooovvnnen, 2-9-43 | Svn,204.. ... . ? ? >
StacE DOOR CANTEEN............... $-45 | bethlehem-Fairfield, 2252........ ... ; ? ? ?
STANFORD NEWEL.. ............... 3-8-44 | Oregon, 685........... ......... | ? ? | ?
Sranvac Care Town........ ..... 7-5--42 | BR:thlehem-Fore River, 1486....... Lo H 54 | 44
STERLTON.....oviviiincnnrnrnnennn 2-16-43 | Great Lakes-Ashtabula, 525.......... ' ? ? ?
STePHEN A, DouoLas................ 4-14-43 | Oregon, 178............ ..., .... | 44-70 44
StepHeN B. Erxmns (1)....... . ..... 1-15-18-44 | Orcgon, 618.. ... .............. ' I P ?
SteEPHEN B. Erxins (2).... .......... 4-11-14-44 | Oregon, 618. .. . ... ..... . ..... H ? ?
StepHEN C. Foster (1).... ..., .. 3-14-43 | Houston, 37... ... weverreennnn .. e 32 30
StepueN C. FOSTER (2).............. 12-7-43 | Houston, 37...  .... ...... .... I H 38, 47
STEPHEN F. AUSTIN.. ........ ... .. 3-22-44 | Houston, 26... . .  .............. | N 52! 54
StepueN H. LoNG. . ................ 7-21-43 | Calship, 215.......... ... ...l : ? 86 | 70
StepHEN HoPkins.............. (... 5-20-43 | Permanente, 2283 ................. 1 H ? ?
STEPHEN JoRNsON FIELD .. ... ... .. .. 3-20-44 | Calship, 34........ .. ... ... ... H ? ?
STEPHEN R, MALLORY.. ............ 1-11-44 | Jones-Panama, 22. ....... ......... I C | 34-50 : 53
STONEY CREEK . ... .oevvsrennnnn... 12-1-21-44 | Kaiser-Swan, 21......... ........... i ? 2| ?
SUCHAN......ooiviviiiiinienn e 5-16-44 | Calship, 180............. ... .. .. | ? ? ?
SuLRoOsS..... ..ot 3-45 | Houston, 127.............ovunenn .. ? ?‘ ?
SURPRISE (1) ....c.iiiiniiienr o 7-4-42 1 Sun,203............coih ... i ? ? i ?
SURPRISE (2) ... eeennnrrneenannnnns 10-27-42 | Sun, 203 . oo | ? ? | ?
SURPRISE (3) ......oiviiiennnnnn. 5-30-43 | Sun, 203........... . oL : ? ? ?
SURPRISE (4) ... ..coviriiiinnnnn 6-30-43 | Sun, 203. ... ... ..l i ? ? ’ ?
SURPRISE (B) .....covvviinn s, 8-12-43 | Sun,203........ ... ... e, L ? ? | ?
SURPRISE (6) ... ..ueveiais oo 10-10-43 | Sun, 203...... cooiin el L2 Py 2
SURPRISE (7) ...... «coiiivin... 4-44 1 Sun,203............ i H ? | ?
Susan CorBy .. ....... ...l 1-18-44 | New England, 2213.................. ? 3. ?
SUWANEE. .. ..vvevnnnennnnns e, 12-4-41 | Federal, 151. . ..................... ? ? ?
SWAN ISLAND. ... o, 4~5-45 | Kaiser-Swan, 86................. N ? | ?
TaBLE ROCK......oiiiiiin, 4-22-44 | Kaiser-Swap, 41.................. .. X ? ? ?
TAPPAEANNOCK. .. ... «.vvvreeenn... 2-5-43/11-13-43 [ Sun, 226. ..., X N ? ?
‘TeLFAIR STOCKTON (1) . ............. 12-44 | St. John’s, 71.... .. .. ... e ? ? ?
TELFAIR STOCKTON (2).. ... ... .... 12-44 | St. John's, 71. ? I
THeoDORE DwIGHT WELD. ......... 3-13-43 | Calship, 142. . ........ ... ......... C | 53-58 59
THEODORE PARKER (1)..... ....... 1-9-44 | Calship, 143. . ..................... H 44 54
THEODORE PARKER (2)......... 3-30-44 | Caiship, 143. ..................... C 43 41
THEODORE SEDGWICK................ 11-28-43 | Houston, 29.. .................c.... H 55 ?
Taomas A. Henbricks ........ . .. 6-30-43/7-12-43 | Oregen, 689. . .....ccovvinenn.. .. H ? ?
THoMas B.Kino...... ...... .. ... 3-45 | Jones-Brunswick, 154................. 2 ? ?
TroMmas Firzsivons (1) . ............ 5-26-44 | Delta, 47.... ....... i, ? } 21 ?
Tromas FiTzsntons (2). ............. 2-4~45 | Delta, 47.......coouiet i, N, 34| 40
TuomasHir..... ....... . ...... 1-30-45/2-1-45 | Calship, 177........................ N | ? ?
Tsomas HOORER . . ........ ... ... 3-5-43 | New England, 203................... H ‘ 22 38
Tuomas Howerr (1).. . ........ 3-1-4~44 | Oregon, 769 . . . ......oiviiennn.t. Hi ? ?
TroMas HowerL (2)..... ..... 8-15-44 | Oregon, 769.  «.'vvourienennnn, 2 7 ?
Tromas Jounson (1) ................ 2-5-43 | Calship, 84............ ... ...... .. 2 ? ‘ ?
Tiomas Jounson (2)........... . .. 4~14-43 | Calship,84......................... H i ? ?
TuoMAs JounsoN (3)......... 5-43 | Calship, 84....... ................. 2 ? !
Tromas JounsoN (4)................ 6-45 | Calship, 84.............. ... ..., ? ‘ ? ?
THOMAS KEARNS. . .. oevvnnennnnn,. 5~18-44 | Permanente, 462..................... ? ? ?
Taomas L, CLINOMAN . .... ........ 6-29-43 | North Carolina, 86.................. H { 43 70
Tuomas Lyncu (1).. .............. 12-42 | Alabama, 239....................... ? ? ?
Tuaomas Lyncu (2). ... .......... 12-43 | Alabama, 239, ...... ........ . ? I 65 68
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| ! Temperature
Date of ) Sea Degrees

Vessel Casual}{, Sarvey, ! Builder and hull no. condition ‘MFallrenfx_cij‘_—

or Report ! Air Water

Tuosma. MacDoNoucH . . .. 11-14-42 | Orcgon, 182.. H ? l ?
Tuomas PaiNE. 6-8~44 | Calship,2.......... .. ? 3 61
TroMAs PINCKNEY . . ..... .. 5~5-44 | North Carolina, 32...... ? | 64-81 65
Tuomas R. Marsuarr (1). . 2-18--43/3~5-43 | Bethlehem-Fairfield, 2083....... H ? ?
TuoMas R. MarsuarL (2)... . 2-45 | Bethlchem-Fairficld, 2083. . N | 67-68 | 66-67
Tuomas Scor1 (1)... .. . 12-21-42 | Delta, 14... . . ..... H 62 70
Tuonmas Scorr (2).... ...... 3~44 | Delta, 14...... .......... ? » ?
Tromas St Lee (1) .. ... ... 8~44 | Bethlchem-Fairfield, 2071.. . 2 ? 4
TroMAs Sim Lee (2).. ... .. 1-45 | Bethlchem-Fairfield, 2071, . ? ? ?
Tromas Sive Lee 3)....... 3-45 | Bethlchem-Fairficld, 2071.. . N ? ?
Tuomas Szt Ler (4) ... .. 4-15-45 | Bethlchem-Fairficld, 2071.. .. N 48 34
THoMmas STUNE. . . ..... 3-30-44 | Bethlchem-Fairficld, 2014 . 2 ? 58
Tromas SumTer (1)......... 3-2-4-43 | North Carolina, 10 H 24 34
THoMAS SUMTER (2)..... ... .... 2-19-44 | North Carolina, 10 ...... N | 11-36 34
Tromas W. GREGORY . ,..... 3-13-44 | Houston, 89.. ... . . - H ? ?
TaoMas W, OwWeN.............. 1-44 | North Carolina, 177... . ... ? ? ?
Toompson Lykes (1)... . ....... 5-11-44 | Bethlchem-Sparrows, 4346. ... ? ? ?
TuompsoN Lykes (2)....... . . . 6-44 | Bethlchem-Sparrows, 4346, . . . H . ? ?
TiconpErROGA (1)...... ........ 3~5-44 | Sun, 268... .. .. H 42 34
TICONDEROGA (2)....... ....... . 6-16-44 | Sun, 268.. . . . ... .. . ...... ? ? ?
Ticonperoca (3)...... 11=1-21-44 | Sun, 268............. w.t ciiiiin.. ? ? ?
Tiramoox (1), ..... ... 6-15-44 | Kaiser-Swan, 48.... . . ........ ? 86 85
Ti.Lamook (2). 9-1-21-44 | Kaiser-Swan, 48....... ...... ... .. ? ? ?
Tonias E. STanspury 8-20-45 | Delta, 69.......... ... .ciinl, . ? ? ?
Tomas GUARDIA . . ... .. ... 12-27-44 | Todd-Houston, 147............... .. N 23 36
Trabe Winp (1), ....... 4-28-43 | Moore, 216..........cooiin i, ? 58 ?
TrapE WinDp (2) ..... 2-3-44 | Moore, 216.....cciiiiiiis ot N ? ?
TUMACACORI. ......... ... .. . . 3~45 | Kaiser-Swan, 68..................... ? ? ?
Turkey IstAND, ..... ... .. 12-44 [ Sun, 420. ..., H ? ?
VALERI CHRALOV. . ...... . ... 12-11-43 | Permanente, 481... ., .. ... .cvunt. H | 29-36 ?
Van Lear Brack.. ..... Cee 2-44 | Bethlehem-Fairfield, 2313.... ...... H ? ?
VERACRUZ (1).......cconnn... . 3-23-44 | Sun, 253 .. ... i ? ? ?
VERA CRUZ (2)........ ... ..... 6~45 | Sun, 253 ... ... .. e ? ? ?
Vernown L. KeLroce......... ... 2-5-44 | Calship,224........................ H 52 63
Vicror Hersert (1)........ ..., 1-30~44 | Joncs-Panama, 14.................... H 20 ?
Vicror HerBerT (2).......... ... 5-5-44 | Jones-Panama, 14.................... ? ? ?
VIRGINIA (1) ... .. ..o, 6-3-43 | Welding Shipyard, 11............. ... ? ¥ ?
VIRGINIA (2)...... ..oviioni... . 4-44/6-44 | ‘Nclding-Shipyard, 11............ H ? ?
VIRGINIADARE.. ............. .. 12-42 { North Carolina, 3............ ....... ? ? ?
Vitus Bering . ... L L, 4-20-44 | Permanente, 463.......... .. ...... ? ? ?
W.P. Few... . . 6-1-45 | Jones-Brunswick, 148................ ? ? ?
W.R.GRACE..... .......... .... 9~44 | Bethlchem-Fairfield, 2245............. ? ? ?
W. W. ATTERBURY .. ...... ... ... . 8-30~43 | Detroit, 179, .........c. oot o, H 47 50
Wacon Box. .. .. ... . L., 3~1-8-45 | Alabama, 262..... ..... .......... ? ? ?
WaLker D. Hinrs . 12 11-15-44 | Delia, 122........ « oo, H 55 74
WaLrace E. PrarT... ... ... .. 2-43 { Sun, 161 .. ........... (..o, ? ? ?
WALLOWA .....oevviaven.. . 3-45 1 Kaiser-Swan, 42.............convoon.. ? ? ?
WALT WHITMAN . .. ... .. .. ... 11-43 | Oregon, 232 . .....ovviee vivvennn. ? 47 60
WaLter E. RANGER......... .. 6-5~45 | South Portland, 259.......... ....... C 68 61
WALTER FORWARD........ .. 1-45 § Oregon, 626. . ......ccoveenvnn. oun. N | 51-60 | 66-69
WaLrter Hines Page (1)...... .. 12-23-43 | North Carolina, 90... ............... 11 33 54
WaLTer Hines Pace (2). . 4-44 | North Carolina, 90............. ..... H ? ?
WALTER Ratecu (1).... ... 3-10-44 | North Carolina, 55... ............... ? | 20-38 39
WALTER RaLticu (2). ... 6-13~44 | North Carolina, 55 ..... .... 71-91 76
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TasLe X1V—Continued

Casualties Reported Up to 1 August 1945

Temperature
Date of Sea Degrees
Vesel Casualty, Survey Builder and bull oo. condition Farhenheit

or Report A | Warter
WARRIOR (1).....coiiiiiiiiiianns, 4-12-14-44 | Guif, 10.. .. ......... ... H 61 56
WARRIOR (2). .. 0cvviniiinninennnsn. 1-27-45 | Gulf, 10. ................. ... ..... . N 32 47
WASHINGTON ALLSTON............... 3~7-8-44 | New England, 2217.................. H ? ?
WAYNE MAcVEAGH. . ............... 12-16-44 ; Permanente, 2142, ... ............... ? ? ?
Weps MILLER............ov0vennn., 2-17-44 | Nz2w England, 2205.................. H ? ?
WELLBSLEY . ...ovv vt iiiiiene e 5-13~44/6-1-44 | Bethlehem-Sparrows, 4389............ N | 50-75 § 54-76
WHITE Oax (1) .. ..o 3-13-20-44 | Kaiser-Swan, 31..................... ? ? ?
WHITE QAR (2). . . ..covive v 6-20-44 | Faiser-Swan, 31.............. ...... ? ? ?
WHITE PLAINS. . .. .....cvivee e, 8-4318un, 265........ .0t i ? ? ?
WHITE RIVER . .. ..o 844 { Alabama, 274.................. ..., ? ? ?
WILBUR WRIGHT..........ovvevnnn., 5-25-44 | Permanente, 1101................... ? ? ?
WiniaM A, GRAHAM. . .............. 2-21-43 | North Carolina, 16................... ? ? ?
Wuiam A, Hexry (1).............. 6-1-23-44 | Oregon, 817 .. ...ccoovvvt e, ? ? ?
WiriaM A, Hexry (2).............. 9-25-44 | Oregon, 817 ....c.ovvvnii v, .. N 76 66
WiLriam Brack YaTes (1)........... 12-28-43 | Southeastern, 24..................... H 34 3%
WILLIAM BLACK YATES (2)........... 2-28-44 | Southeastern, 24..................... H ? ?
WiLLiaM Brack Yates (3)........... 3-30-44/4-10-44 | Southeastern, 24........... ......... H ? ?
WiLntaM BLOUNT . . .. ovvi e 5-43 | Delta, 27.....oooiviiin i ool ? 79 79
WiLLiaM BRADFORD (1).............. 1-5-6—-43 | South Portland, 208.................. H ? ?
WiLriam BREwsTER (1)... oL 12-30-42 { South Pordand, 209.................. C 30 ?
WiLLIAM BREWSTER (2).............. 1-21-43 | South Portland, 209....... ...... ... ? ? ?
WLtaM BYRD . . .oove i 10-43 ! St. John’s, 11. ... ... ..o Ll H ? ?
WiLLtas CarsoN (1) .......oovuass s, 12-13-43 | Calship, 165. . ..................... H ? ?
Wieriam CarsoN (2)....ccovvnnnn.. 4-10-15-44 | Calship, 165.. .............. ... ..., ? ? ?
WirLiaM CODDINGTON ... ..ot 4-12-44 | Rheem, 1........................... ? ? ?
WiLLiaM CUSHING. . ... ..o vv i v ennn s 3~-29-45 | Permanente, 496, ... .............. . C 47 51
Witttam D, MoseLEY . ... ...vvvuuee 1-28-45 | North Carolina, 73 ......... ....... H| 11-20 | 9-25
Wittam D. Penper (1) .. ........... 3-15-43 | North Carolina, 72.. .... .. ....... C ? ?
Wittiam D. Penpber (2). ............ 1-20-45 | North Carolina, 72....... . . ....... ? ? ?
WiLuiam DEaN HoweLrs. . .......... 2-45 | Permanente, 489.......... ........ H ? ?
Wietan E. BorAH.......oouunn L 1-28-44 | Oregon, 614............... ........ ? ? ?
Wirriasx E, PeNoLETON (1).......... 10-5-43 | Delta, 72... ... ..oiiiin tiiiiinn, H ? ?
Wiriiam E. Penoreron (2).......... 2-16-44 | Delta, 72. ... .coiiiiiii i ? ? ?
WiLriam E. Penpreton (3).......... 6-2-45 | Delta, 72.. . ..o vviiennes i, N 62 73
WitttamM F. Copv.. ....ccvvvnent. . 2-44 | Calship, 50.............. ........ H ? ?
Witiam FEw (1).... ... ... 1243 | Bethlehera-Fairfield, 2059............ ? 42 ?
WiLriam G. Farco (1) . ............. 11-43 | Calship, 160.............. ........ ? ? ?
WiLriam G. FArRGO (2).............. 4-20-44 | Calship, 160................ ...... ? ? ?
WiLLiaM H, ASPINWALL.............. 7-6-44 | Permanente, 521, . ... ...... . ...... H ? ?
WirLiam H. CRAWFORD.............. 5-5-43 | Houston, 40... ..................... H ? ?
WitLtam H. Gray.......oooaLL s 9—44 | Oregon, 687 .. ........covivinnnn.... ? ? ?
Wirriam H. McGurreY............. 2-1-2-44 | Oregon, 672........................ H 49 52
WiLLiam H. Prescorr (1)........ . . 7-43 | Calship,48... ................ . . ? ? ?
Wirriam H. Prescorr (2)............ 2-1-44 | Calship,48..... .......... .. ..... H 52 50
Witetam H. SEwarD. ... ... ....... 3-20-43 | Oregon, 562...........ccooviunn... N 84 81
WiLiiak IL WILMER .......o0vven... 3~44 | Bethichiem-Fairficid, 2105............ H ? ?
Witriam HARPER. . .... ....... .... 5-7-8-44 | Delta, 32.....covvvivienn o C 62 56
WiLLiav Hawkins (1).......... .... 12~17-42 | North Carolina, 31... ........... ... H ? ?
WiLniaM Hawkins (2)............... 3-8-9~44 | North Carolina, 31.... .............. H ? ?
WiLLiaxe James (1).................. 2-24—44 | Calship, 161....................... ? ? ?
WiLriam James (2)..........oi... 3-44 | Calship, 161....................... H ? ?
WiLLiam K. KAMARA............. ... 2-45 | Todd-Houston, 192....... .......... H ? ?
WitLtaM L. Marey (1)....oovventt 10-31-43 | Calship, 113........ ..... . ....... H 50 56
WiLLiam L. Marey (2)............. 11-14-43 § Calship, 113........................ H 44 54
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Temperature
Date of Ses Degrees
Vesel Casualty, Survey Builder and buli no. condition Fahrenheit

or Report Alr Water

WiLriax L. Marcy (3)........ 1-12-44 | Calship, 113..................onet. H 38 51
WiLLiax L. Marcy (4).............. 3-4-44 | Calship, 113............. ... .. ..... ? ? ?
WiLtiam L, Marey (5).............. 4~44 | Calship, 113. . ... ... ... it H ? ?
Witam L. Smite (1), ... ..ol 343 | Houston, 36... .. .................. H ? ?
Winiam L. Svitu (2).... 0. Ll 4-5-43 | Houston, 36.. ..... ......... ..... H 33 48
Wirriam M. Easteano (1)..... ..... 3-44 | Houston, 109...... ..........coovnn, H ? ?
Wirtiax M, Eastranp (2)..... . ... 11-44 | Houston, 109......... ... coivevent. ? ? ?
WiLtiasm M. MerepITH. ... .0l L 3-5-44 | Oregon, 630................cc0iven, c 34 35
WirLLiaM M, RAYBURN. .. ........... 9-44 | Houston, 91.................ccvornn. ? ? ?
WiLLiax MACLAY..........coeltt 2~43 | Bethlchem-Fairfield, 2034............. H | 47-60 | 66~72
WiLLian MouLtrie (1)........... .. 4-43 | North Carolina, 9..................0 ? | 55-65 | 686-74
WiLtiax MouLTrIE (2)........... .. i~14-27-44 | North Carolina, .......... ......... H | 40-50 40
WirLiaM Mursorrano {1)........... §~7-9-43 | Calship, 102. . ......... ...l H ? ?
WiLriam MuLHortano (2)........... 3-10-44 | Calship, 102. . ...............iu ? | 64-68 | 69-71
WiLriaM MuLHOLLAND (3)........... 5-29-44 | Calship, 102. ...................... C 62 66
Witiag P, DuvaL. ...l 5-45 | Jones-Panama, 60.................... ? ? ?
WiLLiaM Parterson (1) . ............ 3-30-44 | Bethlehem-Fairfield, 2035............. N 35 42
WiLLiasM PaTTeRsOoN (2)............. 4-45 | Bethlehem-Fairfield, 2035............. ? ? 58
WiLLiam PepPER. ... ..ol 10-44 | Bethlehem-Fairfield, 2124............. H ? ?
WiLstam Pares. .. .. ...l 3-3-44 | New England, 268................... ? ? ?
WitttaM R. DAy, ............. .0 1-45 | Bethlchem-Fairfield, 2091............. ? ? ?
Wirriam S. RosECRANS. ... .......... 4=17-43 | Oregon, 570. . ........oviviinnn... ? | 43-51 42
WiLtiam T. BARRY.................. 6-8-14—45 | North Carolina, 164.................. C | 67-7% | 58-59
Wituiam T, Corestan (1)............ 4-44 | Marinship, 2............... .. ...l H ? ?
Wirtniaxe T, Coreman (2)............ 8-1-44 | Marinship, 2...................oLL ? ? ?
WiiLiam T, SHERMAN . . ............. 12-27-42 | Oregon, 600. ... .............. ..., H ? ?
WeraMm W. LoriNG . . ............e 4-44 | Jones-Panama, 28.................... H ? ?
VILLIAM WILKINS. ... ....... ...... 344 | Houston, 47...........ccvvunnnn. . ? ? ?
WILLIAM WIRT . ... oot 3-12-43 | Bethlchem-Fairfield, 2037............. H ? ?
Witson P.HONT (1) ... oeonnint 12-43 | Oregon, 701 . . .......ooiiiiiinn... ? ? ?
Witson P. Hunt (2).......... ...... 1-14~44 | Orcgon, 701, . ... ...oovreneeinenn.. H 34 ?
WinpELD ScOTT. ... it 1-3-44 { Houston, 4............connnennnnn, H ? 47
Winstow HoMBR . .............Le s, 8-43 | South Portland, 253.................. ? | 71-84 84
WoopLake. ..., 8-1-17-44 | Alabama, 275................ooenn, ? ? :
Wyosing VALLEY . . .......oootnae, 12-1-8-44 | Alabama, 271..................... . ? ? ?
Y 3B e 7-44 | Odenbach, 13.... ... .............. ? ? ?
Y42 i 7-44 | Odenbach, 17.......... ............ ? ? ?
ZANE GREY.........cvinnnernnnns 445 [ Sun, 120....... ... it ? ? ?
ZoMAGALE. ...t iiiiee i 1~29-44 | Calship, 222. . ...........ooivinn e, H ? ?
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Report
RESEARCH ADVISORY COMMITTEE

Introduction

As a result of structural failures in welded ships,
numerous research investigations were started at the
instigation of the Board convened 20 April 1943 by
the Secretary of the Navy to investigate the design
and methods of construction of welded steel merchant
vessels, and by other governmental and private
agencies to determine the relative importance of the
various factors thought to contribute to these failures,

The several research investigations which have
been undertaken to determine the cause, or causes,
of failure in welded steel ships may be classified as
follows:

1. DESIGN
2. FABRICATION
3. MATERIALS

The Board appointed a Research Advisory Com-
mittee to take coguizance of, coordinate and evaluate
all research work which was considered to have a
bearing on the problem. The following report presents
the results of the Committee’s activity.

1. Design

a. GENERAL

Although static structural tests made on riveted
ships prior to the advent of welding in shipbuilding
had confirmed the general validity of the basic ana-
lytical metiaods used in calculating the stresses in the
main hull girder, there were several factors involved
which were considered sufficiently significant to
justify making similar experiments on welded ships.
These factors included: the possiility that there
might be a difference in the overall behavior between
riveted and welded construction as affected particu-
larly by the differences in rigidity and geometry of
riveted and welded joints; the fact that photo-
electric studies showed appreciable stress concentra-
tion at hatch corners where so many cracks occurred
on Liberty ships; and the further fact that modern
developments of strain gages made possible the
measurement of highly localized strains and the
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determination of unusual stress distributions that
might not have been discovered in previous experi-
ments.

The desirability of subjecting welded ships to the
static structural test received further impetus from
the large number of hull structural failures recvided
particularly during the winters of 1942-43 and
1943-44. These failures were not limited to any one
type cf vessel, but occurred in ore carriers and tankers,
as well as dry cargo vessels, particularly Liberty ships.

b. STRENGTH OF THE MAIN HULL GIRDER

Outstanding examples of the static structural tests
carried out on rivited ships were those of the Wolfe!,
Cuyama? Preston and Bruce® These ships were all
of the naval destroyer type with the exception of
the Cuyama which was a Navy tanker. None of
these vessels had a structure comparable to that of
the usual merchant cargo vessel, and all except the
Cuyama were of relatively light scantlings with thin
plating. No similar data appeared to be available for
vessels of the merchant type.

In the investigation to determine the structural
behavior of welded ships, at least a dozen vessels
of several types have been subjected to the static
structuraf test. Among the vessels thus tested were the
Great Lakes ore carriers Cadillac, John Hutchinson,
Champlain, Frank Purnell,* the Liberty ship Philip
Schuyler’ and the T2 tanker Shiloh.b

These static structural tests of welded ships under
known bending loads, particularly that of the Philip
SchuylerS have yielded the following important
results:

i. The internal resisting moment computed
from measured strains agreed with the
applied bending moment.

ii. The longitudinal stresses in the side shell
were proportional to the distance from
the neu ral axis.

eRaference number listed in Bibliography.
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iti. The longitudinal stresses in the deck and
bottom shell were not uniform but the
mean value closely approximated the
theoretical nominal stress. The causes of
these nonuniformities were varations in
restraint and shirkirg of load caused by
buckling of the plating.

iv. A torsional moment applied to a Liberty
ship produced only negligible stresses.
The applied torque was approximately
twice the value believed to be encountered
at sea’.

Tests on ore carriers where @ welded and a
riveted structure were present in cach
ship indicated a similar stress distribu-
tion in the two types of structure.

vi. A test showed that the Liberty ship deck

house contributed very little to the over-
all hull strength.

<«

¢. HULL STRUCTURAL DETAILS

For operacional reasons, it is necessary to introduce
into the ship’s hull numerous openings, erections,
foundations and so on. At every point where such a
structural discontinuity is introduced, uniform strain-
ing of the materigl under a bending load is inter-
rupted and concentrations result.

Until the short base length (less than 1 inch)
strain gage became available, experimental measure-
ments of strain concentrations in ships were not
possible. The need for accurate determination of
concentrations was not as great in the riveted ship
as in the welded ship. The monolithic character of
the welded ship resulting from the method of fabri-
cation can produce joints, particularly at structural
discontinuities, that have high stress concentrations
and severe restraint, thereby tending to inhibit plastic
flow. This condition did not exist generally in the
riveted ship. The danger of high corcentrations at
points of structural liscontinuities in the welded
ship is further aggravated by welding usually present
at such points. Welding produces a complex metal-
lurgical condition . hich is supplemented by the
existence of locked-1s stresses and this is frequently
further aggravated by additional discontinuitics in
the form of defects ir the weld. That stress concen-
trations of dangerous magnitude actually exist at
structural discontinuitics in welded ships has been
amply demonstrated by the numerous fractures that
started at such points, e.g., hatch corners, sheer strake
cut-outs, defective welds, ctc., and frequently propa-
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gated through the hull structure, thercby endanger-
ing the ship. Based on these considerations, the need
for determining experimentally the magnitude of
concentrations 1t structural discontinuities in welded
ships and study.ng how these concentratious might
be reduced became increasingly apparent.

The static structural tests of the Liberty ship
Philip Schuyler’ and the T2 Taukers Ventura Hills,$
Fort Mifflin® and Antelope Hills*> included
measurements to evaluate concentrations. Most of
the data on concentrations were obtained through
the use of short basc length electric strain gages at
almost the very point of maximum concentration.
Some important results regarding concentrations were
as follows:

i. Stress measurements made in the plane of
the deck 2 inches forward or aft and 2
inches outboard on the Liberty ship
squarc hatch corner gave .uatss concen-
tration factors not exceeding 2.0 with
transverse stresses equal to about one-
quarter of the principal value. Stress con-
centration factors on the fillet weld inside
the squarec hatch corner at deck level
were approximately 3.0.

ii. Stress concentration factors at the inside
radius of the rounded hatch corners of a
Liberty ship at deck level were of the
order of 2.0. (A stress concentration of
3.4 was found in a similar corner at sea
under dynamic conditions.)

iii. Under an alternating bending moment of
low amplitude, the elastic strain concen-
tration factors at the inside of the Liberty
ship hatch openings at deck level were
practically indepcndent of the type of
corner reinforceraent and were of the
order of 2.5. Approximately the same
strain concentraiion was recorded whexn
the maximum hogging bending moment
was rclaxed in the static test.

iv. The concentration factors given in para-
graphs i, ii, and iii, above refer to elastic
conditions, Stress concentration factors
are used except in cases where the trans-
verse strains were not measured, thus
making it impossible to convert straiu to
stress, in which cases strain concentrations
are used. When plastic dcformations
occur, the ratio of peak to average strain




may have quite a different value. ‘L'he
behavior of typical structural details
under plastic conditions needs much
more extended study, but it appears that
the main superiority of rounded over
square hatch corners lies in their capacity
for distributing the plastic action over a
greater extent of metal, thereby reduc-
ing the local peak values of strain. (The
rounded corners also have a similar dis-
tributing action in the elastic range.)

v. Measurements made at a point 3%} inches

away from the round hatch openings in
the deck of a T2 tanker, gave a stress
concen:ration fzctor of approximately 2.0.

vi. Appreciable stresses have been found in

the material not normally considered
part of the main hull strength girder such
as the plating between hatches, hatch
coamings and deck houses. These stresses
reached values equal to those in the main
hull girder immediately adjaceat to the
line of attachment.

' vii. In the case of the superstructure of the T2

tankers, the stresses at various points in
the fashion plate at the after end of the
mid-ship deck house were comparable ‘n
magnitude to the stresses in the main deck
amidships.

viii. Longitudinal stresses in the hatch coaming

of the order of those in the strength deck
were found near the enas of the hatch
coaming on a Liberty ship and on an ore
carrier.

ix. On the longitudinal bulkheads of the T2

tankers points of stress concentration
existed where the center portion of the
sloping faces of the corrugated bulkheads
crossed the web of their vertical T-bars.
Strains were measured 2 inches away
from the intersection in question. A stress
concentration factor of 2.0 was found,
relative to the stress computed by analyti-
cal methods. Relnforcing brackets tried
on one installation to relieve this condi-
tion indicated that the brackets reduced
the stress intensity by approximately 40
percent. Transition plates tapering the
bottom corrugation into the line of the
web reduced the stress intensity at the
lowest point of concentration by approxi-
mately 25 percent.

2. Fabrication

a. RESIDUAL WELDING STRESSES

Residual welding stresses are defined as the weld-
ing stresses produced in unrestrained members.

It was the considered opinion of the majority of
technical shipbuilding personnel in the spring of
1943 that a prime factor causing the failure of
welded ships was the existence of stresses locked in
the hull structure, particularly in the welds and
adjacent material. This opinion was based on the
occurrence of cracks in welds made under high
restraint and when the proper sequence had not been
followed. The cause of these cracks was believed to
be high resicual stresses resulting from the welding
operation. It was aiso believed that such high residual
stresses were present to a degree in all welds and
when they were combined with the working stresses
of the ship, hull fractures resulted. For this reason, it
was considered highly important that a prescribed
welding sequence be followed in order to avoid, or at
least minimize, vesidual stresses. In consequence,
when this rescarch program was started, emphasis
was placed on a study of welding stresses.

In the investigation to determine the magr.itude
and distribution of residual stresses in typical ship
weldments and actual ship subassemblies, a method
of relaxing steel plugs, with and without welds, to
which were affixed resistance wire strain gages was
developed. Weldments consisting of 1 inch thick ship
plates ranging in size from panels 4 feet x 6 feet to
ship subassemblies 27 feet x 57 feet were investi-
gated!®13, The magnitude and distribution of residual
stresses were determined as a function of such vari-
ables 1s: manual and submerged melt welding;!
weldinig sequences!?1%H14:15; electrode!®16:17.18,18,20; re.
straint (14 inch and 14 inch plates were also investi-
gated) 11519242122, prehéat!hls; peening!®15; me-
ckanical loading along a butt weld;!* and controlied
low temperature st.ess relief!315, Some salient results
from thess investigations were:

i. The rmagnitude and general pattern of the
residual welding stresses existing in very
large weldments (up to 27 feet x 57 feet)
can be obtained in parnels as small as 4
feet x 6 feet. These stresses were suffi-
ciently reproducible either in Unionmelt
or manual welding to enable significant
effects of different controlled variables to
be determined. In butt welds of free sub-
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assemblies, the longitudinal residual stresses
along the center line of the weld reached
a magnitude of approximately 47,000 p. s. i.
in tension throughout the length of the
weld except in the 9 inches adjacent to
each end where they decreased to zerc
at the ends, The transverse residual stresses
were low tension (usually less than 10,000
p.s.i.) except near the ends of the weld
where they changed to compression, reach-
ing values of from 20,000 to 30,000 p.s. i.
at the very ends,

ii. Residual stresses in the welds of free sub-
assemblies were generally not affected by
the welding procedure or assembly se-
quence used. The above must not be con-
strued to mean that proper welding and
erection sequences are not important in
fabrication as serious difficulties with weld
cracking and distortion may occur if these
are disregarded.

iii. It has been found that residual welding
stresses can be relieved by the application
of external load causing plastic flow of the
weld metal and adjacent area. The same
effect may be obtained in simple butt-
welded joints with the plastic flow pro-
duced by thermal rather than mechanical
methods; the effectiveness of this process
in reducing the stress in complex joints
has not so far been demonstrated.

iv. Peening the last pass of the welds will mate-
rially reduce the magnitude of residual
welding stresses. On the basis of investi-
gations performed, it does not appear that
peening other passes than the last will
effect reductions of final residual stresses.
However, general experience has shown
that peening intermediate and root passes
is helpful in preventing weld cracking and
in controlling distortion.

v. Preheating ship steel up to 375°F. does not
reduce residual welding stresses signifi-
cantly.

b. LOCKED-IN STRESSES
Locked-in stresses include residual welding
stresses and the stresses resuiting from cother fabri-
cation and assembly processes.
As 2 result of the fabrication of ships by welding,
it was believed that high stresses could be locked
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into the structure generally. It was suggested that this
was dve to temperature differences existing when
subassemblies were joined to the hull structure and/or
to abnormal assembly sequences. The occasional ship
containing such high locked-in stresses was then
thought to present a case of potential structural fail-
ure. Accordingly, a research program was initiated
to investigate locked-in stresses in the decks of a large
number of ships.

‘The above program included. stress determinations
in the decks of recently completed Liberty ships and
several that had been in service??s23b23¢; the history
of the changes of the locked-in stresses starting from
completed deck subassemblies and tracing these
stresses through construction, launching, outfitting,
loading, as well as during the first voyage of two
Liberty ships;** the effect of the static structural test
on the locked-in stresses in three type T2 tankers?5:2¢,
the stress effects due to temperature gradients through
the hull structure;?” the magnitude and distribution
of locked-in stresses in the decks of 21 Victory ships
constructed in three Pacific Coast yards;?® the stresses
produced by welding a large hot deck subassembly
into 2 cooler hull structure;?® and the use of X-ray
diffraction measurements for determining stresses
in hot rolled plate3®3!, Some important results of
these studies were:

i. Stresses at selected points in the deck welds
of completed Liberty ships® were deter-
mined.¢ Longitudinally along the welds,
these stresses were tensile and ranged from
20,000 w0 50,000 p.s.i. with an average
value of 36,000 p.s.i. Stresses transverse
to the welds reached a maximum value of
11,000 p.s.i. in tension with an average
value very close to zero, It was also deter-
mined that the stresses were not reduced
appreciably in service. Therefore, it was
concluded that high locked-in stresses were
present in all welded ships. It was also
concluded that locked-in stresses did not

contribute materially to the failure of

welded shins
1ips,

ii. The locked-in stresses in the fore and aft

bThe computed tensile deck stresses resulting from the exist-
ing bending moments were essentially the same in all tests
and ranged from 2,200 p. s. i. to 4,700 p. s. i. with an
average value of 3,400 p. s. i.

It should be noted that it is impossible with present strain
gage techniques to determine locked-in stresses at structural
discontinuities, e.g. hatch corners.
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direction at selected points (away from
welds) in the deck area ab.-ast of No. 2
hatch of completed Liberty und Victory
ships werc found to be generally compres-
sive. ‘The ships having riveted gunwales
had higher compzessive stresses than those
having welded gunwales In the Victory
ships these locked-in stresses ranged from
8,800 p. s. i. in tension to 16,600 p. s. 1. in
compression. Locked-in stresses near the
gunwale of completed Victory ships were
generally tensile and reached a maximum
value of 5,900 p.s i. Higher values of
locked-in tensile stresses were observed at
other locations in the deck.

iti. Welding a large section (14 feet x 55 feet)
into the deck of a Liberty ship with no
temperature difference between the section
and the deck resulted in a general increase
in stress of about 5,000 p.s.i. Welding a
large section (14 feet x 55 feet) into the
deck of a Liberty ship with the section
approximately 75°I. warmer than the
deck resulted in 2 maximum increase of
15,000 p.s. i. These experiments were con-
ducted using an unorthodox welding se-
quence selected to produce high stresses.
The initial locked-ir. deck stresses (based
on an estimated tensile deck stress result-
ing from ‘e bending moment) determined
at selected points abreast of No. 3 hatch
ranged from 700 p.s. i. in tension to 6,700
p. s. 1. in compression.

¢. ADDITIONAL ASPECTS OF WELDING

Large welded structures have been fabricated and
tested, and the effect of such variables as electrodes,
preheat and postheat was studied. A detailed discus-
sion is included in the section covering “materials.”

An investigation of the cracking tendency of com-
mercial E-6010 electrodes deposited urder high
restraint disclosed considerable variation within the
applicable specifications.??

3. Materials

a. FUNDAMENTAL FACTORS AFFECTING STEEL
BEHAVIOR

The incidence of serious failures of large welded
steel structures both during service and in construc-
tion has resulted in the need for a better understand-
ing of the fundamental factors affecting steel per-

formance. Lack of reliable information in this field
has led designers to over-design in the interest of
safety, a procedure which in many cases enhances
the possibility of failure.

At the present time the mechanism of metal frac-
ture is not well understood?®3. Since some plastic
deformation, even though highly localized, usually
precedes fracture even in the case of cleavage or so-
called “brittle” fractures of structures, a full under-
standing of the phenomenon of flow is essential in
considering the fracture problem. Perhaps the best
theory yet fermulated involves the concepts of resist-
ance to flow and resistance to fracture; the theory
postulates that if the stress required for fracture is
greater than that required for flow, plastic deforma-
tion will occur; conversely, if the stress required for
flow is greater than that required for fracture, rupture
will take place. Flow may terminate in either shear or
cleavage separation with the former characterized by
high ductility, a fibrous or silky appearing fracture
generally at 45° to the direction of applied load, and
high energy absorption; and the latter by relatively
low ductility, a granular or crystalline appearing
fracture generally normal to the direction of applied
load and in most cases low energy absorption. Cleav-
age fracture may occur, and often does, after appreci-
able flow; the term refers to a mode of separation
and is not intended to apply only to completely
brittle fracture without measurable deformation,
although this case is obviously included.

It is to be emphasized that resistance to flow and
resistance to fracture are extremely complex quan-
tities influenced by a number of factors, the inter-
relationship of which is at present unknown.

The principal factors which must be considered
in attempts to explain the low ductility (notch sensi-
tivity) of structures fabricated frum medium steel
of the type used in ship construction may ke con-
veniently listed as follows:

State of Stress—Constraint

Temperature

Velocity—Strain Rate

Metallurgy

Factors influencing the state ot stress are.

(1) Configuration of the structure;

(2) Size of the structure;

(3) The presence of discontinuities, i.e., notches
incidental to the structure;

(4) Locked-in stresses;

(5) System of applied loads—static or dynamic.
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Combinations of these factors which produce a
high degree of restraint are usualiy associated with
low ductility. Lo. >ring the temperaturc for a given
set of conditions increases the probability for brittle
fracture. Increasing the strain rate for a given set of
conditions has been found to increase the tendency
for brittle fracture, Recent studies have indicated a
probable relationship between temperature and strain
rate3%:3¢,

The pheiiomena listed above may be classified
under the general heading “mechanical.”

The following factors may be considered under
the general heading “metallurgy”:

(1) Prior deformation and resuliing stress and
strain anisotropy;
(2) Cyclic loading—fatigue;
(3) Composition:
a. Structure—grain size and the distributiun
and size of disperse phases;
b. Solid solution effects—including those
produced by gases;
(4) Precipitation phenomena such as strain
aging;
(5) Corrosion effects.

The metallurgical and mechanical factors must
be considered together in attempting to explain the
sudden failure of large struc »res. The complexity of
the situation becomes evident when all of the above
variables are considered in combination.

b. EXPERIMENTAL INVESTIGATIONS AND
RESULTS

Based in part on the results of the investigations
<ealing with welding stresses, it became apparent
that these stresses we.e not the important factors
contributing to structural failures. In consequence,
it was evident that the research investigations should
cover other phases of the problem.

A random selectior of a substantial number of steel
samples was made from the stock and scrap piles of
shipyards constructing merchant vessels. In addition
numerous samples were submitted by steel mills from
heats rolled to ABS and USN specifications. 1,588
tensile tests from these samples showed that the physi-
cal properties of practically all the steel tested fell
within the permissible range set forth in the speci-
fication standards. These tests, however, do not take
cognizance of the selection methods set forth in the
specification and all of the steel may therefore be
considered to be in satisfactory compliance with the
specification standards.
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Upon review of the brittle characteristics of the
fractured material removed from ships that had
failed, questions regarding the stress conditions to
which this material has been subjected were raised.
It was felt that the hull steel must have been sub-
jected to a complex multiaxial state of stress since
shear flow had been inhibited as ma..irested by the
low degree of ductility in way of the fracture. When
steel samples removed from areas close to these frac-
tures were subjected to the standard tensile tests,
they exhibited satisfactory strength and ductility.

Large welded and unwelded medium steel flat
plates and welded joints simuiating the gunwale con-
nection of ships have been tested in tension. Such
specimens have exhibited tensile strengths equal to
or slightly higher than coupon values for the same
steels with moderate reductions in ductility37:38:3%,
These tests also indicated that cleavage fractures
could be preceded by considerable plastic deforma-
tion.

As a result of the above investigations, it became
apparent that it was not possible to reproduce ship
failures by uniaxially loading large welded tensile
specimens free from stress raisers. Therefore, an
experimen.al program involving uniform biaxial load-
ing was initiated, Tubes with and without welds were
subjected to biaxial tensile loads at various tempera-
turesé® 41424344 These tubes contained no mechani-
cal notches, Two sizes of tubes made from the same
heat of semi-killed steel were tested and the follov.-
ing results have been obtained:

i. At room temperature it was found that the
smaller tubes (3V%2 inches diameter x %4
inch wall) predicted generally the behavior
of larger tubes /20 inches in diameter x
34 inch wall), but at low temperature
(—40°F) this was not the case.

ii. The larger tubes (all of which were welded)
tested at low temperature showed great
reduction in strength and ductility when
compared with results from the standard
tensile test. This lack of ductility at
—40°F was comparable to that found in
fractured ships.

ifi. A large tube, furnace trcated at 1,100°F
after welding and tested at —40°F, showed
a significant increase in strength and duc-
tility over a similar tube tested at the same
stress ratio and temperature but not heat
treated after welding.
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Supplementing the investigation on the large tubes
and, in part, to explain certain experimental diffi-
culties of this investigation, a test program was started
involving the static bending of flat plates at various
temperatures with and without longitudinal weld
bead deposits*!45:46, These plates were approximately
10 inches square and 34 inch thick. Identical steel
plates having various types of electrode deposits were
tested. In all cases a comparison between welded and
unwelded plates tested at low temperature showed
that the ductility of welded specimens was decreased
significantly.

*When additional information became availcble
through the cumulative record, particularly from the
serious structural failures of welded ships, it became
increasingly evident that the common origin of the
fractures was in defective welds and structural dis-
continuities in the hull, such as hatch corners, sheer
strake cut-nuts, etc. These fractures propagated rapidly
through the plates of the hull structure with little
or no evidence of ductility. The fractures were of
the cleavage type. Deck failures have occurred when
the computed nominal stresses were well below the
yield point of the material as determined by the
usual tensile test.

Tt was therefore decided to investigate factors con-
tributing to the brittle cleavage failure of large struc-
tures that contained stress raisers. This was accom-
plished through a study of the load-carrying capacity
and ductility of largz plates (34 inch thick x 72
inches wide) containing a central transverse notch,
when tested to failure at various temperaturest?:4843,
A number of different medium carbon steels, includ-
ing rimmed, semi-killed and fully killed types, fall-
ing within present ship steel specifications (USN and
ABS) were investigated. Through the use of such
large specimens it was expected that the type of frac-
ture obtained in ships could be reproduced in the
laboratory. Furthermore, it was desired to determine
the differences in behavior of the several steels when
tested in large specimens and to relate this behavior
to smaller specimens (such as notched bar impac.
tests) of the same steel, In addition, it was expected
that these investigations would produce results that
could be applied toward modifying present ship stcel
specifications to insure material best suited for welded
fabrication and safe ship operation. At the present
writing, these investigations are still in progress.
Based on the work completed, the following results

appear significant:
7012924710
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i. Wide (72 inch, centrally notched specimens
of % inch ship plate tested statically at
temperatures ranging from —40°F to
-+110°F have failed at nominal stresses on
the net section approximating the yield
point of these steels ac determined from
the standard tensile test. These stresses
were essentially the same vhether the
fracture occurred by shear or cleavage.
The cleavage fractures, particularly those
at the lower temperatures, exhibited low
ductility comparable to that observed in
ship failures.

ii. The transition temperature at which the
mode of fracture changed from shear to
cleavage in these speciments (+20°F to
+110°F) was determined to be within the
temperature range in which ships operate.
The change from shear to cleavage was
associated with a very large reduction in
the ability of the specimen to absorb
energy.

iii. Generally the types of steel were discrimi-
nated as to transition temperature in the
same order in the large internally notched
plate tests as predicted by the notched bar
impact tests; however, the transition for
the large plates occurred at much higher
temperatures.

In conjunction with the tests of centrally notched
flat plates, a related study of a large welded struc-
tural specimen closely patterned after a ship hatch
corner was made %!, Due to its geometry, this
specimen had a high degree of restraint and a severe
notch condition.

The purpose of this test was to investigate the
behavior of a welded structure containing a struc-
tural discontinuity and also to study the effects of
variations in steel and welding procedure, In this
manner it was expected that the structural behavior
of a welded component constituting an important
part of the ship’s hull could be evaluated. It was also
proposed to compare similar hatch corners fabri-
cated by riveting as well as by welding.

Although this investigation is still incomplete, at
the present writing the following results have been
obtained and appear significant:

i. It has been possible to load these hatch
corner specimens in tension so as to pro-
duce an elastic stress distribution closely
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approximating that found in a Liberty
ship.

B. On the basis of a single specimen design
which has a high degree of restraint and a
severe notch condition, the type of steel,
testing temperature (32°F to 120°F) and
type of welding electrode (E6020, HTS,
Austenitic 25Cr-20Ni) had little effect
on the nominal breaking strength of the
specimen (23,000 ps.i. to 27,800 p.s.i.).
The energy absorbed by a specimen failing
with shear fracture was greater than that
for a specimen failing by cleavage.

ili. All hatch corner specimens tested at 32°F
failed by cleavage. Rimmed, semi-killed
and fully killed medium carbon steels were
included in these tests.

iv. Two hatch corner specimens welded with a
400°F preheat have been tested. One failed
at a nominal breaking stress of 32,600
p.s.i, while the other failed at nominal
stress of 32,800 p.s.i. An identical speci-
men but welded without preheat failed
at a nominal breaking stress of 24,000
p.s.i. All specimens failed by cleavage
when tested at 70°F. The energy absorbed
by the preheated specimens was very
much greater than that absorbed by the
specimen that was not preheated. This
confirmed data obtained on small speci-
men tests.46

v. Two riveted specimens, fabricated using semi-
kilied steel and having the same basic de-
sign as the welded specimens, have been
tested at 70°F. One failed at a nominal
breaking stress of 20,900 p.s.i. while the
other failed at a nominal stress of 20,600
p.s. i. Both specimens failed with cleavage
fractures. The energy absorption of these
specimens was very much less than that of
a welded hatch corner specimen fabricated
from the same steel and tested at the same
temperature.

A research project has been initiated to correlate
the results of the large centrally notched plate investi-
gation and the hatch corner studies with small
laboratory tests5%:53. This investigation was initiated
with the expectation that it could be demon-
strated that such tests could be used tc predict the

behavior of large fabricated structures. It should be
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pointed out that the development of a laboratory test
for this purpose may be of significance in the estab-
lishment of improved specifications for ship steel. So
far this investigation has yielded the fcllowing im-
portant results:

i. The discrimination of the stcels on the basis
of transition temperature using the standard
notched bar impact tests has approxi-
mated that obtained in the large internally
notched flat plate tests, but at much lower
temperatures for the small specimens.

ii. Notched bar impact tests on rimmed, semi-
killed and fully killed types of ship steel
have shown that the transition from ductile
to brittle behavior occurs at a relatively low
temperature for fully killed steel, at a tem-
perature as high as 90°F. for some heats of
rimmed steel, and at intermediate tempera-
tures for semi-killed types. However, some
semi-killed stecls also had high transition
temperatures and correspondingly greater
notch sensitivity. (Notch sensitivity may be
defined as the property of a material which
reflects its reluctance to absorb energy in
the presence of notches and other strain
inhibitors, such as low temperature and
high rates of strain.)

An additional study, involving the steels mentioned
above in which an explosive was statically detonated
in direct contact with welded or unwelded plates,
has provided a method for determining the behavior
of specimens under high strain rates and a complex
state of stress. Preliminary results frora this tes.
were as follows:

i. Explosion tests have discriminated unwelded
shipbuilding and high tensile steels in the
same general order as predicted by the
notched bar impact tests and .arge inter-
nally notched flat plate specimens.

ii. Welded joints have shown a significantly
lower energv absorption and extent of
deformation when compared to unwelded
plates of the same steel. It should be noted
that these resuits correiate with the results
obtained in the static weld bead bend tests
at low temperatures referred to previously.

Other investigations of welded structures include
a study of a highly restrained fabricated box girder
and that of butt welded I-beams. These structures
are being tested in flexure. The box girders made




from 1%2 iunch thick plates are being mvestigated to
determine the effect of high restraint and residual
stresses on the physical behavior of such structures.
The butt welded I-beams are being tested to deter-
mine differences in performance when tested under
dynamic and static conditions, No broad observations
can be drawn from these investigations as yet.

On a number of ships, hairline cracks have been
observed in the vicinity of the hatch corners. Due to
the stress concentration occasioned by the hatch
corner discontinuity, it appeared reasonable that
these could have been fatigue cracks caused by the
cyclic loads to whicn a ship had been subjected in
service, Upon subsequent loadings having higher
stress ar 7'itudes and increased strain rates occasioned
by rough seas, it was expected that such a hairline
crack might act as a trigger to start a fracture propa-
gating through the structure particularly at low tem-
perature, Welded ships have suffered structural fail-
ures after only a short period of sea service or with no
service at all. However, it appeared that fatigue
might in some cases be a contributing factor to
failure.

A research project was initiated to determine the
effect of cyclic loading on the behavior of ship steel
specimens containing longitudinal welds and cut-outs
with and without welded reinforcement plates and
doublers.’® As yet no significant conclusions can be
drawn from this work.

In order to verify the hypothesis stated above
relative to the propagation through the ship structure
of fractures that originate in fatigue cracks, it was
decided to initiate an investigation involving a study
of the fatigue behavior of specimens containing severe
stress raisers.’® These specimens were 12 inches wide
x % inch thick and were mace from rimmed steel
and normalized fully killed steel. The specimens were
centrally notched in a direction transverse to loading.
The configuration of the notch was identical to that
used in the large static tension test previously men-
tioned. Specimens were tested at various temperatures
ranging from —40°F to +120°F. As an index of
performance, it was decided to use the number of
cycles required to propagate a crack beyond the root
of the initial notch approximately 0.6 inch in each
direction, All specimens were subjected to an alter-
nating load giving a nominal stress of 16.000 p.s. i.
in tension to 16,000 p.s.i. in compression on the net
section. The following results from this investigation
appeared significant:
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i. The testing temperature had no appreciable
effect upon the fatigue life of any of the
steels tested.

ii. The fatigue life was approximately twice as
long for the normalized plates of killed
steel as for the rimmed as-rolled steel speci-
mens,

Other cyclic loading tests involving combined
stresses have yielded results which do not appear
conclusive.

4, Conclusions

The following conclusions have been drawn on
the basis of the available data. Additional data which
are expected from research still continuing may neces-
sitate revision or modification of some of these con-
clusions:

1. The brittle fractures in welded ships result
from a combination of the following causes:
stress raisers occasioned by poor design
or workmanship; steel susceptible to low
ductility fractre when subjected to con-
ditions involving three dimensional con-
straint, particularly at Jow temperature;
i.e. notch sensitive steel. Neither factor is
alone responsible for all failures, but when
an adverse combination of the two occurs,
the ship may be unable to resist the bend-
ing moments of normal service.

2. Fractures in large welded and unwelded ship
plate specimens containing stress raisers
comparable to those found in ships have
occurred at nominal stress values as low
as 20,000 p.s.i. The nominal breaking
stress has been found to be essentially the
same irrespective as to whether failure
occurred with high or low ductility.

8. Tests of large welded and unwelded ship
plate specimens containing stress raisers
comparable to those found in ships have
failed in a brittle manner within the tem-
perature range in which ships operate.
These specimens were made of rimmed,
semi-killed and fully killed medium carbon
steels, furnished to meet existing ship plate
specifications, The ductilities obtained in
the laboratory tests were of the same order
of magnitude as those measured in frac-
tured ships.
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10.

Existing ship plate specifications are not
sufficiently sciccdve to provide material
that reasonably precludes the occurrence
of brittle fracture on welded structures.
The material supplied in ship construction
during .his program complies with the
existing specifications for ship steel.

Evidence exists which indicates that the struc-
tural performance of welded joints in ship
steel, particularly under conditions involv-
ing three dimensional restraint and low
temperature is greatly improved by forms
of heat treatment.

Static structural tests of welded ships of vari-
ous designs have corroborated carlier
experiments with riveted ships and con-
firmed the validity of the basic analyti-
cal method used in calculating nominal
stresses under a known bending load in
the main hull girder.

In discontinuities like hatch corners, rounded
details are superior to those showing acute
notching. This is mainly attributed to the
wider distribution of plastic deformation
which occurs in rounded corners in the
early stages of heavy loading.

Considerable accumulated evidence and test
data indicate that locked-in stresses do
not contribute materially to failure of
welded structures.

Locked-in stresses in the decks of completed
vessels are not app-eciably reduced by
service.

Welding sequence in general has no effect
upon the magnitude of residual stresses in
free subassemblies.

5. Recommendations for Proposed

Future Work

The Research Advisory Committee recommends
the following further investigations:
a. THE STUDY OF SHIPBUILDING MATERIALS
The work in this field may be divided into groups

2z
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ollows:

i. Further studies of the effect of welding on

the structural performance of ship steel. It
is proposed to study the behavior of welded
joints; such as butt welded flat plates,
double fillet welded tee specimens, etc.,
under multiaxial stress at various tempera-
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tures and strain rates. This investigation is
proposed since plates containing a welded
joint have shown a decided reduction of
energy absorption and extent of deforma-
tion when compared to unwelded plates of
the same steel. By means of these tests, it
is expected to study such variables as stecls;
electrodes; heat treatment and mechani-
cal stress relieving. It is anticipated that a
considerable amount of effort must be ex-
pended in developing satisfactory speci-
mens and testing procedures which must
show correlation with the performance of
full scale structures. (See section b (ii.),
below.)

ii, Further studies of the fundamental factors

affecting flow and fracture of metals. It
appears highly desirable that more in-
formation be made available relative to
the conditions that obtain when cleavage
and shear fractures occur in metals, par-
ticularly the conditions necessary to cause
a change in the mode of fracture from
shear to clcavage. (See 3a. above.) This
work will assist in the understanding of the
basic phenomena underlyizy the failure of
materials in structures and will aid in
their intelligent utilization.

ui. Further study to obtain practical tests which

can be used to procure material satisfactory
for the fabrication of welded structures.
Present tests for evaluating the notch
sensitivity of the materials are capable of
selecting satisfactory steel and eléctrodes
but not for procurement in commercial
quantities.

b. THE STUDY OF THE SHIP'S STRUCTURE

The work in this field may be divided into groups
as follows:

i. A study of ships at sea. Here is envisaged a

research program to determine particularly
the loads to which a ship’s struture is
subjected among waves, It is anticipated
that active work under this project =il
not begin until a thorough study has been
made of the results obtained from the
present British investigation on the Ocean
Vulcan.

In addition to the above study, in which
a rescarch crew would be stationed on
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board ship to operaie and maintain the iii. A study of the structural performance of the

equipment, it is also contemplated that
strain counters be installed at various loca-
tions on a large number of ships of many
types. These counters would e unattended
except for periodic checkups and recording

ship girder incorporating improved struc-
tural details developed in (ii) above, tested
statically to failure. The vessel will be sub-
jected to the static structural test, prefer-
ably continuing to failure.

of accumulated data. These counters would iv. A study of the effects of riveted Jongitudinal

record the number of times a given strain
has been reached at a selected point in the
ship. By this procedure, it is an icipated
that the maximum strains to which a ship’s
structure is subjected, including selected

joints on the performance of welded ships.
The generally satisfactory performance of
the Liberty ships with riveted seams has
raised questions as to how the riveting in-
fluenced this performance.

points of concentration, could be obtained. v. Studies of the relative merits of various struc-

ii. A further study of the design and fabrica-
tion of ship components (e.g. hatch corners,
gunwale connections, etc.), It is proposed

tural design details when subjected to
cyclic loading.

to study typical structural discontinuities ¢ SUPPLEMENTAL STUDIES

in ships to determine magnitude of stress Shrinkage, distortion and cracking of welded struc-
concentrations, areas affected by the dis-  tures during assembly are effects which must be
continuities, and how the design can be  studied. The methods of obtaining sound welding
modified to reduce such concentrations,  practice are generally developed on the job; how-
thereby increasing the factor of safety.  ever, the elements of good practice need continued
This investigation would be made through  reconsideration and manuals need revision, even
use of large welded full scale specimens,  though laboratorv research can make little contribu-
models, and photoelastic studies. tion to this result.
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Summary Report
WELDING ADVISORY COMMITTEE

A Wilding Advisory Committee was appointed by

the Board to survey conditions pertaining to the de-
sign and methods of construction of welded steel
merchant vessels as employed by shipyards in the
United States. Thirty-three representative yards,
Governmcent and commercial, on the East, Gulf and
West coasts were visited during 1944-45. The follow-
ing report is a summary of data collected.

A. Welder Training and Advancement

1.

AVERAGE NUMBER OF HOURS IN
WELDING SCHOOL.

The system of welder training in use and
standard of performance required prior to gradu-
ation is not umform. Some schools train to pro-
duce tackers only, acting on the premise that no
school can produce a journeyman welder; there-
fore, from 3 to 6 months’ work on the ship
should be required before the trainee becomes a
production welder, An average of 185 hours
schooling for production welders exists for the
East Coast schools reported. The shortest average
training period was 10 hours and the longest
average training period was 320 hours.

TRAINING EQUIPMENT AND METHODS.

Most shipyard scnools did not have enough
training equipment, operating up to three shifts,
with two trainces per booth in onc or two
instances. It was generally agreed that 10 stu-
dents was the maximum that could be efficiently
trained under one instructor. However, some
schools assigned up to 20 students per instruc-
tor. The smaller schools are not well organized
and usually are operated only as welder test
booths, or for priming welders to take the pro-
diction welder’s test. In only one school were
trainees required to weld in cramped positions
and on joint assemblies similar to those cn-

countered on ship board.
701292—47—1

3. SPECIAL MEANS FOR IDENTIFYING WELDERS

BY RATING.
Yards
Special Means . ........ 1
Partial Means . A
No Means .... ... ....... 25

After qualifying by test for all positions one
yard grouped the welders for restricted work in
accordance with the foremen’s opinions and each
group was identified by colored electrode buckets
and helmets. In several yards, however, tackers
could be identified irom welders by group nura-
ber on badges.

Nearly all yards interviews.a agreed that
whether qualified by tcst or not, a welder fresh
from the training school should be allowed to
work only on unimportant parts of the ship’s
structure, preferably in the fiat position. The
secondary structure on the building ways should
be welded “; more experienced or second grade
welders and strength decks and the hull piating
should be allocated to the most experienced or
first grade welders under yard classification, In
actual practice, however, this ideal is seldom
attained due either to “hot ships” or disregard
of this principle in placing welders.

. TYPE OF WELDERS PRODUCED BY SCHOOL.

Yards
Tackers .......... .. 10
Welders only .. . oo 4
Tackers and welders .. ... 9
Flat or restricted position . . 5
None .................... 5

Only 5 yards had restricted welder qualifica-
tion other than tack welder. The majority of the
yards consider the all-position welder qualifica-
tion test casy to pass and the training necessary
to qualify preferred to the restrictions imposed
when welders are only partially qualified.

149
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MINIMUM EXPERIENCE BETWEEN
ADVANCEMENTS.

No yard claimed to enforce any minimum
period between advancement except in two in-
stances, one where advancement was automatic
duc to agrecment with Union, and one where
the yard required a 3-month period between
advancements.

ENCOURAGEMENT FOR IMPROVEMENT.

There is very little encouragemeint for im-
provement in workmanship parucularly in piece-
work yards where emphasis 5 placed on pro-
duction, Only two yards made any attempt to
keep a record of the actual quality of work of
the individual welder.

PERCENTAGE OF WELDER TURN-OVER
ANNUALLY.

Percent
Maximum ............... 212
Average . . ..... 85
Minimum . S b

ARE QUALIFICATION TESTS RECORDED?
Qualification tests are recorded in all yards
except twe. The consensus of opinion of the
various yards indicated that qualification tests
are not sufficient evidence that a welder is cap-
able of welding important structural joints and
that welders on such structure should be picked
after experience indicates they can produce
welds satisfactorily.
ARE RECORDS SYSTEMATICALLY FILED?
Recorded qualification tests were satisfactorily
filed in yard or inspection office when such
qualification tests were made except in one yard.
However, the system is rather cumbersome :n
that if a welder’s work is unsatisfactory it requires
a check in the files to ascertain his qualifications.

Incentive for Good Workmanship
After Graduation

. ANY MONETARY INCENTIVE FOR GOOD

WORKMANSHIP?
Yards
Yes . 12
Yes, in theory 11
No . 10

Nearly all piccework systems nullified any
incentive for good woinmanship since the em-
phasis was placed upon either poundage of elec-
trodes burned or footage procuced. Charges are
seldom made against the welder for repairing
work and advancement is based upon the ability

to produce enough welds to make a wage equal
to that of the next higher basic hourly rate. In
yards where all welders get the same pay there
can be little (and sometimes a negative) incen-
tive for improvement as the difficult work is given
to the best welders.

. ANY PIECEWORK SYSTEM?

Yards
Yes .... . . ... .. 18
No.......... o 15
3. IS ADVANCEMENT BASSD ON GOOD
WORXMANSHIP?
Yards
Supervisor’s opinion 23
Based on daily and weekly
records of workmanship 2
No A 8
. WHAT SYSTEM IS SET UP FOR THIS?
Yards
Efficiency rating . . . 6
Union agrerment . .. . 2
Cramped position test . . 1
Daily and quarterly records 2
None 22
. Supervision
. NUMBER OF HULLS FOR EACH WELDING
-UBFOREMAN.
Yards
1 .. 13
2 e 8
3 e 3
Varics but lies between 1
and 10 .
Indefinite . 1
No report o . 1
2. NUMBER OF QUARTERMEN TO ONE
FOREMAN.,
Yards
None 2
Average, 1-5 . 16
Average, 6-10 a
Average, 11-15 4
No report . .. 2
3. NUMBER OF LEADINGMEN TO ONE
QUARTERMAN
Yards
None cee i
Average, 1-5 . .. 19
Average, 6-10 . 9
Average, 11-20 3
No report . ......... 1
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4. NUMBER OF WELDERS TO ONE LEADING MAN.  7c. HAS WELDING DEPARTMENT POWER TO
Yards REJECT FAULTY FITTING?
Average, 10-15 12 Yards
Average, 16-20 12 Yes . .. ) . .. 18
Average, 21-30 8 No..... e e 5
31 and over 1 Doubtful or problematic 15
5 1S A WELDING ENGINEER EMPLOYED? It is doubtful that where welding departments
Yards have the authority to reject faulty fitting that
Yes 21 such authority is ever exercised.
No 12 8. CONNECTIOW BETWEEN DRAWING ROOM
Only a few of the men employed as welding A'D WELDING DEPARTMENT.
engineers for the various yarde can be considered In only nine yards did the welding engineer
welding engincers waen analyzed in the light of have direct contact with the drawing room.
their technical training. Their title is neither 9. WHO SEES THAT SEQUENCE IS CARRIED OUT?
indicative of their exact status in the yard organi- Only seven yards had inspection departments
zation nor does it correspond to the dutics to set up for checking the sequence, the remainder
which they are assigred. leaving this work entirely to the welding super-
6. WHAT IS HIS ORCANIZATIONAL RATING? vision.
Yards 10. WHO HAS AUTHORITY TO CHANGE WELDING
Advisory .. 16 SEQUENCE?
Consultant 3 Only ecight yards of the 19 employing welding
Directive o 9 engineers gave the welding engincer the authority
No engincer  ............ 12 to change welding sequence. However, three
It is doubtful that any of the welding engineers yards had a scquence man in addition to the
have authority to enforce regulations governing welding engincer who devcloped the sequence
quality of welds, sequence, etc., if such regula- and made the necessary changes.
tions interfere with production. 11. DOES HE SEE THAT THE CHANGE IS
7a. WHO HAS FINAL SAY ON WELDING MATTERS? APPROVED?
Yards Yes 21
Hull superintendent .21 Doubtful 4
Shipfitters o 3 Sometimes 4
Welding engineer 4 No 3
Welding foreman 1 Made no changes 1
Inspection agencies 2 It w s noted that the general practice in the
Production manager or yards was to make numerous sequence violations
assistant works manager 9 on the hull structure rather than to correct the
Any controversial matters pertaining to weld- welding sequence or revise it to agree.
ing were us.ually s'ettlcd by t%ze welding inspec- D. Inspectz'on
tors of. the inspecting agency if such were called I. 1S RADIOGRAPHY DONE ON HULL
to their attention. STRUCTURE?
"h. WHO ESTABLISHES THE WELDING Yards
TECHNIQUE? Yes . 3
Welding supervisors and Yards No e 30
foremen 9y 2. 1S TREPANNING DONE?
Welding supervisors and fore- v Y‘"g’
e ith 1di . €S s .
men with we ding engincer 2 Yes, but not polished 4
Welding engincer 4 No 20
School instructors and coaches 4 Plugs taken but nov polished which were
Individual welde_r SEEEEE examined by the Committee were considered
Very few yards relicd upon their welding incomplete cvidence of sound welds due to their
engineers to establish the welding technique. extreme roughness.
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. HULL INSPECTION.

In one yard, where probing was a regular
practice, it was stated that originally 30 percent
of plugs taken showed defective welds, but since
workmen have been shown defective probes, the
quality has improved until defective plugs have

been reduced to 6 percent.
WHO REQUESTS RADIOGRAPHY AND

TREPANNING?

Yards

Welding engineer or welding
laboratory 4
Inspection agencies 9
Yard welding inspectors . 1

Made no subsurface inspections 19
Of the yards making subsurface inspections
only four performed this service without the re-
quest of an inspection agency.

HAS YARD ANY INSPECTION DEPARTMENT OF
ITS OWN?

Yards
Yes . ... ... . ..... 16
No . ... . .. ... ... .17

Some yards stated that a separate inspection
department would result in divided authority and
would thercfore be objectionable. Apparently, it
was for this reason that some inspection depart-
ments answered to the production department
instead of the welding engineer.

TO WHOM ARE THE WELDING INSPECTORS
RESPONSIBLE?

Yards
Welding engineer 2
Yard inspection department 5
Welding supervisors 4
Production department 5
No inspection department 17

HAS YARD ANY WELDING LABORATORY?

Yards
Yes . P ¢
No cee e 22

Welding laboratories of any consequence were
usually incorporated in a well-equipped mi tul-
lurgical laboratory.

Yards
Inspected by Navy 15
Inspected by ABS surveyors 16
Inspected by U.SM.C. 1t
Inspected by U.S.C.G. marine
inspectors . 11
Inspected by Army . . 2
Inspected by commercial
companies 3
DI . ™ -~ -

8.

10.

CAN YARD TRACE WORK TO INDIVIDUAL
WELDER?

Yards
Yes . 11
Sometimes . . oo b
Doubtful . . 2
No . .............. ... 15

Identification of the weld and welder is of
little value where there is no subsurface inspec-
tion, Miost methods of identification are rather
cumberiome, their primary purposes being to
control piecework systems and not for the identi-
fication of welders at some future date. Some
union agreements will not permit identification
of weld with welder.

HGW ARE LEAKY WELDS REPAIRED IN
WATERTIGHT AND OILTIGHT STRUCTURE?
Leaky welds are usually caulked unless found

by the inspection agency first, or when they are
of such a serious nature that caulking would not
stop the leak. Several yards made the claim that
all leaky welds were chipped out and rewelded
but the reaction of the inspectors as well as
personal observation, casts considerable doubt
on the accuracy of these statements.

HOW ARE FAULTY WELDS REPAIRED IN NON-

WATERTIGHT STRUCTURE?

Faulty welds are repaired by rewelding in way
of undercutting and insufficient reinforcement
when marked by inspectors. Judging from obser-
vation of welds marked for repair, additional
welds are run without further preparation for
almost any kind of defect eacept a known crack.

Production
. IS THERE AN ERECTION SEQUENCE?
Yards
Yes R 33

Most crection sequences consist of material
schedules.

lb. WHO PREPARES ERECTION SEQUENCE?

Yards
Supervisor committee
Hul! superintendent
Welding engineer
Shipfitting department
Hull planner
Naval architect
Not reported : 1
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3a.

3b.

3ec.

IS IT BEING FOLLOWED?

Yards
Yes .... e 17
Generally . : 13
Partially . . 3

Most erection sequences consist of material
schedules and are violated or modified where
necessary to use material in order of receipt,
regardless of the condition of welding. A few of
these schedules were incorporated with the weld-
ing sequence.

IS THERE A WELDING SEQUENCE?

Yards
YES . o ... .30
No ......... ...... -
WHO PREPARES THE WELDING SEQUENGCE?
Yards
Engineering department 2
Supervisor committee 5
Hull superintendent 2
Welding engineers 6
Shipfitting department . .. 1
Chief huil plarmer . ... .. i
Welding foreman . ........ 2
Design agent or leading
shipyard S 2
Not prepared e .2
Not reported . .... .. 10

HAS THE WELDING SEQUENCE BEEN
APPROVED BY NAVY, AMERICAN BUREAU
OF SHIPPING, UNITED STATES MARITIME
COMMISSION OR UNITED STATES COAST
GUARD?

Yards
Yes . .. . ... .. . .16
No .. .... ... .. . 10
No reports .. ... ...... 7

The sequence in use in a number of yards was
very general without any detail,

IS IT BEING FOLLOWED?

Yards
No ......... P
Yes . ... C e 7
Generally . . o ... 9
No sequence . .. ..... 3

None of the complicated sequences developed
for welding are rigorously held to by the welders
on the job. However, in two shipyards where the
hull was subdivided into standard uniform panels
or scctions similar to subassemblies although built
in place on the ways they were able to reduce the

instructions to workmen tc an apparent mini-
mum. It was noted that two yards laid out the
sequence on the steel structure for the guidance
of the welders, thereby eliminating excuses for
scquence violations,

. HOW ARE ELECTRODES STORED AND

DISTRIBUTED?

Nearly all yards stored and distributed elec-
trodes in reasonably dry spaces, heated in the
winter for the comfort of the personnel. How-
ever, 3 shipyards made a determined attempt to
dehumidify certain classes of electrodes.

. ARE CHECK TESTS MADE ON QUALITY OF

ELECTRODES?
Yards
No ..... e e 23
Yes ... ... ..... ee 10

Only one yard ran a torture test on mild steel
electrodes and this was done by a special port
hole test devised by that yard. The majority of
tests consisted of standard welder qualification
test for each new shipment of electrodes. How-
ever, one yard made an attempt to check the
moisture content of the coating.

. TYPES OF ELECTRODES USED.

Some yards have substituted E-6020 for hori-
zontal work for which E-6012 has been elimi-
nated. Judging from the record, however, this
practice should be extended.

. ARE SPECIAL PROCESSES USED?

Union-melt 21
Lincoln weld
General electric
Unamatic .
Flame gouging
Carben arc
Twin arc .. ..
Deep fillet ... .. o
Apparently any furtherance of these special
processes would depend upon the supplying of
concrete information to the various yards.

PN o=~ 0N —

. ARE RESTRICTIONS ON MACHINE WELDING

BEING FOLLOWED?

Several of the yards visited complained of
lack of information on the control of machine
welding and only in the yards that had done
considerable experimentation could machine
welding be considered excellent. The manufac-
turers’ claims on the possibilities of this equip-
ment appear to be somewhat exaggerated when
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10.

11.

12.

13.

14,

154

compared with production results, In addition
it was noted that very wide variations in joint
design existed in yards doing identical work; the
efficiency of somc being open to question.
PERCENTAGE OF MACHINE WELDING.

Yards
No machine welding . . 10
Below 10 percent . ... . 11
10-20 percent S 8
20-75 percent . . 4

HOW MUCH DEEP FILLET WELDING IS DONE?
Used by 6 yards.

Most yards interviewed who had experimented
with this process considered it not applicable to
ship construction. Oue shipyard, however, seemed
to be enjoying considerable success with this
process and this yard conridered that control of
the moisture content ot the electrode was
absolutely essential for its success in production.

HAS E-6012 ELECTRODE BEEN ELIMINATED
ON IMPORTANT BUTT JOINTS?

Two yards were found where E-6012 electrode
was being used on important hull butts although
one yard reported that this electrode had been
eliminated for these joints. The general consensus
of opinion among the other yards was that this
class of electrode was only suitable for horizontal
fillet welds. Several yara: were also found to be
using certain brands of E-6011 and E-6013 elec-
trodes on all types of joints to increase produc-
tion resulting in large oversize convex welds with
the appearance of deposits made by E-6012 elec-
trodes.

IS PEENING BEING DONE?
Yards
Generally employed 2
Used to some extent, as in re-
strained butts or insert plates 26
No peening used .. .. 5
Sh. pyards nced information pertaining to this
process since most of them subscribed to only
very light peening.
ARE VERTICAL BUTT WELDS WEAVED OR
STRINGER BEADED?

Yards

Both S 6
Weaved e : 19
Stringer beaded 5
Weaved with final layer

stringer beaded 2
Stringer beaded with final

laver weaved 1

R P e

15.

17.

18.

19.

In view of the differences of opinion among
the various yards as to the relative merits of these
two techniques, more information is apparently
needed in the field.

PLATE EDGE PREPARATION USED WITH
MACHINE WELDING,

Yards
Ground top surface .. 4
Wire brushed .... 5
Paint remover .. . 2
Not cleaned . o 6
Not machine welded 18
Not reported ...... . 6

It was noted that two yards producing the best
machine welds paid very little attention to cleanli-
ness of surface aside from wire brushing, placing
more than average emphasis upon pruper ma-
chine settings.

METHOD USED FOR BACKING UP MACHINE
WELDING.

Yards
Tight fit 4
Copper backing strip 1
Steel backing strip 7
Flux backing .. . 3
Manual welding backing 13

It was noted that two did not strive for a tight
fit, working flux in any opening and under the
tack welds, with remarkably good results.
MAXIMUM PLATE THICKNESS USED IN

MANUAL WELDING SQUARE EDGE PLATING.

Not over ¥} inch square edge preparation was
used for manual welding in any yard. 3/16 inch
was the maximum square cdge joints manually
welded without back chipping.

IS PREHEATING BEING DONE FOR MANUAL
AND MACHINE WELDING?

Yards
No preheating on mild steel . 29
Some on mild steel . . 4

More information apparently is nceded in the
field on the requirements of preheating. Very
few yards are carrying out the letter of instruc-
tions now in existence.

ARE TRACKS USED FOR AUTOMATIC WELD-

ING MACHINES?

Tracks are generally used with Union-melt
and General Electric machines on the East and
Gulf coasts. Tracks are seldom used on the West
coast. Tracks are not used with Lincoln welding
machines.



20. QUALITY OF EDGE PREPARATION USED FOR

MANUAL WELDING.

Yards
Excellent .. . ... 8
Good .. . 14
Fair .. A V%
Poor ) 4

In a good many yards edge preparation is
ruined by an excessive amount of square flame
cuts in fitting on the ship after erection. The use

E. Is a sharp V left in root of groove?

Yards
Yes 7
No . 8
Sometimes . 8
Not reported . 10

The standard of back chipping in most
of the yards inspected could be im-
proved.

N 22, IS RIVETING USED IN CONJUNCTION WITH
of innumerable large tacks to compensate for WELDING?
inadequate strongbacking and warping make it Yards
impossible to more than partially bevel the edges Yes 14
prior to welding. No C e .9
. METHOD USED FOR CLEANING OUT BACK OF Not reported =~~~ . . . 10
WELDS. Some yards used riveting to retain gangs
Yards already employed in the yards while others used
Chipping 32 riveting to get away from welded longitudinal
Flame gouging 1 seams and welded longitudinals.
Back chipping in restricted places and on  23. DOES RIVETING PROGRESS BEYOND THE
secondary structure is very superficial in most WELDING?
yards. It was noted that in some yards welding Yards
procedures required back chipping in very No Cee .7
cramped spaces and overhead positions not con- Yes ... ... A 7
ducive to good workmanship. Not riveted ... ... .... 9
: Not reported ... o 10
A. Type of chisel used Yards One yard held back on riveting until main hull
Cape chisels at times 9 structural welding was completed. The majority
Diamond point at times 15 of the remaining yards using riveting in connec-
Round nose only _ 8 tion with welding removed a few rivets adjacent
Not checked . . 10 to the weld when riveting advanced ahead of
Cape chisels resulted in as sharp corners the welding,
in the grooves as those made by dia- )
mond pointed chisels. F. Workmanship
B. Is flame gouging used? 1. QUALITY OF FITTING.
One yard used flame gouging generally. Yards
C. Is groove cleaned to sound metal? Very good ............... 2
Yards Good ..................... 9
Yes ... ... ... 7 Fair ..................... 16
Fair ... ... ..... ..... 1 Poor e 6
Not always ... ........ 9 Fitting was generally poor enough to be con-
No e e 6 sidered responsible for some of the poor welding
Not reported ... . ...... 10 reported. Preparation of the butts in secondary
In one yard it was noticed that the main structure including framing butts never received
girth butts of the vessel had been proper attention in most yards.
superficially chipped and then caulked 2. QUALITY OF MANUAL WELDING.
to simulate a condition of sound Yards
metal. Good ..... ........ ..., 17
D. Does groove follow center of weld? Fair 13
Yards Poor ..... .. ... 3
Yes .. ... ... 15 The quality of shell welds is problematical in
Not always .. ...... 4 ail yards where poor fit-up exists and there is
No e 4 no subsurface inspection since incomplete pene-
Not reported  ....... .10 tration of weld metal would break the continuity
155
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of the joint. Welds of the secondary structure
(including bulwarks, framing, hatch coamings,
etc.) in most yards showed bad workmanship.
QUALITY OF MACHINE WELDING.

Yards
Very good ................ 4
Good ...... ... .. ... 11
Fair ........ ... ... 8
No machine welding ....... 10

The fit-up for machine welding varies some-
what in diffevent yards and where no probes
are taken there is no way of checking the final
quality of the welds.

IS WELDING PROPERLY CLEANED OF SLAG?

Yards
Yes, for inspection 15
No, for inspection .. ...... 18

When the final passes of the manual welds are
not cleaned it was observed that there was
always a possibility of undercutting, porosities
and incomplete reinforcement getting by.

It is to be noted that the majority of the yards
did not clean welds for inspection purposes.

IS UNDERCUTTING OF WELDS EXCESSIVE?

Yards
Yes . 15
No S 17
Yes, on one type of vessel and
No, on another type 1

Undercutting was rather extensive in most
yards but corrected in some by additional beads.
Onc yard suggested that 3/16 inch electrodes
may cause undercutting on plating below 3/16
inch thickness and it is possible that smaller
electrodes, if used, would stop this undercutting.

ARE STARTING AND RUN-OFF TABS USED FOR
MACHINE WELDING?

Yards
Yes . o 13
No e 10
No machine welding . . 10

Many yards using run-off tabs failed to obtain
the desired results as the craters carried back
within the trim lines. Where short unfinished
joints were left to assist in fairing and the erec-
tion of the structure, the resulting manual welds
used to complete the joints were sometimes

.
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1S COMPLETED STRUCTURE REASONABLY
FAIR?

Yards
Yes e 27
Ne . .. .. ... 6

In order to obtain fairness on light welded
struc.ure it was usually necessary to resort to

excessive flame shrinking, a large number of
rigid strorgbacks or drumheadings, with the
latter appaverdtly the least objectionable practice,
On heaner plating, sequence and technique when
used to advantage seemed capable of maintaining
the fairness of the structure.

. Structural Details
. ARE SNIPES USED WHENEVER POSSIBLE?

Yards
Yes .. ... 12
No ..... .. ..., ... ... 21

With the present use of prefabriated members
and subassemblies, it is imperative that snipes be
indicated on the detail structural plans to get
them on the finished ships.

13 UPPER EDGE OF SHEERSTRAKE FREE FROM

CUTS AND NOTCHES?

Yards
Yes e 24
No . .. .. 6
No structural sheerstrakes . 3

Although most of the sheerstrakes were free
from cuts and notches, only 3 yards were found
that rcmoved all connections, including chocks
and pads.

ARE BULWARK DETAILS IN ACCORDANCE

WITH APPROVED PLANS?

Yes, in yards where bulwarks are fitted.

IS BULWARK WORKMANSHIP SATISFACTORY?

Yards
Yes, generally ............. 10
No ... 2
No bulwarks ... ..... ... 13

Most yards treat the bulwarks as sccondary
structure and consequently these members are
not welded with the same care and workmanship
as the shell plating. Most naval vessels and
tankers are designed without bulwarks.

TYPE OF HATCH CORNER REINFORCEMENT
FITTED.

Yards
Navy standard or cxpansion
trunks .. . . ... . 12
Insert in deck, not slotted
through coaming 2
Insert in deck, slotted through
coaming .. S 8

Doub'er for deck, not slotted
thrsugh ccaming 4
Doub.er for deck, slotted
thiough coaming . 2
No reinforcement 5
Many of the inserts and doublers used to rein-
force the hatch corners were rectangular with
square exterior corners.




6.

ARE RIVETED GUNWALE BARS FITTED?

Yard:
Yes e 14
No . T [ -
No gunwales . ............ 3
ARE ARRESTER STRAPS FITTED
(LIBERTIES ONLY)?
Yards
Yes . .. ... ... 2
No . ... 1
Not leertxcs C e 30
ARE BILGE KEELS PROPERLY SCALLOPED?
Yards
Yes . ... 13
No ) e e 12
Riveted e e 3
No bilge keel ~ ...... 1
Not observed . .... 4

If bilge keel snipes are not mdxcatcd on the
plans, there is little possibility of the requirements
being carricd out by the fitters on the job.

. Erection Methods

ARE TACK WELDERS QUALIFIED?

Yards
Yes . ...... e e 19
No S A 14

There is consxderable confusxon among inspec-
tors as to the actual qualification for a tack
welder, especially in yaris doing both naval and
commercial work. Most of the schools turned out
tack welders on the appearance of the finished
weld, rather than any test.

(2) WHAT REGULATIONS GOVERN TACKS?

Yards

Navy e 18
ABS . L 15
(b) WHAT TYPE TACKS ARE USED? g
ards

Large .. . ... . ......... 5
Large and close . ....\nn.... 10
Rough and close  ..... 2
Few and small R
Varying in size and shape 2
Good e e : 7
Fair 2

Tacks were not being made as specnﬁed or
recommended and seldom are they chipped out
when made in a beveled joint. Th2 use of a
large number of strongbacks and saddles in some
yards ecliminated tacks to a minimum whereby
the entirc joint was welded by a production
welder without breaking continuity.

3. QUANTITY AND TYPE OF STRONGBACKS AND
BRACES USED.

Yards
Few e el ... ... 16
Normal . . . 8
Large amount . ..... ... 8
None e e 1

20 of these yards used strong,backs of the
rigid type without apparent dificultics.

4. ARE TACK SCARS REPAIRED?

Yards
Fair ) e oL 22
Imperfect . .. . .10
No scars . .. . 1

No yard was repairing tack scars to the extent
that the outlines could not be traced except in a
few instances where deep grinding was resorted
to. In some yards it was noted that a great num-
ber of scars were present in the hull plating due
to dragging of the welder’s electrode when strik-
ing the arc and starting some distance away from
the joint.

5. IS PREHEATING USED ON +1.T.S.?

Yards
Yes . ... 10
No . .. 4
No H.T.S, ased ...... 19

The practice of preheating on H. T.S. varies in
all yards depending upon the failures experienced
or the atiitude of the inspecting agency. In some
instances preheating being dependent upon
atmospheric conditions or the weight of plating
involved (this weight factor not being uniform)
or upon rough tests peculiar to the yard, intended
to identify high chemistry plates.

6. TYPE OF WELDING EQUIPMENT AT THE WET

SLIP.
Yards
Isolated - ... ..... 13
Not isolated ... ... ...... 16
Not observed . e e 4

Several yards do not consider isolation of weld-
ing equipment at the wet basin necessary, one
having taken voltage readings betwccn hulls and

arriving at the conclusion that adequatc ground—
ing is all that is necessary.

I. Recepiion of the Welding Advisory
Committee

In general, the committee was well received.
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