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Foreword
Early in the war, welded merchant vessels expe- upon an extensive program of investigation. Technical

rienced difficulties in the form of fractures which and statistical analyses of all casualties were initiated;
could not be explained. The fractures, in many cases, strength studies were undertaken of each type of
manifested themselves with explosive suddenness and vessel involved; loading and ballasting conditions
exhibited a quality of brittleness which was not were checked and analyzed; convoy routes with
ordinarily associated with the behavior of.a normally accompanying sea and weather conditions were
ductile material such as ship steel. It was evident that examined; many specific investigations and extensive
the implications of these failures on welded ships laboratory research projects were initiated, aimed at
might be far-reaching and have a signal effect upon studying design, fabrication and materials used in
the war effort. Steps were taken immediately by the construction of welded ships. In addition, close
Government and private maritime agencies, individu- liaison was maintained with private shipyards and
ally, to cope with this problem. with the British, who were also conducting studies of

In April 1943, the Secretary of the Navy, pursuant phases of the same problem.
to his responsibility through the Coast Guard for In the course of the investigation a Research
certificating vessels in accordance with the Marine Advisory Committee and a Welding Advisory Coin-
Inspection Laws of the United States, established a mittee were appointed by the Board to take cogni-
Board of Investigation to Inquire into the Design zance of pertinent research and to survey shipyard
and Methods of Construction of Welded Steel Mer- welding practices, respectively.
chant Vessels. This Board was composed of the The investigation has been in progress for more
Engineer-in-Chief, United States Coast Guard; the than three years. During that time two interim reports
Chief of the Bureau of Sh;ps, United States Navy; have been made to the Secretary of the Navy, the
the Vice Chairman of the United States Maritime first dated 3 June 1944, and the second dated I May
Commission; and the Chief Surveyor of the American 1945.
Bureau of Shipping. The Secretary's dirLtive to the This is the third and final report of this Board. It
Board read in part as follows: " * * make a complete is intended to cover all phases of the Board's activity
investigation of the matter hereby submitted and upon during the entire period of its existence. This report
the conclusion of its investigation will report the facts follows the outline established in the interim reports.
established thereby. If the facts establish the existence All salient results are discussed, findings listed and
of defects in the designs of, or in the methods being conclusions drawn. At the end of the report recom-
followed in the construction of s ich merchant vessels mendations are made for future work which appears
which in the opinion of the board adversely affect the to be necessary or desirable in the solution of un-
seaworthiness thereof, the board will also submit its finished phases of the problem.
recommendations as to the measures which should Appended to the report are three exhibits:
be taken to correct such defects." EXHIBIT I -Statist-cal Analysis of Struc-

The Board appointed a Sub-Board which was tural Failures on Welded Steel
ultimately composed of representatives of the four Merchant Vessels.
member agencies and of the War Metallurgy Com- EXHIBIT II --Summary of Research Investi-
mittee of the National Academy of Sciences. The gatmons.

Sub-Board was directed to formulate in detail, and ExnIrr III-Survey of Shipyard Welding
supervise the execution of, all phases of the investiga- Practices.
tion as outlined by the Board. References made to the exhibits and sources not

The Board immediately took steps to coordinate appended to this report are annotated and a complete
the corts of the member agencies and embarked bibliography will be found appended.



Introduction
Welding is a relatively new process in the building It was particularly felt that insufficient care was being

of shps. From a meager beginning during World devoted to welding sequences, with the result that
War 1, when it was used only as an auxiliary method locked-in stresses were present in many ships to a
of fabrication and erection, welding has become a higher degree than wvould be expected. The presence
majcr process in the construction of ,teel ships, and of these high stresses was conside-red to be an impor-
has largely replaced riveting. tant factor in the incidence of the observed fractures.

The advantages of welding in ship construction are However, it must be recognized that structural
nuerous. There is a direct saving of weight in the failures are not confined entirely to welded ships. A
elimination of plate laps, flanged attachments and few cases of serious fractures in riveted ships are well
rivet heads, which may be utilized in carrying addi- known, such as the Leviathan" and the Majestic,"3

tional useful load. In addition, the difficulties associ- both of which suffered fractures across the strength
ated with riveting in making and keeping structures deck. The chronic occurrence of fractures in riveted
oil and water tight are obviated. Particularly perti- ships would have appeared in a different light if the
nent to the establishment of new .ards in connection fractures had been generally more spectacular or if
with the accelerated program of shipbuilding prior to the results of research of the last three years had been
and during the war was the saving in time, i.anpover known at the time of their occurrence. When a crack
and tool manufacturing capacity effected through the starts in a riveted structure, it generally progresses
use of welding in lieu of riveting. This saving was only to the first break in the continuity of the metal,
brought about by the shorter time needed in welded e.g., a seam. There it awaits reloading to a stress
construction for training operators, and the avail- which will give it a fresh start. In a welded structure,
ability and smaller amount of equipment required, however, the crack will continue to propagate as long
making it possible for a new welding yard to be out- as sufficient energy is available.
fitted and in production in a fraction of the time Particularly bewildering phenomena in the welded
which would have been required if the yard had icen hip casualties were the appearance and nature of
equipped for riveting. the fracture itself. it was generally believed that

It is safe to say that without we!ding it would have medium ship steel incorporated in ship structure
been impossible to build, in such a short time, the would deform elastically when loaded within the
enormous fleet of ships which played such a vital part elastic limit, and that if it were loaded beyond that
in winning the war. point plastic flow would take place and a permanent

There are, however, certain disadvantages con- deformation would result, evidenced by a reduction
nected with welding which were not fully realized in thickness or area. If the load were increased
at the outset of the expedited building program. ,ufficiently it was believed that the material would
Although the technique of depositng weld metal fail only after considerable elongation, as this is the
and the application of welding sequences to minimize behavior which would ordinarily be expected from
shrinkage, distortion, and cracking were fairly well a ductile material.
understood, relatively little was known of other, dele- In the observed ship fractucs, however, the frac-
terious, conditions accompanying the welding process tured surface appeared crystalline rather than silky
on large ship structures. Consequently, when fractures as would be the case in a ductile failure. The break
in all welded steel merchant vessels first began to ,iAc %q ad teln of , r ti. .n a to th
manifest themselves (as in the Schenectadye, -'°.0l and surface of plate, rather than at 45 degrees as would
Esso Manhattan62), conditions were found which be the ca"e in a failure on the plane of maximum
did not conform to previous experience. There was a shear. Very little ductility was evidenced, as indicated
general feeling that the accelerated shipbuilding by practically zero reduction in the thickness of t'e
program and the concomitant quantity production of plate at the fractured edge. This type of fracture is
all-welded ships had resulted in a general disregard termed cleavage, denoting a separation of the sur-
for proper construction practices and workmanship. faces of the crystal lattice rather than sliding action

aReference number listed in Biblicgraphy. along slip planes.
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The factors which might cause a normally ductile i -
material to seem brittle were not understood. There
was evidently a great need for fundamental study Total number of ships ................. 4,694
of the mechanism of fracture. As an index of the Total number of these ships reporting no casualties 3,724
state of knowledge at the outset of the study, as we!l Total number of these ships which sustained
is to indicate the experimental difficulties which casualties ............................ 970

Total number of casualties .... ............ 1,442were encountered, it is considered noteworthy that Total number of fractures ................. . .4,720
brittle fractures in medium ship plate of Y inch Total cases of serious casualties (Class 1)... 127
thickness, omparable to those found in ships, were Total ships sustaining a complete fracture of
not reproduced in tkL laboratory until early in strength deck .............................. 24
194440.,41,47 Total ships sustaining a complete fracture of the

bottom .. ........... . ............. I
The findings of the research program served to

correlate the circumstances observed to accompany Eight vessels have been lost, as follows:
the fractures which occurred in ships. As soon as the Name Date of Casualty Remarks
factors contributing to failure were recognized, correc- Triom Hoo Mar. 1943 Abandoned.
tive measures were taken wherever possible.6 Modi- J.L.M.C RY . 7 a.14 Aadndtir masre wee akn herve pssble t' Moi- J. L.M. CURRY. 7 Mar. 1943 Abandoned.
fications of square ca:go hatch corners were designed Joiw P. GANEs . 24 Nov. 1943 Broke in two; aban-
and incorporated into vessels, both under construc- doned.
tion and already completed. Cut-outs in the sheer JosEPH SMITH ... 9 Jan. 1944 Abandoned.
strake were ciosed and sharp structural discontinui- SAIMEL DxR.... 21 Jan. 1944 Abandoned.

JOEL R. PoINsETT... 4 Mar. 1944 Broke in two; stern por-ties and changes in section were eased wherever pos- tion salvaged.
sible. As a means of preventing the propagation of SACKETT's HARBOR. I Mar. 1946 Broke in two; stern por-
cracks which might originate in spite of other pre- tion salvaged.
cautions, "crack arrestors" were installed in personnel- FORT SUMTER .. 10 May 1946 Broke in two; both por-

carrying vessels and in a great many others. In addi- - tions scuttled.

tion, vessels assigned to operate in low temperature I This vessel fractured after the terminal date for statistical
areas were selected from those in which modifica- accounting used in Exhibit I.

tions had been incorporated. The beneficial effects Four other ships broke in two but were not lost.
of these remedial measures are demonstrated by the Name Date of C~ualty
reduction in the number of casualties from about 140 SCENTAD .................... 15Jan. 1943.
per month in March 1944 to less than 20 per month Esso MNHA-rAN ................... 29 Mar. 1943.
during January 1946.c VALERI CHKALOv. .......... .. 11 Dc. 1943.

DONBASS III ......... ....... ....... 17 Feb. 1946.
A. Historica! Study of Hull Fractures

In connection with these casualties, 26 lives have
The collection and correlation of information been lost; 11 men from the John P. Gaines, missing

relative to fractures has been a task of considerable after successfully embarking in a lifeboat, and 15
magnitude, involving the detailed description of each from the American-built Russian-operated vessel,
case of fracture by an observer on the scene, a clasi- Donbass III.
fication of each case, tabulation of data, and finally The results of the efforts to control and eliminate
detailed analyses which attempt to derive some the occurrence of hull fractures are graphically
measure of correlation between the types of fractures shon in figure 24 of Exhibit I, which depicts the
* ln their ......... and factot3 which have appeared number of casualties for each month from February
to contribute to their occurrence. The tabulationd 1942 through January 1946, as well as the number of
presented below indicates the scope of the fracture ships in operation during the same period. It will be
problem with respect to major merchant vessels con- seen that after reaching a maximum in March 1944,
structed under the Maritime Commission program the number of fractures per month decreased sharply
and remaining in merchant service, and has shown a decreasing trend ever since. The

h'Exhibit 1, Part IV. beneficial effects have been due to remedial measures
cExhibit I, fig. 24. in the form of improvements in workmanship, design
d Data taken" from Exhibit f and operation, such as the installation of crack
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arrestors, modifications of cargo hatch comers, elimi- vessels had a structure compaiable to that of the
nation of square sheer-strake cut-outs for accommoda- usual merchant cargo vesscl, and all except the

tion ladders, general elimination oi modifiLation of Cuyama were of relati~cl) light scantlingb with thin

structural discontinuities, careful attention to load- plating. No similar data appeared to be available for

ing and ballasting, and judicious selection of ship vessels of the merchant type.
types for rigorous duty, especially on cold weather In the investigation to determine the structural
routes. behavior of welded ships, at least a dozen vessels

Photographs and data sheets pertaining to the 12 of several t)pc.s % ere subjected to the static structural
most serious casualties, which are listed obove, are test. As a result of these studies"'s .6 the theoretical
included in Exhibit I. principles by which hull girder strength is computed

have been found to be equally applicable to welded

B. Design and riveted construction.

1. GENERAL 2. DETAIL

One of the first steps taken in the investigation For operational reasons, it is necessary to introduce

was to recalculate the longitudinal strength of all into the ship's hull, numerous openings, erections,

types of vessels involved in structural failures. These foundations and so on. At every point where such a

calculations showed that the scantlings were ample structural discontinuity is introduced, uniform strain-

and that there was a margin of strength in every case ing of the material under a bending load is inter-

over that required by existing standards. rupted and concentrations result.

Static structural tests made on riveted ships prior Until the short base length (less than 1 inch) strain

to the advent of welding in shipbuilding had con- gage became avaiiable, experimental measurements

firmed the general validity of the basic analytical of strain concentrations in ships were not possible.

methods used in calculating the stresses in the main The need for accurate determinations of concentra-

hull girder. However, several factors involved were tions was not as great in the riveted ship as in the

considered sufficiently significant to justify making welded ship. The monolithic character of the welded

similar experiments on welded ships. These factors ship resulting from the method of fabrication can

included: the possibility of a difference in the overall produce joints, particularly at structural discontinui-

behavior between riveted and welded construction ties, that have high stress concentrations and severe
as affected particularly by the differences in rigidity restraint, thereby tending to inhibit plastic flow. This
and geomc.try of riveted and welded joints; the fact condition did not exist generally in the riveted ship.

that photoelastic studies showed appreciable stress The danger of high concentration at points of struc-

concentration at hatch comers where so many cracks tural discontinuities in the welded ship is further

occurred on Liberty ships; the development of new aggravated by welding usually present at such points.

stra'n gages which permitted the measurement of Welding produces a complex metallurgical condition

highly localized strains and the determination of which is frequently aggravated by discontinuities in
the form of defects in the wveld.

unusual stress distributions that might not have been tha tres in o d a

discovered in previous experiments. That stress concentrations of dangerous magni-

The desirability of subjecting welded ships to the tudes actually exist at structural discontinuities in

static structural test received further impetus from welded ships has been amply demonstrated by the

the large number of hull structural failures recorded, numerous fractures which started at such points, e.g.,
hatch coners, sheer strAke ct owt, dfetive, weld,,

particularly during the winters of 1942-43 and etc. In the Liberty ships, 25 percent of all fractures
1943-44. Those failures were not limited to any one e.nte Libet h, 25 percent of
type of vessel, but occurred in ore carriers and tankers, reported origiwated at hatch corners.e 18 percent of
as well as dry cargo vessels, particularly Liberty ships. all fractures were found to occur in the vicinity of

Outstanding examples of the earlier static struc- No. 3 cargo hatch.e In addition, an analysis of serious
tural tests carried out on riveted ships were those on fractures showed that 24 percent started in the sheer

the Wolf,' Cuyama,2 Preston and B~uce.3 These ships strake cut-out for the accommodation ladder and 52

were all of the destroyer type with the exception of percent started at hatch corners.'
the Guyarna, which was a Navy tanker. None of these Investigations conducted on %elded ships revealed
'Exhibit I-figs. 30, 31 and 32. that stress concentration factors at the inside radius
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of the rounded hatch corners of a Liberty ship at bending studies in still water4 5 ,1,1, 9'2 5' 6; an explora-
deck level were of the order of 2.0. (A stress concen- tior, of stress concentrations at structural discontinui-
tration of 3.4 was found in a similar comer at sea tics5 ,25,50 ; an investigation of the strains experienced
under dynamic conditions.) t  by the hull girder of a Liberty ship when loaded in

Accordingl), one of the first remedial steps which torsion;5 tests to determine locked-in stresses includ-

wa., taken in an effort to eliminate fractures was the ing those caused by temperature variations during

modification of cargo hatch comers in the Liberty assembly 23 t 31, tests to deteimine thermal stresses in

ships. Ultimately 2,047 vessels out of a total of 2,2129 serice, 27 tests to determine locked-in stresses caused

were fitted ,%ith one of several types of hatch corner by a controlled temperature differential in the inser-

reinforcements. h Table 7X of Exhibit I shows that a tion of a large closing deck section 29 and the low

substantial decrease in the incidence of fractures temperature relief of residual welding stresses. 10

followed.

In an immediate attempt to stop fractures which C. Materials

might otherwise cause possible less of the vessel a 1. STRUCTURAL STEEL
number of "crack arrestors" were installed in various
types of vessels. These, in general, consisted of two The incidence of serious failures of large welded
types, one in which the deck just outboard of the steel structures both in construction and during sere-
cargo hatch was slotted and a riveted seam strap ice indicated the need for a better understanding
fitted over the slot, and a second in which either a of the fundamental factors affecting steel perform-
similar slot and strap were placed in the sheer strake ance. Lack of reliable information in this field has
just below the deck line or, in lieu thereof, the deck led designers to over-design in the interest of safety,
and sheer strake were connected by a riveted gunwale a procedure which may in some cases enhance the
angle. Altogether, crack arrestors of one or both types possibility of failure.
were installed in more than 1,400 vessels of all types. At the present time the mechanism of metal frac-
The gunwale crack arrestors functioned effectively ture is not well understoodv2'. Since some plastic
and stopped cracks which had started in 26 cases in deformation, even though highly localized, usually
vessels on which they were fitted. No crack has been precedes fractures even in the case of cleavage or so-

known to pass an arrestor. called "brittle" fractures of structures, an understand-

The investigation pertaining to structural details ing of the phenomenon of flow is essential in con-

has strongly emphasized that too much attention sidering the fracture problem. Perhaps the best theory

cannot be paid to the elimination of discontinuities yet formulated involves the concepts of resistance to

(notches), whether they be small or large, and that flow and resistance to fracture;34 the theory postulates

the effect of discontinuities is aggravated by welding. that if the stress required for fracture is geater than
that required for flow, plastic deformation will occur;

3. FULL SCALE SHIP TESTS conversely, if the stress required for flow is greater
than that required for fracture, rupture will take

A reat many tests on complete ships have been place. Flow may teminate in either shear or cleavage
conducted in the course of this investigation. Various separation. The former is characterized by high duc-
types of vessels involved in structural failures have tility, a fibrous or silky appearing fracture generally
been included in the testing program. Among them at40othdieinofpledodnd ig

are:at 45 to the direction of applied oad, and high

Four L-6 Great Lakes orc carrie 4  energy absorption. The latter shows relatively lowFour~~oneiio f- GeaaLketo crrer.
Twenty Liberty ships ,; ,*u '. ; 'z~a. ''4 '  ~ductility; a gmanular or erystalline .ppearing frac. re

Six T-2 tankers6 ,8 ,925,2 generally normal to the direction of applied load,

Three C-4 troop carriers26  and in most cases, lower energy absorption. Cleavage

Twenty-one Victory ships23b.27.28  fracture often occurs after appreciable flow. The

O -2 refrigerated cargo term cleavage fracture refers to a mode of separationOne (-rergrtdaroship27  and is not intended to apply only to completely

Among these investigations were: full seal,! hull an isotneddto plynytocmeey
Amongbithese ivei o wbrittle fracture without measurable deformation,

gExhibit I-table iI. although this case is included.
hExhibit I-figs. 44, 45 and 46. Resistance to flow and resistance to fracture are
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extr.e!y complex quantities influenced by a number mate strength (about one-third) ovci k<mip.uable

of factors, tLe interrelationship of which is at present specimens not preheated. However, the 400 F,iirei,

unknown. These factorsi are: State of Stress (Con- heit preheat had no effect upon the magnitude or

straint); Temperature; Velocity (Strain Rate); distribution of residual welding stresses.
Metallurgy. Studies of the speed with which fractures of the

During the course of the investigation many re- cleavage type propagate hate disclosed that it is

search projects were initiated to investigate the extremely high (about 5,000 feet per second"). This

behavior of ship steel"s to 19. In addition, extensive finding substantiates reports vhich hae been rect ived
material surveys by sampling methods were made, from the masters of %essels which have broken in two

designed to determine the adequacy of steel used in regard to the suddenness with which such casual

in welded ship construction as judged by present ties have occurred.
physical requirements S7' 58 ,5 . These studies indicated There is a real necessity for the establishment of
that steel as furnished to shipyards complies in every new specifications to include a practical test for the

respect with physical requirements as they exist at evaluation of the notch sensitivity of commercial
the prevent time. In spite of this, impact tests of steel steels.
samples taken from vessels which suffered fractures
:ndicated that in many cases the steel was notch 2. WELDING ELECTRODES

sensitive, i.e., that its ability to absorb energy in the There is no indication that inferior quality or miE-
notched condition, and especially at low temperature, application of welding electrodes was responsible for
was low. In addition, it .%as found that some samples welded ship fractures. This does not mean, however,
of the steel furnished to shipyards tnder existing that an iniproveInent in electrodes and covering
physical requirements were also notch sensitive, materials might not be beneficial. In fact, considerable

The research in, stigations explored the behavior -ariation within the applicable specification has been
of ship steel in the welded and unwelded condition found in the cracking tendency of welds made with
under the influence of multi-axial stress in the prcs- commercial E-6010 elec-trodes, deposited under high
ence of discontinuities, such as notches, especially at restraint.20

low temperatures. These studies indicated that notch Specifications for welding electrodes arc in tht
sensitivity is an impoitant factor in the occurrence process of revision at the present time. Pulot test,
of "brittle" failures; i.e., failures which exhibit a low 41,45,46.54 have indicated that when an estimate ot
degree of ductility, measurement of service performance is desired, it is

In further studies to investigate the factors con- futile to make tests of weld metal, except in conk-

tributing to the cleavage failure of ship steel, tests junction with the parent metal in a welded joint.
were made on unwelded flat plates in widths varying
from 12 inches to 72 inches and on large welded D. Construction
structural specimens4" to 51. These tests indicated that, Construction methods and workmanship were
in the presence of notches which are comparable to believed to be responsible to a large degree for the
those found on board ship, ordinary ship steel may difficulties being experienced by welded ships. It is
fail at nominal stresses which are considered cxtrenely interesting to note, in this connection, that the Weld-
low by accepted engineering standards. It should be ing Advisory Committee which made a surveyi of
noted that ,,uminal failure streoses decrease from representative shipyards, both government and
about 45,000 p. s. i. in the 12-inch plates to strese. private, on the Atlantic 'Gulf and Pacific Coats,

approximating the yield point in 72-inch plates, _d found varying degrees of quality in workmanship
in the welded structural hatch corner tests failures and in methods of construction, but the analysis of

occurred at nomiaal stresses as low as 23,000 p. s. i. structural failures failed to indicate a marked corrcla-
In connection with the latter tests it was found that tion between the incidence of fractures in welded

two specimens welded with a 400' Fahrenheit pre- ships and the shipyards' construction practices. How-

heat treatment showed a significant increase in ulti- ever, with due allowance for difference in design,

Exhibit II-sec. 3a. the ships constructed in yards utilizing sub-average
JExhibit III. shipyard construction practices showed a higher-than-
kExhibit I-table VI average incidence of fracture.k
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The findings of the Welding Advisory Committee lished by the analysis of structural failures in th, past
show the need for improvement in almost every phase 3 years. Poor workmiship cngenders fracture. sin.e
of welded shipbuilding, and in particular, the need a fracture may originate at a small notch, su.:h as
for standardization in operator training and up- is occasioicd by peened-over cracks, by undercut
grading. The identification of welding operators b) welds, by porosity and inclusions in the weld, or by
degrees of skill and by individuals was found to be "saddle" welds resulting from incomplete penetra-
unsatisfactory. In most cascs there was no means of tion, which leave voids at the center of the joint.
tracing detective work to the operator who was The early importance attached to residual welding
responsible. Close inspection, including subsurface tresses and locked-in stresses directed the first rc-
inspection of welds, was made in only about one- search efforts to an investigation of those factor,.
third of the yards. It was found that the piece work While there had been much dicussion of these stresses.
system which was in use by a great many yards did little was known of their magnitude, distribution.
not serve as an incentive for good work. The super- or their effect on the performance of welded stru( -
visory organization varied between yards. The num- tures. The existence of residual and of locked-n
ber of workmen and junior supervisors under each stresses was usually associated with tne procedures
senior supervisor varied widely from yard to yard. and sequences followed in the course of weelding a
The preparation of welding sequences and design of structure. Inasmuch as the two terms have aroused
joint details was, in general, found to be satisfactory, much comment in the past few years it is considered
but in many yards the sequences and edge prepara- advisable heie to define them in order to clarify th(
tions were not carried out satisfactorily. In most sense in which they have been considered by the
instances the welding engineer had been relegated Board.
to an advisory status. The result of these circum- (a) Residual Welding Stresses:
stances was inferior workmanship. High quality work- Residual welding stresses are those resulting
manship is still an important need in the building of from the welding of unrestrained members.
welded ships. (b) Locked-in Stresses:

An educational program was established ,by the Locked-in stresses include residual welding
member agencies of the Board. Instruction pamphlets stresses, and stresses resulting from other
were circulated by the American Bureau of Ship- fabrication and assembly processes.
ping666 7, the Maritime Commission,65 the Navy De- The results of the several research investigations
partments 17,7 , and the Coast Guard68 for the use of bearing on residual and on locked-in stresses have
their surveyors and inspectors. The Maritime Com- been conclusive' to 18.23 to a. It has been determined
mission, Navy Department and other government that residual stresses in the welds approximate the
agencies instigated shipyard training programs to yield point of the weld metal in a direction parallel
promote better construction practices. This con- to the weld and are less than 25 percent of this value
certed effort markedly improved shipyard workman- in a transverse direction12 to 22. In way of the weld
ship. The member agencies are jointly preparing metal these stresses are both tensile. The magnitude
comprehensive booklets incorporating the findings of of these stresses it was found, was generally unaffected
this Board. They deal with the various phases of con- by variation in the welding procedure or assembly
struction, workmanship, and slipyard organization. sequence12 to 15.

The first of these booklets, entitled "Shipyard Weld- The failure of welding sequences to show any in-
ing Workmanship", 69 already has been completed fluence on the magnitude of residual stresses should
and distributed. The second, entitled "Shipvard not be misconstrued -o mean that the sequence is

Management for Welding" 70 is being printed. In unimportant. Experience demonstrates the importance
addition, it is anticipated that two booklets will be of the effect of welding sequence in the control of
prepared, dealing with welding supervision and in- shrinkage, distortion and cracking during construc-
spection, and t'"e design of ship details for welding. tion.

The feeling that workmanship had suffered due A number of means have been found for reducing
to the pressure of wartime production programs was residual welding stresses. Among these are mechanical
sulzstantiated in the findings of the Welding Advisory stretching of the weld,' 3 thermal stretching as in low
Committee. The importance of maintaining adequate temperature stress relief' 1 5 , peening of the last pass
standards of workmanship has been clearly estab- of the weldlS,|s, and heat treatment1 415 .
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It was also determined that locked-in stresses are 2. WEATHER, CCoURSE, SPEED AND SEA ROUTES

not reduced appreciably in service, 23 sb s,2 4 . The wartime operation of cargo ships in convoys
Locked-in stresses in plate areas away from welds and over sea routes which are only infrequently used

have been found to be of low magnitude and generally in normal times imposed unusual hardships on the
compressive. vessels. Especially during the early part of the war,

Although a large aaiourt of work has been accom- convoys were being routed through ew.--mely cold
plished in the investigation of residual and of locked-in waters where heavy seas prevail during the winter
stresses, resulting in a considerable extension of months. The risks involved were accepted as far
knowledge in this respect, no evidence has been found as heavy seas were concerned, but at the start the
to indicate that these stresses are important irn caus- adverse effects of low temperature were not fully
ing the fractures in welded ships. appreciated. When these facts were recognized, vessels

E. Operating Conditions modified to increase their resistance to fracture were
assigned to the most rigorous trade routes.

1. LOADING AND BALLASTINGI

Early in the investigation it was suspected that the F. Specific Investigations
loading and ballasting methods employed in both Many research investigations were undertaken in
cargo ships and tankers during the war emergency government and university laboratories.
might have resulted in excessive bending moments, Most of the research studies which were conducted
which when aggravated by heavy weather conditions,
might be important factors in causing structural in connection with the investigation were carried

failures, out under the supervision of the Welding Division

The relaxation of load line regulations, permitting of the War Me'illurgy Committee. This organization

the deeper loading of vessels in wartime, and the fact operated under a contract with the Office of Scien-

that most vessels made the return trip in ballast, gave tific Research and Development and was part of te

additional weight to this suspicion. Accordingly, all National Academy of Sciences. In utilizing the facili-
methods of loading employed and all types of ballast- ties of this organization the Board was able to bring
ing systems in use were carefully checked in each to bear on its problems some of the best scientific
type of vessel involved and the corresponding bending minds in the country. Many of the research investiga-
moments were computed. The net result of this study tions were carried out in the finest engineering labora-
was the finding that the loading and ballasting condi- tories available in the United States. Through the
tions did not create abnormal bending moments. This supervision of the War Metallurgy Committee, a
conclusion is presented graphically in figure 29 of complete coordination of effort in research was
Exhibit I. achieved arid results were obtained in a minimum of

In the case of Liberty ships, little change could time. One of the outstanding contributions of the
be made in the loading plan, but some latitude was War Metallurgy Committee of the National Academy
possible in arranging the ballasting system. Accord- of Sciences was the stimulation of interest among
irgly, the Maritime Commission "London Glasgow" steel manufacturers, ship builders and other industrial
ballasting system was eliminated in favor of the Mari- organizations concerned with the fabrication of
time Commission 1500-ton ballasting schedule, which welded structures, and the obtaining of the active
is now in use. This resulted in a reduction of bend- participation of these industries in the solution of the
ing moment stresses of about 4,000 p. s. i problems which confronted tn Board. Without the

A much wider range of loading was found possible assistance of the National Academy of Sciences the
in the case of tankers, -here, with an abnormal load- questions which were raised pertaining to metallurgy,
ing system, a still-water bending moment stress of physics and the mechanism of metal fracture would
14,540 p. . i. was found possible, although stresses not be as near to a solution as they are today.
resulting from uniform loading in tankers were :ess At the present time much unfinished research work
than those found in Liberty ships. pertaining to the subject of this investigation remains
lExhibit I-part IIC. to be done. It is hoped that it will be possible to con-
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tinue the efforts of the research investigators, and add H. Findings
further to the knowrdge and experience they have
gained in the past thrc yeats. The fine spirit of The Board finds that:
cooperation and coordination which has been en- (a) 4,694 welded steel merchant vessels
gendered in that same period is the best assurance weebityth MatmeC mssnntethat a solution ofis the he problem United States and considered in this investigation.can be found. (b) 970 of these vessels suffered casualtiesFor eificn. rinvolving fractures.

For specific research investigations which came (c) 24 vessels sustained a complete fractureunder the cognizance of the Board, refer to the of the strength deck.
Bibliography appended. (d) 1 vessel sustained a complete fracture

of the bottom.
G. International Exchange of Information (e) 8 vessels were lost; of these, 4 broke in

Close liaison has been maintained throughout the two and 4 were abandoned after fracture occurred;
investigation with the British, and with other Allied 4 additional vessels broke in two, but were not lost.

nations, who are concerned with the operation of (f) 26 lives were lost incident to structural
welded merchant vessels. There has been a free failures of welded steel merchant vessels.

and complete exchange of information between the (g) The highest incidence of fractureoccurs under the combination of low temperatures
Board and the British agencies involved, notably the a nde seas.

Admiralty Ship Welding Committee. Inasmuch as and heagh

the British are operating all-welded merchant vessels, influence on the tendency o fracture.

some of which were constructed in the United States, (i) The loading and ballasting systems em-

they have shown great interest in the problem of ployed in vessels under study by the Board did

determining the causes of structural failures in welded not create abnormal bending moments.
ships. Consequently, numerous investigat:ons, both (j) No marked correlation between the
experimental and analytical, have been initiated and incidence of fracture on the ships and the con-
conducted in Great Britain11,73, many of them struction practices of parent shipyards could be
pralleling investigations conducted in this country. found. However, with due allowance for design, the
It is interesting to note that the endeavors of these ships constructed in yards utilizing subaverage
two separate groups have been directed along the shipyard construction practices showed a higher-
same lines in approaching the solution of the problem, than-average incidence of frm'.ctures.
and it is gratifying that the results obtained on both (k) Only 33 casualties were reported in
sides of the Atlantic have agreed in almost every Victory ships. None of these was serious.
respect. (1) The steel currently supplied for ship

The British are at present engaged in a long range, construction complies with applicable specifica-
full scale study of the loads imposed upon vessels at tions for ship steel.
sea, together with the strains experienced in service. (m) Loc)-ed-in stresses in the decks of com-
The need for such a study was also recognized in pleted vessels are not appreciably reduced in
this country and the findings of the Board's investiga- service.tion have served to accentuate this need. (n) Weldi ig sequence in general has no

effect upon the magnitude of residual welding
A number of American observers, including repre- trncces in frp as emblie.

sentatives of the member agencies of this Board, have (o) Every fracture examined started in a
been afforded access to these studies and have, in geometrical discontinuity or notch resulting from
several cases, made voyages in the experimental unsuitable design or poor workmanship.
vessels. (p) There is a large variation in the notch

It is hoped that the United States may also find it sensitivity of steel used in welded ship construction.
possible to initiate long range instrumental studies of Steel removed from fractured vessels showed high
loads and strains experienced in ships at sea. notch sensitivity.
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I. Conclusions understood, but the investigation has yielded much
new information and has contributed to a partial

The Board concludes that: solution of the problem of why welded ships have
(a) The fractures in welded ships were failed.

caused by notches and by steel which was notch Until experience can be had with vessels con-
sensitive at operating temperatures. When an structed under normal conditions, of improved de-
adverse combination of these occurs the ship may sign, with carefully checked, high quality workman-
be unable to resist the bending moments of normal ship, and employing steel of low notch sensitivity,
service.m some form of crack arrestor, such as a riveted gun-

(b) The serious epidemic of fractures in wale angle, should be incorporated in the huli girder
the steel structure of welded merchant vessels has of all large welded vessels.
been curbed through the combined effect of the (b) Notwithstanding the above opinion, the
corrective measures taken on the structure of the Board considers it imperative to reaffirm the state-
ships during construction and after completion, ment that -f welded construction in the building
improvements in new design, and iniproved con- of both merchant and naval vessels had not been
struction practices in the shipyards. adopted at the outset of the program, the extraor-

(c) Locked-in stresses do not contribute dinary results in speed and volume of construction
materially to the failure of welded ships. would have been impossible of accomplishment.

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

(e) A tendency for certain ships to incur As the investigation is brought to a close, the
repeated casualties can be measured but the trend existence of several unfinished stud;es which were
is not great and the effect is not significant. initiated by the Board, zs well as a list of desirable

(f) The basic analytical method used in items for future investigation, impels the Board to
calculating nominal stresses in the main hull girder make certain recommendations.
under a known bending moment is valid. The Research program conducted in connection

(g) The overall strength of the Maritime with the investigatioa has produced at least partial
Commission ships is satisfactory, answers to most of the more urgent questions and

has given an adequate solution for the purposes of

J. Opinions the present Board. It now appears that some of the

(a) The results of the investigation have specific investigations already laid out must be carried

vindicated the all-welded ship. The statistics show beyond the termination of the Board. It thus becomes
thdated prtge ofvsel sutiningh sertiouis frac- necessary to assure the continuance and extension of
that the percentage of vessels sustaining serious frac- this work. These projects have opened up new fields

tures is small. With proper detail design, high quality of investigation; they point out paths along which

workmanship, and a steel which has low notch sensi- real improvement can be made in structural design,

tivity at operating temperaturcs, a satisfactory all- material and fabrication methods.

welded ship structure may be obtained. It is beyond the scope of tats Board to follow these

T, still not clearly leads. However, it is important that we maintain

mA notch may be defined as an) discontinuity. As us,-.' in, our present position in maritime affairs and protect
this report, a notch means a structural discontinuity, such our standing in world wide competition by continuing
as is occasioned by hatch openings, sheer strake cut-outs, fundampntal research r wIArk on , .. A nd
foundations, vent openings, bilge keels, the abrupt termina------------------.,.
tion of structural members, etc., and imperfections in the of construction of steel ships. Accordingly, the recoi-
structure resulting from fabrication, such as peened-over mendations of the Research Advisory Committee, as
cracks, undercut welds, porosity and inclusions in %cld,, contained in part 5 of Exhibit II, for continued and
and incomplete penetration which leaves voids at the extended experiments, are endorsed.
center of the joint. It is also recommended that the compilation of

totch sensitivity may be defined as the property of a
m,ttcrial %%hich reflects its reluctance to absorb energy in data on structural failures be continucd r J that these
the presence uf tiotches and other strain inhibitors, such as data be analyzed together with those already col-
low temperature and high rates of strain. lected, using valid statistical methods. In particular,
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it is recommended 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 Boar I.

Captain, U. S. N.
Rear Admiral U. S. C. G. Technical Assistant to the Chairman, United States

Engineer-in-Chief, United States Coast Guard. Maritime Commission.
Chairman Member

~%

Vice Adr ;ral, U. S. N. Vice President and Chij Surveyor,
Chief, Bureau of Ships, United States Navy. American Bureau of Shipping.

Member Member

Approved:

Secretary of the Navy.

Mr



Appendix" A'
Composition of Board, Sub-Board and Committees functioning thereunder.

BOARD Capt. WENDELL P. Roop, U. S. N.
(To 23 August 1944, and from 18 March 1946).

(Established 20 April 1943)
Capt. P. W. SNYDER, U. S. N.

Chairman: (From 27 March 1945 to 7 September 1945).
Rear Admiral HARVEY F. JOHNSON, U. S. C. G., Capt. JESSE ORMONDROYD, U. S. N. R.

Engineer-in-Chief, (From 23 August 1944 to 18 March 1946).
United States Coast Guard.

Capt. L. V. HONSINGER, U. S. N.
Vice Admiral E. L. COCHRANE, U. S. N., (From 7 March 79.46).

Chief, Bureau of Ships, Comdr. C. R. WATTS, U. S. N.
United States Navy Department. (To 27 March 1945)

Vice Admiral HOWARD L. VICKERY, U. S. N. Comdr. E. G. TOUCEDA, U. S. N. R.
Vice Chairman, (From 7 September 1945).
United States Maritime Commission.(To 25 January 1946). Comdr. R. S. MANDELKOr N, U. S. N.

(From 27 March 19,45)
Captain. T. L. SCHUMACHER, U. S. N. Comdr. P. A. OVENDEN, U S. C. G. R.

Technical Assistant to the Chairman, Comdr. R. D. SCHMIDTMAN, U. S. C. G.
United States Maritime Commission. (From 14 August 1944)
(From 25 January 1946). (Secretary from 28 March 1946).

MR. DAviD ARNOTT, Lt. Comdr. (T) E. M. MACCUTCIIECN, U. S. C. G. R.
Vice President and Chief Surveyor, Lt. (jg) R. C. MADDEN, U. S. N. R.
American Bureau of Shipping. (From 17 May 1946)

Secretary: MR. JAMES L. BATES, United States Maritime Commission
Captain R. B. LANK, JR., U. S. C. G. MR. A. G. BISSELL, United States Navy Department

Assistant Chief, Naval Engineering Division, MR. D. P. BROWN, American Bureau of Shipping.
United States Coast Guard.
(19 May 1943 to 28 March 1946). MR. HuGo HIEMKE, War Metallurgy Committee.

Commander 1R.. D. SCHMIDTMAN, U. S. C. G. (From 14 August 1944 to 1 August 1945)

(From 28 March 1946). DR. FINN JONASSEN, War Metallurgy Committee.
(From 14 August 1944)

SUB-BOARD MR. S. W. LANK, United States Coast Guard.

(Appointed 19 May 1943) MR. E. E. MARTINSKY, United States MaritimeCommission.

Capt. CHARLES D. WHEELOCK, U. S. N., (From 19 May 1945)
(Chairman to 17 June 1944). MR. G. S. MIKHALAPOV, War Metallurgy Committee.

Capt. L. A. KNISKERN, U. S. N. (From 14 August 1944)

(Chairman from 17 June 1944 to 28 March 1946). DR. ALBERT MULLER, War Metallurgy Committee.
(From I August 1Q45)

Capt. R. B. LANK, JR., U. S. C. G. MR. JOHN VA.rA, United States Maritime Commission.

(Secretary to 28 March 1946).
(Chairman from 28 March 1946). MR. J. LYELL WILSON, American Bureau of Shipping.
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RESEARCH ADVISORY COMMITTEE WELDING ADVISORY COMMITTEE
(Appointed 14 August 1944) (Appointed 26 July 1944)

MR. G. S. MIKIIALAPOV, War Metallurgy Committee, Capt. D. R. SIMONSON, U. S. C. G., Chairman.
Chairman MR. T. J. GRIFFIN, United States Navy Department

Capt. JESSE ORMONDROYD, U. S. N. R. The Following Members Served Temporarily in the Areas
(From 23 Augut 1944 to 18 March 1946) Indicated:

American Bureau of Shipping:
Gapt. W. P. Roop, U. S. N. MR. BASIL A. MACLEAN, Portland, Oregon

(To 23 August 1944, and from 78 March 1946) MR. WILLIAM B. MURRAY, Northern California

Capt. L. V. I4ONSINGER, U. S. N. MR. CHARLES J. L. SCHOEFER, Soutkern California
(From 7 May 7946) MR. SIDNEY K. SMITH, Seattle, Washington

MR. SYDNEY SWAN, Gulf Coast
Comdr. E. G. TOUCEDA, U. S. N. R. MR. R. T. YOUNG, East Coast

(From 7 May 1946) United States Maritime Commission:

Comdr. R. D. SCHMDTMAN, U. S. C. G. MR. GEORGE DARSAM, Gulf Coast
MR. E. E. MARTINSKY, New Jersey

Lt. Comdr. (T) E. M. MACCLtTCHEON, U. S. C. G. R. MR. H. L. MORRIS, Pennsylvania
MR. ANTHONY SIMATOVICH, Pacific Coast

MR. JAMES L. BATES, United States Maritime Commission. MR. ARNIM A. SMITH, South Atlantic and Gulf Coast

MR. Huro HmMKF., War Metallurgy Committee. MR. J. W. WILSON, New England

(To 20 July 19,9) WELDING ADVISORY COMMITTEE

DR. FINN JONASSEN, War Metallurgy Committee. LIAISON GROUP

(Appointed 12 September 1944)
DR. ALBERT MULLER, War Metallurgy Committee. MR. J. LYELL WILSON, American Bureau of Shipping,

(From 20 July 1945) Chairman.

MR. JOHN VASTA, United States Maritime Commission. MR. A. G. BISSELL, United States Navy Department.

(From 13 July 1945) Lt. Comdr. (T) E. M. MACCUTCHEON, U. S. C. G. R.
MR. E. E. MARTINSKY, United States Maritime

MR. J. LYELI. WILSON, American Bureau of Shipping. Commission.
701292-47-2
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PART I

Structural Failure History

A. Scope and Description of Report and the list of Liberq ships shows 195 Williams in
2,710 ships or 7.2 percent. There were 978 casualtics

In preparing this analysis, structural failure reports reported on the Liberties, the name William is pres-
have been assimilated in accordance with a schedule ent in 7.5 percent of the cases and the percentage is
designed to achieve the greatest possible accuracy in quite reasonable.
the trends indicated by the comparisons. The analysis The basic postulate that the predicted number of
concerns itself with American-built ships only and casualties will be proportional to length of service
in some cases where probability comparisons are time and number of ships in service is accepted, other
drawn, only American-built and American-operated things being equal. For this reason, whenever a corn-
ships are used. In all cases where a numerical analysis parison is made between the service records of differ-
has been made, the failures enumerated have been ent groups of ships, the accumulated data are referred
the result of natural causes which might be antici- to the corresponding length of service time over which
pared as certain to occur in the normal life of any the particular group of vessels operated in accuxnu-
ship. War casualties, collisions, groundings and other lating the failures.
abnormal casualties are not included in this analysis
unless a particularly interesting structural failure B. Definitions
resulted indirectly from the other damaging influence.
On all such particular descriptions, a notation has Structural failure.-A structural failure may con-
been made to indicate that the failure was precipi- sist of either a fracture or a buckle. (Buckles were
bated by unusua: circumstances. involved in very few of the casualties and in no case

Data used in the analysis include everything per- were they responsible for endangering the vessel.

taining to structural failures which has been sub- They have not been analyzed in this report.)

mitted since the beginning of the Maritime Commis- Casualty.-A casualty consists of one or more struc-
tural failures which have occurred on the same occa-

sion construction program. The totals are brought upto Apil 946 bu itwil benotd tat he ate of sion, on a vessel which is afloat. Unless otherwise
tod April 1946, but it will be noted that the dates of stated, the casualty occurred under normal operating

ividual parts of the report are independently conditions.
specified. Class I fractures.-A Class 1 fracture is a fracture

Every effort has been made to see that percentages which has weakened the main hull structure so that
and relations are drawn between quantities that arecomt -ra le. In ndi ati g th efect of var ous the vessel is lost or is in a dangerous condition.
com rable. In indicating the effects of various Class 2 fractures.-A Class 2 fracture is a fracture
factors, an attempt has been made to keep other which does not endanger the ship but which involves
influences constant where possible. Where additional thih lstoture t which ine
factorsthe main hull structure at a location which experience
factors are mentioned. It is eany to make misleading has indicated is a potential source of a dangerous

flilure. Such locations include the strength deck,
comparisons with these data. As an example, atten- inner bottom, side and bottom shell and attachments
ion has been drawn to the large number of casualties thereto such as bilge keels and bulwarks.
on ships with the name of William. Up to 1 August Class 3 fractures.-Class 3 fractures include re-
1945, 73 or 5.3 percent of all rcported casualties ported fractures which do not fail in Class 1 or 2.
occurred on such ships. A more careful check shows Class I casualty.-A Class 1 casualty is a casualty
that all of the 73 casualties were on Liberty ship involving at least one Class 1 fracture.

19

;,i0a - I,. m ' " , . . -,,'.- - .- - -.,- . . /. .. . . . . .. "- - -, - -.. ,



Class 2 casuatty.-A Class 2 casualty is a casualty Numer of .
involving at least one Class 2 fracture and no Class 1 ahip, reort-ed sufferng Number of
fractures. caiualty Casualucs

Class 3 casualty.-A Class 3 casualty is a casualty Maritime Commission-built ships only
(table I) ........................ .. 970 1442

involving lMaritime Commission-built ships in
Ship month.-A ship month is a measuring unit United States operation only ....... . 916 1387

for ship service experienced. It is equal to the serv-
ice of 1 shir for 1 month. Vessels which suffered 1 casualty. 666

Examples :-Ten ship months= 1 ship oper- Vessels which suffered 2 casualties . 211

ating for 10 months. Vessels which suffered 3 casualties ... 52
Vessels which suffered 4 casualties.. 26

or-Ten ship months= 2 ships oper- Vessels which suffered 5 casualties.. 6
ating for 5 months. Vessels which suffered 6 casualties... 2

Vessels which suffered 7 casualties. 4or-Ten ship months =10 ships oper- Vessels wicdh suffered 8 casualties 3
ating for 1 month.

Total vessels.. 4694C. Sources of Structural Failure Data Various parts of the study refer to different types
The structural failure data used to assemble this of vessels. The numbers of merchant vessels of each

report came from se% eral sources and were cross- type launched under the Maritime Commission pro-
checked and combined to obtain the greatest possible gram and remaining in merchant service Are listed
accuracy in the structural failure records. Reports (table I).
of the Merchant Marine Inspectors of the United Forty-seven casualtiea occurred on 36 United
States Coast Guard were supplemented with data States-built vessels not constructed under the Mari-
from the following agencies: time Commission program. Since there are no cor.

United States Maritime Commission responding service data for these vessels, they have
United States Navy Department not been included in the analysis in parts If through
American Bureau of Shipping V of this report.

British Admiralty (Admiralty Ship Welding
Committee) E. Summary of Casualties by Classes

War Shipping Administration The 1,442 casualties on the Maritime Commission-
The technical divisions of the Coast Guard system- built ships have been classified according to the

atically examined, assembled, and reduced the re- damage resulting and the extent to %hich the vessel
ports to uniform terms for purposes of analysis. The was endangered.
Naval Engineering Division prepared previotu statis- Class 1 127
tical reports and this report was prepared oy the Class 2 739
Merchant Marine Technical Division. The individual Class 3 571
casualty reports are available for examination at
Coast Guard Headquarters, Washington, D. C. Unknown 5

Total 1,442
D. Numbers of Structural Failures and Fortunately, greater care is generally taken in pre-

Ships Involved paring the reports on the more serious failures and so
, has been pcmsible io arrange a fairly complete

To date (1 April 1946) there have been reported summary of the Class 1 casualties, which appears in
1442 casualties which occurred on Maritime Com- the appendix. This is followed by an alphabetical
mission-built ships, including ships on loan to foreign list of all casualties reported as occurring before I
governments. August 1945, and another alphabetical list of the

Casualties of all classes (1, 2, and 3) are included casualties occurring from 1 August 1945 to I April
in the following: 1946.
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TAbLe I F. Ships Which Broke in Two or Were Lost
Accumulated Number of Vessels Launched Under Maritime

Commission Program and Remaining in Merchant Service Seven vessels have been lost:
to 1 August 194

,  
to I February 19461

EMERGENCY: Name Date of casualty Remarks

EC2-S.CI ... 2,580 2,580 THOMAS HOOKER.. 5 Mar. 1943 Abandoned.
Z-ETI-S-C3 62 62 J. L. M. CURRY.. 7 Mar. 19,3 Abandoned.
Z-EC2-S-C2. 8 8 JoiiN P. GANEs .. 24 Nov. 1943 Broke in two; aban-
Z-EC2-S-C5. 28 36 doned.
EC2-S-AW1 22 24 JosEpa SM}rrz... 9 Jan. 1944 Abandoned.

SAMUEL DEXTER.... 21 Jan. 1944 Abandoned.
2,700 2,710 JOEL R. POINsE-T... 4 Mar. 1944 Broke in two; stern por-

tion salvaged.
TANKERS: SACKEr's HARBOR I Mar. 1946 Broke in two; stern pot -

TI.... 81 54 tion salvaged.
T2 ...... . 498 523
Tanker. 25 Reclassified to Four other ships broke in two but were not lost:

T2 or T3
T3 .. 42 35 Name Date of casu.ty

66HENEarADY. ........... 15 Jan. 1943.
646 612 .Esso MANIZATTAN.. 29 Mar. 194$.

STANDARD CARGO: VALER CHKALOV......... .11 Dec. 1943.
STARCARO 1060DONBASS III ....... 17 Feb. 1946.C1A & CIB..... 160 160

C2 & C2 Refrig..... 251 243 Details of the above casualties will be found in
C3 ............. .... 143 108
C4 ............. 1. 1 16 figures 1 through 23.
C5. . 1 2 In 14 additional cases, the entire strength deck w,.s
R1-M-AVI 17 17 fractured and in one other case, the entire bottom.
R2 ..... . 11 12

595 558 G. Lives Lost Due to Structural Failure

COMBINATION: A total of 26 lives have been lost as a result of the
Pass. & Cargo. 6 3 structural failures. In the case of the Donbass III,
C2 P & C.... 3 1 fifteen persons lost their lives. In the case of the
C3 __&_.....18 14 John P. Gaines, 11 people are missing after success-

27 18 fully embarking in a lifeboat.

MISCELLANEOUS: H. Camualties Occurring Each Month
CI-M-AVI ....... 199 218
CI-MT-BU1... 2 4 Figure 24 shows the casualties reported each month
L6..........16 16 and indicates the peaks which occur during the
N3. 95 95
V4 49 49 winter months of each year. The dotted line indicates

the corresponding number of Maritime "Commission-
361 382 built ships which were afloat and in operation. The

VICTORY: steady increase shows the growth of our merchant
VC2-S-AP2... 248 272 marine and the slight drop at the end is the result of
VC2-S-Ar3. 134 141 transferring many ships from the merchant service to
VC2-S-AV4 ......... 1 1 permanent military operation. The curves indicate

clearly that the measures adopted have been success-
383 414 ful in suppressing the serious epidemic of structural

Total ............. 4,712 4,6941 failures reflected in the first peak.

I Between 1 August 1945 and 1 February 194(, 279 vessels
were removed from merchant service to be permanently oper-
ated by the armed forces. These were excluded from the figures.
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REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD
NAYCC-US2

Thl-s report includes all

available Information up to:

DESCRIPTION OF VESSEL 1 00t, 1944 Da WX OFFICIAL 0. TYPE (Dry Catgo, ?a234ne, Se.) 1*.. DESIOM

THOMAS HOOKER 24ZO94 Dfy argo Vessel EC2-S-Cl
BUILDER BUILDER'S NUtL NO. DATE COMPLETED

Now England Shipbuilding CorporatLn 205 11 AuM,1942
OWNER OP(RA1AT

War Shipping Administration American-West African Line

EXTENT OF WELDING

rIDe SlEL SMELA =86 DECK SEARS

SIDE SMELL BUTTS BOTTOM SUIMS 1SET @TTO% SEARS Y es DECK tUTTS

FRAMES TO SIDE SWELL BOTTON BUTTS TAMER OTTON OUTTS SEAMS TO DECK

! - MULKE 0S [ i FLEOOS TO SMELL Lie-ij FLOCRS '0 ,INER BOTTOM --j DE.CK TO SHELL

CIRCUMSTANCES SURROUNDING FAILURE
(Attach all a ailabt e details of ship's load i n)

DATE OF FAILURE TIME ,'CA,,o Lat. 54 0 N., Long. 70 -

5 March, 1943 2025 GMT Westbound in North AtIt_
Sm:P'S SPEED COURSE CRAFT FWD. OCIT AFT

About 9 knots I 14t 2?,
SEA CONDITION Rough WHIR OIREC710 Of WAVES WITH RESPECT TO SHIP

with heavy swells Heavy n starboard beam_
WIND FORCE WIND DIRECTION AIR T(MPERATU t WATER TEMPERATURE

7 _WW About 22
°
0---.

DESCRIPTION OF FAILURE
([ncLude SketJI of fracture shoin e storttnr Point and relativ'e location of welds and other structural featurs)

r A PA T STARTIMG PO T

Unknown

GEMEAL MI3TOUf AWT ESCRIPT7O OF FAILURE. INCLUOIMf, 'MOWN CIT 0g J'ORY FACTORS

A loud cracking sound was heard. The upper deck and shell plating ou porv
side abreast of #3 hold were cracked from the bulwark down to tween deck,
and from the bulwark to the hatch coaming, including the longitudinal members.
A crack from tho after starboard side of the hatch ooaming extended out to
the bulwark and down to tween deck abreast of the dry store room about thirty
feet abaft of #3 hold. These cracks were in the center of the plates and
not in the welding.
Banding moment in still water 2 55,800 F't° x Tons Hog at f3 Hold
-tr pns in crown of decr = 6500 LT.h./j.2 Tensinn.

CLASSIFICATION OF FAIWIE
Cracked deck

DISPOSITION OF VESSEL
(Retaired, lost, etc.)

Vessel was abandoned at 0900 GMT on 6 March, 1943, and when last seeat Tehd c lj~ f 100to theport sdep
SIOM' ($34t af4 tit le) ISI Ct

22 Figure 1. 0)



REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARO
NAYCG-2752

Thls report includes all

available information up to:

DESCRIPTION OF VESSEL 1 Oat., 1944 ,t,,

*141 OFFICIAL 10. rfPO 1 7 D0rj, Pa.3S144f, e$€.) N.C. 15GN

J. L. Me CURRY 241520 Dry Cargo Vessel EC2-S-Cl
BUILDER .. . UILOER*$ MULL NO. DATE COMPLErca

Alabama DD & SB Company 231 15 MyE1942.

OWNER OPERATOR

War Shipping Administration -_ Le aBrothers SS Co., Ina.

EXTENT OF WELDING

SIDE SHELL SEAMS DECK SCAMS

SIDE S4ELL BUTTS 801'0" SEAIS INNER BOTTOM SEARS DCK BUTTS

-- FRAMt, TO SIOE .. ,(LL BOTTOM BUTTS INNER BO0OM ;UTTS aEAMS TO DECK

SBULK ADS F FLOORS TO SMELL"- FLOORS TO INNER BOTtOM NF1 7 DECK TO SMELL

CIRCUMSTANCES SURROUNDING FAILURE
(Attach all aovalab e details of thsP's loading)

DATE OF FAILURE TIME SEIP'S LOCATION

7 March, 1943 1320 Lat. 7 0 -4 4
' N., Long. 00°-24 *  .-- Greenland Sea

SHIP'S SPEED COURSE DRAFT FWD. DRAFT AFT

5 knots 2100 12'-0" 19'-0"
SEA CONDITION WEAtER OIPCCrIO% OF WAVES WITH REPECT TO 391?

Very high seas Heavy .. __......
WIND FORCE II SIRSCTION f 'OT PPERATUtC WATER TEMPERATURE

10 knots North and West 140-300

DESCRIPTION OF FAILURE
(In Lude sketch of f.acture showing i , st-t Point and rclative Loca4ton of w'.Lds and other structural IeaturesJ

APPARENT STARTIMO POINT

The fractures apparently began from the corners of #3 and 74 hatches
in the upper deck.

EI:ERAL NI.ORY AIR DESCRIPTION OF FAILURe. ICLUDIG KN0W1 O4I 9uTOCI T CA," OaS

The vessel oamie down on a very high sea and split in four places, The
upper dk plating, bulwark and side shell fractured on the starboard
side fron the forward ends of #0 and #4 hatches and on the port side
at the after ends of the same 1tches. Ihe oraoks extended down through
the shell plating to below t - -sraen docks. The cracks did not occur
along the welds but were ole&.. ureaks in the plating, Which opened and
closed with tho worhing of the ship.
Bending moment in still water a 50,000 Ft. x Tons Hog at #3 Hold
Stress in orown of dook = 5600 Lbs./in.2 Tension

CLASSIFICATION OF FAILURE
t_ _ Cracked deck

DISPOSITION OF VESSEL
(Pepa(red, lost, etc.)

The vessel was abandoned by 1115 on 8 Maroh, 1943, and aunk by
shells from an allied vessel.

SIGNED lan. AO fitle) OISTRICT

Figure 2. 23



REPORT OF STRUCTURAL FAILURE OF INS.PECTED VESSEL
UNITED STATES COAST GUARD
IAVCG-2$75

Thl.s report includes all

available lnfor iat;on up to.

DESCRIPTION OF VESSEL I Apr., 1944 (oat,

NME ... ICIAL 90 TYPE (,y Carto, ass.enf
r, 

etc.) N.C. DESIGN

JOHN P. GAINES 243861 Dry Cargo Vessel EC2-S-Cl
00 ILOER BUILO[R'$ MULL NO DATE COMPLETED

Oregon Shipbuilding Corporation 725 8 July, '43
OWNER OPERATOR

War Shipping Administration Northland Transportation Co., Inc.

EXTENT OF WELDING

' So( SMILL SEAMS OECK SEAMS

jj jJ S-0t SHL.L BUTT! Ye J OTTO" SEAMS 1AMEP BOTTOM SEAMS DCK BUTTS

SFRA4ES TO SIDE SHEL. BOTTO000M B.-TTf O IhMUP BOTTOM BUTTS ,cAMS 70 DCKc

W BLIEADS Ei ( LOORS 10 $E.Yes _j LOORS TO INNER SOTTOM =Y SECK TO SHELL

CIRCUMSTANCES SURROUNDING FAILURE
tAttach alt avaslab t details of shtb's loadsel._

,,iu,.t 0241 S,,5 LocTO 55-07 N. 155-30 W.

24 *OV., 1943 1o time zone 40 miles bearing 1750 tre from Chirkoff Island.
SHIP' SPEED T COURSE . ArT AFT

9 knots Dutch Harbor to Seattle, 760 true l3'-0 l0'-O"
SEA CONOITION WEATHER DIRECTION OF WAVES WITH RESPECT TO SHIP

Long grounid swell Fairly clear 150 - 200 off port bow __

WIND FORE WIND DIRECTION AIR TEmPRATURE WATER TKPERiURE

5-6 Beaufort ENN 40° - 450 F About 400 F
DESCRIPTION OF FAILURE

t[ncludt sketch of fracture showing startint tPoint and relative locatto, of welds and other structural features)

AIWAREBI STARTING POlW'

Near Fwd, corners #3 hatch between Frames #74 and 75

GENERAL MI1TORV ANS DESCRIPTION OF FAILURE INC.UOING tEOW CONTRIBUTORY FACTORS

At about 2200 on 23 November, 1943, loud noises were heard but the
source could not be located in the dark. At about 0241 on 24 Nov.,
1943, an exceptional sea struck the port bow and boarded near the
forward gun. ".The fracture immediately propagated. It appears that
the vessel broke partially as it passed either over or between
swells and the following swell completely broke off the forward end.
All crew and passengers were or the after end. Survivors were pioked
up by U. S. Army Transports except for 11 men, including six soldiers
in one lifeboat . ?dhich .. 2 !o.4-.
Banding momen. in still water = 54,000 Ft. x Tons Hog at #3 Hold

Stress in oi'own of deck a 6200 Lbs./in.2 Tension CLASSIFICATION Of FAILURE
Broke in two

DISPOSITION OF VESSEL

(Rttaired lost. etc.)

IT The bow is believed to have sunk. The stern is aground on Big Koniuji Island.

24 Figure 5.
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REPORT OF STRUCTURAL. FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD
XAVCG-2752

Thls -eport incwudes al

avallaole InformatiOn up to

DESCRIPTION OF VESSEL 1 Oat.. 1944 (Oa.,

NME OFfICIAl. MO. TYPE (Dry Caqo. falsftqef ftC.J i.C. DESIGN

JOSEPH SMITH 243693 Thy Cargo Vessel EC2-S-Cl
dUILDER U.LDER MOLIL N. DATE COMPLETED

Permanente Metals Corporation T2-- 119 4 June, '43
OWNER OPERAI O

War Shipping Administration Alaska Packers Association

EXTENT OF WELDING

~SIDE SMELL SEAMS j DECK SCANS

SIO SHELL SOTT L BOTTOM SEAMS u MMEf BOTTOM SEAMS OEC $UTT$

I~ 1 FRAN4CS To SiOE SHELL BOTTOM MUTIS INNER BOTTOM BUTTS SEAMS TO DECK

S ULKACAOS FLOOMS TO SMELL E ; ] FLOORS TO INNER BOTTOM DICM TO SHELL

CIRCUMSTANCES SURROUNDING FAILURE
(At acA all avatable details of shs's Loadin e

AT OF FAILURE TIME SMIP'S LOCATION About lat. 44 ° -30' N.

9 January, 1944 1415 . Long. 430 -0l t N -- in North tiantio
SHIP*: SPEEO COURSE GRAFFv Jr T

?,.2 knot ... 7 ,-0"
SEA CONDITION MEATM OIRECTION OF VAVES WITH RESPECT TO SMIP

Heavy very heayy S, to W aroas sna ajqd 1l
WVlD FOMCC WIND DIRECTION AIR TCMPERATURE MATER TERPERATURE

6-9 Sw to W 340 5_°

DESCRIPTION OF FAILURE
(Include sketch of fracture showin startine point and retaCtue location of weLds and other structurol featuresi( APPAREIT START1IG POINT

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

GENERAL MIST.RY AID DESCRIPTIOM or FAILURE, INCLUDING KNOWN COkTIIUTORY FACTORS:

At 1400 GCT on 9 January, the vessel was pounding and pitching when she came
down heavily with her fore foot causing a fracture in the girder and deck
plating at the after starboard corner #3 hatch. At 1600 GOT another fracture
occurred in the girder and plating at the forward port corner of #3 hatch. At
0730 OCT on 11 January the third fracture occurred in upper deck plating at
the starboard inside after corner of midehi? deokhouse to entrance of starboard
alleyway extending to forward starboard oo-'ner of #4 hatch, 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. 1ween dock plating cracked similar to that on main deck. All cracks
developed across the center of a plate or stiffener and not in ,
welding. Loading data ina(,ourate No bending moment computed. Cracked deck

DISPOSITION OF VESSEL
(Repaired, lost, Ate.)

e esel ws abandoned at 1400 on 11 January, 1944, and shelled to
n sn condition bv escort -y|cial,

FSIGgre ED 00 2 title)I

Figure 5,. 25



REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD
IAVCG-2155

Thl report Includes all

available Information up to:

DESCRIPTION OF VESSEL 1 Apr., 1944 ,

NAM4 OFFICIAL N. TYPL (Dry Corfa, Pao,, eq r, etc.) M.C. DESIGN

SAAL DEXTER (2)_ 243200 Drygargo Vessel EC2-S-CI
BUILDER 5uILt' S UL NOE- DATE COUPLoE D

Delta Shipbuilding Co., Inc. 42 15 Apr.,'43
OWNER OPERAFTOR

L War Shipping Administration Waterman Steamship Agency, Ltd.

EXTENT OF WELDING

Hull all
i; i SIoc SMELL SCANS welded ( DECK SEAS

Sslot VIMh BUTTS Yj=eq 80TTI~N SCAMIS --jj F 91 0 TTO $[AN$S DCK SIMSS

SFRAMES TO SIDE SHE LL jjj BOTTOM 00000 lio INNER BOTTOM BUTITS E ;;] SEAS TO DECK
EI SII1BLXEAOS FLOOR$ TO SMCLL ji;0 FLOORS To INNER BOTTOM Y1 ai~~. DECK TO $HILL J

CIRCUMSTANCES SURROUNDING FAILURE
(Attach all av,.slable details of thip's loading)

OATC OF FAILURE TIME SHIPS' LOCATION

21 Jan., 1944 2100 Lat. 540 - 48' N.; Long. 220 - 45' W
SHIP'S SPECD COURSE CRAFT FWD. CAAT AFT

Hove to 47 RPM United Kingdom to New York 9,-8h 21'
SCA CONOITION lEAEII R OIRECTION OF WAiV(S 4ITH RESPCT TO SHIP

High seas Bad weather 3 points on starboard bow
illo FORCC WINO A121(11O1 It TEMP RATUE WAlTER TEMPCRAT RE

8 WS7 400 '__°

DESCRIPTION OF FAILURE
1Include sketch of fracture s'' o tartng tfont and re'.tICie locatAon of Welds sAd other stru-.ural featuresJ

AP AENT STA TI NG POINT

Forward corners of #3 and 44 hatches port and starboard, all for cracks
starting exactly in corner. Aft port corner #3 hatch 3 cracks starting

GENERJIMISTORY AND DSCRIPTIONOF FAILUQ U.OIS KNOWN (ONTQIAVOIOV F TOp,

At 2100 on 21 January, deck cracked opposite P3 hatch and vessel was turned
with stern to sea. At 2116 deck cracked at Al hatch.. A thorough examination
was made on 22 January, and the two cracks from the forward corners of # 3
hatch were found to extend across the deck and down the side to below the 2nd
deck port and starboard. The crack aoroes the dock from the starboard forward
corner of f4 ran down the side below the waterline. The weather moderated
during the 22 to 24 January but a watch was kept on the cracks vhich were
gradually increasing and opened and closed 1" In tie seaway. Bad weather
was forecast co botweon 1530 and 1630 on 24 January, the vessel was abandoned.

Bending moment in still water = 43,200 Ft. x Tons Hog at #3I hold.
Stress in crown of dack r- 5,000 Lba./in." Tension. C.sA5SFICATiON OF FILURC

_Crac'ked Clok.
DISPOSITION OF VESSEL

(RefaircS. lest. etc.)

Vessel drifted ashore on Barra Is1and of the HebjAd_. Future undeteminod.
6 (I.. 0"1 T0. 

I o .rrL 
1

26 F1ire 6.



REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD
1AYf0G-2150

This report lrcl o.s all

available Information up to:

DESCRIPTION OF VESSEL 1 Oct., 1944 ,ou.s

NAME ] OfFICIAL hO. TYPE (DrY Cargo. o,.nres , , ec.) N.C. OO1GiA

JO1L R. POINSETT 242838 Dry Carfo Vessel EC2-S-Cl
BUILOER BUILDORS NULL NO. DATE COMPLETED

Houston Shipbuil ding Corpoation 43 28 Feb., '43
OWNER OPERATOR

War ShippjjAlr-ti .. Standard Fruit & Steamsh14 Company .

EXTENT OF WELDING

SIDE~~LC ShL (A!D CA

Y SIDE SHELL I'- s LOTION VALSINNER B , OTTOM SCANS e a CK 8,111S

FRANCS TO SID! $-I.LL Ye BOTTOM BUTTS INNluER BOTTOM BUTTS BL $ OCS DECK

jj i lj OULRIMtAO i FLOOR$ TO SNELL Ej ; j FL'OOS TO INNER IOTTIOM DICK TO SMELL

CIRCUMSTANCES SURROUNDING FAILURE

(AttacA all avatiable detatls of sAi's loading)

DATE OF FAILJR TIME 5 IP'S LOCATION

4 March, 1944 0340 Lat.530-30' N., Long.560 -30' W.,in N. Atlantic
SHII*S SPF U COURSE DRAFT FWD. DRAFT AFT

_ Aprox. 5 knots West by South 1'-0" 21#-5"
ACA COND4TJOM WEATHE DIRECTION OF WAVES WITH RESPECT TO SHIP

Rough Heavy 3 points on starboard bow
WIND FORCE MIMD DIRECTION AIR TEMPERATURE I ATR TCAPERAIvRL

-200 400

DESCRIPTION OF FAILURE
(Include sketch of fracture saow in starCine Point and relative location of weids aid othev st-uctura. features)

APF AT STARTING POINT

Unknown

GENERAL MISIOR Ai OSCRIPTION OF FILUR. IACLULI KNlOW- CGfQIe',TY f FACTORS

A loud report, followed by two smaller ones, was heard, the engines 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
frames 82 and 83 on the starboard side and between frames 78 and 79 on the port
side. The deck fracture pasbed between the after end of #3 batch and the forward
end of deck house from starboard side to inboard side of strake C-10 where the
fracture ran longitudinally forward to frames 78-79 and went outboard on the port
side.
Bending moment in still water Z 58,900 Ft. x Tons Hog at #3 Hold.

ctress 4" crown of deakl ,9- Lbz ./. 2
in 

CWA$ ];IIOT( I Fr AILURE

DISPOSITION OF VESSEL
/Repaired. lost, etc.)

-essel was abandoned at LbUU on b March -lT with no loss of life. Forward

end sank. The after end reached Halifax, N.S., at 0200, on 22 March. by t t,; .t _
SIGNEO (i n .d 41) " ITilICT

,,Y

Figure 7. 27



REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UIAITED STATES COAST ,UARD
tAYCG-2728

Tri,.s report gnclud , all

available Inforoation up to:

DESCRIPTION OF VESSEL 1 June, 1946 (D,)

NAME OFPICIAt NO. TYPE (Dry Carto. Passen ,er. etc.) N.C. OSIGN

SACKETT' S HARBOR :245882 Tanker"T-SAMAC Tn~eI T2-SFE-Al
U IHLBR 9UILOR'S NULL NO. DATE COIPLETEO

Kaiser Co., Inc., Swan Island 2u Jul , 1943
OVAER OERATOR

War Shipping Administration Pacific Tankers

EXTENT OF WELDING

Hull' 1 welded

SlGE SIELL $SEA4 No in.ier bottom DEC SE,1d(

ICC BUT

FI~ I I RUAMES TO SIDE S4[t BOTTOM SUTTS j5 INNER 11TtOO BUTTS SEIiI BAMS t0 DECK

EQ BOLI.CA0S [ Fi~ LOORS to SHELL. ~ FLOORS TO INNER BOTTOM =Y DECK TO SHECLL

CIRCUMSTANCES SURROUNDING FAILURE
(Attach LL availabLe dtaiLs of shiP's loadine)

DATE OF FAILURE TH( SsIP'S LOCATiOX

3-1-46 2220 Long. 169° - 13' E.; Lat. 430 - 10' N.
SIP'$ SPEEO COURSE DRAFT rO. FAFT ArT

80 RPM 0750 true 19'-6. 24'-0"
SEA CONDITION ClAT Et 0DIRECTION Of WAVES WkT4 RESPECT TO SHIP

Small to moderateo Mild ,,30 0 to port bow
WINO FORCE WID OIRECTIOr AIR r(PECATURE MATU TCNPCRAtIURE

4 A__ NNE. 37 38.
DESCRIPTION OF FAILURE

l[nc.lue sketch of fracture showinj startine Point and relative Locatino of I.tLds and other structural features)

AP~ll€ Sr/iOTI$ n INT

Unknown

IAOUNRAL ISORY AO OSCRIPTION Or FAILURE. INC'UOING 010wN " O IBUT y fA CtOPS

The starboard side cracked at Frame 60 and vessel opened to port.
Stern section headed for Adak under own power. Was subsequently
towed into this port. Bow section was capsized when located and
sunk by gunfire Es menace to navigation.
Photographs and Maritime Commission records show that this vessel
was not fitted with longitudinal dock connected I-beam strengthen-
ing under the main deck transverses which was fitted on later

T2s.
Bending moment in still water = 41,100 1t. x Tons Hog at Fr. :60
Stress in crown of deck * 3315 Lbs./in.' Tension.

I tl tM iil Atlt / I ll

________________________________ ____I Broke in two

DISPOSITInh OF VESSEL
(RePaired. ioi. etc.)

Stern section awaiting tow; bow section sunk by gunfire.

ITSIGND (#a.. 41W Tle.) TUC

28 Figure 8.
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REPORT OF STRUCTURAL FAILURE OF IMSPECTEO VESSrI
UNITED STATES COAST GUARD
XAYCG-2752

Thl-s report include$ all

available Information up to:
DESCRIPTION OF VESSEL 1 Apr., 1944 ?Pte

4 &N OFFICIAL NO. TYPE tDey Call*. P3se'g1 r., . ) eN.C. DESI

SCHENECTADY 242620 Tank Vessel T2-SE:-Al
outDER SUILDOR'S MULL MO. OATE COPLETED

Kaiser Co., Inc., Portland, Oregon 1 31 Dea.,43
OW.RL OPERATOR

War Shipping Administration Deoonhill Shipping Company -

EXTENT OF WELDING

Hull all" welded
~je]~No inner bottomDEKS44

510E SMELL OUTTS OOTTOM SEAMS IANE0 SOTTOM SEAMS [D~ ECK aUrro

I resj FQAMC To SIDE SM.L 80TTOM BUTTS 1111111 SRE OTTOM SuTTS REAMS ToDC

Ye 1B~AFA5FLOORS TO SHELL FLOORS TO IN1101 4 DI~oOCK TO SsELL

CIRCUSTA"ICES SURROUNDING FAILURE

(Attach ol aailsable details of shio's lcading)

uAFE SF FAlLO~t TIME SEIP'S LOCATION

16.Jan., 1943 2230 FNT Tied up at fitting out pier Swan Island
SIP'S PECO COURSE DRAFT FW. I ORA T t

0 -_ __-A"__7_-0

SEA COkOIl!O wEATmAR OIUEC CIO OF WAVES OITM RESPECT TO SIP

Still Water C1ear No waves
WIND FORCE I CT O N[CEIM AIR TLMOEBATUO[ 1I1 T PERATURE

• Light Hst wind 0o F 4D°P

DESCRIPTION OF FAILURE
(l1cludt sketch of fracturt showine starting Point and relative location of wids and other structuroal featules)

APARENT ISA lAtG POll?

The fracture started at the juncture of the fashion plate at the aft
starboard corner of the bridge superstructure and the sheer strake.

EN1RUAL HISTORY AND DESCRIPTION OF F,,ILUUL. ImCLUOiUG IMOAM CON1IBUTORY FACTORS.

Without warning and with a report which was heard for at least a mile,
the deck and sides of the vessel fractured just aft of the bridge super-
structure. The fracture extended almost instantaneously to the turn of
the bilge port and starboard. The deck aide shelllongitudinal bulkheads
and bottom girders fractured. Only the bottom plating held. The vessel
%ck-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
taken around the vessel eliminated the alleged possibility of the vessel
having grounded amidships to a drop in water level.
Bending moment in still water a !8 ,0 'tn V T Hojj aI dahips.

Stress in orown of deck a 9900 Lbs./in. 2 Tension. FCAtIOM OF FAILURE

Broke in two

DISPOSITION OF VESSEL
lRetaBed, lost. etc.)

Vessel repaired and put in service.

1 9.-- a 4 "t ti1 

.ISTRICT

0292-47-3 Figure 1.29



REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD
NAVCG-27SZ

Thlz report Includes all

available Information up to:

DESCRIPTION OF VESSEL 1 Apr. , 1944 ,*

%ANE OFFICIAL NO. YYPE (IrP Corlo, 1*033"Igr. et.c) M.C. DESIGN

ESSO MkJHATTANL 242157 Tank Vessel T2-SE-Al
BUILDER BUILDER'$ KULL NO. DATE COMPLETED

Sun Shipbuildin & Drydook Company _ 267 22 Aug.,'42
OW EV OPERATOF

Standard Oil Co. of New Jersey __ Standard Oil Co. of New Jrsey_ __

EXTENT OF WELDING

11ul [ll wellded

sSIDE SELL SCAMS No inner bottome =s CK SAMS

SIDE SNELL BUTTS BOTTOM SCAS 111111 lin-ER BOTTOM SCAMS OEK BUTTS

=Y RAMES To SIDE SMELL BOTTOW BUTTS INNjER m CI OTTOM BUTTS D~~j EANS TO DECK

YI BULKOEADS FLOOR$ TO 0.4(1.1 ILOO93 TO 14RER BOTTOM 1O 381 DCK TO SHEC.

CIRCUMSTANCES SURROUNDING FAILURE
^teach all available details of ship's ladcne)

OAT( OF A LJ, I E .I SIP' LOCATIO 40 fathoms of water
29 March, 1943 1205 JMT 3/4 mile insore buoy 3, Ambrose Channel,N.Y.

SHIP'S etcO SPCOES DRAFT FWD. I DRAFT AFT

14 knots 1210 true 12'-i 1 181-7"
SEA CONDITION 1 EATIIR OIRECTIOm OF MAVES W.TM RCSPFCT TO SHIP

Slight ground swell Clear On port bow
RIMD FORCE 1lIM OIOECTIOM AIR TEAPATURE MATER T 7PERAJOE

Force 2 Northast 300 to 400 nown

DESCRIPTION OF FAILURE
Ilnclude sketch of fracture Showing startingr PiOnt and retative location of welds and other structural fOAtures)

A" ARENT STAVINGL POINT

The fracture started in a butt weld between plates A-9 and A-10
at the croern of the deck.

GENERAL ISTOR' AND DESCRIPTION OF FAILURE ISCLOJING K4OMV COITQIBUTOCA FACTORS

With a sound described variously as a thump,thud, bang, crash, or explosion,
the fracture ran across the deck in way of A tank,and down both sides, pro-
gressing to the bilge port and starboard. The vessel Jack-knifed and the bow
dug under an oncoming wave. The crew abandoned in the boats and were picked
up by the USCG KIMBALL. The bottom fractured later and the two portions

drifted apart. The butt weld in which the crack started contained oxide,
slag and porous areas.
Bending moment in still water z 226,800 Ft. x Tons. Hog amidships.
Stress in crown of deck = 12,200 Lbs./in.2 Tension.

CL SS IFICATION OF FAIUR[

'Broke in two

DISPOSITION OF VESSEL
fRetaired lost etc I

Repaired on drydock-at Todd Erie Basin and returned to service.

30 Igure 15.
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REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD
NAYCG-27S5

igs report Includes all

ava-lable information up to:

DESCRIPTION OF VESSEL 1 Apr.. 1944 .

tAME OffiCIAL NO vP (0Y Ca to Pas:ajler etc.) N.C. DESIGN

VALERYCHKALOV ToNone Dry Cargo Vessel E02-S-C
,L, Rpemanente Metals Corporation BUILDER'S MULL NO DATE COMPLETE

Riohmond Shipyard No. 2 481 17 Apr.,'45
FWNED OOPERATOR

War Shippilig Administration Union of Soviet Sooialist Republios

EXTENT OF WELDING

SlOE SNELL SEA(MS oci SEAMS

SlOt SMELL 8UTTS BOTTOM SEMS INNER BOTTON SEAMS OfjJ C IUTTS

FoROAMES 10 SIDE SNELL Ye BOTTOM butTSYe INNER 31BOlT [jjT7j BEAMES To Dces

8 ULHEADS Yea FLOOC.% TO SNELL E ij FLOORS TO INNER BOTTOM Ejjiil DECCI TO SNELL
CIRCUMSTANCES SURROUNDING FAILURE

Attach all available details of shto s loadine)

DATE OF FAILURE TIME SNIP'S LOCATION

11 Dec., 1943 1210 Latitude 350 N, Longitude 1680 - 25, W
SHIP S SPEE - COURSE DRAFT IRO. DRAFT Art

out by storm Sovetskaya Gevan, Siberia to AkutanAlaska ncon Unknown
SEA CONDITION WATRCR DIRECTION OF WAVES WITH RESPECT TO SHIP

Heavy Heavy storm, via. 0 Apparently a head sea
IND FORCE WIND OIRECTION Alif TEMPERATURE WATER TIMPERATURE

6 oS. .. ow 2 20 -J40
DESCRIPTION OF FAILURE

ilnclude sketch of fracture showir startin e Posnt and relative location of welds and otkr structural featuresi

APPARENT STARTING POINT

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

GENERAL ISTORY ANO DESCRIPTION or FAILURE INCLUODING OW CONTRIBUTORY FACTORS:

The vessel departed from Sovetskaya on 1 Dec., 1943, in bllast. Gales
and heavy seas were 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. W'74, one on stbd, side at Fr. #74; and one on the stbd.
side at Fr. #76. The port side crack extended from the hatch corner
across the deck and down the shell to the bilge. The stbd. Grack 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 side shell from the sheer strake
halffay down the tw~en decks. The vessel was taken in tow by the tug
"Joyseph Stalin" but at 2206 on 13 Dec., she broke completely in twoo
Both portions were taken in tow by U. S. Navy tugs and brou&b+ toanchorage,.,,The crews8 did not abandon ship -.- -Ba l st n CLASSIFICATION OF FAILURE

. ma... m de avyaiabae by ihe U in h , Broke in two

DISPOSITION OF VESSEL
(RePaired lost etc.)

Both portions at anchor in Sand Bay, Great Sitkin Island. Future undetermined.

SA .LO ,1jT e fcftb) a tDISTRICT

Figure 20. ')31
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REPORT OF STRUCTURAL FAILURE OF INSPECTED VESSEL
UNITED STATES COAST GUARD
IAYC-2t52

Thls report includes all

available Information up to:

DESCRIPTION OF VESSEL 1 June, 1946 (P*,

JAARE OFFICIAL NO. TYPE (Dry Carto, Pa3,gqer, etc.) N.C. DESIN

DONBASS III (ox BEACON ROCK 246377 Tanker T2
UViLDR BUILOES NUL. NO. DATE COMPLETEO

Kaiser Co., Inc., Swan Island 84 Sept., 1944
o;;Ek OPERATOR Russia - "Nar,'omorflot"

Lend-leased to Russia tU.S.'agonts Moora-MoCormak)_

EXTENT OF WELDING

- Hull all welded
31SE SCAMS No.s inner bottom E1 ¢3 DECK SCM

FR.AMES TO SIDE SHELL BOTTOM 807'5 INE 8 | 0T OT 31, "$ SCAMS TO DECK(

LIMUEAN[D$ FLOOR$ T: -. E.[ FLOOR$ TO lIER 9JtT0x DEOCK tO $HILLii=is IiiiJ
CIRCUMSTANCES SURROUNDING FAILURE

(bttach all available details of s/AI's loading)

DATE or FAILURE TIMt SHIP'S tCttIOx

17 Feb., 1946 1425 Long. 1760 -11;' Lat. 460 -55' N
SNIPS3 SPEEO CORSE DRAFT FeD. DRAFT AFT

7 knots About 7.50 South of West 29 1-8"1 31'-8"
SE CONDITION WEATHER Stormy(?) had beat oICTiON Of oWVts WIT"l RESPECT To SHIP (dep.at

Heavy or four days just before. 600 on port bow San Pedro
CIND FORCE vIND DIRECTION AIR T(,PENATTUR ATtS TEMPERATURE

9-10 Beaufort From SSW 37OF 41o.43oF

DESCRIPTION OF FAILURE
ftnclude sketch of fracture shoWIng %tartin' 0,: and relative location of elds and other structural features)

APPARt T STA.RTING POINT

The herringbone pattern on the fractured plate ec$ge indicates the origin
of fracture to be b6low the 'waterline.

GENERAL HISTCI AND OESCRIPTION Of FAILURE. INC'.UD;hG h-vo C". .O T'0Y PWOCTR$:

Fracture ooourred in way of 5 tank (the abovO-water portion of fraoture is
,between Frs. 61 and 62). Vessel broke in two. Stern portion of vessel towed
io Port Angeles, Washington; For'd portion towed to Dutch Harbor; The 13th
CG District has inspected after above-water portion of hull. Report, photos,
etc., have been received at CGHQ. Project underway to procure 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 a crack of bottom origin. Fifteen lives
were lost.

Bending moment in still water = 156,200 Ft. x Tons Sag at Fr.&V CLASIFICATION F FIE

Strses in bottom of keel • 7,800 Lbs./in. 2 Tension. Brake in two
DISPOSITION OF VESSEL

(Repaired, lost, etc.)

SIlhLD (ring ad fiile) DISTRICT

32 Figure 21.
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PART II

Analysis of Factors Contributing to Structural Failures

A. Sea and Weather Conditions spread over the period of study. The 3,413 ship
occasions indicated on the chart were divided be-

In determining the effects of sea and weather, it was tween the 100 temperature ranges described by
necessary to use extra care to avoid misleading results. the isotherms on the world charts. The occasions
Ships of different designs might tend toward excIu- within each temperature range were then summed
sive use of specific trade routes. For this reason and for the twelve monthly charts. Thus a relative dis-
because there were so many identical subjects, the
Liberty ship was used as the specimen for analysis. thibutin s ah s temperatinge e d on
Existing orders to mor'ify the hatch comers of vessels th shn each temperature range based upon
headed for regions of severe weather conditions monthly isothermal charts.
tended to segregate the Liberties on a sea and The isothermal charts show the average monthly
weather condition scale. For this reason, vessels were temperature. Instantaneous temperatures are above
eliminated from the study when the hatch corers and below the average for a ct.tain percentage of

were modified. For the same reason, the newer time. Data regarding the average spread distribution
vessels %,ith design and workmanship improvements corresponding to each average monthly temperature
were preferred for the more severe services, and this and for various different climates were obtained from
factor had to be considered. The selection finally the Weather Bureau and the Hydrographic Office. A
narrowed down to the 667 EC2 vessels launched correction was applied to the act-umulated occasions
before February 1943. These vesscls were completed within each temperature range and they were redis-
before any structural design details were altered. tributed to represent instantaneous values. This cor-

The service life of each vessel was included from rection was generally not great. The resulting figures
date of launching to the prescnt or to the date it was indicated the proportionate amount of service time
lost, loaned abroad or modified at the hatch comers. for each temperature range as established with the
The modified vessels were then studied separately, aid of the ship occasions chart. .These relative figures

Each vessel of the group was located from the log were changed to actual ship months of service by a
entry on 1 February 1943; 1 August 1913; 1 February straight multiplication because the total number of
1944; 1 August 1944; 1 February 1945; and 1 August months of service time on the particular group of
1945. The locations of the ships for each of the six ships was known.
dateq wer, plotted together on one chart, figure 25. A similar procedure was followed in the case of
Vessels in port were kept separate. The combined both the sea and swell charts but the Hydrographic
picture is, representative of the condition over the Office furnished charts which were on a percentage
operating period, of time per month rather than an average monthly

To obtain the data regarding the proportion of basis. It was therefore not necessary to make the
service time experienced at various temperatures, correction for average monthly values.
the world chart of ship locations was applied to The number of fractures for the corresponding
twelve charts of the world including isotherms for period of operation were plotted opposite the tem-
the monthly average temperatures. The ship occa- perature which was reported with each. When the
sion chart, Fig. 25, was considered to represent the temperature at time of fracture was not reported, the
distribution of Liberty ships over the world at any fracture was not enumerated in this study.
instant during the period under study, as it shows From the assembled data based on the 667 Liberty
the integrating pozitions based upon six occasions ships launched before 1 February 1943, an attempt
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ABOVE WATERLINE FRACTURES
VERSUS AIR TEMPERATURE

BASED ON 55 FRACTURES OCCURRING BEFORE
1,AUG. 1945 ON 667 SELECTED LIBERTY SHIPS.
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Figure 26.
was made to ascertain the risk of casualty under and state of sea in such a manner that they would
varying conditions of air temperature and state of withstand a rigorous statistical appraisal. It was
the sea. Various plots were made but it was found possible, however, to eliminate entirely the effect of
that the data were not sufficient to establish casualty sea in a study which was made on ships in port only.
risks under known combinations of air temperature The results of this study are presented in figure 26

T, im III
CLASS 1 AND 2 CASUALTIES ON 667 LIBERTIES LAUNCHED BEFORE 1 FEBRKUARY 1943

Number of Casualties (c) by Age and Calendar Month at Time of/Casualty, and Number of Ships Afloat (s) of the Same
Age in the Month o Casualty

IFall IWinter " rn Summer I  1all Wintcr I [lgISme al IWnelageuchi 143 1943 T _943 1943-44
Iaw chlng) 2 -:--AVRG - 0l- 2- - 25I

.... 163 .... 324 6.......................
4,5,6 ............... 1 0 !i j 57 .... 144 1il 307i 10494 18 669 5241.........
7,8,9............. . .... 54 1 136 5 297 10 476 8 650 1 233.....
10,11, 12............... ....... 9.... 52 1 135 4 288 2 471 10 646 10 221
13, 14, 15...............................7 .... 48 3 125 ...I286 5 468 21 59016,17,18........................ 6 2 40 1 121 . 282 19 442

22, 23, 24..................... .................... ...............6 39 2 112

28, 29, 30.............................. .................. !................. 5
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TABLE III-Continued
_4gring Summer Fall Winter Spring Summer Fall Winter

1944 1944 1944-45 1945 1945 1945 1945-46
Age (Motiths after launching) -C

13,14,15 ................. 15 184................ .................
16,17,18 ......... .......... 22 484 1 135 ............. ......... ......... ..... .... ..... .... ....
19,20,21 ................... 10 355 2 349 1 104 ........ ......... .........................
22,23,24 ................... 5 203 1 251 .... 239 .... 69 ....... ...... .....................
25,26, 27 .................... 1 90 1 139 .... 175 .... 167 .... 59 .........................
28, 29, 30 ................... ..... 27 1 65 .... 97 1 92 ... 129 .... 52 .... ..... .... ....
31,32,33 ................... .... ..3 18 .... 46 .... 58 ... 80 .... 121 .... 46 .... ....
34,35,36 .................................2 ..... 13 3... 33 .... 72 101 .... 39
37, 38, 39 .............................. ........ 2 ... 2 3... .... 28 .... 56 . I 91
40, 41, 42 ................................ ................. 2 .... ! .... 291 .... 42
43. 44, 45 ................. .. .... ... " ... ........... ..... ..... 2 .... 12 21 .... 9

46, 47, 48 ................. ...... .... 2 .... 12 .... 17
49, 50, 51 ............... . . I. . ... .... .... .. ..... . ..... ... ..... .... ..... .... 2 ... 9
52, 53, 54 ................... .... . .. .. .... I....I .. .. ...... ..... .... . . ..... 0

and show the distribution of service time and frac- All reported air and sea temperatures and sea
tures for various air temperature ranges. This plot conditions are tabulated in the alphabetical index of
includes Class 1, 2 and 3 fractures for the above water casualties in the appendix of this report.
line portion of the hull as well as an indication of the B. Age of Vessel
risk of casualty in terms of casualty per ship months B. ae f V esselof service time; all curves are plotted against air The date and age data, table II, permit study in

many different ways. A sample plotting of winter
temperature ranges. casualties, figure 27, shows that casualty rate is not

Although the number of fractures did not permit appreciably affected by age. Summer casualties are
a complete subdivision on the basis of both sea apre a d by age. um er casies ar
and weather, it was possible to get a rough idea of very few and show no anomalies. Other divisions by
what the combined effect of these two items would season may be plotted ad lib but most of the casualtieswere in winter.
be. From the approximations made, it would appear The effects of structural alterations on the "667
that the risk of casualty at the lower operating tem-peraure an rogh sas s mny imestheris of Liberties" are eliminated by deleting each ship from

ratures ind verough w eathemand tins ptThese o the list at the time the alterations were made, table
are extremes of operation, however, and it is fortu- III. Thus greater homogeneity of the date and agenate that there are few ships operating in cold data on these ships permits further analysis. Although

weather and heavy seas. Although it was not possible the curves, figure 28, show risk diminishing as age
to obtain the actual risk under any given condition, increases, such a conclusion would be hasty. This
it is possible to make a comparison of the overall trend might be explained in several different ways;
contribution of the two variables on the fracture as by decreasing quality in ship construction practices,
problem and with respect to the 667 Liberty ships. increasing notch sensitivity in the steel, or the selec-
For this purpose, the operating time of these ships tive assignment of missions to different categories of
was divided into four equal parts and it has been ships, there :s no way of disentangling these influc:i(es.
possible to separate the 620 fractures (Class 1, 2 In any case, it is not to be regarded as an effcct of
and 3) into corresponding groups. climination from the category of ships especially

subject to casualty (lemons).
Fracture Ratio One conclusion whih -. ight be drawn from the

Temperature high in port .................. I I 1 curves for winters 1942-43 and 1943-44 is that the
Temperature low in port ................... 37 3 conditions to which the ships were exposed in the
Temperature high at sea ................ 53 5 second of these were notably more severe than in
Temperature low at sea 1..... ......... . 519 47 the first.

It must be realized that two-thirds of the operating time The upper and lower dispersion limits are shown
was spent in port, consequently the service time in the two "at on figures 27 and 28. These limits are established on
sea" quadrants includes not only the data in htavy seas, and in the basis of probability so that 99 out of 100 shr-
normal and calm seas, but also a ceitain amuu.t- of time in port. findings could be expected to fall between them.
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CASUALTIES PER 3 MONTH PERIOD (Winter 1943-44)
Divided by SHIP-MONTHS SERVICE IN SAME PERIOD

MERCHANT VESSELS BUILT BY MARITIME COMMISSION (See Table I.)
(BY TRIMESTER AGE GROUPS)
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Figure 27.

CASUALTIES PER13 MONTH PERIOD (Winters 1942-43 & 1943-44)
Divided by SHIP-MONTHS SERVICE IN SAMLEPERIOD

LIBERTY SHIPS LAUNCHED PRIOR FEB. 1, 1943. (See Table Ill.)
IBY TRIMESTER AGE GROUPS)

.10

. C __ _ _ __ _ _ __ _ _ _ _ _ _ __ _ _ ._ _ _ __ _ _ _

w

> , ,- JPPER DISPER iON 7
w "LIMIT 43-14

.
0 .06-I

z UPPER DISPERSIONo 0 LII it2- i3

21 WINTER- ' -4 442

92 WINTER0

4297

Lr DI-SPEDRSPERIOO 7 3'2 -

LIMIT 43-44
_... _48 ,, 16

a 5 I1 14 1T 20 23 26 20

AGE AT CASUALTY

Figure 28, 43

' ". ".. - . % , .'.
m '

-- ,,, J .- w "l.- ." - ,- -- " - ',,, - - - ~--- -



C. Loading of Vessel Finally, calculations were made on several vessels

which had cracked. The nominal stress at the point
It was early .suspected that poorly distributed of fracture is plotted with solid circles. The scatter

cargo loading, under the pressure of wartime neces- again centers around the line of uniform loading.
sity, had been responsible for many of the structural This indicates that the loading on the vessels which
failures. It was therefore decided to mbark upon fractured was apparently not abnormal even though
a study of the effect of cargo loading and in this the stress from loading is appreciable.
regard, information was solicited from Merchant Although a wide range of cargo distributions can
Marine inspectors and supplemented by data from be produced, it can be seen that the actual difference
the logs of many merchant vessels. The information in bending moment between typical normal distribu-
on the dry cargo Liberty ships presented a great tions is not great and little would be gained by
variety of loadings and no rational method for attempting to prescribe cargo loading distributions.
reducing thw' mass of data was evolved. It was On the other hand, ballasting presents a possibility
noted from a rough survey that the details of the for a wider range of variations without interference
loading were considerably different, but the fore with good operating conditions. Prescriptions were
and aft distribution varied -within relatively narrow therefore made up for standard ballasting distribu-
limits insofar as bending moment on the hull was tions and are now in use on Liberty ships in the North
concerned. Atlantic. The nominal deck stresses with the various

In order to obtain a base line to which compari- standard ballasting plans are indicated by boxes on
sons could be made, calculations were made on the the illustration, figure 29. The box indicated as
Liberty ships at several different drafts with a load- London and Glasgow b2 'lasting represents the ballast-
ing which was uniformly distributed so that the trim ing system used before the longitudinal bending
was representative of typical operating conditions. moment was a con.idexation and failures became a
Typical trim conditions at various drafts were problem. The Maritime Commission 1,500-ton bal-
obtained by recording the fore and aft drafts of 216 lasting schedule is now in use. The weight distribu-
ships from the log books. The trim used in the cal- tions in the standard ballasting conditions is shown
culation was the average of the scattered plots. From on Table IV.
these bending moment calculations, the maximum A similar but less extensive study was done on the
tensile stress in the crown of the deck amidships was cargo loading on the T2 Tankers. I! was found that
determined and is indicated in figure 29 by triangles a much wider possible range existed for the cargo
and a solid line. The maximum nominal stress value loading corditions with nominal dec, stresses reach-
in the deck with this type of loading was about 7,600 ing 14,540 pounds per square inch tension under an
pounds per square inch tension at 24 feet mean abnormal load condition. Stresses from uniform load-
draft. Comparison between the uniform loading used ing, however, were even lower than those in the'
for this ca .,wiation and the numerous loading charts Liberty. They varied in a smooth curve from 6,000
forwarded to Coast Guard Headquarters indicates pounds per square ineh tension in the light condition
that the uniform loading was practically typical and to 600 pounds per -Auare inch compression , ith a
can be considered so. uniform full load, the deck stress in lightship condi-

For further comparison, stresses from bending tion being the maximum value for a uniformly dis-
moment calculations performed by the University tribuced loading. Loading calculations have been
of California on two Liberties have been plotted as made on two T2 casualties and the nominal stresses
hollow circles. it will ,e noted that the scatter of at the points of fracture in the sheer strakt, in one
points follows the general trend of the line of uniform case and in the deck in another was found to be
load distributions. In additk..., a calculation was 9,900 pounds per square inch tension for the SS
made on a condition representative of the most Schenectady and 12,150 pounds per square inch
severe hogging load likely to occur in normal service tension for the SS Esso Manhattan. It is clear that
and the deck stress was found to be 13,750 pounds in the case of tankers, abnon- 1 loading can con-
per square inch tension under this abnormal bending tribute to the failures but that i. can be avoided with
load. greater ease than on the Liberties,
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TABM IV unknown factor as tl?, c,,prit. An attempt was made,
Summary ,heet-Loadlng Conditions however, to get some idea as to whether such "lemons"

(Lm r ty eet-Loadg actually exist.

(Liberty E(r. -CI) A probability calculation has been made to deter-
M. . ballast of 1500 M. C. ballast from mine the number of repeated failures which would

tons; return from London, Leith, and result from a random scattering of 922 casualties
Unzited Kingdom n~k GlasgowUnghtei.Ki..........3,60 3670 among a correspond..g group of 2,580 ship3 on the

l.ew and stores ........ 30 0 assumption that all units are equally likely to attract

Potable water .......... 56 54 trouble.
Inner bottom No. 1 ..... 144 144
Inner bottom No. 2 ..... 340 346
Inner bottom No. 3 ..... 234 254 TABLE V
Inner bottom No. 4 ... 132 134Inner bottom No. 5 .26 2 Theorrtical Versus Actual Distribution, Repeated CasualtiesInner bottom No. 5 ...... 236 256

Inner bottom No. 6 ..... 110 120 EC2-S-CI Casualties Up to I August 1945

Forepeak ............... 145 138 Based on 922 Class 1, 2 and 3 Castualties
Deep tank No. 1 ........ 0 228

Deep tank No. 2 420 424 According....... to meory of Actually

Settling tanks ........... 100 100 probability' reported
Deep tank No. 3 ........ 760 0
Aftpeak ................ 155 152 IRC7's which suffered no casualties .... 1,806 1,932

Cargo space No. I ...... 0 0 '32'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. 4 ...... 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 0 EC2s which suffered 6 casualties only.. 0 1

Tons displacement ...... 8,032 7,520 Toai ships involved ................. 2,580 2,580

Per cent of full load ..... 57 53 The indication is that after a ship has had a
P. s.i. stressin deck .... 22,292 5,900 casualty, it is somewhat more liable to a casualtythan before the first.

D. Repeated Casualties 'The Poisson distribution formula was used in this com-

putation:

Certain vessels have incurred more than one e- m'
casualty. When a ship suffers two or more failures, p(x) !x

there is a tendency to dub her "a lemon". This fre-
quent reaction to repeated failures implies that cer- where e is the base of natural logarithms.

tain ships by virtue of inherent characteristics are x is the order, or the integral number of repetitions

more liable to suffer structural failures. It would be considered.

practically impossible to separate the causes of such p(x) is the fraction of the whole number of casualties for
each order "x".

additional casualties and point to wormanship, m is the average value of casualties per ship, i.e.,

fabrication practices, material or to some mysterious 922+2580.
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PART III
Susceptibility to Fracture of Different Ship Designs and Structural Details

A. Shipbuilder and Type of Vessel influences of riveted seams cannot be denied.
In connection with the Class I casualties, the good

The various Maritime Commission designs have record of New England ; difficult to explain but it
been divided to show the susceptibility of each desif, should be noted that this yard riveted the bulwark
to structural casualties. In addition, the EC2s aid to the top of the sheer strake, thereby eliminating
T2 Tankers have been listed by shipyard because the many serious fractures which might have emanated
number of vessels built by each yard was sufficient from the bulwark. A similar lack of alignment be-
to permit a picture of their relative performance. tween serious class and all class casualty results exists
The figures in Table VI show the number of ships ill almost the entire table and cannot be explained.
launched in each group, the ship months of service The casualty result on the T2 Tankers is even
time up to 1 April 1946, the number of casualties of more difficult to rationalize but it is interesting to
all classes which were reported up to that time, and note that Marinship, where great care was taken in
the Class I casualties, the structural details and where gamna ray inspec-

A study of the figures shows that no real conclu- tion was used, has a measurably superior record to
sion can be dr.wn. Considering only those groups the other three shipyards. This yard received about
which accumulated more than 3,000 ship months of the most favorable report of any yard visited by the
service, it will be seen that the best record with the Welding Advisory Committee.
Liberty ships was in Permanente Yards 1 and 2, and Sixteen of the 78 Marinship tankers were delivered
second best was Bethlehem-Fairfield, which was the directly to the Navy. This is a somewhat higher
only yard where shell seams were riveted. Considering proportion than for the other yards, but the good
the Clas.; 1 casualties only. however, it will be noted record of Marinship cannot be greatly affected by
that the best yard is Bethlehem-Fairfield and second this factor because reports of major difficulties on
best is New England. Navy operated vessels did not include any Class 1

It is difficult to rationalize these results on the casualties for Marinship.
basis of workmanship because Bethlehem-Fairfield It is gratifying to see the record of the Victory
did not exhibit remarkably good appearance in the ships as compared to the others. Their record indi-
Welding Advisory Committee's workmanship report cates quite clearly that it is possible to eliminate most
and other reliable reports indicate that the quality of of the fractures by improving design details including
hull structure produced by Permanente varied from riveted gunwales and using more careful workman-
fair to good as systematic controls were introduced. ship.
At the other extreme, Oregon received a poor report Previous repors have mentioned the high casualty
from the Welding Advisory Committee and has a rate of the C2 refrigerated ships. These casualties
correspondingly poor casualty record. Calship is inter- were invariably in the tween decks inside of the
mediate with a moderately poor casualty record and insulated holds. The numerous repairs have included
a good report by the Welding Advisory Committee. rounded corners for the hatches and in several cases,

A feeling of confidence in the vessels with riveted the introduction of riveted seams around the margins
shell seams resulted in their assignment to routes of the tween deckt. In recent months, the number
where severe weather conditions were anticipated. of failures reported for these ships has dropped
In light of this and the good performance record markedly indicating that the alterations have been
under such adverse circumstances, the beneficial effective. (For other designs see Table VII.)
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Shipbvddt - and "y,,, o t

Comparison of Casualty Incidence B,-sed .n Caialtics R, . . '., .:1 '

Numler ships Ship rrwl,s . .....
Type of vessel and shipbuilder launched (ifserie 4 sd,,, piL. ',' ':C' 1 r'e,

EC2-S-CI

Alabama .................................... 20 704 21 0.0293 -' 0 ,02 Z
Bethlehem-Fairfilcd .. ......... ..... ....... I . '21 (0 0.0(,83 2 0.0002
Calship ............ .................. 306 i').619 1(,4 0.0i154 ') 0.001
)elta ................. ...................... 132 549 57 0.0161 12 1 ( C0

Tones BrunswIck ...... . ..................... I 15 27 0.01;11 0.005

Jones Panama ......................... ... (6 1 95 111 0.0094 0.0007
Kaiser Vancouver ...... ...................... 10 9 8 0.0217 1 0.0027

M arinship .............. ... ................ 15 512 7 9.012) 0 0

New England ....................... 236 5,70, 72 0.012( 2 0.0004

North Carolina ....... ... .................. 126 4,08n 60 0.0i47 5 0.0012

Oregon ................................... 322 11,011 2'5 0.0195 2) 0.0018

Permanentc. ............................. 489 15.557 100 0.0064 4 0.0009

Rhccm ................................... 1 41 0 0 0 0

St. Johns .................. .................. 82 1,908 26 0.0136 1 0.0005
Southeastern ............................... .. . 88 2,196 23 0.0105 1 00.005
Todd-Houston ................... ............ 208 5,542 74 0.0134 is 0.0032
Walsh-Kaiser ....... .................... 10 309 7 0.0227 0 0

Total EC2-S-C1 .................... 2,530 76,396 964 0.0126 99 0.0013

T2 TANKERS

Alabama ..................................... 102 2,147 22 0.0125 0.0027
Kaiser Swan .............. ................... 147 3,283 66 0.0201 0.0018
M arinship ........ .............. ........... 78 1,611 4 0.0025 (1 0
Sun .................... ....... .. ........ . 203 4,991 101 0.0202 0.0008

Total T2 tankers ................ ....... 1 . 530 12,032 193 0.0160 1 10 0.001

TOTAL VIcroRMs ' 414 5,940 33 0.0056 0

All Maritime Comission Ships .............. 4,687 125,85 1,441 1 0.0114 127 0.0010

B. Liberty Ships what different, figure 32. In many cases, the damage
was so extensive that the starting point was not

A plot, figure 30, has been prepared showing the located. For this ieason, it is only possible to identify
longitudinal and vertical location of all classes of positively tlhe su-rting point of 31 casualties involving
fractures on the Liberty ships. This chart indicates .12 fractures. Ten of these fractures or 24 percent
that the fractures peak up near amidships in the started in the sheer strake cut for the gangway ladder.
upper deck and in the bottom with few fractures in 22 or 52 percent started in the hatch corner includ-
the tween decks, indicating that longitudinal bending ing 48 pcrccnt at No. 3 batch.
stresses play an important part in their distribution. Figure 33 shows the original design of the hatch
The tabulation also shows the magnifying effect of corner ard indicates the three most important sources
certain design features such as the hatch corners of fractures. The greatest number of hatch corner
which were responsible for 612 fractures or 24.4 fractures occurred in the manner indicated as A,
percent. The sketch of the EC2-S-C1 vessel indicates second greatest as B, and there were several of type
the effect quite clearly, figure 31. C. In the case of the type B fractures, there was

The distribution of the fractures in the 89 serious involved a combination of design and workmanship.
casua!tics occurring up to 1 August 1!A5, is some- The abrupt end of the 51-pound doublcr beneath the
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(,cck was '.,'obably sufficient in itself to start a frac- No. I hold. This is just about whei(, maximum

twe at -o critical a location but in many cases, this pounding would be expected. The thrust of the
sup,.nente.. b)' a saddle weld in the butt of bottom force overcoming the inert>- of the tween

the deck plating at this pcirt. It %x; common prac- deck cargo produces high stress,.s ;n the deck over
tice in sc,:,: shipyards to wekl with a Unionmelt the H column. In addition, notches -round th sole
raachine to within a few inches of the hatch coaming plate of the tween deck stanchion -- ,d the ends of
where the automatic equip:ncnt had to be stopped. brow plates magnify the stress, fi,, uc :6.
The i'cmain(lcr of the s,.nni was completed by hand Bending tests on the Libbrties indicate that the
we-din, without further preparcmion and a saddle bending stresses in the hull are only slightly rcdeced
weld resulted bIcause of failure of the welding to by the presence of the deck housc.'. The number of
penetrate the square edged butt. amidship bulwark fractures and shell fractures at

Many fractures occur at the sheer strake cut for the gangway support this. It is curious to note that
the gangway ladder and the square "nding of the up to 1 August 1915. the corners of the machinery
boat deck plate stanchions, figures 34 and 35. casings which are similar in desi-zn to the other

It ha been noted that the fractures at the center- hatch corners suffered less than 13 fractures. Hatch
line stanchion of the second deck almost always No. 3 suffered 377 fracture:; and No. 4 110 fractures
occurrcd as a result of rough weather. The second and the beneficial influence of the warmth in. the
deck at the edge of the hatch is under high tension casing is hard to contest.
whenever there is cargo loaded in the tween decks It has frequently been held that the hatch comers
because the heavy supporting H stanchion is just were not the serious offenders but that many of the

beneath. Most of these fractures have occurred in fractures emanated at the bulwark or gunwale and
the forward end of No. 2 hold and the aft end of ran inboard to the hatch corner. A fracture running
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CUAR, HATCH OOmNER rf1InOnnCED WIT- T OOU't .. n

Migurc 33.

from hatch corner to gunwale would warr.t grading proportion indicates that 5 or 6 of the 28 fractures

the casualty Class 1. The Class 1 EC2 casualties of indefinite origin probably can be attributed to
the details of the gunwale or bulwark. The reported

incluit 67 fractres involving the hatrh corner 612 hatch corner fractures do not include these 5 or

vicinity. Thirty-nine of these fractures arc known 6, nor do they include the remaining 22 or 23 which

to have originated in the hatch corner. A simple probably originated in the hatch corners.
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LIBERTY VESSEL
COMPOSITE SKF-TC14 OF FRACTU12ES AT FOtZWAQD BOATr DECK STANJCHION1

OJ)IMLE M.lal -ECl-s*CI
®WILLIAM G. FAIZGoEc2*S-C1

RUPMgT& 20 APR. 194
®DWILLIAMd 14. M% :-EY-ECZ-S-CI

@JWILLIAM MOULTR~IE - CZ-5-CI 
5 3 w® FREMONT ODI- EC2*S .CI 5.OUD 14 MAY 1944 

5.0tiRACKET 0, 4
®(f@coiawcnomi or

UP TO 1, A4Jp 19415 VF.DL sAcWIom 400
200 FFACTURe5 WER- VWJ\IAI~~PL END) ot SrANCH, 4

REPO RT Z0V TO KAVE-tr 
I SACINIOCCURPCED AT THE 
7BOAT VK. STANCHION.

4 CONNECTIOIJ OF DULWAZRX CAIL 4 PtCE

FPACTUQF-S LOCATED F1101 PHO0TOGiRAPHS OIX FIELD SKE~TCHES
Figure 34.
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LIBERZTY VESSEL
COMPOSITE SKETCH OF FRACTURES AT

CUT W~ SH4EESTRZAKE FOR ACCOMMODATION LADDER.

oD XQAQIJIN h[~R

101ILl~bP 114

(D mOWmR W)Temr-
FOUND 11 AJ'RIL 1144.

FOUIID 44- APMIL11 44.

UP TO 1, AUG., 1-349, 3Z
FRACTURES WERa
REOR TIED TO HAVE
OCcURRED AT THE '
SHWER STRAK(E CUT.

FRATUESLOATD FOMPHTORAHSOR tED I(T.9E

Figure 35
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LIBEMrJY VESSEL
CF-NTEaLI~rJE STAMCHIONJ, SE.COMJD DECK

(D JUA4 DE FUJCA -EC2-S-CI
Fousjo I1AU4.1944

QLUCIUS PAUtZCHILD-EC2-5S-C;
FOUND 11 APIZ.1944 V,

®EkJOS A. MILLS -EC2-5-CI
R!EPc'aLD 5 FEB. 194.4

ejoSEP1H I2EYN~OLD5-EC2*5-CI
25 MAR~. 2.2 APR. 1944 I

®MIDWEST FARMER. ECZ*s-CI 1--1'~ H BEAM STAN.CHIOti'
FOUWD 29 MAY 1944

®MLVILLE JACOBY- ECZ.S.C
Z0 MAR.I944

UP to I, AuGc, 1945, -0
FRACTURES OF THIS k
TYPE HAD BFEN R~E-V
PORTED, INCLUDIN~ c-.

14 11EM1SANCIO

,70/A-TuQE5 LOCAT ED FZO?. PI10T06TAP1S 0. FIE.LD SKE7-.iES

Figure 36.



~2 TA~ ,:R

LOrGITUMC!AL DiSTRIBUTION

CA3ED UP-ON 483 FRACTUrES OCCURRING .- / .,.

ON T2 TANKER3 BEFORE 1, AUG. 1945. 6// K41
456 OTHER FRACTURES OCCURRED 1 0% /X

VOC::: NOT ACCURATELY LOCATED. 47.

NOTi FIGURES AT TOP OF DARL ARE, WERE RPOWCE
NUMBER OF FRACTURES--LEFT Vi/ NO FWD.
PERCENI OF FRACTURES--RnOHT / A3TANK IN THE FV/.

2n 60% DCEP TA4X.

AF D " " M
'

AF

PFAr AFT .7 RlO
o ',... PUMIP V//t V/K

i I1L..L I

_.,____ ______ ",__ __'_. " "_',!4 . _L_,__,,-'.,_

Figure 37.

C. ; 2 Tankers bulkheads, figure 39. Three hundred twenty-five frac-
tures reported before I August 1945, at these inter-

Te~ longitudinal distribution of the fractures on sections have been traced to design details which
the T2 Tankers also shows a peak amidships indi- cause a stress concentration under the influence of
eating that bending of the hull is partly responsible both hull bending and local hydrostatic loads. It
for their occurrence, figure 37. All of the nine serious would appear from the longitudinal distributon of
casualties occurred in Nos. 3, 4, 5, 6, and 7 tanks, these fractures that the hull bending stresses have

The source of the failure has been located on two considerably more to do with the failures than local
of the ships which broke in two. In the case of the hydrostatic loading, either static or dynamic.
SS Esso Manhattan, a defective butt weld was the The sources of thAs '-actures have been located
source and in the case of the SS Schenectady, it was by calculation and test and a satisfactory measure
a notch resulting from the combined effect of a has been devised to ease the offending detail.
design detail and a defective weld. The source of One hundred and seventy fractures occurred at the
trouble on the two recent T2 Tanker catastrophes is toe of a brac.ct on the transverse bulkheads, figure
not yet known. 40. This is a design detail which can easily be cured

Most of the Class 3 frictures occurred in a detail and improved arrangements have been fitted in
at the juncture of the transverse and longitudinal sevcral vessels. A check on the longitudinal distribu-
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TZ-SE-AI TYPE
COMPOSITE SKETCH OF FRACTURES

CONNECTION OF FLUTED LONGITUDINAL BULKHEADS TO TRANSVERSE BULKHEADS

ONEW W.NDON
R.'Po;,.VOD Z& JUME,l944

®NOQTHFIELD
, OUIJD 12 SEPT,1943 I

®CHURUBUSCo
REPoIQ.TD 12. IUUJE 944

(RIVER. RAISI,
RZEPORTED 7 JULV,1944

UP TO I AUG. 1945 325 FRACTURES
WER- REPORTE:D AT THESF.
BULK4EAD INTERSECTIONS.

(1) 140ON THIS FLUTE UPTO t4"Oi TI5 FLUTE

@EXTE IT OFFED UINE-

0 0 vt0 FLUTE

0*

NOTE:

FIACTURES LOCATED FROM PHOTOGQAPHS OR. FIELD SKETCHES

Figure 39.
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COMPOSITS SKtTCL4 -D- FZZACTU:S
TR~IPPING BlZ4;,X:-, 0;: &ULYMAD STONPENISS OMI -nAN;vaSZ.!: U.~A

/0 ....

1)9 APRIL, /944 &'PON cXAp1Al47-10,-,

,-O,/VND .?/ /(/,V.- /9444

REORTWDX 26 7C1,.1, 704 iycf

4'E~o/~rcp, 7-.7"'Y /944L

7 2oteld im weld

r hroe Cccs mI

S2'. crock at

'5.5 i

zo 4, i

UP TO'- I AUG.I945 170 FRACTURES N
Wt8L REPFORTE.D Al 'THZL5

BPAiK *'i

WX 28 5;0 ACL t rt 'OFF
8'1 2041 FCE t %5'0FI;t

NJOTE.

FflACTUI.ES LOCATED FROM4 PHOTOGQAPH4S OQ CIELD SKETCHES

Figurc 40.
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VICTORY SHIP
TYPICAL BULWARK FRACTURE
AT FWD. EN1" )F DECK HOUSE.

0 LEWISTON VICTORY
23$ JAN. 1946
FWD. END R & S.
AFT END R a S.

® GRINNELL VICTORY
BEFORE AUG. 1945

FWD. END, PORT ONLY
AFT END P. a 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. Figure 41.

D. Victory Ships the bulwark braces. The casualties occurring before
Practically all of the casualties on the Victory 1 August 1945, included 53 fractures. Eighteen, or

ships have been Class 3. The fractures reported 30 percent, occurred in butts of the bulwark and 27,
before 1 August 1945, indicate two principal sources or 51 percent, occurred at the toes of the bulwark
of trouble: the bulwark cap rail and plating and braces.

701292-47-5
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VICTORY SHIP
FOC'SLE DK.

SHOWING TYPICAL DECK
FRACTURES IN LEWISTON

VICTORY WHICH OCCUR-
RED ON 23, JAN. 1946

100

9w

Si Figure 42.
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VICTORY SNIPS

SHOWING FRACTURE 00 MIZZEN
MAST OF MAHANOY CITY VICTORY

-WHICH OCCURRED ON 24, JAN.1t946.

FRACTURE EXTENDED COMPLETZLY
AROUND MAST EXCEPT FOR 8C1/I"
ON THE FORE SIDE.

MIZZEN
MAST

I TWEEN 0K.

I *-MIZZEN MAST

3 HEAVY I3 HEAVY
SHROUDS I ISHROUDS o

PORT tTD

STARlTING ii
POINT OF FRACTUREI
1/2" BELOW INTERNAL

FILLET WELD.

Fipm e43.
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Most of the bulwark failures occur at the forward been possible tu make a reasonably reliable judg-
and aft end of the deck house where the bulwark is ment regarding the part played by workmanship in
flanged to land perpendicular to tht. rounded house 1,800 o the 2,504 fractures reported occurring on
front, figure 41. This is a poor design detail but is the EC2-S-C1 vessels before 1 August 1945. It was
not a dangerous feature because experience with the found that in 25 percent of these cases, no fracture
Liberties led to constn:nting the Victory bulwarks would have resulted had good workmanship been
free of the top of the sheer strake. This freedom used. In 20 percent of the cases, there was some
prevents the cracks from propagating into the hull. question but it was believed that the failure might

Most of the bulwark brace failures oc-.irred on have been avoided had the workmanship been good.
the forecastle, figure 42. It appears that the load of In the remaining 55 percent, the design conditions
water resulting from plowing into a wave bends the created such severe notches that perfect workmanship
widely flared bulwarks outward and causes the could have done little to prevent tie failures.
braces to fail. Sometimes the wel# between the The 25 percent fractures which could have been
brace and deck plating cracks but frequently the avoided by good workmanship include welded butts
deck itself is tom or cracked. This is not serious on in the bulb bars in the buiwark and bilge keel. These
the forecastle but it sometimes occurs nearer amid- defective butt welds might have been avoided in
ships. Most of the Class 2 Victory ship casualties the design stage by the use of some other member
involve this type of fracture. instead of the bulb bar. The 20 percent which might

Since 1 August 1945, there have been reported have been avoided by good workmanship were prac-
five new and curious failures, figure 43. The masts tically all a. the end of the hatch comer doubler
have broken on five new ships as follows: where the participation of perfect workmanship is

questionable. It can be seen from this that design
ANTIoCH ViCTORY..... Foremast..... Bethlehem-Falrfield. contributed to a large proportion of the casualties,
MAHANOYCrIYVCTORV Mizzen Mast.. Bethlchem-Fairfield. far greater than did workmanship.
BRowN VIcToRY ...... Mainmast.... Oregon. This should not be taken as an excuse for relaxing
WAYCROsS VICTOR... Mainmast.... Bethlehem-Fairfield. the standards of workmanship because many serious
ST.LAWRaNcEVIrollY.. Mainmast.... Permanente. failures including the Esso Manhattan which broke

The cause of 'hese failures has not been determined in two were traced to defective butt welds where
but the sources of the steel are being checked. poor design played no part whatsoever.

E. Relative Contribution of Design and F. Discussion
Workmanship

Almost all of the fractures could be traced to a
The fractures occurring on the EC2-S-C1 design notch of some sort. This notch might be a design

have been grouped to determine the proportionate geometry or a defe.,tive weld but in practically every
contribution of design and workmanship to the num- case, a real notch could be found. There were a few
ber of fractures which occurred. It is impossible to cases, however, where geometry did not participate.
make a breakdown with a clear line of demarkation In most of these, the fracture commenced at a longi-
between the groups because in many cases, poor tudinal welded seam and spread to port and star-
design details and poor workmanship went hand in board. In the five Victory ship mast failures, the
hand in their contribution to the fracture. In other fractures have occurred near but not in geometrical
cases awkward design resulted in defective welds configurations. In each case, however, they were near
because of the difficulty in performing the welding. welds. The welds in some cases appear to affect the

Using reported casualty data supplemented by the structure apart from creating gcouetricai discon-
findings of the research projects for guidance, it has tinuities.
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PART IV

Effectiveness of Certain Structural Alterations

A. Summary of Alterations Performed on AK -Jeneral cargo not converted EC2-S-C1
Liberty Ships operated by Navy.

XAC -Colliers, EC2-S-AW1.
Table IX shows the numbers of vessels of various LQUID CARGO SIPS

types which have been altered in accordance with XAO -Tank vessels Z-ETI-S-C3 (except
requirements which have been issued. It will be seen Navy operated).
that hatch corner reinforcements have been fitted AO -Tank vessels Z-ETI-S-C3 operated by
on practically all of the vessels and that riveted Navy.
crack arrestors have been fitted on a great many. Misc. VESELS OPERATED BY ARMY AND NAVY
Compliance with current requirements involves im- Army: MA-MA repair ships, etc.
mediate addition of hatch corner reinforcements, Navy: MN-M, AG, AK, AKN, AKS, ARG,
deck and gunwale crack arrestors on all passenger- ARV, and IX (unclassified).
carrying Liberties. Cargo ships must have hatch
corner reinforcements and gunwale crack arrestors B. Hatch Corner Reinforcements on
before issuance of the annual inspection certificate Liberty Ships
beginning 30 June 1946. All alterations will therefore
be completed by 30 June 1947. Figures have been prepared to show the relative

effectiveness of the various types of hatch corner
Type of Liberty Ship reinforcements prescribed for the Liberty ships. The

SHIPS CONVERTED TO CARRY TROOPS results up to 1 August 1945, are tabulated below:
AP -Dry cargo ship completely converted

for troops operated by Navy. TABLE VIII
APK -Dry cargo ship partially converted for Casualties camalti,

Type of hatch corner Ship o ngtroops operated by Navy monthtcreinforcemeut. hac periremoshp

XAP - Dry cargo ship com pletely converted ____--___- s corners

for troops operated by WSA. Unreinforced ................ 22,146 210 0.0095

XAPK -Dry cargo ship partially converted for Reinforced in service, Codes 5,

troops. 6, and 7 ................. . 17,115 37 .0022
Reinforced during construction,

XAH -Dry cargo ship converted to hospital Codes 1 and 2 ............... 7,722 0 0

ship. Hatch codes 3, 4, and 8, (not
DRY CARGO SHIPS approved) ................. 5,403 8 .0015

Approved codes 1, 2, 5, 6, 7.... 24,993 37 .0015XAK-1 -General cargo not converted EC2-S-Cl

(except Navy operated). The above table should not be considered a true

XAK-2 -General cargo converted to cable ship. statistical presentation of the relative merits of the

XAK-3 -General cargo converted to mule hatch comer reinforcement designs because it is

carrier. impossible to determine the weather ani sea service
XAK-4 -Tank (motorized equipment) carrier conditions to which the various groups of ships were

Z-EC2-S-C2. subjected. The comparison of casualty rates used
XAK-5 -Tank and airplane carrier Z-EC2-S-C5. above is a sound method of approach provided the
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HA704 REINFORCEMENT
CODE NUMBER 1, 2 8 'S

'Iv

44 - It

W"FL" I, "I -

T- ASO 
INSERTH 

.HAT044 *I C NOIC-

! ~ 2 I7 It thSER"MT S. C OL. IL

9441'OOL. S8Xi22~U

*KPL.

MATCH4 MN "&M MATCH *MANM 2046 CL.M
10 DEPTH OF $LOT TO

I O. 4 69 TO A VIOL

it I5. I&$ 0ARY

SECTION rn-a SECTION A-A

HATCH CORNER LOOKING OUTBOARD
-ATCH Elio SEAM

RATONI CORNER LOOKING INIOARQ

CODE NUMGER I - HATCHES 2,3, BO4 IN UPPER ON. CODE NUMSER 3-- HATCHES 2. 3 6 4 IN UPPER OX.
"S. MARITIME COMMISSIO01NMo PLAN E0511-5OgTa ! C, COP A14......... .' a PLAN OSI-:1
U.S. MARITIME COMMISSION WO PLAN £C-6S1-- ETS. I & 3 O0-S'DOUILgR & DIAIOMALS...NO43Ifl.J
MOON 041 COOK PLAN 999?. 09TS. 1S S 3 90SOII S I CORP. SIMILAR BUT CARlTLY M Q 2SLS01
SETHLEI4EM STEEL Co S4. DIV. ISTH ST. 9XLYM PLAN. T-396 Oft 25 & 140
IS$$5 A COX . CALSHIP MCC PLAN 1-311 - 211-4-4A ALT. 1 75 CT& $A S

41013 6 COX. DELTA MCC PLAN 1-312-S11-6-4 ALT. A OCt. SINO CIAO.)
J A. JON[$ COftIE 00. Oft&. PANAMA W~Y (SX-511'S -4C OCTIS 26 VSIS4 Ott Z)

CODE NUMBER 2 --- NO DIACONALS, APPLIES TO TRUNKS 3.4,5,6 &1 IN UPPER D9
(HATCHES 2. 3, 64)

US, MARITIME COMMISSION MC PLAN Z-1T11-SI2-31S- OXT 2

Rgure 44.
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HATCH REINFORCEMENT

CODE NUMBER 5,6137

M ATCH END ItM~.:I

h~~~~ 4' XL 16L "aS NCR I o p

LONO 4*t' Ts OCSL II

.13ISERTO PLTKP

i- Tc: AmC GIRDER

- II L 204 BAK TS

FACE Pt.
so$5 Guise, .

OK.~ ~ ~ GU "'LT'SSE DIA~GONALS

CORIN 4-FACE PL.

30.4 PACE PL OMN

PORE AFTSECTION A-A

HATC
4  

11JER LOOKING OUTBOARD

CODE NUMBER 5 -HATCHES 2, 3 8 4 IN UPPER DK
*U S. MARITIME COMMISSION MO PLAN COE -S-vi515-2-3 DETAILS Il&S

U.S. COAST GUARD PLAN EMMH1 I? 1-17-1 ALTERATION "A"

LL S COAST GUARD PLAN MI IS-S11-17-I DETAIL A

(NOTE, THE US 0.0 PLANT. DeTAIL A 0D NOT INCLUDE DIAGONALS AT THE LOWER FLANGES

OF THE SEAMS IS GIRDERS)

MOORE DRYDOCX CO. eLAN 9597 DETAILS I & 3

* BETHLEHEM STEEL C. S S DIV. 56TH ST IXLYN PLAN T-3#6 DETAIL I II DIAGONALS

@ARTHUR G SLAIN INC. PLAN DOA-95 DETAIL A S 3

JRA. JONES CONS! COL INC., PANAMA 'CITY (59S-S-4t DETAILS I IS 3 1 Z-SRSII--0-40 DffAILS 1 S

I(JONES PLAN SHOWS 51IOOUSLER PLACD AP"/E INSERT FL I

CODE NUMBER 68--- NO DIAGONALS, APPLIES TO -
0

UNKS 3.,4,5, 6 8 7 IN UPPER DK (HATOCE 2, 3 a 4
U S. MARITIVE COMMISSION MC PLAN IZETI-C--3-t-3 DETAIL I

CODE NUMBER 7 -- SIMILAR BUT NO DIAGONALS
H4URLEY MARINE WORKS INC. PLAN EC2 -34 DOF-1 NO? STAYC-!' O ZnZ;

NAVY DIPT. SL. OF SHIPS PLAN 011599
NORFOLK NAVY YARD PLAN AX114-91,06ESt7PS, UPPER OE. HATCHES I TO S 1.00

NOTES

4 SOME LIBERTY SHIPS HAVE NO INSERT PLATE3 AT THE HATCH CORNER.

10 SOME LIBERTY SHIPS HAVE T1HE 5I DOUBt.ER ABOVE DIK.

SCODE NO. 5 EXACTLY AS SHOWN
Figure 45.
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HATCH REINFORCEMENT

CODE NUMBER 4

OK F
TI II

HATCH GINORDE

OWSL • x to',

OK. PL - HATCH4 COAMIG

HATCH OOAMU4N

&K. Z1.

HAT(M OOMANG6

SECTION A-A

CODE NUMER 4 --- HATCHES 2, 3, a 4 IN UPPER D9

NEw Ee-GLAND S.s CORP. MCC PLAN V41-2-1-1t

Figure 46.

service conditions are identical and the number of C. Crack Arrestors on Liberty Ships
cases are sufficient for sampling purposes. Failing
this, the traditional method of judging the benefit The crack arrestors fitted on various designs have
of alterations by impressions gained in service and proved very effective. They were found to have
as recorded in making up this table must be used. stopped cracks in 17 instances on 15 vessels which
In this connection, we know that the service condi- suffered normal structural casualties. In addition
tions to which the ships with reinforced hatch comers there have been reports on four other ships subjected
were subject were more severe than those to which to war and marine casualties where fractures occurred
the shipq with unreinforCd hatch comrs weie sub- Indirectly from grounding or torpedo and mine
jected. The comparisons set forth above are therefore damage. The crack arrestors stopped eight cracks on
conservative. The effective performance of the pre- these four vessels and the influence of the crack
scribed hetch corner reinforcements is both gratify- arrestors was questionable in the case of two other
ing and reassuring. It is reassuring because it demon- cracks. In the case of one other vessel, which ran
strates that rcasonable care and practicable designs aground off the coast of California, it is claimed
are capable of easing points in the structure which that the crack arrestors were responsible for deLying
are known to be sources of trouble. the complete failure of the vessel and permitting
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LIBERTY VESSEL
COMPOSITE SKETCH OF FRACTUR~ES AT' 2#3 O1h'4 HATCH COR~NERS, UPPER~ £CK

HATCH MODIFICAY10ON I MAQ)TIME COMMISSIONJ PLAN Wo.ECZ-S-Cl-SI4-Z-5,DaT.1$3
HATCH4 MODIFICATION 3 AS ABOVE EXCSPT NO. IMSERT PLATE ......

0JO14 S-TRAUB *rCZ..SCI
FOUND ZMAQ. 1144 jwO ImstaZT t)

WILLIAM A. HEURLY - CZ--CI
FOUwD zs saPT. o944 (mo tusSWV *.

UTO 1, AUG 1945 TlriERE
WERE 5 FRACTURMS RE-
PORTED ON HATCH REIN-
FORCF-MEt4. ODr
NONE ON ctip I 2.

HATCH CRNER LOKI-G AJBC14

CODE 3 ItOW

1ATCH CORNER LOOKING INBOARD

COE 3 SHOWa

700

~ - - -~le



LIBErZTYf VESSEL
COMPOSITE SKE.TCH OF F~tACTrUlZES AT *'Z,O2.'4 HATCH COQI4F.QS, UPPEQ [MCK

HATCH MODIFICATION 5, roIt7
MAtXITIMZ COMMISSION PLAN No.EC2..$CI-5I(6-2-3

OE.TAIL 14 3

®DJOSRUA b. LIPP) ICOTT -ECZ5CI
Z9-IO ,lA*.1 144

®WILLIAM I3LACN YATES - EC2-S-CI
BO MAZ. -tOAPI. 1744

FFIZDIJAUDO GORGES - EC2&CIl
V, DEC. 1944

® LYMAM BEE-CHEIZ- EC2S -CI
FOUND .3 MAR. 1944

UP To 1, AUG) Ie4 5, 56(
FRACTURE' HAVE

B-EN REPORTED IN 1'16 ' 3

HATCH- CORNERS RE-
INFORCED WITH

CODEMID 56J$7

14ATCH C012NEtZ LOOKING OUTBOAQ0

NOTL:
F11ACTLIPES LOCATED FR~OM PHOTOGIZAPHS OC. FIELD SKETCHES

Figure 48.
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LIBERTY TYPE VESSELS
(EC2-S-CI ONLY) 35%

30%

z

Ij I 0

- I ~I I-20% (4
w 

Z

5% z

-v~~I -vi

i ! , 0% z

... .... . - - -

..&_ FRACTS A CL ENGTHOD N._RSO RHNO.L

_ FRACTURES WITHIN LENGTH OF GK. ARRESTOR * 95.1 %

FRACTURES WITHIN LENGTH OF GUN'L ARRESTOR*• 96.5 %

FRACTURES WITHIN LENGTH OF SHORT GUN'L

ARRESTOR * 94.4%

NOTE-

THIS DRAWING IS BASED ON 1736 FRACTURES IN ALL

PARTS OF LIBERTY SHIP STRUCTURE AND REPORTED

BEFORE 17, OCT 1944
Figure 49.
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CRACK ARRESTOR ON DECK

16"-306 OK STRAP
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RIE0 SPCE 79 EQA PCE N

PLAN VIEW'O STRAP END. P A VIEW OF DECK STRAP.
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RIVETS SPACED 7 EQUAL SPACES IN 30*

\-CODE NUMBER I

UPS COATS - 30R PLA OR. STRAP 7 DEAI

PLU. COAEW OUAR PLAAP END. LA VIEW- DEAI DEKSRP

CODE NUMBER 3 IMLROCOE102 OTETNDG
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CODE NMBER3



GUNINALE ARRESTOR

CENTERLINE OF RIVET

6" X 6' X 3/4" ANGLE (NEW VESSELS) 0

SHEER STRAIKE o 

0

CODE NUMBERI

CENTERLINE OF RIVET

SHIER SrRAKE4 7'X 0' X 3/4" ANGLE (VESSELS NOW IN SERVICE) 00 (1 0

0

CODE NUMBER 4

a

CODE NUMBER 9

CODE NUMBER I -(EXTENDS FROM FR 28 TO 15
U.S. MARITIME COMMISSION M.0: PLAN EC2-S-CI'SI--

DELTA S.S. 00. VC PLAN 311-6-4A
DELTA 5.80. CO. PLAN Sit-6-3
J.A. JONES, PANAMA CITY PLAN ATII-6-4A

CODE NUMBEl 4-C(EXTENDS FROM FR28 TO 1415)
U.S. MARITIME COMMISSION MCE PLAN SII-6-40

CODE NUMBER 9 -4EXTENDS FROM FR. .38 TO 135)~' ]U.S. COAST GUARD PLAN UM7-6-17-I ALTERATtolN "0'
1z' Flgui 51.
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GUNWALE CRACK ARRESTOR
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000~ 0~ 00 0 #e,,
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0000/0 00
W. 0 000)000 0

I.t .0; 0
0 00 000: K 0 0 0 0 0_N,__%4

0!00 0 W-
1 1,4 ) o0 0 0 40

I$- X I" STRAP FRS. S5J70 Oq FOR IS*X I" STRAP FR.4JT oi~ FDR

VESSELS WITH BULWARK WELOED TO VESSELS WIT" BULWARK jjgt TO
SHEEN PLATE SHEER PLATE.

OW@ MUMIER 2
U.S. COAST GUANO PLAN3 M.L H14--I-7-1 DETAIL C
ARTHUR S. BLAIR INC. PLAN DOA-9S DETAIL C

DELTA S I CO. SKE16H H4-283
CODE NUMBER 8 -- -IDENTICAL TO CODE NVLZrZR 2. BUT EXTENDING

FROM FR. 38 TO FR. 1 4
U.S. COAST GUARD PLAN EMM 17111ALTERATION 'C'

CODE NUMBER 3 ---- SIMILAR TO CODE NUMBER 2, BUT MIDDLE
PORTION 18*X I" AS SHOWN.

U.S. COAST GUARD PLAN M.I1 IS S1-17-1 DETAIL C0
WAR~ DEPT PLAIl LI-68-AR* DETAIL "C"

Figure 52.

s ufficient time to remove the personnel aboard. The effects of reducing the length Of thL gunhWale Crd~k
dt tails of each case are included in table X. arrestor and shows the percent of the fractures in

In no case is any crack knowni to have crossed way of arrestors of various lengths.
an arrestor. Figures 53, 54 and 55 describe a typical case of an

Figurc V) was originally prepared to weigh the effective crack arrestor. The photographs were taken
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FWO. "'

=J -- - K.HousE:-b  _ SEVERE

.5OK 7HOUSE

NO. 4 HAYrE7 BOILER NO. 3 MATCH

CASING

PLAN VIEW OF UPPER DECK,

S.S. COLIN P KELLY JR_
Figure 53.

from the location iric(tted by an arrow on the failed. This was a Class 2 failure and the bilge keel

sketch. The fractured specimen shown was removed was altered with Code 1 (serrated).

from the ship by the British Admiralty and is avail-

able for examination at Coast Guard Headquarters. F. Underdeck Girders on T2 Tankers
Many cases have been reported where riveted
san a s cha iteent wteldi whae bveten Underdeck girders were fitted on the T2 Tankers.

seams and chain intermittent welding have been These girders were not welded to the deck and it
responsible for limiting the extent of fracture but was expected that they would remain intact in the

such cases have not been tabulated. event of a major deck fracture. So far all of the

major structural failures occurring since these girders
D. Gunwale Cuts on Liberty Ships were fitted started in the bottom. For this reason,

there has never been an opportunity to evaluateThirty-two fractures occurred at the gunwale cut. fully their effectiveness. In one case of a fire on board

Of these, eighteen were Class 1 and fourteen Class 2. onel o the vees h e c ature a he gird
one of the vessels, the deck fractured and the girders

Three of the Class l's had "alterations" No. 5, a held. Full details of this casualty are not yet available.

rounded gunwale cut. The rest were unaltered.

G. Bulkhead Intersections on T2 Tankers
E. Serrated Bilge Keels

Various alterations have been made at the bulk-
There have been seventeen bilge keel fractures, head intersections of the T2 Tankers. Test data

Sxenof thezse in-o1led bilge1 kee5 whJich had4 "^+ ! madcal shoul &L-ev tIhe -A _1 : 1

been altered. Fifteen of these failures were Class 2 trouble but actual casualty data are not yet available

and one was Class 1. Only one altered bilge keel fo: this report.
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limGUiE ) I. -Teriniatioik of fracture at guim~ale, starbouard side, .S. S. (Colin 1). Kelly Jr. (see arrow fig. 53.)
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GUNWALE ALTERATION

"low"M 041110TION
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~CODE NUMBER 

UD COASS R PLUN PILININ

~CODE NUMBER 

U-S COAST SUARO PLAN MMI 1-17?1 ALTEAION 3 9

WAR 01IPINE £OMIITAO PLAN A OCS3119
NUALCY MAI5 WORKS. AA2* PLAN 5l21*4 L

CODE NUMBER 7 - U MTE

U..COSTSROE LA L ALTER5IIALATION

U.IL COAST SUANO PLAN CUM I 11171 DTAILO '0

ARNTft. AR WORK. PLAN O-SDTAI
CODE NUMBER 3~U MTE
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PART V

Steel Quality

Defective material might offer an easy explanation the standard V-notch Charpy test for evaluation of
of the fractures but such an exjlination would be energy absorption in a notched bar. They are derig-
conditional and incomplete. nated Group A.

Samples of steel were removed from several of the In all cases, the bar was located with notch per-
ships which fractured, and forwarded to the Metal- pendicular to the surface of the plate, and in such
lurgy Division of the Na.ional Bureau of Standards, a manner that the notch orientation corresponded to
where tests were made to determint their properties. that of the crack as it progressed through the plate.
It was 'isually impossible to test the steel removed This resulted in placing the bar parallel to the direc-
from the starting point of the fracture because this tion of rolling in all cases except on the SS Sea Bass
u:ually occurred in a defective weld or a design where the deck plating is transverse. Four bars were
detail and not in the plating itself. Most of the plates tested at each of eight or nine temperatures or about
submitted and described in part V are the first plates 30 bars per plate.
through which the fractures progressed as they spread Data for the 31 plates have been averaged with
from the starting po:nt. respect to temperature: the averages are shown in

the lower portion of figure 57, along with the best
A. Routine Tests and the worst curves. The energy absorption values

The material in which the fractures started was t 700 F are also indicated for each of the plates

tested in the case nf many ships, from which samples tested (upper left) with dotted lines to indicate the
westke n the pint of manyiships, T s w h spei- spread of the energy absorption values covered bywere taken near the point of origin. Thus 25 speci- the four specimens tested at that temperature.

mens from the ships showed agreement with appli- Since the specifications for hull steel do not include

cable standards of yield trength, ultimate strength, notch bare teststhere was no standard value for

and elongation. In addition, the material had passed cmparsF threaso tatard Mer

the usual inspection tests with requirements for comparison. For this reason, the Coast Guard Mer-
sampingandphyicalproertes.chant Marine inspectors obtained from the shipyards'

sampling and physical properties, stock and scrap piles numerous samples of 2 inch
Complete certainty is not assured by tese tests, hull steel plate which were forwarded to the United

with respect to every part of every piece of steel, but States Naval Shipyard, New York. These are Group
we can be sure that the fractures, which are numerous B samples. In addition, the Navy had requested the
and widespread in occurrence, do not result from steel mills to submit samples of plate complying with
failure of steel to meet specifications. both their own and the American Bureau of Shipping

B. Notched Bar Tests hull steel specifications. These are Group C samples.
On Groups B and C a series of Charpy tests was also

There are indications that the steel is deficient in run, but only at 70'F. The results are indicated on
a property not covered by the specifications. In the the plots, figure 57 (upper center and right). The
report of the Research Advisory Committee, data spread of values was similar to that in Group A and
are given on this property in relation to notch has not been indicated.
,ensitiv:'y, and the significance of this property for Data from Groups B and C have been entered in
fractures like those seen in the ships has been studied thi- temperature diagram on figure 57 and comparison
in the laboratory. suggests that specimens of steel in Group A (from

Thirt) one steel samples from the ships were given fractured plates) were more notch sensitive than
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Figure 57.
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THICKNESS EFFECT ON V NOTCH CHARPY

ENERGY ABSORPTION-RIMMED STEEL AS
ROLLED

BARS PARALLEL TO DIRECTION OF ROLL-
-ING. NOTCHES , IL SURFACE.

2 BOTH PLATES ROLLED FROM SME HEAT

5 EACH POINT AVERAGE 0. 4 HEATS

4C J

° .

i

0'CY

1/2" PiW. -

0z

I C

-2c "0* 40' 60" 8OD I 0 I 20" 14 O"
D-" EGRE;ES R. "-

Figure 58.

the samples from the steel mills (Group C) and these C. Chemical Analyses
in turn more so than samples from yards (Group B).
These comparisons are based on averages, however, Chemical analyses were made on the fractured
and in view of wide dispersions, stand in need of a plates from the ships to determine if there was any
quantitive estimate of their significance. specific trend which might be indicated on surveying

Eve si ate a fthei significantdifference. the chemical constituents of the plates involved inE ven if a sign ifican t diff erence in notch sensitivity th fr c u e . T e d ai d an l s s o e ch p te o

existed, it might be partially caused by a difference in the fractures. The detailed analysis of each plate so
thickness, since Groups B and C3 were 'A inch and teediinlednTaeX.

A ithick.noeeths, simceGroupsBand wereY2 iard These tests were conducted by the United States
Group ANaval Shipyard, Philadelphia, and the National
tests were made to compare two plates rolled to these Bureau of Standards.
two thicknesses from the same heat of steel. The result-,
are shown in Igure 58. They suggest that if Groups
B and C had been Y inch thick, the values would D. Temperature and Notch Sensitivity
have been about 5 foot pounds less, and the spread Fig-are 57 shows that the steel in fractured plates
between Groups A, B and C reduced. loses the ability to absorb energy in the notched con-

The fractured platts are thus not notably more dition as temperature goes down. Low temperature is
notch sensitive than other plates which might have said to increase the notch sensitivity of the steel.
been used, though more precise work might establish Experience also shows that fractures in service gain
a moderate difference. in frequency at lower temperatures. It would be
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Figure 59.

natural to explain this as a result of increased notch their resistance to fracture and the notched bars
sensitivity, become highly notch sensitive at a temperature which

This similarity is shown in figure 59 where is the same for both, roughly from 40' to 80'F.
the average curve for Group A from figure 57 is It has been found that many fractures emanate
superimposed on another curve drawn from thL from minor discontinuities which cannot be economi-
data on service fractures. This second curve was cally eliminated from ships under construction and
obtained by plotting ship months per fracture, the from pads and clips welded on for %arious purposes
s,mple reciprocal of the quotient "fractures per ship after the vessel is in service. Protection against trouble
month" in figure 26. When these two curves are resulting from such minor transgressions can best be
brought together, it appears that the ships lose heavily provided by improved steel characteristics.
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Conclusions

1. The serious epidemic of fractures in the steel prescriptions for tankers appear feasible and desir-
structure of welded merchant vessels has been curbed able.
through the combined effect of the corrective meas- 8. A tendency for certain ships to incur repeated
ures taken on the structure of the ships both during casualties can be measured but the trend is not great.
construction and after completion, improvements in 9. No marked correlation between the incidence
new designs ,and improved construction practices in of fracture on the ships and the shipyard construc-
the shipyards. tion practices could be found. However, with due

2. Fractures occur more frequently at lower tem- allowance for difference in design, the ships con-
peratures. structed ;n yards utilizing sub.-average shipyard con-

3. By far the greatest frequency of fracture occurs struction practices showed a higher than average
under a combination of heavy seas and low tem- incidence of fracture.
peratures. 10. St.eel removed from plates which had fractured

4. Statistically the age of the vessel has no appreci- complied with Amcrican Bureau of Shipping physi-
able influence on the tendency to fracture. cal -equirements for hull steel.

5. The longitudinal distribution of cargo on the 11. The hatch corner modifications on the Liberty
Liberty ships which fractured was not abnormal and ships have proved effective.
little would be gained by establishing cargo loading 12. The riveted crack arrestor at the gunwale hosprescriptions designed to reduce the number of been effective. Riveted shell seams have also been
casualties. responsible for limiting the extent of fracture. No

6. The longitudinal distribution of ballast on the crack has been known to pass an arrestor.
Libert hip nlon udinl distributionhofrbaatredta 13. More fractures started at notches occasionedLiberty ships including those which fractured was by design than at notches resulting from defective

not abnormal but this was improved by changes in workmanship. Although the relative contribution of
the ballasting prescriptions without interfering with poor workmanship was less, there were important
operating conditions. cases where workmanship was the sole cause.

7. In the case of the tankers, poer distribution of 14. Every fracture investigated could be traced
cargo or ballast on the tankers can create high stresses to a starting point at a definite geometrical discon-
more readily than in Liberty ships. General loading tinuity involving design or workmanship.
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) ;""FIGURE 2
FRACTURE OF S.S.

SCHENECTADY SHOWING START-

ING POINT AT END OF FASHION Z
0dPLATE a.

STRINGER PLATEz

FIGURE I
WEATHER DECK OF S S. SEA BASS AS

VIEWED FROM ABOVE SHOWING FRAC-
TURE FROM THE AFTER PORT CORNER

OF NO. 3 HATCH.
NOTE; LOCATIONS MAY BE MARKED EITIIER

BEFORE OR AFTER TAKING PHOTOGRAPHS.
SHEER PLATE

STARTING POINT IN WELD- -,

FIGURE 3
FRACTURED 51 DECK PLATE FROM FIGURE 2 SHOWING POORLY FUSED

WELD IN UPPER FLANGE OF LONGITUDINAL HATCH SIDE GIRDER.

IIl(,tE- 60.



Appendix

UNITED STATES COAST GUARD
Merchant Marine Inspection Instructions

Chapter 4, Part I

Material Inspection: Hulls-Construction

4-1-1 Structural failures of the starting point. Each such photograph shall

NAVCG 2752 include the starting point. Where accurate data

A. Report structural failures on Form NAVCG- regarding "Circumstances Surrounding Failure"

2752 unless the damage is so extensive that advan- required by NAVCG-2752 are not available, do not

tageous use can be made of the large forms for leave the spaces blank. Give best available informa.

r stion such as date damage was found or examined,
Liberty ships and Maritime Commission ar ports of departure and arrival, a statement as to load-

scale sketches emphasizing the point at which the ing, i.e., either "Ballasted" or "Loaded" and weather,
temperature, sea condition, and other pertinent data

fracture started. Mark the sketches and photos clearly aspit s cod tin the r the oage
withshi's ameand ithrefrene pontssuc as as it is recorded in the ship's log for the voyage.with ship's name and with reference points such as Where it is not obvious that certain of the infornia-

frame numbers, strake of plate, deck or shell, port tion is approximate, label it as such.

or starboard side, etc. See figure 1. Use arrows or

lines to point out the fracture and particularly its Samples of Steel Repaired
starting point. No letter of transmittal will be re- (2) If steel is removed in repairing the fracture,
quired in submission of the above form. The form two pieces about two feet square taken from opposite
shall ye signed by the 0CMI in the spac. provided, sides of the fracture and each including one side of
and shall be stamped on the back with the date of the starting point, should be obtained. If suffcient
issue and the issuing office. Any necessary remarks scrap is not available for these sizes or close approxi-
should be typed on the back of the form. mations thereto, obtain such smaller samples includ-

SDetails of Failures Required I ing the starting point, as are available. Mark the
steel samples with reference points. Indicate these

(1) Details regarding the starting point of the reference points and the sample location on sketches
failure are the most important part of the report marked in similar fashion to those on figure 1, and
because all contributing factors are assembled at that then forward both samples and sketches to the
point. There is a herringbone pattern on the edge of Metallug Division, National Bureau of Standards,

a fractured plate. The apices of the angles of this Washington, D. C.
herringbone point toward the starting point of the

fracture. Figures 2 and 3 are typical fractures. They I HQ Advised of Failures of Major Importance
show how it is possible to trace a fracture back to B. If a structural failure of major importance
its source, and how it should be marked. Where it is occurs on a vessel, 11Q should be advised by dispatch
impracticable to obtain a square view as 4hown in immediately in order that a representative can
figure, 2 and 3, take photographs properly angled to examine the fracture before critical features have
show clearly the herringbone pattern on both sides been destroyed in commencing repairs.
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TABLE XII

CLASS I CASUALTIES
Chronological Order

Name of vessel 'ype Yard Launching date 0 C/sualty date Loading and drafts

1 .... ENDERS M. VOORHEES ..... Bulk freighter Great Lakes Engi- DelJly 142 4 10 Nov. 1942 Ballasted ..............
not MC neering Works, approx. 12'-3/21'-8! '

River Rouge
2.. JEREMIAH WADSWORTH .... EC2-S-C1 ... Houston Shipbuild- 7 Sept. 142 2 11 Nov. 1942 Loaded ................

ing Corp.

3 .. THOMAS MACDONOUGH .... EC2-S-CI... ")regon Shipbuilding 28 Jan. 1942 9 14 Nov. 1942 Loaded ..............
Cp 27-8/29'-0'

4 ... JAMES McNEILL WHISTLER. EC2-S-CI... Oregon Shipbuilding 30 Sept. 1942 1 28 Nov. 1942 Ballasted ............
Corp. 7'-1V/18'-O

5 .... ALrmN GIFFORD ........... N3-S-AI .... Leathem D. Smith... 2 Aug. 1942 2 x Nov. 1942 Ballasted ............

6 .... GEORGE CHAMBERLIN ..... EC2-S-C1 .. Oregon Shipbuilding 14 Aug. 1942 3 1 Dec. 1942 Unknown ..............
Corp.

7 .... HARVEY W. Scorr ........ EC2-S-CI ... Oregon Shipbuilding 19 July 1942 4 5 Dec. 1942 Loaded ...............
Corp.

8 .... JOHN 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-Cl... California Shipbuild- 18 Oct. 1942 2 27 Dec. 1942 Loaded .............
ing Corp.

10 .... WILLIAM T. SHERMAN ..... EC2-S-C... Oregon Shipbuilding 25 Nov. 1942 1 27 Dec. 1942 Loaded ................
Corp.

11 .... DANIEL HEISTLR .......... EC2-S--CI... Houston Shipbuild- 22 Aug. 1942 4 1- 12Jan.1943 Unknown ..............
ing Corp.

12 .... NICHOLAS GLMAN ......... EC2-S-C1... Houston z.hipbuild- 25 July 1942 5 3-4Jan. 1943 Unknown ...........
ing Corp.

13 .... SCHENECTADY ........... T2-SE-A1... Kaiser Co., In,. 24 Oct. 1942 2 16 Jan. 1943 Ballasted .............
Swan Island 6'-4'/17'-O'

14 .... ABRAHAMi BALDWIN ....... EC2-S-Cl. Delta Shipbuilding 16 May 1942 8 x Feb. 1943 Ballasted ............
Co., Inc.

15 CHAMPLAIN rx BELLE IsLE... L6-S-BI . ... American Shipbuild- 15 Nov. 1942 2 12 Feb. 1943 Incomplete ............
ing Co., Cleveland

16 .... JOHN FITCH. .............. EC2-S-C1... Permanente Metals 28 Aug. 1942 5 15 Feb. 1943 Loaded ..........
No. 2 22'-10'/26'-5'

It... HENRY WYNKOOP ......... EC2-S-CI .. Delta Shipbuilding 26 No,,. 1942 2 16 Feb. 1943 Loaded .............
Co., Inc. 24'-0'/27'-6'

18 .... JAMEs Bovm ............. EC2-S-CI.. Houston Shipbuild- 27 Oct. 1942 3 19 Feb. 1943 Loaded ........
ing Corp. 25'-10'/27'-9"

19 ... ToMAS SUMTER .......... EC2-S-CI ... North Carolina 31 May 1942 9 2-4 Mar.1943 Loaded ..............
Shipbuilding Co. 27'-0'/27'-3'

20 .. THOMAS HooKER ........ EC2-S-Cl .. New England Ship- 13 July 1942 7 5 Mar. 1943 Ballasted.
building Corp. 14'-0'/22'-0'

I Speed indicated in revolutions per minute.
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TABLE XII

CLASS I CASUALTIES

Chronological Order

Wind TemperatureSeWcnd ton do c S hip's a r/ a e
Sea condition force ips air/water Location of fracture Origin of fracture Remarks
and direction Beaufort in?. Degrees

Scale Fahrenheit

.... Heavy.. 36 80 25/420 .... Sheer and stringer plates, frame Probably at gunwale. Complete fracture .... I
mph 134 starboard and frame 130 port. of strength deck.

.... Normal ................. Spring . Sheer strake frames 90-91. Cut in sheer strakc .... 2
Port Qrtr. for accommodation

ladder.
Heavy .................. 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'from hatch
frames 81-82; bilge strake frames corner; unknown;
74-75. unknown.

.... Normal ................. 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, 'jtarboard.

Normal ................. Spring..... Stringer, sheer and strake below, Cut in sheer strake for .... 7
frames 90-91 starboard, accommodation

ladder.
Heavy cross. 5 3-4 40d/40'--46'. Sheer and stringer plates frames Cut in 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..... 8 ' ........ Winter ..... Sheer strake and stringer plates Unknown. .... 10
about frame 128.

.... Unknown ................ Winter ..... Sheer and stringer plates frames Cut in sheer strake for .... 11
90-91. accommodation

ladder.
Heavy .................. 400/ ....... Stringer and adjacent strake, about .... 12

frame 113, starboard.
Calm ................... 230-380/,... 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 ................ 26o-500/ Sheer and stai,ger plates frames Cut in slicer strake .... 14
31V-500 90-91. for accommodation

ladder.
Calm ................... 110-290/... Slicer, 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 ........ -100/33°... Stringer and two inboard strakes, Probably at butt weld .... 16
bulwark, sheer and strake below, of bulwark rail.
frames 83-85 port.

.... Calm ................... 70-1"70/31*.. Upper deck from centcrline, port, Unknown. .... 17
frames 62-64, sheer and strake
below.

.... Heavy port 9-10 ........ 440/38 .... Stringer, slicer and strake below, Cut in sheer strake .... 18
Qrtr. frames 91-92. for accommodation

ladder.

... Heavy..... 8 ........ 240/34".. . . Slicer and stringer plates frames At frames 90-92 cut .... 19
90-91, 91-92, and 102-103. in sheer strake for

accommodation
ladder.

... Heavy..... 7 9 22/380 .... Deck and shell in way of No. 3 Probably at hatch Complete fracture .... 20
hatch, corner, of strength deck

-abandoned.
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4 -E XII-Continued

CLASS I CASUALTIES
Chronological Order

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

21... J. L. M. CURRY .......... EC2-S-C1... Alabama Drydock 31 Jan. 1942 13 7 Mar. 1943 Ballasted ............
and Shipbuilding 12'-0'/19'-0'
Co.

22.... STmPne C. FOSTER ....... EC2-S-C1... Houston Shipbuild- 12 Jan. 1943 2 14 Mar. 1943 Loaded ...............
ing Corp. 23-3"/28'-60

23.... JOAQUIN MILLER .......... EC2-S'-CI ... Permanente Metals 22 July 1942 7 15 Mar. 1,,43 Loaded
No. 1 25'-11"/26'-1'

24.... Law WALLACE ........... EC2-S-CI... Permanente Metals 21 July 1942 8 26 Mar. 1943 Ballasted ..............
No. 1

25.... Esso MANHATTAN ........ T2-SE-AI ... Sun Shipbuilding and 31 July 1942 7 29 Mar. 1943 Ballasted .............
Drydock Co. 17'-6w/23'-0'

26 .... CHRIsropER GREENUP .... EC2-S-C1... Oregon Shipbuilding 5 Mar. 1943 1 29 Mar.- Loaded ...............
Corp. 6 Apr. 1943

27 .... WILLIAm L. Swrrn ........ EC2-S-C1 ... Houston Shipbuild- 6 Jan. 1943 2 5 Apr. 1943 Ballasted ............
ing Corp.

28 .... THomAs JOHNSON ......... EC2-S-C1 ... California Shipbuild- 24 Oct. 1942 5 14 Apr. 1943 Loaded.............
ing Corp. 25'-6'/27'-6'

29 .... BROCKHOLST LIVnosToN ... EC2-S-C1 ... California Ship';Iild- 21 Oct. 1942 6 2 May 1943 Ballasted .............
ing Corp. 14'-0'/20'-0

30 .... ANDREW MOORE .......... EC2-S-CI ... Delta Shipbuilding 7 Sept. 1942 7 5 May 1943 Ballasted ..........
Co., Inc.

31 ... WILAM H. CRAWFORD.. .'. EC2-S-CI ... Houston Shipbuild- 5 Feb. 1943 3 5 May 1943 Loaded ...............
ing Corp. 26'-3'/28'-10'

32 .... FREDERI REMINGTON..... EC2-S-CI.. Permanente Metals 6 Dec. 1942 4 5 May 1943 Loaded ..............
No. 1 24'-11/27'-0'

33 .... MARKAY ................. Tanker.. Sun Shipbuilding and Sept. 1942 9 18 June 1943 Loaded .............
not MC Drydock Co.

34 .... JOHN GORIR ............. EC2-S--C1... St. John's River Ship. 27 Mar. 1943 6 13 Oct. 1943 Ballasted .............
building Co.

35 ... ABRAHIAM BALDWIN ....... EC2-S--Cl . Delta Shipbuilding 16 May ,942 19 13 Oct. 1943 Ballasted .............
Co., Inc. 13'-6*/l 9'-6'

36 ... S. M. B,ncocK ......... EC2-S-C1... Oregon Shipbuilding 1 Nov. 1942 11 14 Oct. 1943 Ballasted, 16 mean ......
Corp.

37 .... RICHARD J. REISS ........ L6-S-BI .... Great Lakes Engi- 19 Sept. 1942 12 17 Oct. 1943 Loaded .............

Rvrouge

38 .... ROBERT C. STANLLY ..... L6-S-B1 .... Great Lakes Engi- 19 June 1943 4 10 Nov. 1943 Light .................
necringWorks,
River Rouge

39 .... JOHN P. GAINES . .... EC2-S-C1 . Oregon Shipbuilding 11 July 1943 4 24 Nov. 1943 Ballasted .............
Corp. 13'-0"/! 9'-0

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

I e indicated in revolutions per minute.
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TABLE X I-Continued

CLASS I CASUALTIES

Chronological Order

Wind Temperature
Sea condition force Shp's arwater Locatiou of fracture Origin of fracture Remarks
and direction Beaufort 3ps I FDr ae-R r

Heavy 10 5 31*-40d/... 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.

Calm ................. 32°/30* .... 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 ........ 300/34 . ... Deck at forward port corner No. 3 Exactly at hatch 23
hatch, sheer and two strakes comer.
below.

.... Heavy.. 9 ..... 170-20'/370 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 ................ 160/ ....... Sheer and stringer plates in way ot Butt weld of half 26

half iound 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 8 165 320-410/ Deck except centerline strake, bul- Unknown. Complete fracture ... 29

420-440 wark, sheer and strake below, of strength deck.
frames 112-113.

.... Heavy .... 8-10 ....... Spring .... Bilge keel and bilge strakes, frames Defective butt weld ... 30
64-65. of bilge keel.

Heavy 8 1 66 Autumn.... Deck and sheer strake at forward Probably at hatch Complete fracture . . 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, sheerandstrakebelowforward Forward starboard Complete fracture .. 34
Sort and after starboard corner corner No. 3 hatch of strength deck.
o. 3 hatch; sheer and strake be- probably at butt

low, frames 134-135 starboard. weld of bulwark.
Heavy head. 7 ........ 36-420/ Sheer, stringer and adjacent strake Probably at cut in . .. 35

450.470 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.

Hcepvy Autumn... . Suinger and hopper side at frame Probabiy at crner of .. 37
100, port. access opening.

Heavy ................. Autumn .... Stringer and hopper side between 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 at sea . . 39
head forward end No. 3 hatch, of hatch. -abandoned.

.... Heavy ..... 6 4.7 5 5 */ ....... Deck, sheer and strake below at Exactly at hatch cor- ... 40
head forward sarboard corner No. 3 ner; probably ven-

hatch; deck from ventilator to tilation opening in
,gunwale and sheer strake frames deck.
82-83 port.
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41 .... GEORGE B. SELDEN ........ EC2-S-.CI... Permanente Metals 4 Nov 1942 12 29 Nov 1943 B-tlastcd .............
No. 2 1 '-0'/20'-0'

42 .... LAMBERT CADWALADER .... EC2-S-CI... Houston Shipbuild- 16 Nov 1942 12 x Dec 1943 Loaded .............
ing Corp.

43 .... LAURA KEENE ............ EC2-S-CI... Kaiser Co., Inc. 1 Feb 1943 10 11 Dec 1943 Ballasted...........
Vancouver 11'-0'-20'-0*

44 .... PHINEAS BANNINO ......... EC2-S-C... California Shipbuild- 9 Feb 1943 10 11 Dec 1943 Ballasted....
ing Corp. 1I'-4'/21'-7"

45 ... CHIEF WASHAKIF. .......... EC2-S-CI... Oregon Shipbuilding 24 Dec 1942 11 11 Dec 1943 Ballasted.... ......
Corp. I 1'-6"/19'-6"

46 .... VALERI CIKALOV........ EC2-S-CI... Pcrmanente Metals 4 Apr 1943 7 11 Dec 1943 Ballastcd ..............
No. 2

47 .... HAT CRzE .............. T2-SE-AI... Alabama Drydock 30 Apr 1943 7 11 Dec 1943 Loaded ........ ....
and Shipbuilding 29'-6'/32'-6'
Co.

48 .... HAT CREEK .............. T2-SE-A1... Alabama Drydock 30 Apr 1943 7 13 Dec 1943 Light .............
and Shipbuilding
Co.

49 .... JOAQUIN MILLER .......... EC2-S-CI... Permanente Metals 22j}dy 1942 16 15 Dcc 1943 Loaded ..............
No. 1 25'-3', 28'-6-

50.... ASKOLD .................. EC2-S-C1... Oregon Shipbuilding 24 June 1943 5 15 Dec 1943 Unknown ..........
Corp.

51.... JAtME GORDON BENNETr... EC2-S-CI ... California Shipbuild- 13 Sept 1942 15 18 Dec 1943 Unknown ......
ing Corp.

52 ... CHARLES CROCKER ........ EC2-S-C1 ... California Shipbuild- 11 May 1943 7 21 Dec 1943 Loaded ...........
ing Corp. 23'-10'/26'-6'

53.... WALTER HINES PAGE ...... EC2-S-CI ... North Carolina Ship- 27 Apr 1943 7 23 Dec 1943 Ballasted ............
building Co.

54.... ALEXANDER NEVSKY ....... EC2-S-CI ... Oregon Shipbuilding 29 Mar 1943 8 24 Dcc 1943 Ballasted...
Corp.

55.... WILLIAM BLACK YATES..... EC2-S--CI... Southeastern Ship- 27 Sept 1943 3 28 Dec 1943 Ballasted............
building Corp.

56 .... ABIEL FOSTER ............ EC2-S-C1 ... California Shipbuild- 22 Mar 1942 21 29 Dec 1943 Ballasted ............
ing Corp. 11'-8'/21'--O'

57 .... GEORGE CHAMBERLIN ...... EC2-S-C1... Oregon Shipbuilding V4 Aug 1942 16 29 Dec 1943 Ballasted............
Corp. 11'-6'/21'-0"

58 .... JoHN VINING ............. EC2-S-CI ... Delta Shipbuilding 23 Nov 1942 13 2Jan 1944 Loaded............
Co.. Inc. 24'-0'/25'-2-

59.... SEA BASS ............... C3-S-A2 .... Western Pipe & Steel 2 Aug 1942 17 5 Jan 1944 Loaded............
Co. 24'-10"/29V-8'

60.... EmIUAN PUoACIIRV ........ EC2-S-C1 ... Oregon Shipbuilding 13 Apr 1943 8 5 Jan 1944 Ballasted...........
Corp.

61.... Roni RT NEWELL. ......... EC2-S-C1 .. Oregon Shipbuilding 2 May 1943 8 6 Jan 1944 Loaded ...............
Corp. 21'-4'/25'-2-

I Speed indicatd in revolutioru per mnuute.
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CLASS I CASUALTIES

Chronological Order

Wind Tbip n. Tcn'atur
Sea condition force Ships To f rfate
and direction Beaufortirer Loao of fracture Origin of freture RemarksScale Fahreheit

Heavy .. 9-10 ........ 45*/45 .... Stringer, sheer and strake below, .... 41
frames 102-103, port.

* Unknown ................. 420/ ....... Stringer and sheer strakes frames Cut in sheer strake .... 42
91-92 port. foraccommodaton

ladder.
* Normal .... 5 9 / 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 60/640.... Deck, bulwark and sheer strake at Exactly at hatch cor- Complete fracture .... 44
two starboard cormus and aft ners. of strength deck.
port corner No. 3 hatch.

Heavy BoA . 10 1 45 29/42 .... Deck and sheer strake at forward Exactly at hatch cor- Complete fracture .... 45
starboard and aft port corners nets; unknown, of strength deck.
No. 3 hdtch; stringer and 2 in-
board strakes, sheer and strake
below, frames 85-86 port.

.... Heavy I I .11 ..... 29*-36/ .... Complete cross section in way of Exactly at hatch cor- Broke in two at sea .... 46
forward end No. 3 hatch. nei. -- salvaged.

Heavy...... 6 8 32/45 .... Bilge strakes in way of No. 3 port .... 47
tank for 20'-0".

Unknown ................. Autumn .... Sheer stringer and strake inboard Unknown; probably .... 48
in way of No. 4 tank; B and D in butt weld ofsheU
strakes in bottom shell of No. 6 plates.
tank and C strake butt weld.

Calm ................... Autumn .... Str•nger, sheer and strake below, Cut in sheer strake .... 49
l:ames 90-91 port. for accommodation

ladder.
... Unknown ................. Autumn .... Deck, stringer and strake below, Probably at hatch .... 50

from No. 2 hatch, corner.
Unknown ................. 26-42*/ .... Stringer, sheer and strake below, .... 51

frames 43-44.
* .. Normal .... 4 91Y. 76/75'.... Stringer and sheer strakes frames .... 52

110-112, port.
.... Heavy .................. 330/540 .... 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 .... 5A

and shell.
Heavy.. 7-8 ........ 340/35* .... Stringer, sheer and bulwark frames Probably at forward .... 55

101-102, port. corner of freeing
port.

Heavy.. 7-8 5 42'/50.... Deck and sheer 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.

.. Heav .. 11-12 ........ 40'/ ....... Deck, bulwark, sheer and strake Probably at hatch .... 57
below at forward starboard cor- comer.
ner No. 4 hatch.

Calm ...... I ........ 13/38.... Stringer, bulwark, sheer and strake .... 58
below, frames i09-110 port.

H:avv ..... 6 ........ 550/520.... Deck and sheer strake port, deck Hatch corners. Complete fracture .... 59
atarboard, at after corners No. 3 of strength deck.
hatch.

.... Unknown ................. Winter ..... Deck, sheer strake and strake below Complete fracture .... 60
NGrth at forward port corner and aft of strength deck.
Pacific starboard comer No. 4 hatch.

Heavy, 2... 7 10 Winter ..... Deck from gunwale to within 2 feet Probablyin butt weld .... 61
prints on of No. 3 hatch frames 75-76, of deck.
port starboard.

a 1uater

701292-47-7
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Name of vesel Type Yard Launching date So Casualty date Loading and drafu

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

63 .... Josa,'n Sm=rr ............ EC2-S--C1... Permanente Metals 22 May 1943 7 9 Jan 1944 Ballasted .............
No. 2 7'--0'/21'-0

64 .... THEODORE PARKER ........ EC2-S--C1... California Shipbuild- 24 Feb 1943 10 9Jan 1944 Ballasted............
ing Corp. 1 l'-0'/20'-0'

65 .... WMIUAm L. MARCY ....... EC2-S-ClI... California Shipbuild- 28 Dec 1942 12 12 Jan 1944 Ballasted ..............
ing Corp. 12'-5'/20'-3

66 .... RoE GzuswoLD ......... EC2-S-CI... Delta Shipbuilding I Mar 1943 10 12 Jan 1944 Ballasted ..............
Co., Inc. 12'-0'/21'-6'

67 .... JosEpti N. NiCOLLET ...... EC2-S-C! ... Delta Shipbuilding 24 May 1943 7 14-16 and Loaded ...............
Co., Inc. 27 Jan 1944 25'-2'/28'-1"

68 .... Esso WAsmNoToN ......... T2-SE-A1... Sun Shipbuilding and 10 Nov 1942 12 16 Jan 1944 Loaded .............
Drydock Co.

69 .... Jn-mson DAVI .......... EC2-S-C1... Alabama Shipbuild- 12 July 1942 18 16 Jan 1944 Loaded ..............
and Drydock Co. 24'-10'/25'-9-

70.... Loamzo DE ZAVALA ...... EC2-S-CI... Houston Shipbuild- 29 May 1943 7 20 Jan 1944 Ballasted .............
:ng Corp. 13"-6"/20'-6-

71 .... GEORGE GALE ............ EC2-S-C1 ... Delta Shipbuilding 15 July 1942 18 21 Jan 1944 Ballasted ..............
Co., Inc.

72 .... SAMUEL Da-xCm .......... EC2-S-C1... Delta Shipbuilding 29 Mar 1943 9 21 Jan 1944 Ballasted ..............
Co., Inc. 9'-6"/21'-0'

73 .... JANE LoNo ............... EC2-S-C1... Houston Shipbuild- 14 May 1943 8 2.2 Jan 1944 Ballasted ..............
ing Corp. 13'-6'/21'--

74 .... JAmEs GORDON BENNET... EC2-S-C1... California Shipbuild- 13 Sept 1942 16 22 Jan 1944 Ballasted...........
ing Corp. 11'-1'/18'-3'

75 .... JvUaN Povna.s .......... EC2-S-Cl... Delta Shipbuilding 17 May 1943 8 24 Jan 1944 Loaded ...............
Co., Inc. 23'-4'/26'-10'

76 .... GEORGE A. Cus'mi ....... EC2-S-CI ... California Shipbuild- 23 Sept 1942 16 25 Jan 1944 Ballasted ............
ing Corp. 14'-1'/20-1'

77 .... RICHARD J. CLEVELAND.... Z-ETl-S-C3 California Sldpbuild- 15 Sept 1943 4 28 Jan 1944 Loaded .............
ing Corp. 25'--0'/28'-4"

78 .... DrKADRxT r............... EC2-S-C1... Oregon Shipbuilding 27 Feb 1943 11 29Jan 1944 Loaded ................
Corp.

79 .... ABRAHAM BALDWI ....... EC2-S-CI ... Delta Shipbuilding 16 May 1942 20 29 Jan 1944 Ballasted ..............
Co., Inc.

80 .... WUm.A H. PREscorr ..... EC2-S-C1... California Shipbuild- 21 July 1942 18 1 Feb 1944 Ballasted ..............
ing Corp. 12'-10'/21'-6'

81 ... AmELrA EARHART ......... EC2-S-C... Houston Shipbuild- 18 Dec 1942 13 2 Feb 1944 Ballasted ............
ing Corp. 1'-10'/21'-2"

82 .... JoHN L. SULLIVAN ........ EC2-S-C1... Permanente Metals 26 May 1943 8 2 Feb 1944 Ballasted ..............
No. 2 13'-3'/19'-8'

83 .... SAMUEL ADAMS ............ C2-S-C1... California Ship- 31 Jan 1942 24 3 Feb 1944 Ballasted ..............i.wv % "building Corpo 8'-5"/1 5'-O

I Speed Indicated in revolutions per minute.
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Wind Sh Temperatre
Sea condition force air/water Location of fracture Origin of fracture Remark
and direction Beaufort o Degro ur

Scale n knots Fahrenheit

.... Heavy ..... 8-10 7 50'/68'. ... Drck from centerline to gunwale, .... 62
forward No. 4 hatch.

.... Heavy cross. 6-9 7 34/50 .... Deck and shell near forward end Complete fracture .... 63
No. 4 hatch; two corners No. 3 of strength deck
hatch. -abandoned.

.... He, :y..... 6 6 440/540 .... Deck at forward port corner and Exactly at hatch cor- .... 64
one strake at after starboard cor- ner.
ner No. 3 hatch.

Heavy ..... 8-9 5 380/51. .... Deck, sheer and strake below at Exactly at hatch cor- Complete fracture ... 65
head. after port corner; deck at for- ners. of strength deck.

ward starboard corner No. 3
hatch.

.... Heavy..... 8 9 38/58 .... Deck, bulwark, sheer and strake Exactly at hatch cor- .... 66
head below at forward starboard cot- ner.

ner No. 3 hatch.
.... Heavy..... 10 Yspeed 320/ ....... Deck from ventilator to gunwale, .... 67

sheer 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 ........ 41/420 .... Stringer and two inboard strakes, .... 69
frames 83-84, starboard.

.... Heavy ................... 560/47 .... Deck, sheer, and strake below at Probably at hatch .... 70
forward starboard corner No. 4 corner.
hatch.

.... Heavy ..... 8 ........ 420/500.... Stringer, sheer and strake below, .... 71
port side, near amidships.

Heavy ..... 8 1 47 400/480 .... 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 star- starboard corner No. 4 hatch. -abandoned.
board bow

heavy ........... 6 370-49*/ .... Deck, sheer and strake below from .... 73
port side No. 4 hatch.

Heavy ..... 7 10 Winter ..... Deck to ventilator, bulwark and .... 74
sheer strake, frames 83-84 star-
board.

... Heavy. 5-7 ........ 470/540 . .. Deck at forward port corner No. 3 Exactly at hatch cor- .... 75
hatch. ner.

Heavy ..... 8-6 8 46/47 .... Deck at forward port comers 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 and etrake below, frames opening in deck.
on star- 112 starboard.
board bow

Heavy ................... Winter ..... Deck and shell to tween deck at Probably at hatch .... 78
forward port corner No. 3 hatch, corner.

.... Heavy ................... Winter ..... Deck inboard 16', shell 14' about .... 79
5' aft of No. 3 hatch.

Heavy ..... 8-10 4-5 52/50 .... Deck and shell in twcen deck at Probably at hatch Complete fracture .... 80
head forward port and after starboard corner. of strength deck.

cornes lo. 3 hatch.
Heavy...... 9 5.2 50/490 .... 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
forward starboard comer No. 3 corner.
hatch.

Calm ...... 2 ........ 32/34 .... Stringer, bulwark and sheer, frames .... 83
111-112, starboard.
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84 .... SAM HOUSTON II .......... EC2-S-C1... Houston Shipbuild- 30.June 1943 7 4 Feb 1944 Loaded ..............
ing Corp. 26'-7'/25'-11"

85 .... VERNON L. KELLOGG ...... EC2-S-CI... California Ship- 15 July 1943 6 5 Feb 1944 Loaded ..............
building Corp. 24'-0','29'-0"

86 .... CYRUS H. MCCORMAX .... EC2-S-CI... Permancnte Metals 2 Oct 1942 16 12 Feb 1944 Ballasted............
No. 2 8'-4'/18'-4-

87 .... CHAMP CLARK ............ EC2-S-CI... Houston Shipbuild- 30 Dec 1942 13 20 Feb 1944 Ballasted ..............
ing Corp.

88 .... CHARLES TREADWELL ..... N3-S-AI .... Pacific-Bridge Co. 7 Nov. 1942 15 x Mar 1944 Ballasted ..............
89 .... GEORGE P. GARRISON ...... EC2-S-C1 ... Houston Shipbuild- 12 July 1943 7 2 Mar 1944 Loaded ...............

ing Corp. 20'-0'/25'-3-
90 .... MCCLELLAN CREEK ....... T2-SE-A1... Alabama Drydock 4 Apr 1943 10 2 Mar 1944 Ballasted .............

& Shipbuilding Co. 4'-7'/15'-11'

91 .... ELMHA GRAVES OTIS ...... EC2-S-C1... Permanente Metal 5 May 1943 9 3 Mar 1944 Ballasted ..............
No. 2

92 .... JANE A. DELANO .......... EC2-S-C1... Permanente Metals 9 Mar 1943 11 4 Mar 1944 Loaded ..............
No. 2 20'-5'/27'-5'

93 .... JOEL R. POINSETT ......... EC2-S-C1... Houston Shipbuild- 19 Feb 1943 12 4 Mar 1944 Ballasted .............
ing Corp. 13'-0'/21'-5"

94 .... JAMIES IREDELL ........... EC2-S-CI... North Carolina 29 Nov 1942 15 4 Mar 1944 Loaded ................
Shipbuilding Co.

95 .... WILLIAM M. MEREDITH .... EC2--S-C1... Oregon Shipbuilding 5 Feb 1943 13 5 Mar 1944 Loaded 19'-4'/24'-6"....
Corp.

96 .... CHARLES CROCMR ........ EC2-S-CI ... California Ship- 11 May 1943 10 15 Mar 1944 Loaded ................
building Corp. 28'-7"/28'-7"

97... WHITE OAK .............. T2-SE--A1... Kaiser Co., Inc. 25 Sept 1943 5 13-20 Mar Unknown ..............
Swan Island 1944

98 .... SUCHAN ................. EC2--S-CI ... California Ship- 2 May 1943 12 16 May 1944 Unknown ...........
building Corp.

99 .... JOHN P. ALTOELD ......... Z-ETI-S-C3 California Ship- 18 Oct 1943 11 9 Oct 1944 Loaded ..............
building Corp. 26'-0"/28'-0'

100 .... FERDINANDO GORGES. EC2-S-CI... New England Ship- 12 Aug 1943 16 16 Dec 1944 Loaded ...............
building Corp. 27'--1'/30'-5'

101 .... LEBANON ................ CI-M-AVI.. Walter Butler Ship- 14 Oct 1944 2 9Jan 1945 Light 1'-.11'/14'-0'.
builders, Inc.

102 .... JOHN SERGEANT .......... EC2-S-C1... Bethlehem-Fairfield 21 Aug 942 29 25 Jan-11 Feb Loaded ..............
Shipyard, Inc. 1945 19'-4'/25'-0"

103 .... %ARRIOR ................ C2-S-E1 .... Gulf Shipbuilding 14 Mar 1943 22 27 Jan 1945 Loaded ...............
Corp. 26'-8'/27'-8'

104 .... WALTEiR FORWARD ........ EC2-S-CI ... Oregon Shipbuilding 22 Jan 1943 24 29 Jan 1945 Loaded ...............~Corp.

I Speed indicated In revolutions per minute.
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TABLE XII -Continued

CLASS I CASUALTIES
Chronological Or'r

Wind Temperature
Seand condirection Beaufortce speed air/water Locaton ol tractuie Origin of fracture Remarks

and drecton BeuforDegreesVlScde in knots Fahrenheit

.... Heavy Port. 6 163 38/42' .... Deck and shell to twt. i 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'-O".
.... Heavy' Pts. 8 5.5 50/540 .... Stringer and slicer, strake frames Cut in sheer strake .... 86

on star- 90-91 stai board. 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 ................... 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 ................... Winter ..... Deck and shell to twcen deck after Probably at hatch .... 91
portand deck for 10'-O'at forward corner.
starboard corner No. 3 hatch.

Heavy For- 6-8 6 20/400 .... Deck from center line to gunwale, .... 92
ward port sheer and strake below. Frames
beam 83-84 starboard.

... Heavy 3pts. 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 ................... 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 .................... 340/35* .... Stringer, sheer and strake below, Butt weld of half .... 95
frames 137-138 port. round gunwale

moulding.
Normal .... 4 7.5 500/700 .... Deck and sheer strake at forward Exactly at hatch cor- .... 96

starboard corner No. 3 hatch. ner.
... Unknown ................. Spring . Bilge and bottom shell for about 14' Defective welding in .... 97

frame 61 starboard, adjacent shell
butts.

.... Unknown ................. Spring .. Sheer and stringer plates frame 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 48-520 frames 81-82 port. of stringer plates.

.... Calm ..................... -16*/320 .... Deck from coatning No. 3 hatch to Probably in hatch Crack stopped at .... 101
rivet in gunwale, frames 81-82 coaming, riveted gunwale
starboard. angle.

.... Heavy ..... 6-7 ........ 22°-320/42* Frame 96-97 accommodation lad- . ................... Crack on port side .... 102
der upper deck continued down stopped at riveted
through slicer strake, seam and deck

house.
T r,-,, l d 1A A91 A70 -neckt oa siel she!! in id- ,I c l f Bun vm..0.ld.. t.. t .....var frctr 4----- . ... 41 ̂ V 3

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 house for 7'-0' doubler.
starboard.

Normal................. 51-60*/ Upper deck stringer plate frames .................... Crack ran inboard .... 104
660-690 104-105. for 20' and down

sheer strake, stop-
ping at crack
arrestor.
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TABLE XI I-Continued

CLASS I CASUALTIES

Chronological Order

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

105.... McCLLLAN CRaEK ....... T2-SE-AI .. Alabama Drydock 4 Apr 1943 21 30 Jan 1945 Loaded ................
and Shipbuilding 29'-10'/31'-0'
Co.

106 .... Fmo PA RsoN ........... T2-SE-A1 ... Sun Shipbuilding and 11 Nov 1942 26 x Jan 1945 Lo.,ded .........
Drydock Co. 28'-10/30'-4-

107 .... J. D. YEAOER ............ EC2-S-CI... Houston Shipbuild- 6 Oct 1944 4 19 Feb 1945 Ballasted ..............
ing Corp. I1'-3'/21'-O'

108 .... Esso LrrrLLg Rocx ........ Tanker .. Sun Shipbuilding and Del. Jan 41 50 8 Mar 1945 Loaded ...............
Not. M. C. Drydock Co. approx. 29'-3'/30'-5'

109 .... LELAND STANFORD ........ EC2-S-C1... California Shipbuild- 4 Aug 1942 18 x Mar 1945 Unknown .............
ing Corp.

110 .... ATLNTIC STATES ......... Tanker ...... Sun Shipbuilding and Del. Mar 43 24 17 Mar 1945 Loaded ...............
Not M.C. Drydock Co. aporox. 29'-7'/30'-l'

111 .... HILARY A. HERBERT ...... EC2-S-C1 ... North Carolina Ship- 27 Junc 1943 21 x Mar 1945 Unknown ..............
building Co.

112 ... Esso PirrrsBuRoH .......... Tanker . S-n Shipbuilding and Del. Feb 1943 27 11 May 1945 Loaded ...............
Not M.C. Drydock Co. approx; 30'-1 l"/31'-6'

113 .... SAMIUEL CIIASY ........... EC2-S-CI... Bethlehem- Fairfield 22 Feb 1942 40 4 June 1945 Unknown .............
Shipyard, Inc.

114 .... CAPE ISABEL ............. C-1B ....... Consolidated Steel 28 May 1943 25 27 June 1945 Loaded .............
Corp. Ltd. 26'-3'/27'-0'

115 .... HENRY C. WALLACE...... Z-ETI-S-C3 California Shipbuild- 15 Aug 1943 25 18 Sept 1945 Loaded ..............
ing Corp. 28'-9'/28'-10'

116 .... WILLIAM W. MAYO ....... EC2-S-C1... Permanente Metals 10 June 1943 28 24 Oct 1945 Loaded ...............
No. 2 24'-7 , 27-111

117 .... JEAN RiBAT T............. EC2-S-CI... J. A. Jones Construc- 5 May 1944 1 8 Nov 1945 Loaded ...............
tion, Panama 26'-10'/27'-5'

118 .... MEACHAM ............... T2-SE-AI... Kaiser Co., Inc., 30 Dec 1943 23 12 Nov 1945 Loaded .............
Swan Island 29'-2"/32'-5"

119 .... CAMP NAMANU ............ T2-SE-A1.. Kaiser Co., Inc., 25 Apr 1944 19 18 Nov 1945 Light ...............
Swan Island 1'-01/190-10'

120.... JosEPH iOOKER.......... EC2-S-GI ... Permancnte Metals 20Jue 1942 41 12 Dcc 1945 Ballast
No. 1 12'-6'/20'-w0

121. .. JoHN C. SP-NCEp .......... EC2-S-CI... Houston Shipbuild- 5 Mar 1943 21 21 Dec 1945 Ballasted ..............
ing Corp.

I Speed indicated in revolutions per minute.
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TABLE XI I-Continued

CLASS I CASUALTIES

Chronological Order

Wind TemperatureSea condition fore Shp'ed air/waterndtion Beaforc Deer Location of ¢racture Origin of fracture Remarks
and direction Beaufort 'in~ Dknot

Scale Fahreneit

... Heavy ..... 8 179 32*/38 .... Shell plate at bulknead 53-47 port .... 105
side vertical crack from G12
to B13.

Unknown ................. 37/38 .... No. 4 tank starboard vertical 28' above seam con- .... 106
from "F" strake to "B" strake. necting "E" and

"F" strakes.
Heavy ..... 9-10 40........ Upper deck cracked from stat board Possibly deck house Crack stopped at .... 107

gunwale to ventilator opening at corner at upper vent. and riveted
frame 113 deck. gunwale angle.

Normal .... 5 14.5 30'/47' .... Shell plate at No. 3 starboard wing Bilge keel weld..... 108
tank. Crack 21' vertical from
seam at top E5 to within 18' bot-
tom of C4.

Unknown ............... 490-4 0/ Stringer plate between frames 113- .... 109
62*-640 114 starboard.

Normal .... 3 14 400/37 . .. Shell plate, port side in way cf>',. 7 .... 110
tank. Across bottom strake.w A
and B.

.... Unknown ................. Unknown... Shell butt in starboard "D" straie ... .111
in No. 4 hold extending 6' in
"E" strake.

Heavy 5-6 8 4 3 e/ 4 2
° .... No. 4 and No. 5 cargo tanks, frames Defective butt weld Bottom completely .... 112

28-32, Shell cracked from 2' be- in port bilge strake. fractured.
low upper deck to 4' below upper 2nd crack appears
deck around bottom. to start at fatigue

crack in shell at end
of longitudinal.

Unknown ............................. Shell plate cracked at butt weld .... 113
frame 96 between D-9 ad D-10
starboard for 14'.

... Normal .... 5 13 570/530 .... Cut for accommodation ladder Probably at corner .... 114
N.W. starboard crack went down and of cut in sheer

stopped at riveted seam. plate.
Heavy ...... 9 158 500/52 .... Deck plate at frame 113 starboard After starboard cor- .... 115

proceed down shell plate 1 into ncr of deck house
plate H-11, deck plate E-11 at frame 113 on
deck. 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, stringer plate fractured
inboard 1'.

Heavy ... 7-8 9 37*/42 * .... Upper deck frame 83 starboard Probably at dbl. at Stopped outboard at .... 117
stringer plate E8 to B7. point where deck crack arrestor.

ouse meets deck
plate.

... Heavy. 4-5 13.3 50/53. ... Frame 56-57 port zhell plate strake Plates F-13 and E-14 .... 118

Swell "A" to "H" rupturing 20 long'ls occurred near end
also fratne 60. oflong'Isweld.S.H.

Calm ....... 1 0 55S/60' .... 30" forward frame 54, No. 7 wing. At sheer steake. .... 119
deck plate from sheer strake in-
board for 16'.

frt a jfltl 1lt ,, .

1cavy .............. 9 o 4l'"e" .... Shell putc bciwccz, frharn 74 anu iautty weld at butt .... i20
75 from "D" strake tu 24' in- in bilge keel. Ser-
board B-C seam rated holes not

tangent to shell.
Heavy. 6-7 4.08 54/63 .... Frame 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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TABLP. XII-Continued

CLASS I CASUALTIES

Chronological Order

Name of vesel Type Yard Launching date Casualty date Loading and drafts

122.... WNItuA A. HENRY ....... EC2---C1... Oregon Shipbuilding 14 Dec 1943 25 3-4 Jan 1946 Vessel Loading....
Corp.

123.... QuAxER Hn ........... T2-SE-AI... Alabama Drydock 7 Oct 1944 15 8Jan 1946 Loaded (at dock)...
and Shipbuilding 25'-0'/27'-0"
Co.

124 .... CA.oN CaEx ........... T2-SE-tl .. Alabama Drydock 28 Feb 1943 35 14Jan 1946 Loaded ......
and Shipbuilding 22'-4/25'-V6
Co.

125 .... Hz.Ryt BALDWIN ......... EC2-S-C1... California Shipbuild- 18 Oct 1942 39 15Jan 1946 Ballasted.......
ing Corp. 13'-8'/1 9'-6

126 .... ROBERT LowzRY ......... EC2-S-C1... Delta Shipbuilding 10 May 1943 32 19Jan 1946 Loaded ...............
Co., Inc. 22'-7y ;24'-6'

127 .... Famzaucx C. Hxcs ...... EC2-S--C. . California Shipbuild- 4 Mar 1944 22 21 Jan 1946 Unknown .............
ing Corp.

128 .... Ammos .................. T2--SE-AI... Sun Shipbuilding and 17 Mar 1945 10 22Jan 1946 Loaded .............
Drydock Co. 28'8"/30'-8'

129 .... DomBAss III ............. T2-SE-Al... Kaiser Co., Inc., 8 Aug 1944 18 17 Feb 1946 Loaded ...........
(Lend leased to Russia.) Swan Island

130 .... CRISMOPHtSR GALE ....... E02-S-C1 ... North Carolina Ship- 21 Mar 1943 35 26 Feb 1946 Ballast cargo.........

building Co.

131... SAQE7rr's HARBOR ........ T2-SE-A1... Kaiser Co., Inc., 5July 1943 33 1 Mar 1946 Ballast .............
Swan Island

132 .. MIKHAL KuTruzov ........ EC2-3-Cl... Oregon Shipbuilding 21 Mar 1943 36 17 Mar 1946 Unknown ............
(Lend leased to Russia.) Corp.

3 Sped indicated in rcvolutions per minute.
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TABLE XI I-Continued

CLASS I CASUALTIES

Chronological Order

Wind hip's Temperature
SeWinddin Ship's Te:r/wate 1 cto of fracture Origin of fracture RemarksSea condition force air/watDeree

and direction Beaufort i l o ri f em

Scale Faheeiit

Calm ............ 0 50/42 .... Frame 60-61 starboard shell plates Faulty weld in butt .... 122
cracked vertically 11' from E6 to between D6-D7.
Cl1. Seam at frame 62 slugged.

Calm .................... 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 ...... 3-4 ........ 80/36 .... Shell plate No. 5 starboard wing Probably at bilge keel ... 124
tank. 18' inboard of seam D-E butt.
starboard to 1/2 of F-9.

Heavy ..... 10 3 300/422.... 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 .................... 300/43 .... 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 gunwalr, and
into shc-r strake and strake
below.

Calm...... 3-4 13.3 36/36.... Frame 59, No. 5 and No. 6 tank .... 128
shell plate C-10, E-1 3, bukhead
at frame 59 cracked P.

Heavy ................... 370/41°-43' No. 5 tank at frame 6' s' el Crack indicates it Vessel broke in two .... 129
had additional stre r. , prbably originated 15 lives lost on
installed. below water line, bow section.

resumably 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-

moda:.ion ladder.
.... Heavy............................ Vessel cracked at No. 5 tank, aft Unknown .......... Vessel broke in two .... 131

of deck house.
Unknown ................. Unknown... Unknown. .... 132
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Abbreviations umed in Tables XIII and XIV
AbbrViated name uud in index Full nam, and lKat*i

Alabama ........................... Alabama Dry Dock and Shipbuilding Co., Mobile, Ala.
American-Cleveland .................. American Shipbuilding Co., Cleveland, Ohio
American-Lorain .................... American Shipbuilding Co., Lorain, Ohio
Barnes-Duluth ....................... Barnes-Duluth Shipbuilding Co., (Later Walter Butler), Duluth, Minn.
Bethleherri-Fairfield .................. Bethlehem-Fairfield Shipyard, Inc., Fairfield, Baltimore, Md.
Bethlehem-Fore River ................ Bethlehem Steel Co., Shipbuilding Division, Fore River Yaid, Quincy, Mass.
Bethlehern-San Francisco ............. Bethlehem Steel Co., Shipbuilding Division, San Francisco, Calif.
Bcthlehcm-Sparrows .................. Bethlehcm-Sparrows Point Shipyard, Inc., Sparrows Point, Md.
Calship ............................. California Shipbuilding Corp., Wilmington, Calif.
Chicago ............................ Chicago Shipbuilding Co., Chicago, Ill.
Consolidated-Long Beach ............. Consolidated Steel Corp., Ltd., Long Beach, Calif.
Consolidated-Wilmington ............. Consolidated Steel Corp., Ltd., Wilmington, Calif.
Delta .............................. Delta Shipbuilding Co., Inc., New Orleans, La.
Detroit ............................. Detroit Shipbuilding Co., Wyandotte, Mich.
Federal ............................. Federal Shipbuilding & Dry Dock Co., Kearny, N. J.
Globe .............................. Globe Shipbuilding Co., Superior, W is.
Great Lakes-Ashtabula ............... Great Lakes Engineering Works, Ashtabula, Ohio
Great Lakes-River Rouge ............. Great Lakes Engineering Works, River Rouge, Mich.
Gulf ............................... Gulf Shipbuilding Corp., Chickasaw, Ala.
Houston .......................... Houston Shipbuilding Corp., (Later Todd-Houston), Houston, Tex.
Ingalls ............................. Ingalls Shipbuilding Corp., Pascagoula, Miss.
Jones-Brunswick ..................... J.A. Jones Construction Co., Inc., Brunswick Yard, Brunswick, Ga.
Jones-Panama ....................... J. A. Jones Construction Co., Inc., Wainright Yard, Panama City, Fla.
Kaiser-Swan ........................ Kaiser Co., Inc., Swan Island, Portland, Ore.
Kaiser-Vancouver .................... Kaiser Co., Inc., Vancouver, Wash.
Leathern D. Smith ................... Leathem D. Smith Ship' "ilding Co., Sturgeon Bay, Wis.
Marinship .......................... Marinship Corp., Sausa to, Calif.
Moore .............. ........... Moore Dry Dock Co., (.,sldand, Calif.
New .tigiand ....................... New England Shipbuilding Corp., South Portland, Me.
Newport News ...................... Newport News Shipbuilding & Dry Dock Co., Newport News, Va.
North Carolina ...................... North Carolina Shipbuilding Co., Sunset Park, Wilmington, N. C.
Odenbach .......................... Odenbach Shipbuilding Corp., Rochester, N. Y.
Oregon ............................ Oregon Shipbuilding Corp., St. John Station, Portland, Ore.
Pacific Bridge ....................... Pacific Bridge Co., Alameda, Calif.
Pennsylvania ..................... Pennsylvania Shipyards, Inc., Beaumont, Tex.
Permanente ......................... I'crmanente Mttals Corp., Richmond, Calif.
Pusey and Jones ..................... Pusey and Jones Corp., Wilmington, Del.
Rheem ........................... Rheem Manufacturing Co., (Later Walsh-Kaiser), Providence, R. I.
St. Johns ........................... St. Johns River Shipbuilding Co., Jacksonville, Fla.
Seattle-Tacoma ..................... Seattle-Tacoma Shipbuilding Corp., Tacoma, Wash.
South Portland ..................... South Portland Shipbuilding Corp., (Later New England), South Portland, Me.

Southeastern ........................ Southeastern Shipbuilding Corp., Savannah, Ga.
Sun ............................... Sun Shipbuilding and Dry Dock Co., Chester, Pa.
Todd-Houston ....................... Todd-Houston Shipbuilding Co., Houston, Tex.
U. S. Shipbuilding ................... U. S. Shipbuilding Corp., Yonkers, N. Y.
Walsh-Kaiser ........................ Walsh-Kaiser Co., Inc., Providence, R. I.
Walter ,tler .. ............ .. Walter Butler Shinbuilders. Inc., Riverside Yard. Duluth, Minn.

Welding Shipyard ................... Welding Shipyards Inc., Norfolk, Va.
Western Pipe ...................... Western Pipe & Steel Co., San Francisco, Calif.

Sea conditions:
C Calm
N Normal
H High
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TABLE XIII

Casualties Reported from 1 August 1945 to 1 April 1946

TemperatureDate of Sea Degrees
Vessel Casuale, Survey, Builder and hull no. ondidon Fehrenheit

or eport Air - ,Water

ABm L FosTER (3) ................... 11-27-45 Calship, 15 ........................
AFRICAN DAWN .................... 8-23-45 Federal, 237 ....................... . H 56 61
AMENS . .......................... 1-22-46 Sun, 464 ........................... C 36 36

ANGUS McDONALD (2) .............. 8-45 Todd-Houston, 49 ..................... ..
ANTIOCH VICTORY .................. 12-22-45 Bethlehcm-Fairfield, 2469 ............. .H
ARTHUR Rtoos (3) .................. 12-10-45 Oregon, 634 ........................ N 54 49

BENJAMIN GooDHUu ............... 11-20-45 Calship, 16 .............................. ?
BOWDOIN VICTORY. ................. 12-11-45 Permanente, 588 ..................... ? ? ?

BRoWN VICTORY .................. 2-21-46 Oregon, 1225 ....................... C 20 ?

CAMP NAUANU (2) .......... 11-18-45 Kaiser-Swan, 64 .................. 55 60

CANYON CREEK (2) ................. 1-14-46 Alabama, 249 ....................... C 8 36

CAPE CONSTANTME (1) ............. 8-45 Pennsylvania, 271 ..................... ? ?

CAPE CONSTANmE (2) ............ 12-2-45 Pennsylvania, 271 ................... ? ?

CAPE ELIZABETH .................... 9-45 Consolidated-Wilmington, 248 ........ ?
CHARLE. S CROCKER (3) ............... 1-45 Calship, 186 ....................... ? ?

CHARLm.srOwN (2) .................. 8-45 Sun, 317 .......................... ? ?

CHRITroPnmR GALE ................. 2-26-46 North Carolina, 78 .................. H 48 68

COUNA (2) ....................... . 11-4 5 Sun, 251 .......................... ? ?
C=OSA RICA VICTORY ................ 12-26-45 Permanente, 529 .................... *..-! 9 1 42
CROSBY S. NoYPs................... 11-27-45 Bethlehem-Fairfield, 2168 ............. ? ?

DANmL W.LARD (2) ................. 11-45 Bethlehem-Fairfield, 2075...........
DONnAss III ...................... 2-17-46 Kailer-Swan, 84 ...................... i 37 41-43

EDGAR E. CLARK (2) ................ 8-45 Jones-Panama, 23 ................. - ?

ELAs REISBERO (3) ................. 8-45 New England, 3110 ................. ? ?

Eumu THOMSON ...................... 12-45 Permanente, 427 ..................
FORT GEORGE ...................... 12-21-45 Kaiser-Swan, 19 .................... ?
FRANCIs DRAKE (2) ................ 11-45 Calship, 54 ........................ ?

FRANaCI Viao ...................... 8-45 Bethlehem-Fairfield, 2237 ............ ?

FRANKLIN K. LAm (2) .............. 1-46 Calship, 196 ........................ ?

FREDERICK C. Ht .s ................ 1-21-46 Calship, 302 ......................... H ?

GEORGE GtPP ..................... 12-16-45 Permanente, 1116 .................... H 47 53

GEORGE Ross ...................... 1-25-46 Permanente, 52 ...................... H 45 45
GEORGE W. BROWN ................. 1-25-46 Walter Butler, 25 ..................... H 56 70
GRINNELL VICTORY .................. 8-45 Permanente, 729 ................... ?

HALLJ. K.LLEY (3) ................ 1-1-46 Oregon, 637 ........................ H 56 60
HANNIS TAYLOR (2) ................ 12-24-45 North Carolina, 1t2 ................... II 60 61
HARRY PERCY ..................... 2-20-46 Todd-Houston, 105 ................. ?
HENRY BA.DWIN (3) ................ 1-15-46 Calship, 82 ......................... H 30 42

HENRY C. WAI.LACE ................ 9-18-45 Caiship, T-2 ....................... H 50 52

HENRY FAILINO (2) ................. 1-8-46 Oregon, 662 ........................ N 41 39
HENRY W. LONGFELLOW (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) ............ 3-2-46 Delta, 85 .......................... N 69 72
JACOB THOMPSON (4) .............. .3 Delta, 68.......................

JAMES B. RiCHARDSON (3) .......... 12-16-45 North Carolina, 35 .................... H 50 60
JEAN BAPTISTE LE MOYNE............ 11-45 Delta, 81 ....................... ? ?

JEAN Rn)AUT ....................... 11-8-45 Jones-Panama, 41 .................... H 37 42

JOHN C. SPENCER (3) ................ 12-21-45 Todd-Houston, 45 ................... H 54 63

JOHN P. ALTOELD (5) .............. .. 8-9-45 Calship, T-17 ...................... ? ?
JOHN STAGO ........................ 11-13-45 Delta, 67 ......... ................ ? ?

JOSEPH HOOKER .................... 12-12-45 Permanente, 67 ..................... H 48 62

JOSEPH M. TERRELL ................. 12-21-45 Jones-Brunswick, 131 ................. H 50 58
JOSUA SENEY.......................... 11-27-45 Delta, 15 ...................... C 49 53

LEHIGH VICTORY ... ............. 8-18-45 Calship, V-59 .. .................... . C 84 63
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Date of Sea Degrecs
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or C)ort IAir Water

LEWISTON VICTORY (1) .............. 12-17-45 Oregon, 1202 ....................... H ?

LEWISTON VICTOR. (2) .............. 1-23-46 Oregon, 1202 ...................... ? ?

LIMON ............................. 10-28-45 Gulf, 20 ......................... ? ? ?
LOST HILLS ................................. 12-20-45 Marinship, 58 ...................... ? ? ?
Louis KOSSUTH (2) .................. 2-1-46 Bcthlchem-Fairfield, 2286 ............ H 54-62 56-59
MAIIANOY CITY VICTORY ........... 1-24-46 Bethlehem-Fairfield, 2451 ....... .. H 52 58
MANDON VICTORY .................. 12--6-45 Oregon, 1025 .................... .. H 60 63
MARIE M. MELONEY(2) .............. 11-17-45 Bethlehcm-Fairfield, 2226 ............ H 59 57
MARINE LYNX ...................... 12-30-45 Kaiser-Vancouver, 510 ............... H 52 58
MARY ASHLEY TOWNSEND ............ 9-12-45 Delta, 65 .......................... ? ? ?

MARY M. DODGE ................... 9-22-45 Permancnte, 2138 .................... H 60 60
M EACIH/.M ......................... 11-12-45 Kaiser-Swan, 46 .................... H 50 53
MEREDITH- VICTORY ................. 10-45 Calship, V-83 ...................... ? ? ?
MERIDIAN VICTORY ................. 1-21-24-46 Calship, V-24 ..................... . I 46 45
MICHAEL J. STOMP ................. . 11--45 Todd-Houston, 5 .................. H ? ?
MIDLAND VICTOR,' ................. .... 12-26-45 Oregon, 1252 .................. ? ? ?
MIN HAIL Ktn-uzov ............... 3-17-46 Oregon, 652 ....................... ?
MOLINO DEL RRY (3) ............... 9-21-45 Sun, 283 ....................... ? ?

MORTON PRINCE ......... ........ 11-6-45 Calship, T-14 .......................
NORWAY VICTORY .................... 2-6-46 Oregon, 1005 ....................... H ? ?
PETERSBURO VICTORY ................ 12-25-45 Calship, V-96 ....................... N 83 82
PLYMOUTII VICTORY ................ .1-12-46 Oregon, 1015 .................... H 52 64
QUAYEV. HILL ..................... 1-8-46 Alabama, 310 ....................... C 25 45
QUEMADO LAKE .................... 8-45 Alabama, 257 .......................
R. C. STONER (2) ................... 12-14-45 Sun, 239 .......................... ? ? ?
ROBERT LOWRY (2) ................. 1-19-46 Delta, 55 ........................... C 30 43
Rurus W. PECxtAm ................. 12-13-45 Bethlehem-Fairfield, 2090 ............. H 36 60
RUSSELL. R. JONES .................. 12-16-45 Todd-Houston, 195 .................. H 58 61
SACKETTS HAREOR .................. 3-1-46 Kaiser-Swan, 20 ..................... H ? ?

ST. JOHNS VICTORY....................... 1-18-46 Permanente, 596..................... N 29 46
SANTA M ARIA (2) ................... 11-1-45 Federal, 235 ........................ H 65 66
SEA PARTRIDOE (1) .................. 10-28-45 Western Pipe, 127 ................. H 44 51
SEA PARTRIDGE (2) .................. 11-23-45 Western Pipe, 127 ................... H 55 57
SEA SHARK ........................ 2-7-46 W estern Pipe, 133 .................. P ? ?

STEPHEN W. KEARNEY .............. 2-3-46 Permanente, 1729 .................... :'H 56 50
STONY POINT ...................... 8-45 Kaiser-Swan, 6 ................... F ? ?

THOMAS J. LYONS ................... 12-13-45 St, Johns, 42 ....................... C 22 40
TICONDEROGA (4) ................. 10-18-45 Sun, 268 ......................... N 76 70
WACO VICTORY ..................... 1-24-46 Calship, V-30 ..................... Ia ?

WAYCROSS VICTORY...................... 12-17-45 Bethlehem-Fairficld, 2493........... N 42 56
WILUAM A. HENRY (3) .............. 1-3-4-46 Oregon, 817 ........................ C 50 42
WILLIAM BRADFORD (2) ............ 12-7-45 South Portland, 208 .................. H 70 74
WILLIAM FEW (2) ................... 12-10-45 Bethiehem-Fairfield, 2059 ............ "IH ? ?
V,..., IAT €., I1 1A0--'.-..E Pe'm 157..................It I

. . . . . . . . . . . . . . . . .. .. .. . ... ....... - 1 5 . ........ ............... . * ..

WILLIAM W. MAYO (2) ............. 12-19-45 Permanente, 1572 .................. H 31 51
W OOD ISLAND ..................... 8-45 Globe, 106 ........... .......... ? ?
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A. J. OFi.uA ...................... 12-21-43/2-24-44 Bethlehem-Fairficld, 2284 .............. ? 21-62 30-60
ABEL STEARNS ...................... 10-9-14-43 Calship, 99 ......................... H 36-47 53
ABEL FosTER (1) .................. 12-29-43 Calship, 15 ......................... H 42 50
AnIEL FOSTER (2) ................... 3-3-44 Calship, 15 ........ ................. ? 25-37 36
AmAIL GIBBONS .................... 11-20-44 Jones-Brunswick, 164 ................. H ? ?
ABNER DOUBLEDAY .................. 1-31-44/2-2-44 Oregon, 598 ....................... H ? ?
ABRAHAM BALDWIN (1) .............. 1-31-43 Delta, 4 ........................... H ? ?
ABRAHAm BALDWIN (2) ............. 2-43 Delta, 4............................ ? 26-50 31-50

Aigm.mAm BALDwIN (3) .............. 10-13-43 Delta, 4 ............................ H 36-42 45-47
ABRAHAM BALDWIN (4) ............ 1-29-44 Delta, 4 ............................ H ? ?
ABRAHAM CLARK ................... 1-44 Calship, 18 ...................... ? ?
ADOLPH SUrRo ..................... 2-44 P-rmancnte, 1560 .................... ? ?
AEDANus BuRxE (1) ................. 4-21-44/5-8--44 Delta, 46 ........................... H 76 61
AEDAnuS BuRKE (2) ................. 5-27-44/6-15-44 Delta, 46 ........................... N 65 59
AFRICAN Sun ....................... 2-5.8-44 Federal, 238 ........................ H ? ?
AOwiMONTm ........................ 5-1-43 Consolidated-Long Beach, 156 ......... H ? ?
AowPRINcE ........................ 7-44 Consolidated-Long Beach, 157 ......... H ? ?
ALBERT GALLATIN .................. 8-43 Calship, 8 ......................... ? ?
ALBERTJ. BERRES ................... 3-14-17-45 Calship, T-3 ........................ H ? ?
ALCOA PILGRIM ........................ 12-43 Consolidated-Long Beach, 234 ........... H ? ?
ALCOA POINTER ..................... 3-45 Consolidated-Long Beach, 236 ......... N ? ?
ALDEN GIFFORD (1) ................. 11-42 Leathern D. Smith, 269 ............... N ?
ALDEN GIFFORD (2) ................ 1-44 Leathern D. Smith, 269 ............... H ? ?
ALDEN GIFFORD (3) ................. 3-27-44 Leathern D. Smith, 269 .............. ? ?
ALEXANDER GRAHAu BELL (1) ....... 1-27-44 Oregon, 583 ........................ ? 40 55
AL.,!XANDER GRAHAM BELL (2) ....... 2-10-44 Oregon, 583 ........................ ? ?
ALEXANDER HAMILTON .............. 2-18-44 Oregon, 180 ......................... N 38 46
ALEXANDER J. DALLAS ............... 3-27-44 Oregon, 620 ........................ ? 48-50 56
ALEXANDER LILLINOTON ............. 2-43 North Carolina, 47 ................... H ? ?
ALEXANDER NEVSKY................. 12-24-43 Oregon, 657 ........................ H ? ?
ALEXANDER WHITE (1) ............. .. .1-12-44 Delta, 20............................C 45 49

ALEXANDER WHI-E (2) .............. 4-12-45 Delta, 20 ........................... N 56-73 49
ALEXANDER WILSON ................. 4-22-44 Permanente, 2706 .................... ? ?
ALEXANDR SUVOROV ............... 3-44 Oregon, 651 ........................ ? ?
AMELA EARHART ................... 2-2-44 Todd-Hoiton, 23 ................... H 50 49

AMERICAN BUILDER .................. 2-12-44 Western Pipe, 59 .................... ? ?
AMERICAN MANUFACTURER (1) ........ 9-16-43 Western Pipe, 57 .................... ? ?
AmERICAN MANUFACTURER (2) ........ 3-23-44 Western Pipe, 57 .................... H ? ?

AMERICAN PACKER .................. 3-10-42 Western Pipe, 61 .................... ? ?
AMERICAN SUN ..................... . . 4-13-44 Sun, 196 ....... ................... ? ?
Am-MER-MAR (1) .................... 11-44 Delta, 134 .......................... ? ?
Am-MER-MAR (2) .................... 1-18-45 Delta, 134 .......................... N 21 43
Amos G. TimooP (1) ................ . . 2-29-44 Calship, 101 ........................ ? ?
Amtos G. TIIROOP (2) ................ . . 3-6-44 Calship, 101 ....................... ? 20-38 35

. . .................... . . 5-45 Delta, 132 ? ?

ANDREW A. HUMPriREYS (1) ......... 2-45 Delta, 77 .... .................. ? ? ?
ANDREW A. HUMPITREYS (2) .......... 5-45 Delta, 77 ..... .................... ?
ANDREW BRISCOE .................... 3-44 Todd-Houston, 108 ................. H ? ?

ANDREW CARNEOIE (1) ............. 7-43 Oregon, 566 ..................... ? ? ?
ANDREW CARNEGIE (2) .............. 2-21-44 Oregon, 566 ...................... ? 52-76 36
ANDREW M OORE .................... 5-5-43 Delta, 12 .... ....... ............. H ? ?
ANDREW PICKENS..................... 4-45 Southeastern, 17 ................... ?
ANtDREW TURNBULL (1) ............. 3-44 St. Johns, 30 ..................... H ? ?
ANDRFw TTRtNBULL (2) ......... 2-45 St. Johns, 30 . ................ ? ? ?
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ANDREW TURNBULL (3) ............. 4-6-45 St. Johns, 30 ........................ H ? ?

ANGUS McDONALD (1) ............... 4-21-45/8-13-45 Todd-Houston, 149 .................. N 38-70 42-75
ANNA H. BRANCH ................... 3-44 Todd-Houston, 118 .................. H ? ?

ANNA HOWknD SHAW (1) ............ 10-18-23-43 New England, 240 ................... H ? ?
ANNA HOWArn SNiAW (2) ............ 1-44 New England, 240 ................... H ? ?
ANSON P. K. SAFFORD ............... 1-24-44 Calship, 216 ........................ H 44 53

ANTHONY WAYNE (1) ................ 1-3-44 Permanente, 45 ...................... N 65 ?

ANTHONY WAYNE (2) ............... 2-45 Permanente, 45 ..................... H ? ?
ANTINOUS (1) ...................... 3-1-28-45 Gulf, 26 ............................ N 59 66
ANTINOUS (2) ...................... 5-7-45 Gulf, 26 ............................ ? ?

APPOMATTOX ...................... 6-45 Sun, 289 ......... ................. ? ? ?
ARCHBISHOP LAMY .................. 2-18-43 Calship, 107 ........................ H 85 80

ARLIE CLARK ...................... 4-45 Southeastern, 87 .................... ? ? ?

ARTHUR L. PERRY (1) .............. 3-44 New England, 233 ................... ? ? ?
ARTHUR L. PERRY (2) .............. 1-4-45 New England, 233 ................... ? ? ?
ARTHUR P. DAVIS .................. 10-15-43 Calship, 229 ....................... ? ? ?

ARTHUR Rxoos (1) .................. 4-44 Oregon, 634 ....................... H ? ?
ARTHUR Rioas (2) .................. 4-10-45 Oregon, 634 ........................ N 63 67
ARTHUR SEWALL (1) ................ 3-7-44 New England, 3006 .................. C 29 ?

ARTHUR SEWALL (2) ............... 4-44 New England, 3006 .................. H ? ?
ASKOLD ........................... 12-15-43 Oregon. 714 .... ................... . ? ?

ATCHISON VICTORY ................. 6-17-44 Calship, V-I ....................... . ? ?
ATLANTIC STATS ................... 3-17-45 Sun, 230 ........................... N 40 37

ATLANTIC SUN ..................... 8-11-43 Sun, 212 ........................... ? ? ?

B. F. SHAW ........................ 4-4-17-45 Oregon, 663 ........................ H ?

BALD EAGLE (1) .................... 5-28-43 M oore, 217 ......................... ? ?
BALD EAGI.E (2) .................... 9-27-43 Moore, 217 ......................... C 76 82
BALD EAGLE (3) .................... 1-7-44 M oore, 217 ......................... H ?
BARTHOLOMEW GOSNOLD ............ 2-14-44 New England, 237 .................... . ? ?

BELVA LOCKwOOD (1) ............... 1-29-44/2-16-44 Oregon, 646 ........................ H ? ?

BELVA LOCKWOOD (2) .............. 4-44 Oregon, 646 ....................... H ? ?
BELVA LOCKWOOD (3) ............. 9-6-44 Oregon, 646 ........................ ? ? ?

BELVA LOCKWOOD (4) .............. 1-45 Oregon, 646 ........................ ? ?
BEMIS HEIOHTs ..................... 3-28-45 Alabama, 303 ...................... . . ? ?

BENJAMIN BOURN ................... 6-9-44 Todd-Houston, 7 .................... ? ? 64

BENJAMIN CREW .................. 2-28-43/3-13-43 Bethlehem-Fairfield, 2045 ............ H. ?

BENJAMIN D. W ILSON ................ 5-16-44 Calship, 179 ........................ ? ?

BENJAMIN FRANKLIN (1) ............. 3-18-43/4-3-43 Calship, 3......................... H 40 50
BENJAMIN FRANKLIN (2) ............. 4-17-43/5-5-43 Calship, 3 .......................... H 42 40
BENJAMIN H. BRISTOW ............. 9-44 Permanente, 515 .................... ? ? 70

BENJAMIN H. GRIERSON ............ 1-6-44 Oregon, 650 ........................ H 56 52

Br'JAMIN H. HILL ..................... 12-44 Jones-Brunswick, 130 ................ H ?

BENJAMIN H. LATROBE (1) .......... 2-43 Alabama, 283 ....................... H P ?
BENJAMIN H. LATROBE (2) .......... 1-9-12-44 Alabama, 283 ...................... H 56 ?

" .. .- I. I . a.. .. 5 rn
ENJAMIN .1. LA1 UJ k7 .......... 3 i , . . ................... l v .)v

BENJAMIN HOLT .............. .... 3-44 Pcrmanente, 1108 .................... ? ?
BENJAMIN LUNDY .............. ...... 10-43 Calship, 141 ........................ H 36-39 46

BENJAMIN R. MILAM ............... 6-45 Todd-Houston, 65 .................... ? ?
BENJAMIN SCIIL.:-ICER ............. 5-45 Bethlehcm-Fairfield, 2315 .............. ? ?

BENJAMIN WILLIAMS (1) .............. 2-15-43 North Carolina, 21 ................. N 70 ?
BENJAMIN WILLIAMS (2) ............. 1-1-45 North Carolina, 21 .................. 68-69 68
BEN ROBERTSON .................... 2-14-4 1/4-1-44 Southeastern, 37 .................... H ? ?

BENNINGTON (1) .................... 10-43 Sun, 269 ........................... ? ?
BFNN I1OTO-4 (2) ................... 1-10-11-44 Sun, 269 . ........................ H ?
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BENNIHGTON (3) .................... 2-23-44 Sun, 269 ........................... H 66 65

BENNINGTON (4) .................... 4-8-44 Sun, 269 ........................... C 45 ?

BENNINGTON (5) .................... 7-20-44 Sun, 269 ........................... H ? ?
BERNARD CARTER .................. 9-28-44 Bethlehem-Fairfield, 2042 ........... ? ?

BETrY ZANE (1) .................... 2-26-43 North Carolina, 51 ................... ? 66-76 71
BErrY ZANE (2) .................... 5--26-44 North Carolina, 51 ................... ? 66 72

BIENVILIE ......................... 2-9-45 Gulf, 9 ............................ ?

BIOFOOT WALLACE .................. 4-44 Todd-Houston, 22 ................... H ?
BILLY MITCHELL.................. 6-29-44 Calship, 200 ....................... ?
BINGER HERMAN ................... 3-44 Oregon, 717 ....................... H 60 58

BLUE JACKET ...................... 7-17-19-44 Moore, 214 ....................... N 73-80 75-78

BOUND ROOK ...................... 6-44 Sun, 335 ........................... H ?

BRANDYWINE ....................... 9-1-15-44 Sun,323 .......................... ?

BROAD RIVER ...................... 12-2-44 Kaiser-Swan, 25 ..................... ? ?

BROCKHOLsT LIViNosTON (1) ........ 5-2-43 Calship, 83 ........................ H 32-41 42-44

BROCKIIOLST LIVINGSTON (2) ........ 3-11-44 Calship, 83 ......................... ? 27-47 39
BROOKFIELD ...................... 2-44 Kaiser-Swan .... ................... ?

BUENA VISTA (1) ................... 2 23-44 Sun, 280 ..... ..................... H ?

BUENA VISTA (2) ................... 3-12-44 Sun, 280 ...... .................... N 32 39
BUFFALO W ALLOW .................. 10-44 Alabama, 247 ...................... ?

BULKcRUDE ........................ 7-22-44 Welding Shipyard, 10 ............... ?

BULxFUEL (1) ...................... 2-10-45 Welding Shipyard, 15 ................ H ?

BULKFUEL (2) ...................... 5-11-45 Welding Shipyard, 15 ................ H 51 56

BULxLUBE ......................... 9-15-44 Welding Shipyard, 4 ................ H ?

BULL RUN ......................... 11-1-7-44 Sun, 287 .......................... ?

BUNKER HILL (1) ................... 9-22-43 Sun, 242 .......................... ?

BUNKER HILL (2). .................. 4-4-16-44 Sun, 242 ........................... H 55-90 51-79
BUNKER HILL (3) ................... 10-1-27-44 Sun, 242 .......................... ?

CADILLAC ......................... 3-14-43 Great Lakes-River Rouge, 291 ........ .. ?

CAMP NAUANU (1) ................ . 1-1-11-45 Kaiser-Swan, 6 .................... ?

CANYON CREEK (1) ................ 3-45 Alabama, 249 ...................... ?

CAPE BLANCO (1) ................... 1-20-43 Pennsylvania, 270 ................... C 28 32

CAPE BLANCO (2) ................... 5-20-44 Pennsylvania, 270 .................. ?

CAPE BORDA ....................... 3-45 Pusey and Jones, 1100 .............. ?

CAPE CAOCIIE .................... 3-13-45 Consolidated-Wilmington, 537 ........ H. ?

CAPE CHALMERS .................... 2-21-45 Consolidated-Wilmington, 344 ........ N 54 52
CArE CORWIN (1) .................. 1-1-2-45 Pusey and Jones, 1087 .............. ?

CAPE CORWIN (2) .................. 11-17-43 Pusey and Jones, 1087 ............... ?
CAPE CORWIN (3) .................. 3-2-44 Pus.!y and Jones, 1087 ................... ? ?

CAPE FAIRWEATHER ................ 8-25-44 Seattle-Tacoma, 4 ................... N 80 83

CAPE HENLOPEN (1) ................ 10-43 Pusey and Jones, 1084 ............... H.. ?

CAPE HENLOPEN (2) ................ 7-18-44 Pusey and Jones, 1084 .............. ?

CAPE 1SABEL ....................... 6-27-45 Consolidated-Wilmingrton, 342 ........ N 57 53

CAPE LOOKOUT .................... 4-10-45 Pennsylvania, 366 ................... . N ?

CAPE MEARES ..................... 5-13-44 Consolidated-Wilmington, 250 ............ ?

C .P. M m... .. (1' ................. .-- A4 . .. ............. .... I I I

CAPE MEREDrT (2) ................ 5-21-44 Consolidated-Wilmington, 279........ H ? ?

CAPE PosSESSIoN .................... 8-16-44 CONSOLDATE-Wilmington, 754 ....... ? ? ?

CAPE RACE .............. ....... 4-45 Pusey and Jones, 1098 .............. ? ? ?

CAPE ROmAiN ...................... 4-25-28-44 Consolidated-Wilmington, 240 ........ H ? ?

CAPE ST. GEORGE .................. 12-1-19-44 Pennsylvania, 257 ..................... ?
CARIBBEAN. ,............ .......... . 3-11-17-43 Sun, 273 .......... ? ? ?

CARL SCIFURZ (1) .................. 2-3-43 Oregon, 602 ..................... ? 39-45 49
CARL SCHURZ (2) 9-4-43 Oregon, 602 . ................... ? 55-59 52
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CARL SCHURZ 13) ....... .......... 10-1-19-43 Oregon, 6(2 ........................ ? ? ?
CARL SCIHURZ (4) .................. 1-24-44 Oregon, 602 ........................ ? 45 47
CARL SCHURZ (5) .................. 5-30-44 Oregon, 602 ....................... C 70 58
CARL SCHURZ (6) .................. 8-3-44 Oregon, 602 ........................ ? 54 56
CARL ZACHARY WEBn ............... 2-10-45 Deta, 159 .......................... H ? ?
CARLETON ELLIS ................... 6-45 Calship, T-12 ..................... ? ? ?
CARLOS CARRILLO .................. 1-17-44 Calship, 123 ........................ C 47 50
CASIMIR PULASKI (1) ............... 8-43 Southeastern, 15 ................... ? ? ?
CASIIR PULASKI (2) ................ 3-17-44 Southeastern, 15 ................... ? ? ?
CAsIum PULASKI (3) ............... 4-44 Southeastern, 15 .................... H ? ?
CECIL N. BEAN ..................... 6-45 Delta, 106 ......................... ? ? ?
CHAMP CLARK ..................... 2-20-44 Todd-Houston, 24 ................... H 20 ?
CHAMPION'S HILL ....... .............. 1-7-18-45 Sun, 451 .......................... ? ? ?
CHAMPLAIN ............................. 2-12-43 Ariicrican-Cleveland, 1009 ............ C 11-29 ?
CHAMPOEO (1) ..................... 11-3-43 Kaiser-Swan, 33 ................... C 38 45
CHAMPOEO (2) ..................... 5-1-12-45 Kaiser-Swan, 33 ................... ? ? ?
CHANCELLORSVILLE ................. 2-45 Sun, 295 .......................... ? ? ?
CHARLES A. MCALLISTER ........... 6-45 Bethlehem-Fairfield, 2135 ........... ? ? ?
CHARLES BRANTLEY Aycoc ......... 2-29-44 Delta, 26......................... ? ? ?
CHARLES BULFINCH (1) .............. 1-44 Bethlehem-Fairfield, 2149 ............ H ? ?
CHARLES BULFINCH (2) .............. 12-16-44 Bethlehem-Fairfield, 2149 ........... ? ? ?
CHARLES CROCKER (1) .............. 12-21-43 Calship, 186 ........................ N 76 75
CHARLES CROCKER (2).............. .3-1544 Caship, 1006 ........................ N so 70
CHARLES D. PosToN ................ 3-44 Calship, 194 . ...................... H ? ?
CHARLES DAURAY .................. 7-17-45 New England, 3013 .................. C 32 63
CHARLES H. HERTY ................. 1-31-44 Southeastern, 31 .................... H 55 45
CHARLES L. McNARY ............... 5-45 Todd-Houston, 179 .................. H ? ?
CHARLES M. SCHWAB (1) ........... 5-10-44 Bethlehem-Fairfield, 2114 ............ ? ? ?
CHARLES M. SCHWAB (2) ........... 11-44 Bethlehem-Fairfield, 2114 ............ H ? ?
CHARLES M. SCHWAB (3) ........... 3-20-45 Bethlehem-Fairfield, 2114 ........... ? ? ?
CHARLES M. SCHWAB (4) ........... 7-2-45 Bethlehem-Fairfield, 2114 ............ N 68 59
CHARLES ROBINSON ................. 4-10-44 Permanente, 1583 .................. ? ? ?
CHARLES SCRIBNER (1) ............. 1-44 Bethlehem-Fairfield, 2266 ............ H ? ?
CHARLES SCRIBNER (2) .............. 5-19-45 Bethlehem-Fairfield, 2266 ............ H ? ?
CHARLES TREADWELL (1) ............ 6-10-11-43 Pacific Bridge, 8 .................... N ? ?
CHARLES TREADWELL (2) ........... 3-44 Pacific Bridge, 8 .................... H ? ?
CHARLES WILSON PEALE ........... -4-45 Oregon, 605 ........................ N 31-45 56
CHARLESTOWN (1) .................. 1-45 Sun, 317 .......................... ? ? ?
CHARLOTTE P. GILMAN (1) .......... 5-1-44 Calship, T-13 ...................... ? ? ?
CHARLOTTE P. GILMAN (2) .......... 5-29-44 Calship, T.43 ...................... ? ? ?
CHERRY VALLEY ................... 8-1-24-44 Sun, 249 .......................... ? ? ?
CHICKAMAUGA ..................... 9-44 Sun, 260 ........ ................. ? ? ?
CHIEF WASHAKIE (1) ............... 6-10-43/7-15-43 Oregon, 613 ....................... ? ? ?
CHIEF WASHAKIE (2) ................ 12-11-43 Oregon, 613 ....................... H 29 42
Czimr H,~m^"^&%1z . ................. 7-24-44 Oregon, ,,,...................... ? 55-57 54
CHIEF WASHAKIE (4) ............... 5-45 Oregon, 613 ....................... ? ? ?
CHINA M AIL (1) .................... 6-26-43 Sun, 201 ..................... .... ? ? ?
CIUNA M AIL (2) .................... 2-5-44 Sun, 201 .......................... ? ? ?
CHINA M AIL (3) .................... 2-44 Sun, 201 ........................... H ? ?
CHINA MAIL (4) .................... 9-1-18-44 Sun, 201 .......................... 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
CHRISTOPHER GREENUP (1) .......... 3-29-43/4-6-43 Oregon, 644 ........................ N 16 ?
CHRISTOPHER GRLEUP (2) ......... 1-24-44 Oregon, 644 ....................... ? ? ?

701292-47-8
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CHRSTOPHER GREENUP (3) .......... 4-26-45 Oregon, 644 ....................... ? ?

OhRISTOPHER L. SHOL1S (1) .......... 4-44 Calship, T-8 ...................... ? ?

Cnsops'rtmR L. Suo..s (2) .......... 11-44 Calship, T-8 ...................... ? ?

CHuRU tUSco (1) ................... 6-5-44 Sun, 254 .......................... ? ?

CHURUBUSCO (2) ................... 6-45 Sun, 254 .......................... ? ?

CIMARRON ......................... 12-17-42 Sun, 172 .......................... ? ?

CLARA BARTON (1) ................. 12-11-28-43 Calship, 61 ......................... H 28-34 36-40

CLARA BARTON (2) ................. 1-45 Calship, 61 ........................ . H ?

CLARA BARTON (3) ................. 3-30-44 Calship, 61 ........................ . ? ? 33

CLARENCE B. RANDALL .............. 4-2-43 Great Lakes-Ashtabula, 523 ........... C ?

CLEVELAND ABE ................... 3-43 Oregon, 565 ....................... ? ?

COLiN P. KELLY, JR ................. 1-14-45 Alabama, 285 ....................... N 54 58
COLmA (1) ........................ 12-5-44 Sun, 251 .......................... . H ?

COLLIS P. HUNTINODON .............. 1-5-43 North Carolina, 38 .................. C 28 ?

COLOMBIA VICTORY ................. 9-18-44 Calship, V-10 ..................... N 53-75 53-65
CONASTOU A (1) .................... 3-2-43 Sun, 277 ........................... C ?

CONAS100A (2) ..................... 9-43 Sun, 277 .......................... ? ?

CONASTOoA (3) ..................... 2-28-44 Sun, 277 ........................... II 44 47

CONAsTOOA (4) ..................... 3-18-44 Sun, 277 ........................... C 52 37

CONASTOOA (5) ..................... 4-13-44 Sun, 277 ........................... H 56 57

CONASTOGA (6) .................... . 9-1-22-44 Sun, 277 .......................... ? ?

CONASTOGA (7) ..................... 4-5-45 Sun, 27 . ........................ ? ?
CONASTOGA (8) .................... . 6-45 Sun, 277 .......................... ? ?

CONTRERAS ........................ 4-3-44 Sun, 282 .......................... ? ?

COQUILLE (1) ...................... 10-1-18-44 Kaiser-Swan, 44 .................... ? ?

COQUILLE (2) ...................... 3-45 Kaiser-Swan, 44 .................... ? ?

CORINTH .......................... 12-1-18-44 Sun, 305 .......................... ? ?

CORVALLIS (1) ...................... 2-1-9-45 Kaiser-Swan, 35 .................... i ? ?

CORVALLIS (2) ...................... 2-26-45/3-13-45 Kaiser-Swan, 35 ..................... H 49-98 54-80
CRATER LAKE ...................... 7-9-44 Kaiser-Swan, 51 .................... ? ? ?

CROWN POINT (1) .................. . 8-15-44 Sun, 321 .......................... ? ? ?

CROWM POINT (2) .................. . 1-1-29-45 Sun, 321 .......................... ? ? ?

CUSHMAN K. DAVIS .................. 1-10-44 Oregon, 681 ....................... ? ?  ?

CYRUS H. MCCORMICK (1) .......... 7-19-43 Permanentc, 76 ...................... ? 72-84 85

CYRUS H. MCCoRMICX (2) .......... 2-12-44 Permanente, 76 ..................... H 50 54

CYRUS W. FIELD ................... 8-8-45 Permanente, 1105 ................. ? ?

DAN BEARD (1) ..................... 12-11-12-43 Permanente, 464 ..................... I-I 56 64

DAN BEARD (2) ..................... 3-44 Permanente, 464 .................... ? ? ?

DANIEL CARROLL ................... 11-3-43 Todd-Houston, 6 .................... H ?

DANIEL DRA.c E (1) ... .............. 7-43 Calship, 140 ........................ _ ?

DANIEL DRAKE (2) .................. 1-44 Calship, 140 ....................... H 33-50 40

DANIEL HIESTER .................... 1-1-12-43 Todd-Houston, 12 ................. ? ?

DANIEL H. LOWNSDALE .............. 9-22-43 Oregon, 557 ...................... ? ? ?

DANIELS. LAMONT (1) ............... 11-25-43 Oregon, 619 ........................ H 31-44 48

DANIEL S. LAMONT (2) .............. 4-44 Oregon, 619 ...... ................ ? ?

DANIEL S. LAMONT (3) .............. 9-5-44 Oregon, 619 ....................... ? ? 52

DANIEL WILLARD (1) ................ 7-31-44 Bethlehem-Fairfield, 2075 ........... 84 89

DAVID C. SHANKS ....................... 12-20-22-44 Ingalls, 298 ..................... ? ?

DAVID GAILLARD ................... 12-26-43 Permanente, 441 ..................... H 55 53

DAVID J. BREWER .................. 3-30-44 Permanente, 506 ..................... ? 42-47 46

DAVID R. FRANCIS .................. 2-3-44 Calship, 238 ....................... ? ?

DAVID R. LECRAW ................. 1-10-44 Walter Butler, 20 .................... C 17-20 32

DAVID STARR JORDAN ............... 1-13-44 Permanente, 472 ..................... ? ?

DAVID WILMOT (1) .................. 10-15-43 Todd-Houston, 82 ...................
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DAVID WILMOT (2) .................. 12-43 Todd-Houston, 82 .................... ? ?
DEKABRIST ......................... 1-29-44 Oregon, 641 ....................... . H ?
DELAWARE ......................... 8-44 Sun, 325 .......................... ? ?
DELAZON SMITH .................... 1-9-44 Oregon, 721 ....................... ? ?
DOLLY M ADISON .................... 12-43 Jones-Panama, 12 .................... ? ?
DONALD MACLEAY ................. 7-15-43 Oregon, 718 ........................ C ? ?
DUNCAN U. FLETCHER ............. 4-17-44 Jones-Panama, 11 .................... ? ?
DURHAM VICTORY ................... 7-17-44 Calship, V-19 ....................... C ?
DWrIo T L. MOODY ................. 6-5-44 Jones-Panama, 8 .................... ? ?
E. H . BLUM ........................ 6-5-44 Sun, 211 .......................... ? ?
EDGAR E. CLARK (1) ................ 1-24-45 Jones-Panama, 23 .................... '1 47-54 62
EDMUND FANNING ................... 10-24-43/1-26-44 Calship, 135 ........................ H 35-40 50
EDMUND G. Ross..... . ............ 11-44 Oregon, 787 ....................... ? ? ?
EDWARD D. BAKER .................. 7-18-44 Oregon, 735 ....................... ? ? ?
EDWARD H. CROCKETr ............. 5-2-44 New England, 2211 ................ ? ? ?
EDWARD KAVANAOII ................ 12-30-43 New England, 2207 ................ N 10 ?
EDWARD N. HURLEY ................ 5-17-27-43 Bethlehem-Fairfield, 2113 ............ ? ? ?
EDWARD N. WESTCOTr .............. 9-19-43 Oregon, 750 ....................... ? ? ?
EDWARD RUTLEDGE (1) .............. 6-23-43 North Carolina, 29 ................... ? 70-89 75
EDWARD RUTLEDOE (2) .............. 4-11-44 North Carolina, 29 .................. ? ? ?
EDWARD SPARROW .................. 10-18-20-43 Delta, 62 ........................... H ? ?
EDWARD W . SCRIPPS ................ 1-2-44 Calship, 178 ........................ H 52 ?
EDWIN BoOT . ....................... 9-5-44 Oregon, 606 ........................ N 90 69
EDWIN M. STANTON ................. 5-31-44 Oregon, 564 ....................... ? 68-81 77
EDWIN M ARKHAM ................... 5-43 Calship, 25 ........................ ? 45-50 50
EDWIN W. MOORE ................. ". 2-15-44 Todd-Houston, 80 ................... H ? ?
EG HARBOR .......... ............ 4-5-43 Kaiser-Swan, 5 ...................... C 53 50
ELBERT H. GARY ................... 11-17-43 Chicago, 66 ......................... ? ? ?
ELBRIDGE GERRY ................... 3-8-44 Calship, 12 ......................... C ? 56
ELIAS HOWE (1) .................... 2-10-43 Kaiser-Vancouver, 2 ................. .C 37-44 45
ELAS HoWE (2) .................... 3-8-43 Kaiser-Vancouver, 2 ................. H 75 ?
ELIAS REISBERO (1) ................. 5-45 New England, 3110 .................. H ? ?
ELIAS REISBERO (2) ................ 7-45 New England, 3110 ............... ? ? ?
ELimu ROOT ....................... 2-44 Jones-Panama, 6 .................... H ? ?
ELIPIIALET Norr ................... 5-8-44 South Portland, 261 .................. ? ? ?
ELISHA GRAVES OTIS (1) ............ 12-11-43 Permanente, 1110 ................... H ? ?
ELISIIA GRAVES OTIS (2) ............ 1-25-44 Permanente, 1110 ................... H ? ?
ELISHA GRAVES OTIS (3) ............ 3-3-44 Permanente, 1110 .................. H ? ?
ELIZA JANE NIC OLSON ............. 12-22-44 Delta, 83 .......................... H 45 53
ELK HILLS ......................... 1-1-26-45 M arinship, 57 ........ .............. ? ? ?
ELMER A. SPERRY (1) ............... 12-17-43/1-1-44 Oregon, 588 ....................... H ?
ELMER A. SPERRY (2) ............... 3-29-44 Oregon, 588 ....................... ? 34-74 39
ELMIRA VICTORY .................... 7-6-44 Oregon, 1021 ....................... C 82 75
ELOY ALFARO (1) ................... 3-44 Bethlehem-Fairfield, 2311 ............. H ? ?
ELOY ALFARO (2) ................... 1-45 Bethlehem-Fairfield, 2311 ............. H ? ?

........ tiE . .. .............. 665 ............... ......... .?

EMILIAN PUGACHEV (2) .... ........ 1-5-44 Oregon, 665 ........................ ? ? ?
E-MMA WI.LARD ................... 4-15-43 New England, 267 ................... .C 34 39
ENDERS M. VOORIKEES ............... 11-10-42 Great Lakes-River Rouge, 288 ....... H 25 42
ENos A. M ILLS (1) ................. . 2-5-44 Oregon, 812 .................. ..... C ? ?
ENOS A. MILLS (2) ................. 7-18-45 Oregon, 812 ........................ ? ? ?
EPIRAIM W. BAUGHMAN ............ 3-44 Oregon, 706 ....................... N ? ?
ERIVAN (1) ........................ 11-43 Oregon, 720 .............. ...... ? ? ?
ERIVAN (2) . .................... 2-21-44 Oregon, 720 ............ . ....... ? ? ?
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Esso BAYWAY. ....... ............ .. 11-43 Federal, 144 ....................... ? ??
Esso BUFFALO ...................... 3-44 Sun, 214 .......................... H ? ?
Esso HARTFORD (1) ................. 1-1-4-45 Bethlehem-Sparrows, 4367 ........... ?
Esso HARTFORD (2) ................ 2-1-22-45 Bethlehem-Sparrows, 4367 ............ ? ? ?

Esso LIr LE Rocx .................. 3-8-45 Sun, 197 ........................... N 30 47
Esso MANHATTAN (1) ................ 3-29--43 Sun, 267 ........................... N 30-42 ?
Esso M ANHA-TAN (2) ................ 9-44 Sun, 267 ........................... H ? ?

Esso NEW ORLEANS ................. 2-45 Sun, 235 .......................... ? ?
Esso NORFOLK ...................... 4-1-24-45 Sun, 274 ........ ...... .......... ? ?
Esso PATERSON (1) .................. 12-43 Sun, 272 ....................... ... ? ?
Esso PATE SoN (2) .................. 2-15-44 Sun, 272 ........................... H ?

ESSo PATERSON (3) .................. 3-12-44 Sun, 272 .......................... ? ?
Esso PATERSON (..) .................. 1-45 Sun, 272 ................ .......... ? 37 38
Esso PILADELPHIA................. 3-14-44 Sun, 219........................ ? ? ?

Esso Pr'rSxURGH ....... ........... 5-11-45 Sun, 220 .... ............. ........ H 43 42

Esso RALEicH (1) ................. . 2-43 Sun, 237 ................ ......... ? ? ?
Esso RALEIO (2) ................... 9-43 Sun, 237 ..... .................... ? ? ?
Esso RALEIGH (3) ................... 3-21-44 Sun, 237 .......................... ? ? ?
Esso RALEIGH (4) ................... 6-3-44 Sun, 237 ...... ................... ? ? ?
Esso RALEIGH (5) ................... 7-3-45 Sun, 237 .......................... ? ? ?
ESSO RICHMOND (1) ................. 10-43 Sun, 215 .......................... ?
Esso RICHMOND (2) ................. 7-8-44 Sun, 215 .......................... ?
Esso ROCHESTER (1) ................. 3-9-43 Sun, 213 .......................... ?
Esso ROCHESTER (2) ................. 2-26-44 Sun, 213 ........................... N 56 70
Esso ROCHESTER (3) ................. 3-22-44 Sun, 213 ...........................
Esso SCRANTON ..................... 4-1-11--45 Sun, 414 ........................... ?

Esso WASHINGTON (1) ......... .... 1-43 Sun, 271 ........................... H ?

Esso WASHNGTON (2) ............... 1-16-44 Sun, 271 .......................... . H
Esso W ASHINGTON (3) .............. 3-44 Sun, 271 ................ ........ . H ?
ESSO W ILMINGTON (1) ............... 2-43 Sun, 270 ........................... ?

Esso WILMINGTON (2) ................ 2-14-44 Sun, 270 .......................... N 43 56
Esso WILMINGTON (3) ................ 4-30-44 Sun, 270 ........................... H 37 32
Esso WILMINGTON (4) ................ 10-16-19-44 Sun, 270 ........................... H ?
EssO WILMINGTON (5) ................ 12-29-44 Sun, 270 ........................... C 24
Esso WILMINGTON (6) ................ 1-7-9-45 Sun, 27. ........................... H ?

Esso WILMINGTOIl (7) ................ 1-30-45/2-5-45 Sun, 270 ........................... H ?
EUGENE E. O'DONNELL (1) .......... 2-9-44 New England, 2209 .................. ?
EUGENE E. O'DONNELL (2) .......... 8-44 New England, 2209 ................. ?

EUGENE SKINNER .................... 1-4-43 Oregon, 556 ............ ........... . ?

EVANS CREEK (1) .................... 3-1-8-45 Alabama, 266 ...................... ?

EVANS CREEK (2) ................... 3-11-45 Mabama, 266 ...................... ?
EXCHEQUER ........................ .3-1-44 Bethlchem-Sparrows, 4394 ........... ?
EZRA CORNELL ..................... 3-21-25-43 South Portland, 264 .................. C 42 38

EZA MEEKER (1) .................. 1-22-43 Oregon, 611 ....................... C ?
EZRA M EEKER (2) .................. 3-43 Oregon, 611 ........... ........... ?
F. M...-O C.Ao, ............. .... 4-17-44 Pcranentc, 487 ..................... ? 41-51 42
F. SCoTT FITZGERALD .............. 2-17-18-45 Noew England, 3086 ................... H 33-38 52-56
F. T. FRELINOHUYSEN .................. 3-30-45 Delta, 50 ............................. 42 45
FAIRFAX (1) ........................ 4-7-4 4 Sun, 308 .......................... ?
FAIRFAX (2) ........................ 11-1-14-44 Sun, 308 ................ .......... ?
FAIRLAND (1) ...................... 7--12-43/8-4-43 Gulf, 3 ............................. H ?
FAIRLAND (2) ...................... 9-43 Gulf, 3 ............................. H ?
FALLEN TIMBERS .................... 10-15-43 Kaiser-Swan, I I .................... ? ?

FELIPE DE NEVE ...... . ........ 2-10-44 Calship, 64 ............. ........... ? 33-39 41
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FELIX REISrNBERG .................. 1-30-45 Jones-Brunswick, 176 .................. H ? ?
FERDINANDO GORGES ................ 12-16-44 New England, 238 ................... N 39-47 48-52
FIShER AMEs (1) ................. . 11-11-43/12-2',-43 Oregon, 190 ....................... . H 52 50
FIslER AMES (2) ................... . 12-14-44 Oregon, 190 ....................... ? ?
FORT ERIE .............................. .... 5-26-44 Kaiser-Swan, 23 .................... ? ?
FORT HENRY ...................... ....... 3-18-44 Kaiser-Swan, 23 .................. ? ? ?
FORT McHENRY .................... 4-13-44 Kaiser-Swan, 27 .................... ? ? ?
FORT M OULTRIE .................... 2-1-26-45 Kaiser-Swan, 3 ..................... ? ?

FORT NIAGARA (1) ............. .... 4-16-21-44 Sun, 316 ........................... H ?
FORT NIAGARA (2) ... .............. 11-1-20-44 Sun, 316 .......................... ? ?

FORT ORANGE ................... 3-44 New England, 241 ................... H ?
FORT SCIHUYLER ............... . .. 3-14-45 Sun, 336 .......................... ? ?
FORT STEPHENSON ................... 10-1-27-44 Kaiser-Swan, 17 .................... ?
FORT SUMTER ...................... 9-26-44 Kaiser-Swan, 28 ..................... N 80

FORT WASHINGTON .................. 7-21-43 Kaiser-Swan, 4 ...................... H 57 61
FORT WINNEBAGO ................... 4-1-8-45 Kaiser-Swan, 74 .................... ? ? ?

FRANCIS ASBURY ................... 9-20-44 St. Johns, 3 ......................... N 56-73 62-76
FRANCIS DRAKE (1) ................. 2-8-24-44 Calship, 54 ......................... H 60-65 60
FRANCIS L. 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 MARION (2) ............... 2-14-44 North Carolina, 6 .................... ? 22-34 35
FRANCIS SCOTT KEY .............. ... 11-43 Bethlehem-Fairfield, 2003 ............ ? ? ?

FRANCIS W. PARKER ................. 4-20-44 Oregon, 793 ....................... ? ? ?

FRANK ARMSTRONG (1) ............... 3-30-43 Great Lakes-Ashtabula, 522 ........... C ? ?
FRANK ARMSTRONG (2) .............. 3-44 Great Lakes-Ashtabula, 522 .......... ? ? ?
FRANK GILBRETII .................. ..... 2-12-45 Walsh Kaiser, 3120 ............... ? ? ?

FRANKLIN K. LANE (1) .............. 12-22-43 Calship, 196 ........................ C 72 32
FRANKLIN B. MALL ................... 9-44 Bethlehem-Fairfield, 2107 ............ ? ? ?
FREDERICK REMINGTON (1) .......... 5-5-43 Permanente, 508 ..................... H ? ?

FREDERICK REMINGTON (2) .......... 5-3-44 Permanente, 508 ..................... ? 54-73 52-55

FREDERICK W. TAYLOR .............. 7-25-44 New England, 2220 ................. ? ? ?
FREDERICKSBURG .................... 10-1-18-44 Sun, 294 .......................... ? ? ?
FREMONT OLDER .................... 5-24-44 Permanente, 1576 .................... C 52 49
FRENCHTOWN ......................... 3-45 Sun, 391 ........... .............. ? ? ?
G. W . GOETHALS (1) ................ 11-7-43 Oregon, 599 ....................... ? ? ?
G. W. GOETIALS (2) ................ 3-30-44 Oregon, 599 ........................ C 40 38
G. W. GOETIALS (3) ................ 2-27-45 Oregon, 599 ........................ H 58 60
GABRIEL DUVAL ................... ...... 1-22-43 Calship, 81 ...................... ? ? ?
GAINES M ILE ....... ................. 1-45 Sun, 262 ...... ................... ? ? ?
GAUNTLET ......................... 11-9-44 M oore, 252 ......................... H ? ?
GENERAL FLEISCHER ................ 1-8-10-44 Permanente, 269 ..................... H ? ?

GENERAL GEORGE W. GOETHALS (1).. 2-20-43 Ingalls, 268 ......................... C ? ?

GENERAL GEORGE W GOETHALS (2) .. 1-6-44 Ingalls, 268 ........................ ? ? ?
GEORGE A. CUSTER ................. 1-25-44 Calship, 71 ......................... H 46 47

GEORGE A. SLOAN (1) ............... 3-19-43 Great -i-kew-River Rouge, 292 ........ C
GEORo A. SLOAN (2) ............... 11-14-43 Great Lakes-River Rouge, 292 ......... H ? ?
GEORGE B. SrLDeN ................. 11-29-43 Permanente, 428 ..................... H 45 45

GEORGE BERKELEY (1) .............. 5-9-44 Permanente, 1568 ................... ? ? ?
GEORGE BERKELEY (2) .............. 10-44 Penmanente, 1568 .................... H ? ?
GEORGE CHAMBERLAIN (1) .......... 12-1-42 Oregon, 560 ....................... H ? ?
GEORGE CHAMBERLAIN (2) .......... 12-29-43 Oregon, 560 ........................ H 40 ?

GEORGE CHAMBERLAIN (3) .......... 3-4-44 Oregon, 560 ........................ H ? ?
GEORGE CROCKER (1) ............... 12-23-43 Walter Butler, 26 .................... C ? 33
GEORGE CRICKER (2) ............. 12-30-43 Walter Butler, 26 .................... C 36 ?
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GEORGE D. PRENTICE ................ 11-43 Permanente, 536 ..................... H ? ?

GEOROE DAVIDSON .................. .. . . 11-25-43 Oregon, 697 ....................... ? ? ?
GEORGE DAVIS ..................... 5-11-45 North Carolina, 54 ................... N 58 50

GEORGE DEWE . . ..................... 4-44 St. Johns, 10 ........................ H ? ?

GEORGE DURANT (1) ................ 2-16-44 North Carolina, 182 .................. H 40 42

GEORGE DURANT (2) ................ 2-16-44/3-23-44 North Carolina, 182 .................. H 46 48

GEORGE E. HALE (1) ................ 12-12-43 Calship, 125 ....................... . H ? ?

GEORGE E. HALE (2) ............... 3-44 Calship, 125 ........................ ? 61-64 63-65

GEORGE E. MERRIC. ................ 11-44 St. Johns, 40 ....................... ? ? ?

GEORGE F. PArEN ................ .. 12-23-43 New England, 226 .................. ? ? ?

GEORGE FLAVEL (1) ................. 3-29-44 Oregon, 658 ........................ N 51 51

GEORGE FLAVEL (2) ................. 4-19-45 Oregon, 658 ........................ H 46 44

GEORGE GALE (1) .................. 12-19-42/1-10-43 Delta, 7 ............................ H ? ?
GEORGE GALE (2) ................... 1-21-44 Delta, 7 ........................... H 42 50

GEORGE H. PENDLETON .............. 4-24-45 Bethlch, -.- Fairfield, 2163 ............. N 52 52

GEORGE H. POPHAM ................ 12-5-13-43 New Er gland, 2194 ................. ? ? ?

GEORGE H. THOMAS ................. 5-10-45 Oregor, 569 ....................... H 55 51

GEORGE H. WILLIAMS (1) ............ 12-31-43 Oregoa, 544 ........................ ? ? 58

GEORGE H. WILAMS (2) ............ 2-44 Oregon, 544 ........................ ? 68 67

GEORGE KENNY .................... 4-45 Calship, 237 ........................ H ? ?

GEORGE L. BAKER .................. 6-45 Oregon, 655 ........................ ? ? ?

GEOREO M. BIBB .................... 6-20-43 Oregon, 628 ........................ N 80 84

GEORGE P. GARRISON ................ 3-2-44 Houston, 73 ......................... H 36 45

GEORGE POINDEXTER ............... 2-44 Delta, 56 ........................... H 62 72

GEORGE ROGERS CL.,um (1) ......... 11-25-43 Perma-ente, 448 ..................... N ? ?

GEORGE ROGERS CLARK (2) ......... 3-13-44 Permanente, 448 ..................... H 38-43 46

GEORGE ROGERS C.ARK (3) ......... 4-3-44 Permanente, 448 ..................... ? 33-46 40

GEORGE ROGERS CLARK (4) ......... 4-24-44 Permanente, 448 ..................... N 60 43

GEORGE S. WASsoN (1) .............. 12-20-43 New England, 2206 .................. C 38 38
GEORGE S. WASSON (2) .............. 12-28-43 New England, 2206 .................. C 7 ?

GEORGE STELRS .................... 12-23-44 Houston, 119 ....................... N 50 52

GEORGE W. CAMPBELL.............. 4-24-25-43 Oregon, 623 ....................... H 42 49

GEORGE W. KENDALL (1) ........... 5-44 Delta, 64 .......................... ? ?

GEORGE W. KENDALL (2) ........... 9-4-44 Delta, 64 .......................... ? ?
GEORGE W. KENDALL (3) ........... 10-12-44 Delta, 64 .......................... ? ?

GEORGE W. KENDALL (4) ............ 1-45 Delta, 64 .......................... ? ?

GEORGE WALTON ................... 11-43 Southeastern, 4 ...................... H ?

GEORGE WHMIrMLnD (1) ............. 12-16-43/1-3-44 Southeastern, 19 ..................... H 47-56 54

GEORGE WsMInunL (2) ............. 3-2-3-44 Southeastern, 19 ..................... H 18-20 40-42

GEORGE WYTHE (1) ................. 8-43 Bethlehem-Fairfield, 2011 ............. H ?

GEORGE WYTFM (2) ................. 12-5-43 Bethlehem-Fairfield, 2011 ............. ? ?

GEORGE WYrHE (3) ................. 2-29-44/3-2-44 Bethlehem-Fairfield, 2011............. H ?
GEORGE Wrrim (4) ................. 1-45 Bethlehem-Fairfield, 2011 ............. ? ?

GERONIMUO ......................... 1-44 Permanente, 1122 .................... ? ?

GERVAIS ........................... 5-44 Kaiser-Swan, 36 ..................... H ?
%-DoI WE:L)s.....................2-45 Oregon, 563. ........................ N 47-52 64-70

GRACE ABOrr ..................... 1-1-5-43 Bethlehem-Fairfield, 2069 ............. H 58 57
GRACE R. HEDARD .................. 12-44 Oregon, 813 ........................ H 35 39

GRANDE RONDE .................... 6-16-44 Kaiser-Swan, 43 .................... ? ?

GREAT MEADOWS (1) ................ 10-28-43 Sun, 319 .......................... ? ? ?
GREAT MEADOWS (2) ................ 6-12-44 Sun, 319 .......................... ? ? ?

GREEN BAY VICTORY ................ 2-3-6-45 Oregon, 1213 ....................... H 52 54

GROVER C. HuTcHzRsON ............. 2-3-7-45 St. Johns, 76 ........................ H ? ?
GUADALOUPE ...................... . . 5-5-43 Newport News, 371 ................. ? ?
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GULF CARIBBEAN ................... 11-44 Sun, 240 ........................... ? ? ?
GUTZON BORGLUM (1) ............... 11-28-43/1.-17-44 Cahlhip, 240 ........................ N 65 53

GUTZON BOROLUM (2) ............... 2-7-44 Calship, 240 ........................ ? ? ?

HADLEY F. BROWN .................. 6-45 New England, 3023 .................. ? ? ?

HALLJ. KELLEY (1) ................ 3-44 Oregon, 637 ........................ N ? ?
HALLJ. KELLEY (2) ................ 4-25-44 Oregon, 637 ........................ ? ? ?

HAMLIN GARLANI. (1) ............... 12-10-13-43 Southeastern, 16 ...................... H 59 66

HAMLN GAR-. t ,2) .............. 12-10-19-44 Southeastern, 16 ..................... H 60 56

HANGING ROCK (1) .................. 6-2--' Sun, 390 ........................... ? ? ?
HANoINo ROCK (2) .................. 4-41 Sun, 390 ........................... ? ? ?

HANNIBAL HAMLIN .................. 3-28-q , South Portland, 213 .................. ? ? ?

HANNis TAYLOR .................... 12-19-44 North Carolina, 162 .................. N 17 52

HARALD ToRsviK (1) ................ 11-44 St. Johns, 66 ....................... H ? ?
HARALD TORsVIK (2) ................ 2-5-45 St. Johns, 66 ........................ ? 18-52 "40

HARPERS FERRY (1) ................. 9-1-8-44 Sun, 300 ............. ............. ? ? ?

HARPERS FERRY (2) ................. 11-44 Sun, 300 ........................... ? ? ?

HARRIET TUBMAN ................... 8-44 New England, 3032 .................. H 86 79

HARRINOTON EMERSON ............... 4-4-44 Oregon, 823 ........................ ? ? ?

HARRY L. GLUCKSMAN. ............... 3-16-45 Southeastern, 50 ..................... N 76 40

HARRY LANE (1) ................... 8-43 Oregon, 559 ........................ ? ? ?

HARRY LANE (2) ................... 3-16-44 Oregon, 559 ......................... ? 51-77 49

HARRY LANE (3) ................... 6-21-44 Oregon, 559 ........................ ? ? ?

HART CRANE ....................... 10-5-44 Calship, 276 ........................ ? ? ?

HARVEY W. Scorr .................. 12-5-42 Oregon, 552 ........................ N ? ?
HASTINGS .......................... 1-45 Gulf, 28 ............................ H ? ?

HAT CREEK (1) ..................... 12-11-43 Alabama, 251 ....................... H 32 45

HAT CREEK (2) ..................... 12-13-43 Alabama, 251 ....................... ? ? ?

HAT CREEK (3) ..................... 2-8-14-44 Alabama, 251 ....................... H ? ?

HELEN HUNT JACKSON (1) ............ 4-6-"44 Calship, 98 ......................... ? 28-34 48
HELEN HUNT JACKSON (2) ............ 6-28-44 Calship, 98 ......................... N 74-85 71

HENDERSON LUELLINO (1) ............ 12-27-43 Oregon, 640 ........................ ? ? ?

HENDERSON LUELLING (2) ............ 1-27-28-44 Oregon, 640 ........................ H 30 40

HENRY AUSTINN ..................... 2-7-44 Houston, 100 ......................... ? ? ?

HENRY BACON ...................... 12-27-42 North Carolina, 40 ................... C ? ?

HENRY BALDWIN (1) ................ 12-27-42 Calship, 82 ......................... H 70 ?
HENRY BALDWIN (2) ................ 3-44 Calship, 82 ......................... H 56 70

HENRY BARNARD ................... 2-8-43 Oregon, 603 ........................ ? 42-47 51

HENRY CLAY ....................... 2-44 Alabama, 233 ....................... C ? ?

HENRY D. THOREAU ................ 4-18-44 Oregon, 197 ........................ ? 47-54 51
HENRY GEORGE .................... 4-19-43 Oregon, 574 ........................ ? 66-68 69-81

HENRY GIBBINS ..................... 4-44 Ingalls, 297 ......................... H ? ?
HENRY FAILING (1) ................. 4-3-44 Oregon, 662 ........................ ? ? ?

HENRY H. RICARDSON .............. 3-44 Permanente, 528 .................... H ? ?

HENRY H. SIBLEY ................... 1-30-45 Calship, 153 ........................ ? ? ?

HENRY J. RAYMOND ................. 6-11-44 Permanente, 442 ..................... ? ?
HENRY L. ELLSWORTH ............ -3-1 4 Deta, 74 .......................... ? ?
HENRY M. RICE (1) ................. 8-3-43 Calship, 154 ........................ H 45 45

HENRY M. IcE (2) ................. 11-28-29-43 Calship, 154 ........................ H 46 52

HENRY S. LANE (1) ................. 7-26-31-43 Oregon, 692 ........................ H ? ?

HENRY S. LANE (2) ................. 4-8-44 Oregon, 692 ........................ ? ? ?

HENRY S. LANE (3) ................. 1-3-45 Oregon, 692 ........................ ? ? ?

HENRY LOMB ....................... 5-16-44 Bethlehem-Fairfield, 2232 ........ ? ? ?

HENRY W. GRADY .................. 12-18-44 Jones-Brunswick, 117 ................. C 38 51
HENRY W. LONGFELLOW (1) .......... 8-25-42 Oregon, 188 ........................ H ? ?
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HENRY WARD BEECHER ............. 2-44 Calship, 67 ......................... H 62-68 66-67
HENRY W.sON (1) .................. 5-1-8-43 New England, 272 ................. C 40 40
HERY WILsON (2) .................. 1-31-44 New England, 272 .................. ? ? ?
HENRY WYNKOOP (1) ................ 2-16-43 Delta, 21 ........................... C 7-17 ?
HENRY W YNKOOP (2) ................ 3-2-11-44 Delta, 21 .......................... H ?
HENRY WyNxooP (3) ............... .... 3-6-45 Delta, 21 ....................... ? ?
HERMAN MELVILLE (1) .............. 12-22-42 South Portland, 218 ................. ? ? ?
HERMAN MELVILLE (2) ............. 3-44 South Portland, 218 ................. H 19 27
HERMAN MELVILLE (3) ............ 4-44 South Portland, 218 .................. H ?

HIDALGO (1) ................... ... 12-26-44 Walter Butler, 38 .................... C -12 ?
HIDALOO (2) ....................... 1-5-45 Walter Butler, 38 .................. . C -1 25

HILARY A. HERBERT ................ 3-45 North Carolina, 170 .................. ?
HINTON R. HELPER ................. 12-27-43/1-2-44 Calship, 49 ......................... H
HIRAM S. MAXm .................... 5-43 Pecrmanente, 4o8 ..................... H

HoBxyna's HILL .................... 12-1-14-44 Sun, 418 .......................... ?
HORACE BUSHNELL .................. 3-4-44 Bethlehem-Fairfield, 2243 ........... H ?.

HORACE SEE (1) .................... 11-19-43 Calship, T- I ....................... H
HORACE SEE (2) ................... . 4-25-44 Calship, T-11 ...................... ?
HORACE SEE (3) .................... 7-22-44 Calship, T-l1 I....................... H
HORACE SEE (4) .................... 1-45 Calship, T-1 I...................... ?

HORACE SEE (5) .................... 2-22-45 Calship, T-1 1 ....................... H 35 30
HORACE SEE (6) .................... 3-8-45 Calship. T-1 I....................... H ?

HORACE SEE (7) .................... 4-18-45 Calship, T-11 ........................ C 34 38

HoRxAro ALLEN .................... 3-45 Calship, 296 ....................... ?

HOWARD E. CoFFIN (1) .............. 3-16-44 Jones-Brunswick, 128 .................... ?
HOWARD E. COFFIN (2) .............. 2-27-45 Jones-Brunswick, 128 ................. H ?
HOWARD T. RICKETS (1) ............. 1-12-44 Calship, 225 ....................... ?
HOWARD T. RIC.ETS (2) ............ 9-6-44 Calship, 225 ........................ H 52 58
HUBERT Howa BANCROFT (1) ........ 1-25-45 Calship, 94 ......................... H 20-28 40

HUBERT Hows BANCROFT (2) ........ 5-45 Calship, 94 ......................... H 69-75 68-75
HuoH WILLIAMSON .................. 3-19-43 North Carolina, 13 ................... H 41 53

INA COOLBRITA .................... ...... 6-23-44 Calship, 227 ..................... ?

IRAN VICTORY ..................... ....... 6-22-44 Oregon, 1010 ..................... ?

IRVIN S. CoBB ...................... 11-29-44 St. Johns, 55 ........................ H ?
IRWIN RUSSELL ..................... 3-29-44/4-4-44 Delta, 73 ........................... H 46 48

ISAAC I. STEVENS .................. .... 1-22-30-44 Oregon, 820 ......................... H ?

ISAAC COLES ....................... 2-22-44 Ca'ship, 33 ......................... H 36-47 42
ISLAND M AIL ....................... 5-30-45 Sun, 200 ............. ............. H 43 33
ISRAEL PUTNAM (1) .................. 12-21-42 AIaban a, 242 ...................... C ?
ISRAEL PurNAM.t (2) .................. 1-22-44 Alabama, 242 ....................... H 28-48 37

ISRAEL PUTNAM (3) .................. 1-17-45/2-1-45 Alabama, 242 ....................... H 54 66

J. D. Ross (1) ...................... 3-2-44 Oregoi., 727 ....................... ?
J. D. Ross (2) ...................... 6-5-44 Oregon, 727 ........... ........... ?
J. D. YEAOER .................... ..... .. 2-19-45 Todd-Houston, 169 .................. H 0 ?

J. E. B. STUART (1) ................. 12-43 Houston, 20 ......................... ? 70 7!

.E. B. STUART (2) ................. 7-31-45 Houston, 169 ........................ ? 83

3. Ii. ILL ^ANJ................... 3-44 Great Lakes-Ashtabula, 524 ..........

J. H. KINKAID ...................... 8-14-44 Permanente, 480 ................... N ? ?
J. H. TUTLE ...................... 6-43 Sun, 238 ....................... ? ? ?

J. L M . CURRY .................... 3-7-43 Alabama, 231 ..................... H 14-30 ?

J. RUFINo BARRIOS .................. 7-45 Delta, 140 ......................... ? ? ?
J. WARREN KEIFER .................. 4-9-10-44 Oregou, 789 ...................... H ? ?

JACOB S. HAUSFELD ................. 1-12-45 Calship, 198 ..... ............... .. ? ?
JACOB THOMPSON (1) ..... . ... .... 2-1-2-44 Delta, 68 .............. .......... H ? ?
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JACOB THOMPSON (2) ................ 5-29-44 Delta, 68 ........................... ? ?
JACOB THOMPSON (3) ................ 3-10-45 Delta, 68 ........................... H 62 54
JACQUES CARTIER (1) ............... 6-43 Calship, 162 ... .................... H ? ?
JACQUES CARTIER (2) ................ 8-17-43 Calship, 162 ........................ ? ?
JACQUES CARTIER ( ................. 10-19-43 Calship, 162 ........................ H ? ?
JAMES A. WETMORE (1) ............. 12-7-43 Jones-Brunswick, 118 ................. H 40 ?
JAMES A. WETMORE (2) ............. 1-17-44 Jones-Brunswick, 118 ................. H 39
JAMES A. "J,:TMORE (3) .............. 2-16-44 Jones-Brunswick, 118 ................. ? ?
JAMES A. VETMORE (4) ............. 3-44 Jones-Brunswick, 118 ................. ? ?
JAMES B. RICHARDSON (1) ........... 2-18-44 North Carolina, 35 .................. N 47 56
JAMES B. RictARDSON (2) ........... 4-28-44 North Carolina, 35 ................... ? 45-52 48
JAMES B. WEAVER (1) ............... 12-12-23-43 Calship, 157 ........................ H 37-61 54
JAMES B. W 3AVER (2) ............... 3-16-44 Calship, 157 ........................ ? ? ?
JAMES BARBOUR ..................... 3-23-43 Houston, 41 ......................... H ? ?
JAMES BowIE (1) .................... 2-19-43 Houston, 32 ........................ H 44 38
JAMES BowvE (2) ................... 8-43 Houston, 32 ....................... ? 75-88 84
JAMES CALDWELL .................... 3-45 Bethlehem-Fairfield, 2065 ............ ? ?
JAMES COOK ........................ 3-12-44/4-3-44 Calship, T-7 ....................... ? ? ?
JAMES DEVEREUX (1) ................ 5-4-44 Permanente, 2745 .................... ? ?
JAMES DEVEREUX (2) .................. 7-10-44 Permanente, 2'45 ................. ? ?
JAMES FENIMORE COOPER (1) ........ 1-21-44 Oregon, 235 ........................ H ? ?
JAMES FENIMORE COOPER (2) ........ 3-44 Oregon, 235 ........................ H ?
JAMES G. MAOUIRE .................. 12-28-44 Permanente, 2183 .................... C ?
JAMES GORDON BENNETT (1) .......... 12-18-43 Calship, 68 ......................... ? 26-42

JAMES GORDON BENNEr (2) ......... 1-22-44 Calship, 68 ......................... H ?
JAMES HARROD ......................... 6-43 Oregon, 643 ..................... ? ? ?
JAMES HOBAN .................... ........... 1-43 Alabama, 281 ...................... ? ? ?
JAMES I. McKAY ................... 4-44 North Carolina, 180 .................. H ? ?
JAMES IREDELL ..................... 3-4-44 North Carolina, 45 ................... H ?

JAMES IVES (1) ...................... 1-21-44 Permanente, 530 ..................... H ?
JAMES IVES (2) ...................... 4-29-44 Permanente, 530 ..................... ? 41-48 47
JAMES LONOSTREET .................. 8-43 Houston, 18 ......................... ? ? ?
JAMES LYKES (1) .................... 6-1-21-44 Bethlehem-Sparrows, 4344 ............ H ? ?
JAMES LyxEs (2) .................... 7-26-44 Bethlehem-Sparrows, 4344 ........... ? ? ?
JAMES M. WAYNE (1) ............... 6-43 Jones-Brunswick, 105 ................. H ? ?
JAMES M. WAYNE (2) ................ 1-5-44 Jones-Brunswick, 105 ................. H ? ?
JAMES MANNINO (1) ................ 1-44 New England, 2193 .................. N ? ?
JAMES MANNING (2) ................ 4-3-44 New England, 2198 ................. ? ? ?
JAMES McNEILL WHISTLER .......... 11-28-42 Oregon, 576 ........................ H 32 42
JAMES SCHUREMAN .................. 11-42 Calship, 30 ......................... H ? ?

JAMES SIIELDS .......................... 12-43 Calship, 201 ..................... ? ? ?
JAMES SMITH (1) ................... 12-17-43 Permanente, 53 ...................... H 37 ?
JAMES SMITH (2) .................... 12-26-43 Permanente, 53 ...................... H 37 45
JAMES SMITH (3) .................... 2-44 Permanente, 53 ...................... H ? ?
JAMzs W . FANNIN ................... 6-21-44 Houston, 59 ........................ ? ? ?
JAMES W. NFsUTItF ......... 2-45 Oregon, 553 ...................... .N 44-62 62-65
JAI'ES WHITCOMB RILEY (1) ......... 2-28-43 Oregon, 199 ....................... H 40 44
JAMES WHITCOMB RILEY (2) ......... 1-30-44 Oregon, 199 ........................ H 34 ?
JAMES WOODROW ................... 2-8-43/3-31-43 Bethlehem-Fairfield, 2079 ............. H 47-60 66-72

JAN JORES (1) ..................... 10-23-43 Calship, 126 ....................... ? ? ?
JAN JORES (2) ...................... 1-1-14-44 Calship, 126 ........................ H ? ?
JAN PIETERSZOON COEN .............. 2-15-44 Permanente, 2263 .................... C 48 53
JANE A. DELANO (1) ................ 12-14-43 Permanente, 465 .................... ? ? ?
JANE A. DELANO (2) ............... 1-20-44/2-4-44 Permanente, 465 ..................... H 42 50
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JANE A. DELANO (3) ................ 3-4-44 Permanente, 465 ..................... H 20 40

JANE LONG ......................... 1-22-44 Houston, 57 ......................... H 37 49

JANET LORD ROPER ................. 11-44 Bethlehem-Fairfield, 2157 ............ H ? ?

JARED INGERSOLL ................... 4-45 Bethlehem-Fairfield, 2047 ............ ? ? ?

JASMINE .............................. 10-44 Bethlehem-Fairfield, 2020 ............. H ? ?

JEAN LYKEs ........................ 7-4-45 Consoiidated-Wilmington, 229 ......... H 80 //

JEFTRsOx DAVIS .................... 1-16-44 Alabama. 238 ....................... H 41 42

JEREMIAH O'BRIEN .................. 3-28-44 New England, 230 .................. ? ? ?

JEREMIAH WADSWORTH .............. 11-11-42 Houston, 31 ......................... N ? ?

JESSE APPLEGATE .................. .. 8-44 Oregon, 549 ....................... ? ? ?

JESSE BILLINOSLEY ................... 3-44 Houston, 79 ......................... H ? ?

JESSE G. CoTrlNo .................. ..... 6-17-44 Walter Butler, 8 .................. ? ? ?

JOAQUIN MILLER (1) ................ 3-15-43 Permanente, 484 ..................... H 30 34

JOAQUIN MILLER (2) ................ 9-43 Permanente, 484 .................... ? ? ?

JOAQUIN MILLER (3) ................ 12-15-43 Permanente, 484 ..................... C ? ?

JOEL CHANDLER HARRIS ............ 5-18-45 Alabama, 240 ....................... C ? ?

JOEL R. Powszr ................... 3-4-44 Houston, 43 ......................... H 20 40

JoHN A. CALPBE-L .................. 1-45 Jones-Brunswick, 112 ................. ? 0 ?

JoHN A. Qurr6AN ................... 1-16-44 Delta, 57 .......................... H 40 40

JoHN ARMSTRONG ................... 6-45 Houston, 39 ........................ ? ? ?

JOHN B. GoRDoN ................... 12-24-43 Jones-Brunswick, 120 ................. H ? ?

JoHN BARRY (1) .................... 7-25-43 Oregon, 174 ........................ H 55 53

JOHN BARRY (2) ................... 6-44 Oregon, 174 ........................ H 74-80 77-81

JOHN BURKE (1) ................... 1-4-43/5-14-43 Oregon, 609 ....................... ? ? ?

JOHN BURKE (2) .................... 3-3-44 Oregon, 609 ........................ N 42 38

JoHN BuRa (3) .................... 4-21-44 Oregon, 609 ........................ H 38 39

JOHN C. AINSWORTH (1) ............. 12-25-42 Oregon, 554 ........................ H 40 40-46

JOHN C. AINSWORTH (2) ............ 9-9-43 Oregon, 554 ........................ H 47 46

JOHN C. AINSWORTH (3) ............ 1-8-44 Oregon, 554 ........................ C 45 39

JOHN C. SPENcER (1) ................ 12-25-43 Houston, 45 ........................ H ? ?

JOHN C. SPENCER (2) ................ 3-5-44 Houston, 45 ......................... H 54 57
JOHN CARVER (1) ................... 6-1-15-43 South Portland, 207 .................. ? 68 70

JOHN CARVER (2) ................... 9-44 South Portland, 207 ................. ? ? ?
JOHN CLARKE (1) ................... 2-44 Walsh Kaiser, 2 .................... ? ? ?
JOHN CLARKE (2) ................... 3-12-44 Walsh-Kaiser, 2 .................... N 64 66

JOHN CROPPER (1) .................. 3-44 North Carolina, 8 ................... 11 63-65 68-70

JOHN CROPPER (2) .................. 10-20-44 North Carolina, 8 .................... ? 70 70
JOHN CROPPER (3) .................. 1-45 North Carolina, 8 .................... ? ? ?

Jom D. WHIDDEN .................. 1-12-44 Walter Butler, 24 .................... C 12 32

JOHN DAVENPORT ................... 6-26-43 South Portland, 207 .................. H ? ?

JOHN DRAKE SLOAT (1) ............. 6-43 Calship, 122 ........................ ? 48 60
JoHN DRAKE SLOAT (2) ............. 10-43 Calship, 122 ....................... ? 58-69 70--77
JOHN DREw ........................ 5-44 Calship, 274 ........................ H ? ?

JOHN E. SWEET ..................... 3-45 Southeastern, 43 .................... ? ? ?

JOHN EVANS ........................ 5-45 Permanente, 1712 .................... H 64 ?

JOHN F. APPLEBY (1) ............... 5-43 Permanente, 421 ..................... H 50-51 47
JOHN F. APPLEBY (2) ................ 10-11-43 Permanente, 421 ..................... r 40-44 .16

JOHN F. APPLEBY (3) ................ 3-16-44 Permanente, 421 ..................... ? 11-15 38
JOHN F. APPLEBY (4) ............... 4-44 Pcrmanente, 0121 .................... H ? ?
JOHN F. STEFFEN .................... 12-18-43 Oregon, 709 ....................... ? ? ?

JOHN FITCH (1) ..................... 1-6-43/2-13-43 Permanente, 72 .................... ? ? ?

JOHN FITCH (2) ..................... 2-15-43 Permanente, 72 ..................... N -10 33

JOHN G. CARLISLE ................. 5-44 Permanente, 519 .................... ? ? ?
JOHN G. WITTIER (1) . 4-10-44 Oregon, 194 ....................... ? 42-52 44
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JOHN G. WHITTIER (2) .............. 1-45 Oregon, 194 ........................ ? 40-65 57-74
JOHN G. W ITTIER (3) .............. 4-45 Oregon, 194 ....................... ? ? ?
JoHN GOODE ....................... 3-20-44 Calship, T-1 ........................ H 43 53
JOHN GORRIE (1) ................... 10-13-43 St. Johns, 2 ......................... H 43 ?
JOHN GORRIE (2) ................... 11-9-43/12-5-43 St. Johns, 2 ......................... ? ? ?
JOHN GORRIE (3) ................... 2-44 St. Johns, 2 ....................... . . H? ?
JOHN GORRIE (4) ................... 3-44 St. Johns, 2 ......................... H ? ?
JOHN H. HAMMOND (1) ............. 2-45 Jones-Brunswick, 170 ................. ? ? ?
JOHN H. HAMMOND (2) ............. 3-45 Jones-Brunswick, 170 ................. ? ? ?
JOHN H. MARION (1) ................ 4-14-44 Calship, T-16 ....................... ? ? ?
JOHN H. MARION (2) ............... 10-44 Calship, T-16 ....................... ? ? ?
JOHN H. MARION (3) ................ 3-17-45 Calship, T-16 ....................... C 31 54
JoHN H. MAPION (4) ............... 6-45 Calship, T-16 ....................... ? ? ?
JOHN H. MURPHY ................... 2-21-45 Bethlehem-Fairfield, 2346 ............. H ? ?
JOHN HARVEY ...................... 3-16-43 North Carolina, 56 ................... ? 50-63 60
JoHN HATHORN (1) ................. 2-15-44 Calship, 24 ......................... H ? ?
JOHN HATHORN (2) ................. 4-45 Calship, 24 ......................... ? ? 50
JOHN HAY ......................... 3-30-44 Jones-Panama, 7 ..................... H ? ?
JoHN HENRY (1) .................... 9-42 Bethlehem-Fairfield, 2032 ............. H ? ?
JOHN HENRY (2) .................... 1-25-44/2-4-44 Bethlehem-F, ,rfield, 2032 ............. H 37 56
JOHN HOLMES ...................... 4-18-44 New England, 216 ................... ? ? ?
JOHN IRELAND ...................... 3-45 Houston, 125 ........................ ? ? ?
JOHN J. CRITTENDEN ................ 6-5-44 St. Johns, 4 ......................... ? ? ?
JOHN L. MCCARL t ................. 3-45 Jones-Panama, 83 .................... ? ? ?
JOHN L. SULLIVAN (1) ............... 12-26-43 Permanente, 1121 .................... H ? ?
JOHN L. SULLIVAN (2) ............... 2-2-44 Permanente, 1121 .................... H 50 54
JOHN L. SULLIVAN (3) ............... 6-11-28-44 Permanente, 1121 .................... H ? ?
JOHN M. SCHOFIELD ................. 2-15-45 Permanente, 433 ..................... C 30-33 35
JOHN MARY ODIN (1) ............... 9-43 Houston, 67 ......................... H ? ?
JOHN MARY ODIN (2) ............... 2-9-44 Houston, 67 ......................... ? ? ?
JOHN MASON ....................... 3-16-44 New England, 239 ................... ? ? ?
JOHN MERRICK (1) ............... 11-44 North Carolina, 174 ............... ? ? ?
JOHN MERRICK (2) .................. 5-25-45/6-18-45 North Carolina, 174 .................. N ? ?
JOHN MCLaoUGHLIN (1) .............. 2-44 Oregon, 548 ........................ H 40-48 53-55
JOHN McLoUOHLXN (2) .............. 3-12-44 Oregon, 548 ........................ N 48 48
JOHN MITCHELL .................... 1-24-44/2-2-44 Bethlehem-Fairfield, 2061 ............. H 50 48
JOHN MORTON ...................... 2-43 Permanente, 58 ...................... ? 32 57
JOHN MURRAY FOP-nEs (1) ........... 1-1-43 South Portland, 254 .................. C 30 36
JOHN MURRAY FoRDES (2) .......... 4-43 South Portland, 254 .................. ? 43 ?
JOHN P. ALTGELD (1) ................ 9-1-25-44 Calship, T-17 ....................... ? ? ?
JOHN P. ALTOELD (2) ................ 10-9-44 Calship, T-17 ....................... H 45 50
JoHN P. ALrOELD (3) ................ 12-14-15-44 Calship, T-17 ....................... H ? ?
JOHN P. ALTOELD (4) ................ 2-26-45 Calship, T-17 ....................... N 38 38
JOHN P. GAINES ..................... 11-24-43 Oregon, 723 ........................ N 40-45 ?
JOHN P. HOLLAND .................. 6-5-43 Oregon, 589 ........................ C 41

,-. P... ) AC f~. 1 WL. ? 7-
_Z............. -. 11 .... ...................... . t~

JOHN PAUL JONES (1) ................ 9-3-43 Calship, 4 ......................... ? 72-88 82
JOHN PAUL JONES (2) ................ 12-43 Calship, 4 ......................... N ? ?
JoHN PAULJONES (3) ................ 5-14-45 Calship, 4 ......................... ? ? ?
JOHN RINOLINO ..................... 2-21-45 St. Johns, 58 ....................... N 43 38
Jo;:v4 S. CASEMENT (1) ............... 7-22-43 Calship, 187 ........................ H 41 50
JOHN S. CASEMENT (2) ............... 4-20-44 Calship, 187 ....................... ? ? ?
JOHN SERGEANT .................... 1-25-45/2-11-45 Bethlehem-Fairfield, 2050 ............. H 22-32 42
JOHN SHARP WILLIAMS ............... 2-26-44 Delta, 58 .......................... . H 15 36
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JOHN STRAUB (1) ................... 1-12-44 Oregon, 808 ............... H 26-38 37-38
JOHN STRAUB (2) .................... 3-22-44 Oregon, 808 ....................... C 45 42
JOHN T. HOLT ...................... 3-44 Bethlehem-Fairfield, 2206 .......... H ? ?
JOHN VININO (1) .................... 2-43 Delta, 19 ...................... .... H ? ?
JOHN VININo (2) .................... 1-2-44 Delta, 19 ..... ..................... C 13 38
JOHN VININO (3) .................... 4-44 Delta, 19 .... ................. ... ? ? ?
jOHN VININo (4) .................... 7-26-44 Delta, 19 ...... . .. . ......... .. ? 76-88 73
JOHN W. CULLEN ................... 1-15-44 Oregon, 638.................... ? ? ?
JOHN W . WL,-KS (1) ................. 5-18-43 Oregon, 617 .. ................ ? ? ?
JOHN W . W EEKS (2) ................. 1-18-44 Oiegon, 617.... ................. ? ? ?
JOHN W. WEEKS (3) ................. 5-3-44 Oregon, 617 ....................... C 54 42
JOHN W . W EEKS (4) ................. 8-14-44 Oregon, 617 ....................... ? ? ?
JOHN WHrrEAKER ................... 2-20-23-43 Oregon, 631 ... .................. N 56 55
JONATHAN HARRINOTON ............. 3-7-44 Oregon, 561 .................... . H 40 41
JONATHAN TRUMBULL ................ 7-8-43 Delta, 18 ....................... ? 66-75 60
JOSE G. BENrrsz .................... 4-27-44 Houston, 115 ........... ........... N 47 55
JOSEPHI C. LINCOLN .................. 5-45 New England, 3035 .................. H ? ?
JOSEPH FRANCIS ..................... 10-11-12-43 Calship, 246 ..... .................. H 48 49
JOSEPH G. CANNON .................. 10-44 Permanente, 447 ................. ? ? ?
JOSEPH GALE ....................... 5-43 Oregon, 594 ........................ ? 74 ?
JOSEPH GOLDBERGER ............... 11-43 Delta, 78 .............. ........... ? ? ?
JOSEPH H. HOLLISTER .............. 3-43 Calship, 118 ....................... ? ? ?
JOSEPH HABERSHAM ................. 2-1-45 Southeastern, 26 ..................... H 56 56
JOSEPH HENRY (1) .................. 2-43 Kaiser-Vancouver, 45 ................ C ? ?
JOSEPHt HENRY (2) .................. 4-19-20-43 Kaiser-Vancouver, 45 ................ H 42 46
JOSEPH HENRY (3) .................. 7-1-20-43 Kaiser-Vancouver, 45 ................ ? ? ?
JOSEPH HENRY (4) .................. 5-4-44 Kaiser-Vancotver, 45 ................ N 60 40
JOSEPH HEwEs ...................... 10-31-44/11-4-44 North Carolina, 26 .................. N 68 70
JOSEPH HOLT ...................... ....... 3-2-44 Permanente, 432 .................... H 66 68
JOSEPH L. M EEK (1) ................ . 4-1-44 Oregon, 596 ..... .................. H 0 17
JOSEPH L. MEEK (2) ................ 6-12-44 Oregon, 596 ........................ N 45 44
JOSEPH M . MEDILL ........ ........ 3-45 Jones-Panama, 5 ..................... ? ? ?
JOSEPH MCKENNA .................. 5-21-45 Calship, 35 ......................... ? ? ?
JOSEPH N. NICOLLET ................ 1-14-16 & 27-44 Delta, 61 ........................... H 32 ?
JOSEps N. TEAL (1) ................. 3-43 Oregon, 581 ........................ C ?
JOSEPH N. TEAL (2) ................. 11-28-43 Oregon, 581 ........................ C ? ?
JOSEPH R. LAMAR (1) ................ 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
JOSEPH R. LAMAR (5) ............... 10-16-18-44 Jones-Brunswick, 107 ................ H 55-68 62-65
JOSEPH REYNOLDS ................... 2-25-44/4-22-44 Calship, 241 ........................ H 62 21
JOSEPH SMITH ...................... 1-9-44 Permanente, 1119 ................... H 34 50
JOSEPH SQUIRES ..................... 6--29-44 New England, 3028 ................. H ?
JOSEPH STORY ....................... 3-23-44 Calship, 80 ... 2..................... ? 31-34 37
JOSEPH WARREN .................... 4-5-12-43 New England, 266 ................... C 46 39
JOSHUA B. LIPPINCOTr (1) ............ 1-29-30-44 Bethlehem-Fairfield, 2289 ........... H ? ?
JOSHUA B. LIPPINCOTr (2) ............ 10-44 Bethlehem-Fairfield, 2289 ............ ? ? ?
JOSHUA L. CHAMBERLAIN ............ 4-44 Ng v England, 229 ................... H ? ?
JOSHUA W. ALEXANDER (1) ........... 1-44 Bethlehem-Fairfield, 2154 ............ H ?
JOSHUA W. ALEXANDER (2) ........... 1-3-45 Bethlehem-Fairfield, 2154 ............ H ? ?
JOSIAH G. HOLLAND (1) ...... . . 12-43 Calship, T-5 .......................
JosIAH G. HOLLAND (2) ............ 4-7-44 Calship, T-5 .................... ? ? ?
JosIAH PARKER .... ......... ...... 3-44 Delta, 13 ... ..... .. ........ ? ?

120



TABLE XIV-Continued

Casualties Reported UpJ to I August 1945

Temperature
Date of Sea Degrees

Vemsl C ,Sualty, Survey, Builder and hull no. condition F= it
'r Report Air Water

JoYCE KtLMtR ..................... 6-7-44 Bethlehem-Fairfield, 2244 .............

JUAN DE FUCA ..................... 8-11-44 Kaiser-Vancouver, 41 .............. ?
JUAN FLACO BROWN ................ 4-44 Calship, 167 ........... ........... . ?
JUDAiH P. E.NJAMIN ................ 9-13-44 Alabama, 237 ...................... . ? ?.81

JULESBURO ......................... 9-12-44 Alabama, 252 ........ ............. ? ?
JULIA L. DUMONT ................... 3-2-44 Permanente, 2718 ....... ............ ?
JULIA P. SHAW .................. 1-45 New England, 3083 ................. . -
JULIEN POYDRAS .................... 1-24-44 Delta, 59 ......................... . 47 54
JULIUS OLSEN ....................... 5-45 Houston, 128 ....................... ?
JUNIUS SMITH ....................... 12-44 St. Johns, 69 ..... ..... ... ........ .1??
JUSTIN S. MORRILL ................. 5-23-44 Permanente, 461 ..................
KA3KASKIA ........................ ......... 3-12-43 Newport News, 370 ...............
KEtTHE PALMER ..................... 10-44 Houston, 117 ........ ............ .
KEMP P. BAr LE .................... 2-21-44 North Carolina, 157 ................ ?
KFNESAW MOUNTAIN (1) ............ 5-25-44 Sun, 306 .......................
KENESAW M OUNTAIN (2) ............. 8-1-14-44 Sun, 306 .........................

KENYON (1) ........................ 4-44 Bethlehem-Sparrows, 4388 ........... ?
KENYON (2) ........................ 12-1-26-44 Bethlehem-Sparrows, 4388 ...........
K ERNSTOWN ........................ 2-13-29-44 Sun, 333 ..........................
KITTANNING. ........ ................ 4-16-44 Sun, 322 ........ ................ ...... ?
KLAMATH FALLS (1) ................. 2-29-44 Kaiser-Swan, 38 ...................
KLAMATH FALLS (2) ................ 10-44 Kaiser-Swan, 38 ......................... ?
KNUTE NELSON ..................... 3-44 Calship, 156 ........................ H
KNUTE ROCKNE (1) ................ 3-44 Permanente, 1111 .................. H ?
KNUTE Ro.XNF (2) ................. 6-12-44 Permanente, 1111 .................. ?
KOLKIIOZNIK (1) .................... 2-27-44 Permanente, 460 ....................
KOLYHOZNIX (2) .................... 3-19-44 Permanente, 460 ..................... F
KUBAN ........ ........................ 1-2-44 Oregon, 686 ........................
LAMBERT CADWALADER ............. 12-43 Houston, 34 ......................... ? 42
LANODON CIEVES .................. .... 5-26-44 Southeastern, 13 ..................
LAURA KEENE ...................... 12-11-43 Kaiscr-Vaneouver, 46 ................. N
LAWRENCE J. BRENOLE ............... 2-45 Bethlehem-Fairfield, 2348 ............. H ?
LAWTON B. EVANS (1) ............... 3-3-10-43 Alabama, 287 ....................... H ?
LAWTON B. EVANS (2) ............... 3-26-44 Alabama, 287 ....................... N 54 50
LE BARON RUSSELL BROS .......... 2-19-45 Jones-Panama, 42 .................... H 36 47
LEBANON ........................... ...... 1-9-45 W alter Butler, 40 ................... C -16 32
LEZv EnKSSON ............................ 3-1-16-44 North Carolina, 59 ................... H ? 35

LELAND STANFORD (1) ............... 1-11-43 Calship, 53 ................. ...... ? ?
LELAND STANFORD (2) ............. 3-45 Calship, 53 ......................... ? 49-58 62-64
LEwIs EMERY, JR ................... 12-19-22-43 Bethlehem-Fairfield, 2254 ............. H 33 ?
LEW WALLACE ..................... 3-26-43 Permanente, 485 .................... H 17-20 37

LIGHTNING (1) ...................... 11-23-42 Sun, 202 ........................... H ?
LIGHTNING (2) ...................... 1-15-43 Sun, 202 ........................... H ?
LIGHTNING (3) ...................... 2-23-43 Sun, 202 ........................... N ?
LIGHTNING (4) ...................... 4-23-30-43 Sun, 202 .......................... ?
LiGHTNING (5) ................ ............ 7-14-43 Sun, ?02 .........................
LIGHTNING (6) ...................... 8-1-9-43 Sun, 202 ........................... C ?
LIGHTNING (7) ..................... 11-12-43 Sun, 202 .......................... ?
LIGHTNING (8) ...................... 1-5-44 Sun, 202 .......................... ?
LINCOLN STEFFENS ................. . 1-44 Calship, 93 .... .................... H ?
LINDLEY M. GARRISON (1) .......... 5-17-43 Oregon, 616 ........................ ? 48-55 49
LINDLEY M. GARRISON (2) .......... 12-43 Oregon, 616 ........................ 48 ?
LINDLEY M. GARRISON (3) .......... 2-10-44 Oregon, 616 ....................... ?
LINN BOYD ........................ ......... 6-28-44 Delta, 97 ........................... ?
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LoRENzo DE ZAVALA ................ 1-20-44 Houston, 64 ......................... H 56 47
Lou GERIR ...................... 2--44 South Portland, 210.................... H 39 55
Louis BAMBEROER .................. 2-21-45 St. Johns, 72 ........................ H 40 67
Lous KossuTH (1)................... 4-4-7-45 Bethlchem-Fairfield, 2286 ............. H 39 50
Louis McLANE ................ .... 10-43 Calship, 109 ........................ ? 45-50 50
LUcIUs FAIRCIILD ................... 4-17-44 Oregon, 796 ........................ N 80-90 80

Lucy STONE ....................... 1-16-31-44 Pcrmanente, 474 .................... H ? ?
LUNDY'S LANE (1) .................. 4-1-44 Kaiser-Swan, 22 ..................... ? ? ?
LUNDY's LANE (2) ................... 8-44 Kaiser-Swan, 22 .................... ? ? ?
LuNsFoRD RICHARDSON .............. 10-16-20-44 Jones-Brunswick, 159 ................. H ?
LYMAN ABBOTT ..................... 5-7-45 Walsh-Kaiscr, 5 ..................... ? ? ?
LYMAN BEECHERR .................... 3-3-44 Marinship, 7 ........................ ? 63 56
LYMAN HALL ....................... 9-43 Southeastern, 5 ...................... H ? ?
LYON'S CREEK ...................... 3-4 5 Sun, 393 ........................... ? ? ?
M . E. LOMBARDI.................... 1-21-45 Sun, 193 ............................ H ? ?
M . M . GuHIN ...................... 2-3-44 Oregon, 615 ........................ ? ? ?
MAHLON PiN..Y .................... 9-43 Bethlehem-Fairfield, 2092 ............. ? ? ?
M AIDEN CREEK ..................... 2-5-44 Gulf, 16 ............................ ? ?
MANNINOTON ....................... 5-43 Barnes-Duluth, 3 ................... ? ? ?
MARENGO ........................ 1-22-45 Walter Butler, 43 .................... . ?
MARIE M. MELONEY (1) .............. 10-17-43 Bethlehem-Fairfield, 2226 ............. H ? ?
MARINA ........................... . . 1-27-44 Pusey and Jones, 1075 ................ H ? ?
M ARINE EAGLE (1) .................. 12-18-43 Sun, 340 ........................... ? ? ?
M ARINE EAGLE (2) .................. 4-26-44 Sun, 340 ...........................
MARK TWAIN (1) ................... 2-13-20-43 Oregon, 233 ........................ H
MARK TWAIN (2) ................... 5-24-44 Oregon, 233 ........................ ? 72 65
M ARKAY .......................... 6-18-43 Sun, 232 ........................... H ? ?

MARK HOPK:NS ..................... 4-24-44 Marinship, 9 ....................... C 72 59
MARY WILKINS FREEMAN (1) ........ 5-13-44 New England, 2192 ................. ? ? ?
MARN .,"aVNS FREEMAN (2) ........ 9-23-44 New England, 2192 .................. ? ? ?
MATTHEW B. BRADY ................ 1-14-45 Permanente, 1117 ................... N 22 44
MArrnEw P. DEADY ............... 3-43 Oregon, 545 ........................ ? 54-59 62-68
MCCLELIAN CREEK (1) ............. 3-2-44 Alabama, 254 ....................... N 16 35
MCCLELLAN CREEK (2) ............. 1-30-45 Aabama, 254 ....................... H 32 38
MECHANICSVILLE (1) ................ 10-44 Kaiser-Swan, 32 ..................... ? ? ?
MECHANICSVILLE (2) ............... 2-45 Kaiser-Swan, 32 .................. ? ? ?
MELVILLE JACOBY .................. 3-20-44 Walsh-Kaiscr, 3119 .................. C 22 24

MIDWEST FARMER (1) ............... 5-29-44 Oregon, 760 ........................ C 64
MIDWEST FARMER (2) ............... 11-30-44 Oregon, 760 ........................ ? ?
MINOT VICTORY .................... 12-11-44 Oregon, 1203 ....................... C 39 44
MISSION SANTA CRUZ (1) ............ 3-4-44 Marinship, 26 ....................... ? ? ?

MISSION SANTA CRUZ (2) ............ 4-17-44 Marinship, 26 ....................... ? ? ?
M OLINo DEL REY (i) .............. 3-44 Sun, 283 ...........................
MOLINO DEL REY (2) ............... 8-1-25-44 Sun, 283 ................ .......... . ? ?
MONMOUTH ........................ 10-1-19-44 Sun, 248 ................... ....... . ?.. .. .?
M ONOCACY ........................ 2-20-44 Sun, 290 ........................... ? ??

M ONTANA (1) ...................... 12-13-26-42 Sun, 225 ........................... ? ? ?
M ONTANA (2) ...................... 1-14-44 Sun, 225 ........................... C 30 ?
M ORMACMOOF' (1) ................... 8-20-42 Ingalls, 253 ......................... H 57 80
M ORMACHOON () ................... 2-2-43 Ingalls, 253 ......................... H 56 51
M ORMACSWAN (1) .................. . 7-21-43 Federal, 158 ........................ H 66 56
MORMACSWAN (2) ................... 10-43 Federal, 158 ........................ N 47-70 50-70
M ORMACSWAN (3).................. 3-27-30-44 Federal, 158 ........................ H 51 54
M ORMACSWAN (4) .................. . 12-44 Federal, 158 ........................ H
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MORMACTERN ...................... 3-44 Consolidated-Wilmington, 227 ......... ? ?
MORRISON R. WAITE ................ 5-8-44 Permanentc, 503 .................... ? 50-63 53
MOSES BROWN ...................... 2-7-44/3-29-44 Walsh-Kaiser, 6 ..................... H ? ?
MOSES CLEAVELAND ................. 5-5-43 Kaiser-Vancouver, 44 ................ H 39 34
MOSES RooeRs ..................... 6-43 Permanente, 492 .................... H ? ?
MOUNT KATMAI ..................... .1-17-45 North Carolina, 195 .................. C 28 ?
NAHODKA .......................... 12-44 Oregon, 712 ........................ ? ? ?
NASIIBULK ......................... 4-1-2-45 Welding Shipyard, 19 ................ ? ? ?
NATHAN TOWSON ................... 3-27-45 Bethlehem-Fairfield, 2158 ............. H 42 41

NATHANIEL BACON (1) ............... 3-43 Alabama, 241 ....................... ? 54-69 62-68
NATHANIEL BACON (2) ............... 1-22-44 Alabama, 241 ....................... N ? ?
NATHANIEL BACON (3) ............... 8-44 Alabama, 241 ....................... ? ? ?
NATHANIEL CROSBY ................. 4-44 Oregon, 756 ........................ ? ? ?
NATIHANIELJ. WYETI ............... 4-26-43 Oregon, 639 ........................ ? ? ?
NECiIE ............................ 4-29-4 3 Sun, 221 ........................... ? ? ?
NEOLEY D. COCHRAN (1) ............ 12-15-44 St. Johns, 56 ........................ ? ? ?
NvotaEY D. COCHRAN (2) ........... 3-45 St. Johns, 56 ........................ ? ? ?
NEIIALEM (1) ............................... 8-44 Kaiser-Swan, 47 ...................
NEHALEM (2) ....................... 4-19-45 Kaiser-Swan, 47 ..................... N ? ?
NEW LONDON (1) ................... 4... 7-5-25-43 Kaiser-Swan, 7 ...................... N ? 50-91
NEW LONDON (2) ................... 9-5-7-43 Kaiser-Swan, 7 ...................... N ? 54-92
NEW LONDON (3) ................... 9-9-43/10-43 Kaiser-Swan, 7 ...................... N ? 54-90
New LONDON (4) ..................... . .... 2-17-44 Kaiser-Swan, 7 ................... ? ? ?
NEw LONDON (5) ................... 5-26-44 Kaiser- Swan, 7 ...................... ? ? ?
NEWBERO (1) ...................... 12- 5-44/1-10-45 Kaiser-Swan, 52 ..................... ? ? ?
NEWBERO (2) ...................... 12-2-45 Kaiser-Swan, 52 ..................... ? ? ?
NIOLAS ILMAN (1) ..................... 1-3-4-43 Houston, 9 .......................... H ?
NICHOLAS GILMAN (2) ............... 1-44 Houston, 9 ......................... .H 55-60 54-60
NICHOLAS GILMAN (3) ............... 2-19-45 Houston, 9 .......................... ? ? ?
NICHOLAS HERKIMER (1) .............. 12-20-43/2-4-44 Southeastern, 14 ...................... H 50-55 45
NICHOLAS HERKIMER (2) ............. 2-19-24-44 Southeastern, 14 ..................... N ? ?
NORTHIIELD.. .............................. 9-12-43 Kaiser-Swan, 9 ...................... H ? ?
NORWICH VICTORY ..................... .... .5-2-45 Calship, V-53 ....................... H 58 ?
NOVOROSIIST ....................... 12-2-25-43 Oregon, 688. ....................... ? ? ?
0. B. MARTIN ....................... 2-45 Todd-Houston, 131 .... .............. ? ? ?
OBERON ........................... 1-10-44 Federal, 184 ....................... ? ? ?
OCEAN MAIL (1)....................... 3-1-16-43 Sun, 199 ........................... H ? ?
OCEAN M AIL (2) ..................... 3-43/4-43 Sun, 199 ........................... H ? ?
OCEAN M AIL (3) .................... 10-43 Sun, 199 ........................... H ? ?
OCEAN M AIL (4) .................... 2-28-44 Sun, 199 ........................... ? ? ?
OLIVER EVANS ............................ 2-17-44 Permannt, 1109 ................. ? ? ?
OKLAHOMA .............................. 8-28-44 Sun,198 .......................... ? ? ?
OPEQUON .......................... 1-20-44 Sun,19 ........................... ? ? ?
ORAN M. ROBERTS.......................... 0-17-44 Houston, 74 .......................... H ? ?
OREGON TRAIL (1) ................. 2-12"-44 Kaiscr-Swan, 34 .

OREOO' TRAIL (2) .................. 7-5-44 Kaiser-Swan, 34 ..................... ? ? ?
OSCAR S, STRAUS ................... 12-12-44 Delta, 79 ........................... H ? ?
P. T. BA.NUM ...................... 8-43 Calship, 188 ........................ H ? ?

PALO A'.TO (1) ..................... 10-9-43 Sun, 279 .......................... ? ? ?
PALO ALTO (2) ...................... 4-18-44 Sun, 279 ........................... ? ? ?
PAN-M AINE ........................ 4-44 Federal, 141 ........................ H ? ?
PAN-PENNSYLVANIA .................. 3-17-28-44 Welding Shipyard, 13 ................ H ? ?
PAN-RIODZ ISLAND ................. 4-44 Federal, 189 ........................ H ? ?
PAR?: BENJAMIN..................... 3-28-44 New England, 3008.. ............ C 25 ?
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PEDRO -MENENDEZ .................... 4-45 Jones-Panama, 54 .................. H . ?
PBREORINE WHITE (1) ............... 1-25-44 New England, 248 ................... H 40 45
PEP.EoR WITrE (2) .............. 10-44 New England, 248 ................... H ? ?
PEROT E......... ...................... 11-44 Sur, 286 .......................... ? ? ?
PERRYVILLE ....................... ......... 10-26-44 Sun, 263 ........................ ? ? ?
PETER CARTWRIOHT ................. 2-22-44 Calship, 57 ......................... H ? ?
PETER DONAHUE .................... 2-23-24-44 Marinsiip, 12 ....................... H 65 62
PETaR J. McGuiRE ................ 12-30-44/1-2-45 Permanente, 6 ....................... H ? ?
PETER V. DANIEL ................... 12-15-43 Calship, 86 ......................... H ?
PETERSBURO ........................ ....... .11-1-20-44 Sun, 296 ........................ ? ? ?
PHILIP F. THOMAS ................... 4-45/5-45 Bethlehem-Fairfield. 2229 ............. H ? ?
PHILIP P. BARBOUR .................. 1-44 Calship, 85 .......... .............. H ? ?
PHILIP KEARNY ..................... 12-44 M arinship, 5 ......... .............. H ? ?
PHILIP SCHUYLEP................... 6-12-44 Oregon, 184 ........................ N 86 67
PIHINEAS BANNING (1) ............... 8-43 Calship, 136 ......................... H ? ?
PHn As BANNING (2) ................ 12-11-43 Calship, 136 ........................ H 60 64
PIERRE S. DUPONT .................. 1-26-45 Oregon, 576 ......................... C 8 30-32
P1o PICO ........................... 1-12-28-45 Calship, 121 ........................ H ? ?
PLArTE ............................ 4-7-43 Bethlehem-Sparrow, 4329 ........... ? ? ?
PLA'r r G . . ......................... 5-11-44 Kaiser-Swan, 24 ......... .......... ? ? ?
POCOnONTAS (1) .................... 8-21-43 North Carolina, 49 ................... C 67-70 29
POCOuONTAS (2) ................... 2-44 North Carolina, 49 ................... H 55 62
POLAND VICTORY (1) ............... 7-44 Oregon, 1003 ...................... ? ? ?
POLAND VICTORY (2) ................ 12-31-44 Oregon, 1003 ...................... H ? ?
PONCE DE LEON .................... 9-44 St. Johns, I ... ..................... ? ? ?
PRINCE L. CAMPBELL ................ 2-18-44 Oregon, 771 ........................ H ? ?
PUEBLO ............................ 8-44 Sun, 256 .......................... ? ? ?
QUEBEC (1) ........................ 2-43 Kaiser-Swan, 2 ..................... ? ? ?
QUEBEc (2) ........................ 5-31-44 Kaiser-Swan, 2 ..................... C 72 66
R. C. BRENNAN (1) ................. 6-15-43 Oregon, 695 ........................ N ? ?
R. C. BRENNAN (2) ................. 7-22-43/8-7-43 Oregon, 695 ........................ H ? ?
R. C. BRENNAN (3) .................. 11-11-43 Oregon, 695 ....................... ? ? ?
R. C. BRENNAN (4) .................. 5-23-44 Oregon, 695 ........................ C 54 ?
R. C. BRENNAN (5) .................. 12-19-44 Oregon, 695 ........................ N 36 60
R. C. STONER (1) ................... 9-44 Sun, 239 .......................... H ? ?
R. J. REYNOLDS .................... 1-3-45 Jones-Brunswick, 162 ................ ? ? ?
R. M. WILLIAMSON .................. 2-17-45 Houston, 78 ......................... H ? ?
RAINIER ........................... 6-21-44 Kaiser-Swan, 54 .................... ? ? ?
RALPH BARNES ..................... 9-44 Oregon, 815 ........................ ? ? ?
REGINALD A. FESSENDEN (1) .......... 4-10-44 Delta, 75 ........................... H 52 54
REGINALD A. FESSENDYN (2). 1-45 Delta, 75 ....................... ? ? ?
RENALD FERNALD. .................. 10-44 New England, 2215 .................. C 48 60
REUBEN SNOW. ..................... 1-12-44 Pacific Bridge, 5 ..................... ? ? ?
RICHARD CASWELL .................. 6-43 North Carolina, 48 .................. H ? ?
RICHARD H. ALvEy ................. 1-16-23-44 ,ethlehem-Firf;e!d, )nA . . . I 1 2

RICHARD HARDING DAvis ........... 8-1-44 Oregon, 671 ................... ? ?
RICHARD J. CLEVELAND (1) ......... 1-28-44 Calship, T-4 ........................ H 24 34
RICHARD J. CLEVELAND (2) ......... 3-23-44 Calship, T-4 ....................... ? ? ?
RICHARD J. Rss ................... 10-17-43 Great Lakes-River Rouge, 290 ......... H ? ?
RICHARDJORDAN GATEHWo .......... 7-31-45 Pcrmanente, 419 ................... N 81 60
RICHARD M. JoHNSoN (1) ........... 3-17-44 Delta, 60 ........................... H ? ?
RICHARD M. JoHNsON (2) ........... 9-44 Delta, 60 .......................... ? ? ?
RICHARD M. JOHNSON (3) ........... 12-13-44 Delta, 60 .......................... C 38 42
RICHARD MANSFIELD ............... 3-31-44 Oregon, 608 ........................ I ? ?
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RICuMOND MUMFORD PEARSON (r) .3-3143 Delta, 29 ..... ................. ....

RictMOND MUMFORD PEARSON (2) 4-23--43/5-14-43 Delta, 29 ..... . ...... H 30-39 40-42
RICIIARD OLNEY (1) .......... 3-43 Delta, 37 ..... .. . .. .... ? ? ?
RicHARD OLNEY (2) ......... 3-43 Delta, 37 ....................... ? 66-73 66-70
RIcItARD RUSH ......... 1-24-45/2-5-45 Oregon, 621 ..................... N 60-65 66-68

RIVER RAISIN (1) ............ 10-31-43 Kaiser-Swan, 15 ........... ......... ? ? ?
RIVER RAISIN (2) ......... . 7-7-44 Kaiser-Swan, 15 .................... ? ? ?
ROBERT C. STANLEY .1.1..... 11-10-43 Great Lakes-River Rouge, 294..... H ? ?
ROBERT C. TUTTLE ................ 6-4-43 Sun, 194 .......................... C 9 ?
ROBERT E. CLARKSON (1) ........... 1-25-45 Todd-Houston, 161 ................. ? 13 ?
ROBERT E. CLARKSON (2) ....... 6-13-45 Todd-Houston, 161 ................ N 55 48
ROBERT EDEN ................. .5-30-44 Bethlehem-Fairfield, 2165 ............ ? ?. .
ROBERT ERSKINE ................. 10-20-43 Bethlehem-Fairfield. 2159 ............. H ?
ROBERT G. INGERSOLL (1) .......... 10-11-43 Calship, 226 ................... ? ?.
ROBERT G. INGERSOLL (2) ........ 1-29-44 Calship, 226 ....................... ?...
ROBERT Ihow .............. ... 7-43 North Carolina, 57 .................. ? ? ?
ROBERT LoWRY (1) ........ . ..... .. 4-11--44 Delta, 55 ........................ . ? ?
ROBERT LUCAS .................... ...... 4-22-44 Peimanente, 1560 ................. ? ?
ROBERT MORRIS .............. .... 8-1-44 Calship, 7 ........................ ? ? 85
ROBERT NEWALL (1) ........ . ..... 10-10-20-43 Oregon, 684 ....................... H ? ?
ROBERT NEWALL (2) ............. 12-43 Oregon, 684 ..................... . ? ?
ROBERT NEWALL (3) ............ 1-6-44 Oregon, 684 ....................... H ? ?
ROBERT NEWALL (4) ............ 4-44 Oregon, 684 ...................... ? ?
ROBERT ROGERS .................. 2-25-44 New England, 281 ................. H 52-62 57-58
ROBERT S. LovErr .................. 2-45 Todd-Houston, 155 ................. H ?
ROBERT STUART ........ ..... .... 10-44 Calship, 131 .............. ........ ? ?
ROBERT TOoMBs .............. 6-45 Southeastern, 7 .................... H ? ?
ROBIh.RT TREAT .................. 5-16-44 New England, 276 ................. ? ? ?
ROBERT TREAT PAINE .......... 4-44 Bethlehem, Fairfield, 2019 ........... H .54-58 63-64
ROBERT TRIMB.E .................. 5-2-44 Jones-Brunswick, 109 ................ ? ? ?
ROCKLAND VICTORY ............... 3-18-20-45 Oregon, 1017 ...................... H ?
ROGER GRISWOLD (1) ............... 1-12-44 Delta, 43 ........................... H 38 58

ROGER GRISWOLD (2). ................ 2-8-25-44 Delta, 43 ........................... N 25-45 36-..49
ROGER GRISWOLD (3) .............. 5-29-45 Delta, 43 .......................... N 60 52
ROGER MOORE .................... 3-4-44 North Carolina, 81 ................ H ? ?
ROUGE RIVER ...................... 12-44 Alabama, 316 ....................... H 53-63 64-65
ROSEBUD (1) ......... . ... .. 6-44 Alabama, 258 ..... ................. H ?
ROSEBUD (2) .......... ........ 12-44 Alabama, 258 ..................... ? ?
RUFuS C. DAWES.. ................. 10--43 St. Johns, 12 ...................... .HRU sELL H. CHI .ENDEN....... . ... . 10-2-4-44 Calship, 297 ..................... H 7 75
S. M. BABCOCK (1) .............. 10-14-43 Oregon, 590 ...................... H 38 46
S. M. BABCOCK (2)..... 1-7-27-44 Oregon, 590 ....................... N 38 46
SABINE SUN ...... ..... 1-23-45 Sun, 234........................... ?.
SACAJAWEA (1) .. ....... ......... 4-18-44 Oregon, 612 ........................ ?
SAr.AAWFA (2) ..... ........ ...... 5.-4 Oregon, 612 ........................ H "

SACAJAWEA (3) ......... 2-44 Oregon, 612 ....................... . N 48-52 52

SAG HARBOR ................ . .... . 10-1-25-44 Sun, 337 .......................... ? ?
SAGUARO ............ .. 4-1-22-45 Kaiser-Swan, 119 .................. ? ?
SALAMONIE .......... 12-5-41 Newport News, 372.. ... ... ? ?
SALVADOR BRAU .......... 3-1-44 Jones-Panama, 25 ................... ? ?
SAMARINDA (1) ... ..... ........ . 11-27-43 Calship, 249 ........................ ? ?
SAMARINDA (2) ......... ... .... 4-44 Calship, 249 ........... ............ ? ?
SAMAROVSK...... ............... 4-44 Calship, 236 ................... ? . ?
SAt Bv" ............ 8-44 Bethlchem-Fairfield, 2269 . ....... _.. ? ?
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SAMUUR ...................................... .12-4-43 Calship, 247 ..................... ? ? ?
SAMaLADE .............. .................. 9-43 Calship, 230 .................. ..... H ? ?
SAMCALIA (1) ....... .............. . 12-13-43 Calship, 252 ... .................. ? ? ?
SAMCALIA (2) ... .................. 2-44 Calship, 252 ....................... ? ? ?
SAmDON ............................ 12-28-43 New England, 2210 ................ C 16 34
SAM HOLT ......................... 10-43 Calship, 218 ...................... H ? ?
SAM HousToN 11 (1) ................ 2-4-44 Houston, 70 ........................ H 38 42
SAM HOUSTON 11 (2) ................ 5-31-44 Houston, 70 ................... .. ? ? ?
SAM JACKSON ....................... 5-30-44/6-1-44 Oregon, 632 ..................... ? ? ?
SAMIONT .......................... 4-45 Calship, 255 ............... ....... ? ? ?
SAMPAN .......................... 10-45 Calship, 234 ..................... H ? ?
SANPEP ............................ 11-15-13 Calship, 242 ............ .. ..... . ? ? ?
SAMPFORD ........................ 3-44 Pcrmanente, 2099.............. ? ? ?
SAMSON (1) ........................ 12-43 Calship, 219 ....................... ? ? ?
SAMSON (2) ........................ 1-45 Calship, 219 ......... .............. H ? ?
SAMrREDY (1) ...................... 4-44 Calship, 251 ............. ......... ? ?
SAMUEDY (2) ..................... 2-45 Calship, 251 ..................... ? ? ?
SAMTROY .......................... 4-17-44 Bethlehem-Fairfield, 2282 ........... ? ? ?
SAUrYNE .......................... 2-45 New England, 2222 ..... ......... . H ? ?
SAMUEL ADAMS ..................... 2-3-44 Calship, 8 ............... ... ...... C 32 34
SAMUTL ASHE ..................... 10-30-42 North Carolina, 20 .................. C ? ?
SAMUEL CHASE (1) .................. 5-2-44 Bethlchem-Fairfield, 2010............ ? ? ?
SAMUEL CHA E (2) .................. 3-45 Bethlehem-Fairfield, 2010 ........... ? ? ?
SAMUEL CHASE (3) ................. 4-11-45 Bcthlchem-Fairfield, 2010 ............. H ? ?
SAMUEL CHASE (A) ..................... 6-45 Bthlehem-Fairfield, 2010 ........... ? ? ?
SAMUEL COLT .................... .4-12-44 Oregon, 585 ...................... .. ? 38-43 42
SAMUEL D. INoHAM (1) .............. 5-43 Oregon, 622 ....................... ? ? ?
SAMUEL D. INOHAM (2) .............. 11-7-43 Oregon, 622 ....................... N 40 42
SAMUEL D. INOHAM (3) ........... 1-12-44 Oregon, 622 ....................... C ? ?
SAMUEL D. INOHAM (4) .............. 3-31-44 Oregon, 622 ....................... H 12-20 38
SAMUEL DEXTER (1) ................. 11-43 Delta, 42 ....................... .. ? ? ?
SAMUEL DEXTER (2) ................. 1-21-44 Delta, 42 ....................... .. H 40 48
SAMUEL F. B. MoRsx ................ 5-43 Bethlehem-Fairfield, 2379 ........... H 52-66 50-51
SAMUEL GRImN. ................... 3-24-44 Houston, 10 ....................... ? 42-52 39
SAMUEL J. TILDEN .................... ... 6-30-43 Oregon, 597 ............... ? 70-62 70
SAMUEL JOHNSTOn .................. 5-18-45 Bethlehem-Fairfield, 2033 ......... .C 55-64 50-66
SAMUEL MCINTYRE .................. 7-2-43 Bethlehem-Fairfield, 2150 ............ ? ? ?
SAMUEL NELSON (1) ................. 1-20-44 Calship, 87 ......................... H 36 34
SAMUEL NELSON (2) ................. 2-29-44 Calship, 87 .................... ... H 38 41
SAMUEL NELSON (3) ................ 3-26-44 Calship, 87 ..................... .. N 49 51
SAMUEL PARKER ................... 2-44 Oregon, 593 .................. H ? ?
SAMUEL SAMUELS (1) ............... 12-21-43 Walter Butler. 22 ............... C 7 ?
SAMUEL SAMUELS (2) ................ 1-11-44 Walter Butler, 22 ....... ....... ? ? ?
SAMUEL SEABURY ................... 12-42 Oregon, 572 ....................... ? ? ?
SAMYTHIAN ........................ 1-14-44 New England, 2212 .................. C 18 ?
SAMZONA ........................ 3-14-44 Oregon, 761 ................... ? ? ?
SAN ANTONO ...................... 12-1-16-44 Sun, 255 ....................... .. ?? ?
SANTA BARBARA .................... 7-5-44 Federal, 239 ................... .... ? ?
SANTA CECY.IA ..................... 4-8-44 Federal, 233 ........................ ? , ?
SANTA CRUZ ....................... 7-1-43 Bethlehem-San Francisco, 5360 ........ H f ?
SANTA ISABEL ..................... 4-43 Newport News, 373 ................. ?? ?
SANTA M ARIA (1) ........ .......... 12-42 Federa!, 235 ....... ......... ... .. H ?
SANTA M ONICA ..................... 2-43 Federal, 155 ..................... .. H ?
SCHENECTADY (1) .................. . 1-16-43 Kaiser-Swan, I ................... .. C 23 38
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SCHENECTADY (2) ................... 8-43 Kaiser-Swan, I .... ...... . .... ?
SCHENECTADY 3) ................... 9-43 Kaiser-Swan, I . . ..... ... ?
ScHUYvLR COLFAX (1) ............... 2-24-44 Calship, T-20 ...................... .H 30 60
SCHUYLER COLFAX (2) .............. 3-25-44 Calship, T-20................ H 53 54
SCHUVLER COLFAX (3) .............. 6-11-44 Calship, T-20 .................... .. N 56 ?
SCHUYLER COLFAX (4) ............. 2-2-45 Caiship, T-20.. . ............ C 38 40
SCHUYLER COLFAX (5) ............... 2-10-45 Calship, T-20.................. ..... N 38-40 40
SCHUYLER COLFAX (6) ............. 4-45 Calship, T-20 ................... ? ? ?
SEA ANoLER .................... . 2-9-11-44 W estern Pipe, 121 ............. .. N ?
SEA BASS ..... .................. .... 1-5-44 W estern Pipe, 80 ....... ............. H 55 52
SEA KAY ............ ... ..... .......... .. .. 1-44 Sun, 231 ........................... ? ?
SEA PORPOISE (1) ................... 4-6-44 Ingalls, 332 .......... .............. Ti 50-67 37-67
SEA PoRPOISE (2) ................... 7-3-45 Ingalls, 332 ......................... N 65 65
SEA SERPENT (1) ................... 12-31-42 Sun,206 ......................... ? ? ?
SEA SERPENT (2) .................... 5-15-43 Sun, 206 .............. ....... .... ? ?
SEA SERPENT (3) .................... 6-21-43 Sun, 206 .......................... ? ?
SEA SERPENT (4) ................. .. . 7-18-43 Sun, 206 ........................... ? ?
SEA SERPENT (5) .................... 8-9-43 Sun, 206 ........................... ? ?
SEA SERPENT (6) ... ............ ... 9-20-43 Sun, 206 ........................... ? ? ?
SEA SERPENT (7) .................... 10-2-44 Sun, 206 ........................... ? ? ?
SEA TIGER ......................... 12-7-44 Ingafls,409 ......................... H 65 ?
SEAMOBILE (1) ..................... 7-44 U. S. Shipbuilding, 5 ................ . H ? ?
SEDASTAIN CERMENO ................. 3-43 Marinship, I I..................... ? ?
SEBASTIAN VIZCAINO ............... . 3-23-44 Calship, 105 ....................... . H ?
SEDALIA VICTORY ................... 3-18-24-45 Bethlehem-Farfield, 2441 ........... H ?
SEVASTOPOL ................. ...... 1-7-44 Oregon, 670 ............... ........ C ?
SEVEN PINES ....................... 6-27-44 Sun, 259 .......................... ? ?

SEWELL AVERY (1) ............... 5-21-43 Amcrican-Lorain, 827 .............. N ?
SEWELL AVERY (2) ................ 12-44 American-Lorain, 0'7 ............... ? ? ?
SIABONEE ......................... 9-1-5-44 Bethlehem-Sparrow, 4386 .. . ? ?
SHooTm o STAR (1) ................ 8-14-42 Sun, 205 ....................... ... ? . .? ?
SHooTING STAR (2) ...... .......... 2-23-43 Sun, 205 ...................... ... .. ? ?
SHooTINo STAR (3) ............ .... 4-43 Sun, 205 ............ ... ... ...... ? ? ?
SHooTINo STAR (4) ................. 5-22-43 Sun, 205 ........................ ? ?
SHOOTING STAR (5) ................. 8-13-43 Sun, 205 .................... ...... ? ?
SHOOTINO STAR (6) ................. 8-31-43/9-9-43 Sun, 205 ........................... ? ? ?
SHOOTINo STAR (7) ................. 10-4-43 Sun, 205 ...................... .... ? ? ?
SHOOTING STAR (8) ................. 3-14-44 Sun, 205 .......................... ? 34-38 45-52
SIDNEY EDOERTON .................. 5-23-44 Oregon, 754 ...................... ? .? ?
SIDNEY SHERMAN ................... 3-25-44 Houston, 66 ..................... ? ? ?
SILAS WEIR MITCHELL (1) ............ 2-45 Bethlehem-Fairfield, 2125 ............. ? ? ?
SILAS WEIR MITCHELL (2) ........... 5-31-45 Bethlehem-Fairfield, 2125 ............. C 49 59
SILVERBOW VICTORY ................ 10-9-44 Oregon, 1024 ...................... ?
SIMON NEwcoxMB .................... 3-4-44 Cahip, 158 ....................... . N 54 52
SIMON WILLARD .................... 4-18-44 Alabama, 284 ....................... ? 50-52 57
SKAoWAY VICTORY .................. 10-1-28-44 Oregon, 1032 ...................... . ? ? ?
SKULL BAR .................................. 1-1-8-45 Alabama, 267 ............................. ? ? ?
SmoxY HILL ....................... 12-44 Kaiser-Fwan, 38 .................. ? ? ?
SOLON TUR..AN ..................... 5-43 Consolidated-Wilmington, 231 ....... ? ? ?
SO ME ............... ............ 5-15-45 Sun, 434 ........................... ? ? ?
SOUTH MOUNTAIN ................... 12-44 Sun, 303 ........... ........... ? ?. .
SOVETSKAYA GAVAN .................. 2-44 Oregon, 708 ..................... ? ? ?
SPOTrSYLVANIA ....... .............. 4-1-44 Sun, 297 ................ ....... . ? ? ?
STAG HOUND (1) ...................... 9-42 Sun, 204 .......................... ? ? ?
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STAO HOUND (2) .................... 11-25-42 !:u, 204 .......................... ?
STAcG H OUND (3) ................... 1-19-43 Su.i, Cv4 .. ................... .... II ?
STAG HOUND (4) .................... 2-9-43 St, n, 204 ........................ . ?
STAGE DOOR CANTEEN .............. 5-45 ,ethlehem-Fairfield, 2252 ........... ?
STANFORD NEWEL ................... 3-8-44 Oregon, 685 ..................... .? ? ?
SrANVAC CAPE Town ............. 7-5--42 B-.±hlehem-Fore River, 1486 ........ ! H 54 44
STEELTON .......................... 2-16-43 Great Lakes-Ashtabula, 525 ..........
STEPHEN A. DOUGLAS ................ 4-14-43 Oregon, 178 ..................... N 44I-70 44
STEPHEN B. ELKINS (1)....... ....... 1-15-18-44 Oregon, 618. .................. 11 ? ?
STEPHEN B. ELKINS (2) .............. 4-11-14-44 Oregon, 618............... H ? ?
STEPHEN C. FOSTER (1) ............. 3-14-43 Houston, 37 ...................... C 32 30
STEPHEN C. FOSTER (2) .............. 12-7-43 Houston, 37 ... .............. .. H 38 47
STEPHEN F. AUSTIN ................. 3-22-44 Houston, 26..... ............... N 52 54
STEPHEN H. LONG .................. 7-21-43 Calship, 215 ........................ . 86 70
STEPHEN HopKiNS .................. 5-20-43 Permanente, 2283 ................. H ? ?
STEPNt JOHNSON FIELD ............. 3-20-44 Calship, 34 ................... H ? ?
STEPHEN R. MALLORY .............. I--.1-11-44 Jones-Panama, 22 ................. C 34-50 53
STONEY CREEK ..................... 12-1-21-44 Kaiser-Swan, 21 ......... ........... ?
SUCHAN ...................... .... 5-16-44 Calship, 180 ............. ...... ... ?. . .
SUL Ross .............................. 3-45 Houston, 127..................... ? ?
SURPRISE (1) .................. .... 7-4-42 Sun, 203 ................ .......... .. ? ?, ?.
SURPRISE (2) ....................... 10-27-42 Sun, 203 ...........................j ? ?
SuRPSm z (3) ....................... 5-30-43 Sun, 203 ..................... .... ? ?
SURPRISE (4) ....................... 6-30-43 Sun, 203 ........................... ?
SURPIzSE (5) ....................... 8-12-43 Sun, 203 ....................... . ?
SURPRISE (6) ............ ... ... .... . . 10-10-43 Sun, 203 ...... ...... ............. ?
SURPRISE (7) ...... ................ 4-44 Sun, 203 ............ .............. H ?
SUSAN COLBY .................. 1-18-44 New England, 2213 .................... 3. .
SUWAN E .................... ..... 12-4-41 Federal, 151 ....................... ? ?
SWAN ISLAND .......... ............ 4-5-45 Kaiser-Swan, 86 ................. .. N ? ?
TABLE Rocx ....................... 4-22-44 Kaiser-SwaD, 41 .................... ? ?
TAPPAHANNOCK .................... 2-5-43/11-13-43 Sun, 226 ........................... N
TELFAIR STOCKTON (1) ............. 12-44 St. John's, 71 .................... ? ?
TELPAIR STOCKTON (2) ........... 12-44 St. John's, ?1 ?...............
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 Calship, 143 ....................... C 43 41
TEODORE SEDOWICK ................ 11-28-43 Houston, 29 ....................... H 55 ?
THOmAs A. HENDRICKS ........... 6-30-43/7-12-43 Oregcrn, 689 ...................... H ? ?
THOMAS B. KING ................ ..... 3-45 Jones-Brunswick, 154 ................. .? ?
T toMAs FITZSIAONS (1) ............. 5-26-44 Delta, 47 .... ....... .............. ? ? ?
THOMtAs FITZSIIAONS (2) ............. 2-4-45 Delta, 47 ............... ........... N 34 40
T IOmAS HILL ................... 1-30-45/2-1-45 Calship, 177 ........................ N ? ?
THomAS HOOKER ................ 3-5-43 New England, 203 ................... H 22 38
THoMAs HOWELL (1)... ........ 3-1-4-44 Oregon, 769 ....................... H ? ?
THOMAs HOWELL (2) ........... 8-15-44 Oregon, 769 ....................
THomASJOHNSON (1) ................ 2-5-43 Calship, 84 ............ ........... ? ? ?
TnomAS JOHNsON (2) ............... 4-14-43 Calship, 84 ......................... H ? ?
THOMAS JOHNSON (3) ......... . .. 5-43 Calship, 84 ....... ................ . ? ? I
TsoiAs JOHNSoN (4) ................ 6-45 Calship, 84 .............. ......... . ? ? ?
THOMAS KEARNS ............................ 5-18-44 Permanente, 462 ................. . ......... ?
THoxAs L. CLINOMAN ............. 6-29-43 North Carolina, 86 .................. H 43
THOMAS LYNCH (1) .................. 12-42 Alabama, 239 ...................... ... .? ?
THOMAS LYNCI (2) ................ .. 12-43 Alabama, 239 .................. ?.. . 65 68
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TIIO&JA. MAcDONOUGH....... 11-14-42 Oregon, 182.. H ?
TuoAs PAINE. 6-8-44 Calship, 2 ............. ? 34 61
TiOrohs PINCKNEY ......... 5-5-44 North Carolina, 32 .......... .? 64-81 I 65
TuoMAS R. MARSHALL (1). 2-18--43/3-5-43 Bethlehem-Fairfield, 2083 ....... H ? ?
TitolAs R. MARSHALL (2).. . 2-45 Bethlehem-Fairfield, 2083.. N 6-7-68 66-67
TUIOMAS Scowl (1) ...... 12-21-42 Delta, 14 ............ H 62 70
TiIONMAS Sco-r (2) .... ...... 3-44 Delta, 14 ...... .......... ? ?
TitOMAS SIm LEE (I) 8-44 Bethlehem-Fairficld, 2071.. ? ?
TiOMAS SIM% LEF (2) ....... 1-45 Bethlchem-Fairficd, 2071..
I'HOMAS Si'r LEE (3) ....... 3-45 Bethlehem-Fairfield, 2071.. N ?
TISO.IAs SIst LiEtE (4) ..... 4-15-45 Bethlehem-Fairfield, 2071... N 48 34
TiIOMAS STONE ........... 3-30-44 Bethlehcm-Fairfield, 2014. >.. .? . 58
THstOMAS SUMTER (1) ........ . . . 3-2-4-43 North Carolina, 10 H 24 34
TuoAS SUMTER (2) .............. 2-19-44 North Carolina, 10 ...... N 11-36 34
THloM AS W. GREGORY .... .. 3-13-44 Houston, 89 ................. ?

THOMAS W. OWEN .............. 1-44 North Carolina, 177........
TttoMPsoN LYKr3 (1) ........... 5-11-44 Bethlehem-Sparrows, 4346 .. . . ?
TitOMPSON LYKES (2) .......... 6-44 Bethlehem-Sparrows, 4346 ........ .. ? ?
TICONDEROGA (1) ............... 3-5-44 Sun, 268. ........... ... H 42 34
TICONDEROGA (2) ............... .. 6-16-44 Sun, 268. .............. ? ?
TICONDEROGA (3) .. .. .. 11-1-21-44 Sun, 268 ................. ........ ?
TILLAMOOK (1) ........... . 6-15-44 Kaiser-Swan, 48................ .86 85
TII.LAMOOK (2). ............ 9-1-21-44 Kaiser-Swan, 48 ................. ? ?
TOnAS E. STANS3URY 8-20-45 Delta, 69 ........................ ? ?
TOMAS GUARDIA ............. 12-27-44 Todd-Houston, 147 ................. N 23 36
TRADE WIND (1) ............. 4-28-43 Moore, 216 ........................ ?. 58 ?
TRADE WIND (2) ... .. 2-3-44 Moore, 216 ........................ N ? ?
TUMACACORI .................. .... 3-45 Kaiser-Swan, 68 .................... ? ?
TURKEY ISLAND .............. 12-44 Sun, 420 .......................... .H
VALERI CIIKALOV ............ 12-11-43 Permanente, 481 .................... HT 29-36 ?
VAN LEAR BLACK ............ 2-44 Bethlehem-Fairfield, 2313 .......... . ... ?
VERA CRUZ (1) ................ . 3-23-44 Sun, 253 .......................... ? ?
VERA CRUZ (2) ........ ... ..... 6-45 Sun, 253 .......................... ? ?
VERNON L. KELLOGG ............ 2-5-44 Calship, 224 ........................ H 52 63
VICTOR HERBERT (1) ............. 1-30-44 Jones-Panama, 14 .................... H 20
VICTOR HERBERT (2) ............. 5-5-44 Jones-Panama, 14 ................... ? ?
VIRGINIA (1) ..... ................ 6-3-43 W elding Shipyard, 11 ............... ? ?
VIRGINIA (2) .................... 4-44/6-44 Welding-Shipyard, 11 .............. H ?
VIRGINIA DARE .. ............. .. 12-42 North Carolina, 3 ............ .........
VITUS BERIN ............... .... .... 4-20-44 Permanente, 463 ..................
W. P. FEW................. 6-1-45 Jones-Brunswick, 148 ..................
W. R. GRACE................... 9-44 Bethlehem-Fairficld, 2245 ............ ?
W . W . ATTERBURY ........ ... ... .8-30-43 Detroit, 179 ........................ H 47 50
WAGON Box ................... 3-1-8-45 Alabama, 262 ...................... ? ?
WALKER D. INF. 12 11-1.5-44 Delta, 122 ......................... H 55 74
W ALLACE E. PRATT ... .... ... .. 2-43 Sun, 161 ............. ............ ? ?
W ALLOWA ................... ... 3-45 Kaiser-Swan, 42 .................... ? ?
WALT WHITMAN .............. 11-43 Oregon, 232 ....................... ?. 47 60
WALTER E. RANGER ........... 6-5-45 South Portland, 259 ................. .C 68 61
WALTER FORWARD ............. 1-45 Oregon, 626 ....................... .. N 51-60 66-69
WALTER HINES PAGE (1) ...... 12-23-43 North Carolina, 90 .................. II 33 54
WALTER HINES PAGE (2).. 4-44 North Carolina, 90 .................. H ? ?
WALTER RALEICII (1) ....... 3-10-44 North Carolina, 55 .................. . 20-38 39
WALTER RALIliI (2). 6-13-44 North Carolina, 55 . [ 71-91 76
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TABLE XIV-Continued

Casualties Reported Up to 1 August 1945

Tf.mperatureDate of Sea Dge
Vessel Casualty, Surve) Builder and hull no. condition Farhenhc~t

or Report I Air Water

WARRIOR (1) ....................... 4-12-14-44 Gulf, 10 ....................... H 61 56

W ARRIOR (2) ....................... 1-27-45 Gulf, 10 .......................... . N 32 47
WA.SHIoroN ALLSTON ............... 3-7-8-44 New England, 2217 .................. H ? ?
WAYNE MACVEAGH ................. 12-16-44 Permanente, 2142 .................. ? ? ?
WEBS MILLER ...................... 2-17-44 N.-w England, 2205 .................. H ?
WELLESLEY ........................ 5-13-44/6-1-44 %thlehem-Sparrows, 4389 ............ N 50-75 54-76
WHrrE OAK (1) .................... 3-13-20-44 Kaiser-Swan, 31 .................... ? ? ?
WHITE OAK (2)................... 6-20-44 F.aiser-Swan, 31 .................... ? ? ?
W Irr PLAINS ...................... 8-43 Sun, 265 ............... .......... ? ? ?
W mT RIVER ...................... 8-44 Alabama, 274 ...................... ? ? ?
WILIUR WRIGHT .................... 5-25-44 Permanente, 1101 .................. ? ? ?
WILLIAM A. GRAHAM ................ 2-21-43 North Carolina, 16 .................. ? ? ?
WILLIAM A. HENRY (1) .............. 6-1-23-44 Oregon, 817 ...................... ? ? ?
WIt IAM A. HENRY (2) .............. 9-25-44 Oregon, 817 ........................ N 76 66
WII LfAu BLACK YATMS (1) ........... 12-28-43 Southeastern, 24 ..................... H 34 35
WILLIAM BLACK YATES (2) ........... 2-28-44 Southeastern, 24 ..................... H ? ?
WILLIAM BLAcx YATES (3) ........... 3-30-44/4-10-44 Southeastern, 24 .................... H ? ?
W ILLIAM BLOUNT ................... 5-43 Delta, 27 ...................... .... ? 79 79
WILLIAM BRADFORD (1) .............. 1-5-6-43 South Portland, 208 .................. H ? ?
WILLIAM BREwsTER (1) .............. 12-30-42 South Portland, 209 .................. C 30 ?
WILLIAM BRFWSTER (2) .............. 1-21-43 South Portland, 209 ............... ? ? ?
W ILLIAM BYRD ..................... 10-43 St. John's, 11 ....................... H ? ?
WILLIAM CARSON (1) ................ 12-13-43 Calship, 165 ........................ H ? ?
W ILLIAM CARSON (2) ................ 4-10-15-44 Calship, 165 .. ..................... ? ? ?
WILLIAM CODDINGTON ............... 4-12-44 Rheem, 1 ........................ ? ? ?
WILLIAM CUSmHNG ................... 3-29-45 Permanente, 496 ................... .C 47 51
WILLIAM D. MOSELEY ............... 1-28-45 North Carolina, 73 ................ H 11-20 9-25
WILLIAM D. PENDER (1) ............ 3-15-43 North Carolina, 72.................. C ? ?
WITTuIAm D. PENDER (2) ............ 1-20-45 North Carolina, 72 ................. ? ? ?
WILLIAM DEAN HOWELLS ........... 2-45 Permanente, 489 ................... H ? ?
W ILLIAM E. BORAH .................. 1-28-44 Oregon, 614 ............... ........ ? ? ?
WILLIAM E. PENDLETON (1) ......... 10-5-43 Delta, 72 .............. ........... H ? ?
WILLIAM E. PENDLETON (2) ......... 2-16-44 Delta, 72 ........................... ? ? ?
WILLIAM E. PENDLETON (3) ......... 6-2-45 Delta, 72 ......................... N 62 73
WILLIAM F. CODY.. ................. 2-44 Calship, 50 .............. ........ H ? ?
WILLIAM FEW (1) ................... 12-43 Bcthlcher-Fairfield, 2059 ............. ? 42 ?
W ILLIAM G. FARGO (1) ............. 11-43 Calship, 160 .............. ........ ? ? ?
WILLIAM G. FARGO (2) ............. 4-20-44 Calship, 160 ...................... ? ? ?
WILLIAM H. ASPINWALL ............. 7-6-44 Permanente, 521 ................... H ? ?
WILLIAM H. CRAWFORD ............. 5-5-43 Houston, 40 ........................ H ? ?
W ILLIAM H. GRAY .................. 9-14 Oregon, 687 ........................ ? ? ?
WILLIAM H. McGuFFEY ............. 2-1-2-44 Oregon, 672 ........................ H 49 52
WILLIAM H. PRESCOTT (1) .......... 7-43 Calship, 48 ................ ? ?
WILLIAM H. PRESCOTT (2) ........... 2-1-44 Calship, 48 ...................... H 52 50
WILLIAM H. SEWARD ................ 3-20-43 Oregon, 562 ....................... N 84 81
WILLIAM If. ,VILMER ............... 3-44 Bct2hi1h09-Fairiild, 21u9............ . r
WILLIAM HARPER ................. 5-7-8-44 Delta, 32 .......................... C 62 56
WILLIAM HAWKINS (1) .............. 12-17-42 North Carolina, 31 ................. H ? ?
WILLIAM HAWKINS (2) ............... 3-8-9-44 North Carolina, 31 .................. H ? ?
WILLIAM JAMES (1) .................. 2-24-44 Calship, 161 ....................... ? ? ?
W ILLIAM JAMES (2) ................. . 3-44 Calship, 161 ....................... H ? ?
WILLIAM K. KAMAKA ............... 2-45 Todd-Houston, 192 ................. H ? ?
WILLIAM L. MARCY (1) .............. 10-31-43 Calship, 113 ..................... H 50 56
WILLIA. L. MARCY (2) ............. 11-14-43 Calship, 113 ........... H 44 54
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TABLE XIV-Continued

Casualties Reported Up to 1 August 1945

Temperature
Date of se Dere

Vend Casurlty, Survc)' Builder and hul no. condition Fahrenhet
or Report Air Water

WILLIAM L. MARCY (3) ........ ... 1-12-44 Calship, 113 ....................... H 38 51
W ILLIAM L. M ARCY (4) ............. 3-4-44 Calship, 113 ....................... ? ? ?

WILLIAM L. MARCY (5) ............. 4-44 Calship, 113 ....................... H ? ?
WILIAM L. SMITH (1) .............. 3-43 Houston, 36 ....................... H ? ?
WILLIAM L. SMITH (2) .............. 4-5-43 Houston, 36 ...................... H 33 48
WILLIAM M. EASTLAND (1) ......... 3-44 Houston, 109 ...................... H ? ?
WILLIAM M. EASTLAND (2) ........ 11-44 Houston, 109 ...................... ? ? ?

WILLIAM M. MEREDITH ............ 3-5-44 Oregon, 630 ....................... C 34 35
WILLIAM M . RAYIUM .............. 9-44 Houston, 91 ........................ ? ? ?

WILLIAM MACLAY ................. .. 2-43 Bethlehem-Fairfield, 2034 ............. H 47-60 66-72
WILLIAM MOULTRIE (1) ............ 4-43 North Carolina, 9 .................... ? 55-65 68-74
WILLIAM MOULTRIE (2) ............. .i- -4-27-44 North Carolina, 9 ................... H 40-50 40
WILLIAM MULHOLLAND (1) ........... 5-7-9-43 Calship, 102 ........................ H ? ?

WILLIAM MULHOLLAND (2) ........... 3-10-44 Calship, 102 ........................ ? 64-68 69-71
WILLIAM MULHOLLAND (3) ........... 5-29-44 Calship, 102 ....................... C 62 66

WILLIAM P. DUVAL .................. 5-45 Jones-Panama, 60 .................... ? ? ?

WILLIAM PATTERSON (1) ............ 3-30-44 Bethlehem.Fairfield, 2035 ............. N 35 42
WILLIAM PATTERSON (2) ............ 4-45 Bthlehem-Fairfield, 2035 ............ ? ? 58
WILLIAM PEPPER .................... 10-44 Bethlehem-Fairfield, 2124 ............. H ? ?

WILLIAM PHIPS ................... 3-3-44 New England, 268 ................... ? ? ?

WILLIAM R. DAY ................... 1-45 Bethlehem-Fairfield, 2091 ............. ? ? ?
WILLIAM S. ROsECRANS .............. 4-17-43 Oregon, 570 ........................ ? 43-51 42

WILLIAM T. BARRY .................. 6-8-14-45 North Carolina, 164 .................. C 67-79 58-59
WILLIAM T. COLEMAN (1) ........... 4-44 Marinhip, 2 ........................ H ? ?
WILLIAM T. COLzMAn (2) ........... 8-1-44 Marlnship, 2.................... ? ? ?

WILLIAM T. SHERMAN ............... 12-27-42 Oregon, 600 ....................... H ? ?

WILLIAM W. Loimo ............... 4-44 Jones-Panama, 28 .................... H ? ?

;'-ILLIAM WILKINS ................. 3-44 Houston, 47 ...................... ? ? ?

WILLIAM WIRT ..................... 3-12-43 Bethlehem-Fairfield, 2037 ............. H ? ?

WILSON P. HUNT (1) ................ 12-43 Oregon, 701 ........................ ? ? ?

WILSON P. Hunt (2) ......... ....... . 1-14-44 Oregon, 701 ....................... H 34 ?

W INIELD SCOTT .................... 1-3-44 Houston, 4 .......................... H ? 47
WINSLow HoR. . ................... 8-43 South Portland, 253 .................. ? 71-84 84
WOoD LAxK ....................... 8-1-17-44 Alabama, 275 ....................... ? ? 7
WYoMINo VALLEY .................. 12-1-8-44 Alabama, 271 ..................... ? ? ?

Y 38 ........... .................. 7-44 Odenbach, 13 ... .... ............. ? ? ?
Y 42 .............................. 7-44 O denbach, 17 .......... ............ ? ? ?

ZANz GREY ........................ 4-45 Sun, 120 ........................... ? ? ?

ZONA GALE ........................ 1-29-44 Calship, 222 ........................ H ?

131



rINAL REPORT

Board to Investigate the Design and Methods of
Construction of Welded Steel Merchant Vessels.

EXHIBIT II

Summary of Research Investigations
1 May 1946



Report

RESEARCH ADVISORY COMMITTEE

Introduction

As a result of structural failures in welded ships, determination of unusual stress distributions that
numerous research investigations %ere started at the might not have been discovered in preious experi-
instigation of the Board convened 20 April 1943 by ments.
the Secretary of the Navy to investigate the design The desirability of subjecting welded ships to the
and methods of construction of welded steel merchant static structural test received further impetus from
vessels, and by other governmental and private the large number of hull structural failures reccided
agencies to determine the relative importance of the particularly during the winters of 1942-43 and
various factors thought to contribute to these failures. 1943-44. These failures were not limited to any one

The several research investigations which have type cf vessel, but occurred in ore carriers and tankers,
been undertaken to determine the cause, or causes, as well as dry cargo vessels, particularly Liberty ships.
of failure in welded steel ships may be classified as
follows: b. STRENGTH OF THE MAIN HULL GIRDER

1. DESIGN Outstanding examples of the static structural tests
2. FABRICATION carried out on rivited ships were those of the Wolfa1,
3. MATERIALS Cuyama,2 Preston and Bruce.8 These ships were all

The Board appointed a Research Advisory Corn- of the naval destroyer type with the exception of
mittee to take cognizance of, coordinate and evaluate ihe Cuyama which was a Navy tanker. None of

all research work which was considered to have a these vessels had a structure comparable to that of
bearing on the problem. The following report presents the usual merchant cargo vessel, and all except the
the results of the Committee's activity. Cuyama were of relatively light scantlings with thin

plating. No similar data appeared to be available for
1. Design vessels of the merchant type.
a. GENERAL In the investigation to determine the structural

Although static structural tests made on riveted behavior of welded ships, at least a dozen vessels

ships prior to the advent of welding in shipbuilding of several types have been subjected to the static

had confirmed the general validity of the basic ana- structural test. Among the vessels thus tested were the

lytical metiods used in calculating the stresses in the Great Lakes ore carriers Cadillac, John Hutchinson,

main hull girder, there were several factors involved Champlain, Frank Purnell,4 the Liberty ship Philip

which were considered sufficiently significant to Schuylers and the T2 tanker Shiloh.6

justify making similar experiments on welded ships. These static structural tests of welded ships under

These factors ;ncluded: the possbility that there known bending loads,. particularly that of the Philip

might be a difference in the overall behavior between Schuyler,5 have yielded the following important

riveted and welded construction as affected particu- results:

larly by the differences in rigidity and geometry of i. The internal resisting moment computed
riveted and welded joints; the fact that photo- from measured strains agreed with the

electric studies showed appreciable stress concentra- applied bending moment.
tion at hatch comers where so many cracks occurred ii. The longitudinal stresses in the side shell
on Liberty ships; and the further fact that modem were proportional to the distance from
developments of strain gages made possible the the neu ral axis.
measurement of highly localized strains and the cRefence number listee in Bibliography.
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iii. The longitudinal stresses in the deck and gated through the hull structure, thereby endanger-
bottom shell were not uniform but the ing the ship. Based on these considerations, the need
mean value closely approximated the for determining experimentally the magnitude of
theoretical nominal stress. Tho causes of concentration" At structural discontinuities in welded
these nonuniformities were vaiations in ships and studyng how these concentrations might
restraint and shirkirg of load caused by be reduced became increasingly apparent.
buckling of the plating. The static structural tests of the Liberty ship

iv. A torsional moment applied to a Liberty Philip Schuyler5 and the T2 Taikers Ventura Hills,8

ship produced only negligible stresses. Fort Mifflin9  and Antelope His 2r' included
The applied torque was approximately measurements to evaluate concentrations. Most of
twice the value believed to be enzountered the data on concentrations were obtained through
at sea 7, the use of short base length electric strain gages at

v. Tests on ore carriers where a welded and a almost the very point of maximum concentration.
riveted structure were present in each Some important results regarding concentrations ,ert
ship indicated a similar stress distribu- as follows:
tion in the two types of structure. i. Stress measurements made in the plane of

vi. A test showed that the Liberty ship deck the deck 2 inches forward or aft and 2
house contributed very little to the over- niches outboard on the Liberty ship
all hull strength. square hatch corner gave ,ircbs concen-

.. HULL STRUCTURAL DETAILS tration factors not exceeding 2.0 with

transverse stresses equal to about one-
For operational reasons, it is necessary to introduce quarter of the principal value. Stress con-

into the ship's hull numerous openings, erections, centration factors on the fillet weld inside
foundations and so on. At every point where such a
structural discontinuity is introduced, uniform strain- the squrexhat e r adke
ing of the materil under a bending load is inter- wre approxtately 3.0.
rupted and concentrations result. ii. Stress concentration factors at the inside

Until the short base length (less than 1 inch) radius of the rounded hatch corners of a
strain gage became available, experimental measure- Liberty ship at deck level were of the
ments of strain concentrations in ships were not order of 2.0. (A stress concentration of
possible. The need for accurate determination of d.4 was found in a similar corner at sea
concentrations was not as great in the riveted ship under dynamic conditions.)
as in the welded ship. The monolithic character of iii. Under an alternating bending moment of

the welded ship resulting from the method of fabri- low amplitude, the elastic strain concen-

cation can produce joints, particularl at structural tration factors at the inside of the Liberty

discontinuities, that have high stress concentrations ship hatch openings at deck level were

and severe restraint, thereby tending to inhibit plastic practically indepndent of the type of

flow. This condition did not exist generally in the comer reinforceiaent and were of the

riveted ship. The danger of high corcentrations at order of 2.5. Approximately the same

points of structural 2iscontinuities in the welded strain concentration was recorded when

ship is further aggravated by welding usually present the maximum hogging bending moment

at such points. Welding produces a complex metal- was relaxed in the static test.

lurgical condition . hich is supplemented by the iv. The concentration factors given in para-
existence of locked-io stresses and this is frequently graphs i, ii, and iii, above refer to elastic
further aggravated by additional discontinuities in conditions. Stress concentration factors
the form of defects ir the weld. That stress concen- are used except in cases where the trans-
trations of dangerous magnitude actually exist at verse strains were not measured, +hus
structural discontinuities in welded ships has been making it impossible to convert strain to

amply demonstrated by the numerous fractures that stress, in which cases straini concentrations
started at such points, e.g., hatch comers, sheer strake are used. When plastic deformations
cut-outs, defective welds, ctc., and frequently propa- occur, the ratio of peak to average strain
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may have quite a different value. The 2. Fabrication
behavior of typical structural details
under plastic conditions needs much a. RESIDUAL WELDING STRESSES
more extended study, but it appears that Residual welding stresses are defined as the weld-
the main superiority of rounded over ing stresses produced in unrestrained members.
square hatch corners lies in their capacity It was the considered opinion of the majority of
for distributing the plastic action over a technical shipbuilding personnel in the spring of
greater extent of metal, thereby reduc- 1943 that a prime factor causing the failure of
ing the local peak values of strain. (The welded ships was the existence of stresses locked in
rounded corners also have a similar dis- the hull structure, particularly in the welds and
tributing action in the elastic range.) adjacent material. This opinion was based on the

v. Measurements made at a point 3/4 inches occurrence of cracks in welds made under high
away from the round hatch openings in restraint and when the proper sequence had not been
the deck of a T2 tanker, gave a stress followed. The cause of these cracks was believed to
concenwration factor of approximately 2.0. be high resid'ual stresses resulting from the welding

vi. Apprmiiable stresses have been found in operation. It was also believed that such high residual
th'e material not normally considered stresses were present to a degree in all welds and
part of the main hull strength girder such when they were combined with the working stresses
as the plating between hatches, hatch of the ship, hull fractures resulted. For this reason, it
coamings and deck houses. These stresses was considered highly important that a prescribed
reached values equal to those in 'the main welding sequence be followed in order to avoid, or at
hull girder immediately adjacent to the least minimize, residual stresses. In consequence,
line of attachment. when this research program was started, emphasis

vii. In the case of the superstructure of the T2 was placed on a study of welding stresses.
tankers, the stresses at vardous points in In the investigation to determine the magritude
the fashion plate at the after end of the and distribution of residual stresses in typical ship
mid-ship deck house were comparable :n weldments and actual ship subassemblies, a method
magnitude to the stresses in the main deck of relaxing steel plugs, with and without welds, to
amidships. which were affixed resistance wire strain gages was

viii. Longitudinal stresses in the hatch coaming developed. Weldments consisting of 1 inch thick ship
of the order of those in the strength deckwere found near the enos of the hatch plates ranging in size from panels 4 feet x 6 feet to

ship subassemblies 27 feet x 57 feet were investi-
coaming on a Liberty ship and on an ore gated 12,1s. The magnitude and distribution of residual
carrier. stresses were determined as a function of such vari-

ix. On the longitudinal bulkheads of the T2 ables ;is: manual and submerged melt welding; 14tankers points of stress concentration welding seqluences12,13,14,1; electrodel3,16.1, 8.19,2; re-

existed where the center portion of the
sloping faces of the corrugated bulkheads straint (Y in~ch and 2 inch plates were also investi-

crossed the web of their vertical T-bars. gated)14,isil'J,21, 2; preheatl4,S; peeningS.iS; me-

Strains were measured 2 inches away clanical loading along a butt weld;i and controlled
from the intersection in question. A stress low temperature stess relefl. 6 . Some salient results
concentration factor of 2.0 was found, from these investigatiorn were:
relative to the stress computed by analyti- i. The magnitude and general pattern of the

ethods. Reinforcing brackets tried residual welding stresses existing in very
on one installation to relieve this condi- large weldments (up to 27 feet x 57 feet)
tion indicated that the brackets reduced can be obtained in panels as small as 4
the stress intensity by approximately 40 feet x 6 feet. These stresses were suffi-
percent. Transition plates tapering the fet re e thersses weret
bottom corrugation into the line of the ciently reproducible either in Unionmelt
web reduced the stress intensity at the or manual welding to enable significant
lowest point of concentration by approxi- effects of different controlled variables to
mately 25 percent. be determined. In butt welds of free sub-
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assemblies, the longitudinal residual stresses into the structure generally. It was suggested that this
along the center line of the weld reached was d,ie to temperature differences existing when
a magnitude of approximately 47,000 p. s. i. subassemblies were joined to the hull structure and/or
in tension throughout the length of the to abnormal assembly sequences. The occasional ship
weld except in the 9 inches adjacent to containing such high locked-in stresses was then
each end where they decreased to zer. thought to present a case of potential structural fail-
at the ends. The transverse residual stresses ure. Accordingly, a research program was initiated
were low tension (usually less than 10,000 to investigate locked-in streb:es in the decks of a large
p. s.i.) except near the ends of the weld number of ships.
where they changed to compression, reach- The above program included, stress determinations
ing values of from 20,000 to 30,000 11. s. i in the decks of recently completed Liberty ships and
at the very ends. several that had been in service 2.lSb,23c; the history

ii. Residual stresses in the welds of ftee sub- of the changes of the locked-in stresses starting from
assemblies were generally not affected by completed deck subassemblies and tracing these
the weldiug procedure or assembly se- stresses through construction, launching, outfitting,
quence used. The above must not be con- loading, as well as during the first voyage of two
strued to mean that proper welding and Liberty ships;24 the effect of the static structural test
erection sequences are not important in on the locked-in stresset in three type T2 tankers25,26 ;
fabrication as serious difficulties with weld the stress effects due to temperature gradients through
cracking and distortion may occur if these the hull structure;27 the magnitude and distribution
are disregarded. of locked-in stresses in the decks of 21 Victory ships

iii. It has been found that residual welding constructed in three Pacific Coast yards;2S the stresses
stresses can be relieved by the application produced by welding a large hot deck subassembly
of external load causing plastic flow of the into a cooler hull structure;29 and the use of X-ray
weld metal and adjacent area. The same diffraction measurements for determining stresses
effect may be obtained in simple butt- in hot rolled plate30,31. Some important results of
welded joints with the plastic flow pro- these studies were:
duced by thermal rather than mechanical i. Stresses at selected points in the deck welds
methods; the effectiveness of this process of completed Liberty shipsb were deter-
in reducing the stress in complex joints mined.c Longitudinally along the welds,
has not so far been demonstrated. these stresses were tensile and ranged from

iv. Peening the last pass of the welds will mate- 20,000 to 50,000 p. s. i. with an average
rially reduce the magnitude of residual value of 36,000 p. s. i. Stresses transverse
welding stresses. On the basis of investi- to the welds reached a maximum value of
gations performed, it does not appear that 11,000 p.s. i. in tension with an average
peening other passes than the last will value very close to zero. It was also deter-
effect reductions of final residual stresses. mined that the stresses were not reduced
However, general experience has shown appreciably in service. Therefore, it was
that peening intermediate and root passes concluded tha: high locked-in stresses were
is helpful in preventing weld cracking and present in all welded ships. It was also

in contr3lling distortion, concluded that i scked-in stresses did not

v. Preheating ship steel up to 375 0 F. does not contribute materially to the failure of

reduce residual welding stresses signifi- cntred mhipth

cantly. W.efdcis
ii. The locked-in stresses in the fore and aft

b. LOCKED-IN STRESSES bThe computed tensile deck stresses resulting from the exist-

Locked-in stresses include residual welding ing bending moments were essentially the same in all tests
stresses and the stresses resulting from other fabri- and ranged from 2,200 p. s. i. to 4,700 p. s. i. with an
cation and assembly processes. average value of 3,400 p. s. i.

C1t should be noted that it is impossible with present strain
As a result of the fabrication of ships by welding, gage techniques to determine locked-in stresses at structural

it was believed that high stresses could be locked discontinuities, e.g. hatch corners.
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direction at selected points (away from formance. Lack of reliable information in this field
welds) in the deck area ab,' ast of No. 3 has led designers to over-design in the interest of
hatch of completed Liberty and Victory safety, a procedure which in many cases enhances
ships were found to be generally compres- the possibility of failure.
sive. 'Xhe ship- %aving riveted gunwales At the present time the mechanism of metal frac-
had higher compi ssive stresses than those ture is not well understood2, 3 . Since some plastic
having welded gunwales In the Victory deformation, even though highly localized, usually
ships these lockcd-in stresses ranged from precedes fracture even in the case -f cleavage or so-
8,800 p. s. i. in tension to 16,600 p. s. i. in called "brittle" fractures of structures, a full under-
compression. Locked-in stresses near the standing of the phenomenon of flow is essential in
gunwale of completed Victory ships were considering the fracture problem. Perhaps the best
generally tensile and reached a maximum theory yet formulated involves the concepts of resist-
value of 5,900 p. s i. Higher values of ance to flow and resistance to fracture;U the theory
locked-in tensile stresses were observed at postulates that if the stress required for fracture is
other locations in the deck. greater than that required for flow, plastic defornia-

iii. Welding a large section (14 feet x 55 feet) tion will occur; conversely, if the stress required for
into the deck of a Liberty ship with no flow is greater than that required for fracture, rupture
temperature difference between the section will take place. Flow may terminate in either shear or
and the deck resulted in a general increase cleavage separation with the former characterized by
in stress of about 5,000 p. s. i. Welding a high ductility, a fibrous or silky appearing fracture
large section (14 feet x 55 feet) into the generally at 450 to the direction of applied load, and
deck of a Liberty ship with the section high energy absorption; and the latter by relatively
approximately 75,r. warmer than the low ductility, a granular or crystalline appearing
deck resulted in a maximum increase of fracture generally iiormal to the direction of applied
15,000 p. s. i. These experiments were con- load and in most cases low energy absorption. Cleav-
ducted using an unorthodox welding se- age fracture may occur, and often does, after appreci-
quence selected to produce high stresses. able flow; the term refers to a mode of separation
The initial locked-it, deck stresses (based and is not intended to apply only to completely
on an estimated tensile deck stress result- brittle fracture without measurable deformation,
ing from hie bending moment) determined although this case is obviously included.
at selected points abreast of No. 3 hatch It is to be emphasized that resistance to flow and
ranged from 700 p. s. i. in tension to 6,700 resistance to fracture are extremely complex quan-
p. s. i. in compression. tities influenced by a number of factors, the inter-

c. ADDITIONAL ASPECTS OF WELDING relationship of which is at present unknown.
Large welded structures have been fabricated and The principal factors which must be considered

tested, and the effect of such variables as electrodes, in attempts to explain the low ductility (notch sensi-
preheat and postheat was studied. A detailed discus- tivity) of structures fabricated frum medium steel
sion is included in the section covering "materials." of the type uscd in ship construction may Le con-

An investigation of the cracking tendency of com- veniently listed as follows:
mercial E-6010 electrodes deposited under high State of Stress-Constraint
restraint disclosed considerable variation within the Temperature
applicable specifications.20 Velocity-Strain Rate

Metallurgy
3. Mateials Factors influencing the state ot stress ar.
a. FUNDAMENTAL FACTORS AFFECTING STEEL (1) Configuration of the structure;

BEHAVIOR (2) Size of the structure;
The 'incidence of serious failures of large welded (3) The presence of discontinuities, i.e., notches

steel structures both during service and in construc- incidental to the structure;
ton has resulted in the need for a better understand- (4) Locked-in stresses;
ing of the funddmental factors affecting steel per- (5) System of applied loads-static or dynamic.
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Combinations of these factors w hich produce a Upon review of the brittle characteristics of the
high degree of restraint are usually associated with fractured material removed from ships that had
low ductility. Lo..?ring the temperature for a given failed, questions regarding the stress conditions to
set of conditions increases the probability for brittle which this material has been subjected were raised.
fracture. Increasing the strain rate for a given set of It was felt that the hull steel must have been sub-
conditions has been found to increase the tendency jected to a complex multiaxial state of stress since
for brittle fracture. Recent studies have indicated a shear flow had been inhibited as ma..iiested by the
probable relationship between temperature and strain low degree of ductility in way of the fracture. When
rate35 ,3 . steel samples removed from areas close to these frac-

The pheiiomena listed above may be classified tures were subjected to the standard tensile tests,
under the general heading "mechanical." they exhibited satisfactory strength and ductility.

The following factors may be considered under Large welded and unwelded medium steel flat
the general heading "metallurgy": plates and welded joints simulating the gunwale con-

(1) Prior deformation and resuhing stress and nection of ships have been tested in tension. Such
strain anisotropy; specimens have exhibited tensile strengths equal to

(2) Cyclic loading-fatigue; or slightly higher than coupon values for the same
(3) Composition: steels with moderate reductions in ductility37 38. 39.

a. Structure-grain size and the distributijn These tests also indicated that cleavage fractures
and size of disperse phases; could be preceded by considerable plastic deforma-

b. Solid solution effects-including those tion.
produced by gases; As a result of the above investigations, it became

(4) Precipitation phenomena such as strain apparent that it was not possible to reproduce ship
aging; failures by uniaxially loading large welded tensile

(5) Corrosion effects. specimens free from stress raisers. Therefore, an
The metallurgical and mechanical factors must experimemal program involving uniform biaxial load-

be considered together in attempting to explain the ing was initiated. Tubes with and without welds were
sudden failure of large struc -res. The complexity of subjected to biaxial tensile loads at various tempera-
the situation becomes evident when all of the above tures40,41,42 ,4 44 . These tubes contained no mechani-
variables are corsidered in combination. cal notches. Two sizes of tubes made from the same

b. EXPERIMENTAL INVESTIGATIONS AND heat of semi-killed steel were tested and the follo.-
RESULTS ing results have been obtained:

Based in part on the results of the investigations i. At room temperature it was found that the
dealing with welding stresses, it became apparent smaller tubes (3Y inches diameter x
that these stresses we.e not the important factors inch wall) predicted generally the behavior
contributing to structural failures. In consequence, of larger tubes ,20 inches in diameter x

it was evident that the research investigations should 34 inch wall), but at low temperature
cover other phases of the problem. (-40'F) this was not the case.

A random selectior of a substantial number of steel ii. The larger tubes (all of which were welded)
samples was made from the stock and scrap piles of tested at low temperature showed great
shipyards constructing merchant vessels. In addition reduction in strength and ductility when
numerous samples were submitted by steel mills from compared with results from the standard
heats rolled to ABS and USN specifications. 1,588 tensile test. This lack of ductility at
tensile tests from these samples showed that the physi- -40'F was comparable to that found in
cal properties of practically all the steel tested fell fractured ships.
within the permissible range set forth in the speci- iii. A large tube, furnace treated at 1,100 0 F
fication standards. These tests, however, do not take after welding and tested at -40'F, showed
cognizance of the selection methods set forth in the a significant increase in strength and duc-
specification and all of the steel may therefore be tility over a similar tube tested at the same
considered to be in satisfactory compliance with the stress ratio and temperature but not heat
specification standards. treated after welding.
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Supplementing the investigation on the large tubes i. Wide (72 inch, centrally notched specimens
and, in part, to explain certain experimental diffi- of 4 inch ship plate tested statically at
culties of this investigation, a test program was started temperatures ranging from -40°F to
involving the static bending of flat plates at various + 1 10°F have failed at nominal stresses on
temperatures with and without longitudinal weld the net section approximating the yield
bead deposits4 1' .45 '. These plates were approximately point of these steels -, determined from
10 inches square and /4 inch thick. Identical steel the standard tensile test. These stresses
plates having various types of electrode deposits were were essentially the same vhether the
tested. In all cases a comparison between welded and fracture occurred by shear or cleavage.
unwelded plates tested at low temperature showed The cleavage fractures, particularly those
that the ductility of welded specimens was decreased at the lower temperatures, exhibited low
significantly. ductility comparable to that observed in

"When additional information became available ship failures.

through the cumulative record, parti..alarly from the ii. The transition temperature at which the

serious structural failures of welded ships, it became mode of fracture changed from shear to

increasingly evident that the common origin of the cleavage in these speciments (+20'F to

fractures was in defective welds and structural dis- +1100F) was determined to be within the

continuities in the hull. such as hatch corners, sheer temperature range in which ships operate.

strake cut-outs, etc. These fractures propagated rapidly The change from shear to cleavage was

through the plates of the hull structure with little associated with a very large reduction in

or no evidence of ductility. The fractures were of the ability of the specimen to absorb

the cleavage type. Deck failures have occurred when energy.

the computed nominal stresses were well below the iii. Generally the types of steel were discrimi-
yield point of the material as determined by the nated as to transition temperature in the

usual tensile test. same order in the large internally notched

It was therefore decided to investigate factors con- plate tests as predicted by the notched bar
of lage sruc-impact tests; however, the transition for

tributing to the brittle cleavage failure of large struc-plates o ccrre a t h r

tures that contained stress raisers. This was accom-

plished through a study of the load-carrying capacity temperatures.

and ductility of largs plates (/4 inch thick x 72 In conjunction with the tests of centrally notched

inches wide) containing a central transverse notch, flat plates, a related study of a large welded struc-

when tested to failure at various temperatures47'.8 49. tural specimen closely patterned after a ship hatch

A number of different medium carbon steels, includ- corner was made 50,5.. Due to its geometry, this

ing rimmed, semi-killed and fully killed types, fall- specimen had a high degree of restraint and a severe

ing within present ship steel specifications (USN and notch condition.

ABS) were investigated. Through the use of such The purpose of this test was to investigate the

large specimens it was expected that the type of frac- behavior, of a welded structure containing a struc-

ture obtained in ships could be reproduced in the tural discontinuity and also to study the effects of

laboatory. Furthermore, it was desired to determine variations in steel and welding procedure. In this
the differences in behavior of the several steels when manner it was expected that the structural behavior

tested in large specimens and to relate this behavior of a welded component constituting an important

to smaller specimens (such as notched bar impa.., part of the ship's hull could be evaluated. It was also

tests) of the same steel. In addition, it was expected proposed to compare similar hatch corners fabri-

that these investigations would produce results that cated by riveting as well as by welding.

could be applied toward modifying present ship steel Although this investigation is still incomplete, at
specifications to insure material best suited for welded the present writing the following results have been
fabrication and safe ship operation. At the present obtained and appear significant:
writing, these investigations are still in progress. i. It has been possible to load these hatch
Based on the work completed, the following results corner specimens in tension so as to pro-
appear significant: duce an elastic stress distribution closely

701292--47-10
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approximating that found in a Liberty pointed out that the development of a laboratory test
ship. for this purpose may be of significance in the estab-

ii. On the basis of a single specimen design lishment of improved specifications for ship steel. So
which has a high degree of restraint and a far this investigation has yielded the following ir-
severe notch condition, the type of steel, portant results:
testing temperature (320 F to 120'F) and i. The discrimination of the steels on the basis
type of welding electrode (E6020, HTS, of transition temperature using the standard
Austenitic 25Cr-20Ni) had little effect notched bar impact tests has approxi-
on the nominal breaking strength of the mated that obtained in the large internally
specimen (23,000 p.s.i. to 27,800 p.s.i.). notched flat plate tests, but at much lower
The energy absorbed by a specimen failing temperatures for the small specimens.
with shear fracture was greater than that ii. Notched bar impact tests on rimmed, semi-
for a specimen failing by cleavage. killed and fully killed types of ship steel

iii. All hatch comer specimens tested at 32'F have shown that the transition from ductile
failed by cleavage. Rimmed, semi-killed to brittle behavior occurs at a relatively low
and fully killed medium carbon steels were temperature for fully killed steel, at a tem-
included in these tests. perature as high as 90 0 F. for some heats of

iv. Two hatch corner specimens welded with a rimmed steel, and at intermediate tempc.ra-
400°F preheat have been tested. One failed tures for semi-killed types. However, some
at a nominal breaking stress of 32,600 semi-killed steels also had high tramition
p. s. i., while the other failed at nominal temperatures and correspondingly greater
stress of 32,800 p. s. i. An identical speci- notch sensitivity. (Notch sensitivity may be
men but welded without preheat failed defined as the property of a material which
at a nominal breaking stress of 24,000 reflects its reluctance to absorb energy in
p. s. i. All specimens failed by cleavage the presence of notches and other strain
when tested at 700F. The energy absorbed inhibitors, such as low temperature and
by the preheated specimens was very high rates of strain.)
much greater than that absorbed by the An additional study, involving the steels mentioned
specimen that was not preheated. This above in which an explosive was statically detonated
confirmed data obtained on small speci- in direct contact with welded or unwelded plates,
men tests.4 6  has provided a method for determining the behavior

v. Two riveted specimens, fabricated using semi- of specimens under high strain rates and a complex
killed steel and having the same basic de- state of stress.64 Preliminary results from this tes'
sign as the welded specimens, have been were as follows:
tested at 700 F. One failed at a nominal i. Explosion tests have discriminated unwelded
breaking stress of 20,900 p. s.i. while the shipbuilding and high tensile steels in the
other failed at a nominal stress of 20,600 same general order as predicted by the
p. s. i. Both specimens failed with cleavage notched bar impact tests and iarge inter-
fractures. The energy absorption of these nally notched flat plate specimens.
specimens was very much less than that of ii. Welded joints have shown a significantly
a welded hatch corner specimen fabricated lower energ', absorption and extent of
from the same steel and tested at the same deformation when compared to unwelded
temperature. plates of the same steel. It should be noted

A LS& e.,1aih project has been initiated to correlate that these results correlate with the results
the results of the large centrally notched plate investi- obtained in the static weld bead bend tests
gation and the hatch comer studies with small at low temperatures referred to previously.
laboratory tests5 2,53 . This investigation was initiated Other investigations of welded structures include
with the expectation that it could be demon- a study of a highly restrained fabricated box girder
strated that such tests could be used to predict the and that of butt welded I-beams. These structures
behavior of large fabricated structures. It should be are being tested in flexure. The box girders made
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from 132 inch thick plates are being investigated to i. The testing temperature had no appreciable
determine the effect of high restraint and residual effect upon the fatigue life of any of the
stresses on the physical behavior of such structures. steels tested.
The butt welded I-beams are being tested to deter- if. The fatigue life was approximately twice as
mine differences in performance when tested under long for the normalized plates of killed
dynamic and static conditions. No broad observations steel as for the rimmed as-rolled steel sped-
can be drawn from these investigations as yet. mens.

On a number of ships, hairline cracks have been Other cyclic loading tests involving combined
observed in the vicinity of the hatch comers. Due to stresses have yielded results which do not appear
the stress concentration occasioned by the hatch conclusive.
comer discontinuity, it appeared reasonable that
these could have been fatigue cracks caused by the 4. Conclusions
cyclic loads to which a ship had been subjected in
service. Upon subsequent loadings having higher The following conclusions have been drawn on
stress ar -'itudes and increased strain rates occasioned the basis of the available data. Additional data which
by rough seas, it was expected that such a hairline are expected from research still continuing may neces-
crack might act as a trigger to start a fracture propa- sitate revision or modification of some of these con-
gating through the structure particularly at low tern- clusions:
perature. Welded ships have suffered structural fail- 1. The brittle fractures in welded ships result
ures after only a short period of sea service or with no from a combination of the following causes:
service at all. However, it appeared that fatigue stress raisers occasioned by poor design
might in some cases be a contributing factor to or workmanship; steel susceptible to low
failure. ductility fractre when subjected to con-

A research project was initiated to determine the ditions involving three dimensional con-
effect of cyclic loading on the behavior of ship steel straint, particularly at low temperature;
specimens containing longitudinal welds and cut-outs i.e. notch sensitive steel. Neither factor is

with and without welded reinforcement plates and alone responsible for all failures, but when

doublers.55 As yet no significant conclusions can be an adverse combination of the two occurs,
drawn from this work. the ship may be unable to resist the bend-

In order to verify the hypothesis stated above ing moments of normal service.

relative to the propagation through the ship structure 2. Fractures in large welded and unwelded ship

of fractures that originate in fatigue cracks, it was plate specimens containing stress raisers

decided to initiate an investigation involving a study comparable to those found in ships have

of the fatigue behavior of specimens containing severe occurred at nominal stress values as low

stress raisers.56 These specimens were 12 inches wide as 20,000 p. s. i. The nominal breaking

x 4 inch thick and were mace from rimmed steel stress has been found to be essentially the

and normalized fully killed steel. The specimens were same irrespective as to whether failure

centrally notched in a direction transverse to loading, occurred with high or low ductility.

The configuration of the notch was identical to that 3. Tests of large welded and unwelded ship
used in the large static tension test previously men- plate specimens containing stress raisers
tioned. Specimens were tested at various temperatures comparable to those found in ships have
ranging from -40'F to +120 0F. As an index of failed in a brittle manner within the tern-
performance, it was decided to use the number of perature range in which ships operate.
cycles required to propagate a crack .ey.nd thc root These specimens were made of rimmed,
of the initial notch approximately 0.6 inch in each semi-killed and fully killed medium carbon
direction. All specimens were subjected to an alter- steels, furnished to meet existing ship plate
nating load giving a nominal stress of 16.000 p. s. i. specifications. The ductilities obtained in
in tension to 16,000 p. s. i. in compression on the net the laboratory tests were of the same order
section. The following results from this investigation of magnitude as those measured in frac-
appeared significant: tured ships.
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4. Existing sup plate specifications are not tures and strain rates. This investigation is
sufficiently beh-c1,ive to provide material proposed since plates containing a welded
that reasonably precludes the occurrence joint have shown a decided reduction of
of brittle fracture on welded structures. energy absorption and extent of deforma-
The material supplied in ship construction tion when compared to unwelded pl;tes of
during dhis program complies with the the same steel. By means of these tests, t
existing specifications for ship steel. is expected to study such variables as steels;

5. Evidence exists which indicates that the struc- electrodes; heat treatment and mechani-
tural performance of welded joints in ship cal stress relieving. It is anticipated that a
steel, particularly under conditions involv- considerable amount of effort must be ex-
ing three dimensional restraint and low pended in developing satisfactory speci-
temperature is greatly improved by forms mens and testing procedures which must
of heat treatment. show correlation with the performance of

6. Static structural tests of welded ships of vari- full scale structures. (See section b (ii.),
ous designs have corroborated earlier below.)
experiments with riveted ships and con- ii. Further studies of the fundamental factors
firmed the validity of the basic analyti- affecting flow and fracture of metals. It
cal method used in calculating nominal appears highly desirable that more in-
stresses under a known bending load in formation be made available relative to
the main hull girder. the conditions that obtain when cleavage

7. In discontinuities like hatch corners, rounded and shear fractures occur in metals, par-
details are superior to those showing acute ticularly the conditions necessary to cause
notching. This is mainly attributed to the a change in the mode of fracture from
wider distribution of plastic deformation shear to cleavage. (See 3a. above.) This
which occurs in rounded corners in the work will assist in the understanding of the
early stages of heavy loading, basic phenomena underlying the failure of

8. Considerable accumulated evidence and test materials in structures and will aid in
data indicate that locked-in stresses do their intelligent utilization.
not contribute materially to failure of iii. Further study to obtain practical tests which
welded structures. can be used to procure material satisfactory

9. Locked-in stresses in the decks of completed for the fabrication of welded structures.
vessels are not app-eciably reduced by Present tests for evaluating the notch
service, sensitivity of the materials are capable of

10. Welding sequence in general has no effect selecting satisfactory steel and electrodes
upon the magnitude of residual stresses in but not for procurement in commercial
free subassemblies. quantities.

5. Recommendations for Proposed b. THE STUDY OF THE SHIP'S STRUCTURE

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

The Research Advisory Committee recommends i. A study of ships at sea. Here is envisaged a
the following further investigations: research program to determine particularly
a. THE STUDY OF SHIPBUILDING MATERIALS the loads to which a ship's stru-ture is

The work in this field may be divided into groups sub'ected among waves. It is anticipated
as follows: that active work under this project , tll

i. Further studies of the effect of welding on not begin until a thorough study has been
the structural performance of ship steel. It made of the results obtained from the
is proposed to study the behavior of welded present British investigation on the Ocean
joints; such as butt welded flat plates, Vulcan.
double fillet welded tee specimens, etc., In addition to the above study, in which
under multiaxial stress at various tempera- a research crew would be stationed on
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board ship to operate and maintain the iii. A study of the structural performance of the
equipment, it is also contemplated that ship girder incorporating improved struc-
strain counters be installed at various loca- tural details developed in (ii) above, tested
tiens on a large number of ships of many statically to failure. The vessel will be sub-
types. These counters would le unattended jected to the static structural test, prefer-
except for periodic checkups and recording ably continuing to failure.
of accumulated data. These counters would iv. A study of the effects of riveted longitudinal
record the number of times a given strain joints on the performance of welded ships.
has been reached at a selected point in the The generally satisfactory performance of
ship. By this procedure, it is ar, icipated the Liberty ships with riveted seams has
that the maximum strains to which a ship's raised questions as to how the riveting in-
structure is subjected, including selected 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- tural design details when subjected to
tion of ship components (e.g. hatch corners, cyclic loading.
gunwale connections, etc.). It is proposed
to study typical structural discontinuities C. 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 laboratory research can make little contribu-
models, and photoelastic studies. tion to this result.

1
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Summary Report

WELDING ADVISORY COMMITTEE

A Wtlding Advisory Committee was appointed by 3. SPECIAL MEANS FOR IDENTIFYING WELDERS

the Board to survey conditions pertaining to the de- BY RATING.
sign and methods of construction of welded steel Special Means...........
merchant vessels as employed by shipyards in the Partial Means ......... 7
United States. Thirty-three representative yards, No Means...............25
Government and commercial, on the East, Gulf and

West coasts were visited during 1944-45. The follow- After qualifying by test for all positions one
ing report is a summary of data collected. yard grouped the welders for restricted work in

accordance with the foremen's opinions and each

A. Welder Training and Advancement group was identified by colored electrode buckets
and helmets. In several yards, however, tackers

AVERAGE NUMBER OF HOURS IN could be identified from welders by group nur .1-
WELDING SCHOOL.

The system of welder training in use and ber on badges.

standard of performance required prior to gradu- Nearly all yards intervieV.i agreed that

ation is not uniform. Some schools train to pro- whether qualified by test or not, a welder fresh

duce tackers only, acting on the premise that no from the training school should be allowed to

school can produce a journeyman welder; there- work only on unimportant parts of the ship's

fore, from 3 to 6 months' work on the ship structure, preferably in the flat position. The

should be required before the trainee becomes a secondary structure on the building ways should

production welder. An average of 185 hours be welde6 '- nore experienced or second grade

schooling for production welders exists for the welders and strungth decks and the hull piating

schools reported. The shortest average should be allocated to the most experienced or
rasg C o wfirst grade welders under yard classification. In

avergetraining period was 20 hours .nactual practice, however, this ideal is seldom
attained due either to "hot ships" or disregard

2. TRAINING EQUIPMENT AND METHODS. of this principle in placing welders.
Most shipyard schools did not have enough 4. TYPE OF WELDERS PRODUCED BY SCHOOL.

training equipment, operating up to three shifts, Yards
with two trainees per booth in one or two Tackers .......... 10
instances. It was generally agreed that 10 stu- Welders.on. .. .... 4
dents was the maximum that could be efficiently Tackers and welders ..... 9
trained under one instructor. However, some Flat or restricted position . 5
schools assigned up to 20 students per instruc- F oneor .re .....d.pos ...n .. 5
tor. The smaller schools are not well organized None....................5
and usually are operated only as welder test Only 5 yards had restricted welder qualifica-
booths, or for priming welders to take the pro- tion other than tack welder. The majority of the
d'zction welder's test. In only one school were yards consider the all-position welder qualifica-
trainees required to weld in cramped positions tion test easy to pass and the training necessary
and on joint assemblies similar to those en- to qualify preferred to the restrictions imposed
countered on ship board. when welders are only partially qualified.
701292-47-11
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5. MINIMUM EXPERIENCE BETWEEN to produce enough welds to make a wage equal
ADVANCEMENTS. to that of the next higher basic hourly rate. In
No yard claimed to enforce any minimum yards where all welders get the same pay there

period between advancement except in two in- can be little (and sometimes a negative) incen-
stances, one where advancement was automatic tive for improvement as the difficult work is given
due to agreement with Union, and one where to the best welders.
the yard required a 3-month period between 2. ANY PIECEWORK SYSTEM?
advancements. Yards

6. ENCOURAGEMENT FOR IMPROVEMENT. Yes ....... ... .. 18
There is very little encouragenmeit for im- No .......... ... 15

provement in workmanship pirticularly in piece- 3. IS ADVANCEMENT BASED ON GOOD
work yards where emphasis :s placcd on pro- WORKMANSHIP?
duction. Only two yards made any attempt to Yards

keep a record of the actual quality of work of Supervisor's opinion 23
the individual welder. Based on daily and weekly

7. PERCENTAGE OF WELDER TURN-OVER records of workmanship 2
ANNUALLY. No 8..8

Percent 4. WHAT SYSTEM IS SET UP FOR THIS?
Maximum ............... 212 Yards

Average .. ...... 85 Efficiency rating . . 6
Minimum . ........... 12 Union agre ment . . 2

8. ARE QUALIFICATION TESTS RECORDED? Cramped position test I
Qualification tests are recorded in all yards Daily and quarterly records 2

except twe. The consensus of opinion of the None 22
various yards indicated that qualification tests
are not sufficient evidence that a welder is cap- C. Supervision
able of welding important structural joints and 1. NUMBER OF HULLS FOR EACH WELDING
that welders on such structure should be picked .UBFOREMAN.
after experience indicates they can produce Yards

welds satisfactorily. 1 .3

9. ARE RECORDS SYSTEMATICALLY FILED? 2 ............... 8

Recorded qualification tests were satisfactorily 3 3......... 3

filed in yard or inspection office when such Varies but lies between 1

qualification tests were made except in one yard. and 10 . 7

However, the system is rather cumbersome in Indefinite I

that if a welder's work is unsatisfactory it requires No report I

a check in the files to ascertain his qualifications. 2. NUMBER OF QUARTERMEN TO ONE
FOREMAN.

B. Incentive for Good Workmanship Yards

After Graduation None 2

I. ANY MONETARY INCENTIVE FOR GOOD Average, 1-5 16
WORKMANSHIP? Average, 6-10 9

Yards Average, 11-15 4
Yes 12 No report ... 2
YeR inl thenry 11 3. NUMBER OF LEA.DINGMEN TO ONE

No ,. 10 QUAR'rERMAN
Nearly all piecework systems nullified any Yards

incentive for good woimanship since the em- None .... i
phasis was placed upon either poundage of elec- Average, 1-5 19
tfodes burned or footage produced. Charges are Average, 6-10 9
seldom made against the welder for repairing Average, 11-20 .. 3
work and advancement is based upon the ability No report ............ 1
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4. NUMBER OF WELDERS TO ONE LEADING MAN. 7c. HAS WELDING DEPARTMENT POWER TO
Yards REJECT FA ULTY FITTING?

Average, 10-15 12 Yards
Average, 16-20 12 Yes ...... 13
Average, 21-30 8 No ..... 5
31 and over 1 Doubtful or problematic 15

5 IS 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. CONNECTIOiN BETWEEN DRAWING ROOM

Only a few of the rren employed as welding A,"D WELDING DEPARTMENT.
engineers for the various yards can be considered In only nine yards did the welding engineer
welding engineers when 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 duties to set up for checking the sequence, the remainder
which they are as.signed. 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 eight yards of the 19 employing welding

Directive 2 engineers gave the welding engineer the authority
No engineer ............ 12 to change welding sequence. However, three

It is doubtful that any of the welding engineers yards had a sequence man in addition to the

have authority to enforce regulations governing welding engineer who developed 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 3 Sometimes 4

Welding engineer 4 No 3
Welding foreman I Made no changes I
Inspection agencies 2 It %% ,s noted that the general practice in the
Production manager or yards was to make numerous sequence violations

assistant works manager 2 on the hull structure rather than to correct the

Any controversial matters pertaining to weld- Welding sequence or revise it to agree.

ing were usually settled by the welding inspec- D. Inspection
tors of the inspecting agency if such were called 1. IS RADIOGRAPHY DONE ON HULL
to their attention. STRUCTURE?
WHO ESTABLISHES THE WELDING Yards

ITCIiNIQUE? Yes .. 3
Welding supervisors and Yards No 30

foremen .. 21 2. IS TREPANNING DONE?
Welding supervisors and fore- Yards

men with welding engineer 2 Yes ... 9
Yes, but not polished 4Welding engineer 4 No. ....... .... 20

School instructors and coaches 4 Plugs taken but not polished which were
Individual welder .... 1 examined by the Committee were considered

Very few yards relicd upon their welding incomplete evidence of sound welds due to their
engineers to establish the welding technique. extreme roughness.
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In one yard, where probing was a regular 8. CAN YARD TRACE WORK TO INDIVIDUAL

practice, it was stated that originally 30 percent WELDER? Yards
of plugs taken showed defective welds, but since Yes 11
workmen have been shown defective probes, the Sometimes .. 5
quality has improved until defective plugs have Doubtful . .

been reduced to 6 percent. No 15
3. WHO REQUESTS RADIOGRAPHY AND ..................

TREPANNING? Identification of the weld and welder is of
Yards little value where there is no subsurface inspec-

Welding engineer or welding tion. MIlost methods of identification are rather
laboratory ..... 4 cumbersome, their primary purposes being to

Inspection agencies 9 control piecework systems and not for the identi-
Yard welding inspectors . 1 fication of welders at some future date. Some
Made no subsurface inspections 19 union agreements will not permit identification

Of the yards making subsurface inspections of weld with welder.
only four performed this service without the re-ques ofan ispetionagecy.9. HOW ARE LEAKY WELDS REPAIRED IN
quest of an inspection agency. WATERTIGHT AND OILTIGHT STRUCTURE?

4. HAS YARD ANY INSPECTION DEPARTMENT OF
ITS OWN? Leaky welds are usually caulked unless found

Yards by the inspection agency first, or when they are
Yes ................ 16 of such a serious nature that caulking would not
No ............... 17 stop the leak. Several yards made the claim that

Some yards stated that a separate inspection all leaky welds were chipped out and rewelded
department would result in divided authority and but the reaction of the inspectors as well as
would therefore be objectionable. Apparently, it personal observation, casts considerable doubt
was for this reason that some inspection depart- on the accuracy of these statements.
ments answered to the production department
instead of the welding engineer. 10. HOW ARE FAULTY WELDS REPAIRED IN NON-

5. TO WHOM ARE THE WELDING INSPECTORS WATERTIGHT STRUCTURE?
RESPONSIBLE? Faulty welds are repaired by rewelding in way

Yards of undercutting and insufficient reinforcement
Welding engineer 2 when marked by inspectors. Judging from obser-
Yard inspection department vation of welds marked for repair, additional
Welding supervisors 5 welds are run without further preparation for
Production department 5 almost any kind of defect e.cept a known crack.
No inspection department 17

6. HAS YARD ANY WELDING LABORATORY? E. Production
Yards

Yes i1 Ia. IS THERE AN ERECTION SEQUENCE?
No ........ 22 Yards

Welding laboratories of any consequence were Yes 33
usually incorporated in a well-equipped mtal - Most erection sequences consist of material
lurgical laboratory. schczdules.

7. HULL INSPECTION. Yards lb. WHO PREPARES ERECTION SEQUENCE?

Inspected by Navy 15 Yards
Inspected by ABS surveyors 16 Supervisor committee 2
Inspected by U.S.M.C. 14 Hull superintendent 7
Inspected by U.S.C.G. marine Welding engineer 3

inspectors 11 Shipfitting department 6
Inspected by Army . 2 Hull planner 2
Inspected by commercial Naval architect 3

companies 3 Not reported 10
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2. IS IT BEING FOLLOWED? instructions to workmen tc an apparent mini-
Yards mum. It was noted that two yards laid out the

Yes ... 17 sequence on the steel structure for the guidance
Generally 13 of the welders, thereby eliminating excuses for
Partially 31 sequence violations.

Most erection sequences consist of material s e vioLaTOS
schedules and are violated or modified where DISTRIBUTED?
necessary to use material in order of receipt, Nearly all yards stored and distributed elec-
regardless of the condition of welding. A few of trodes in reasonably dry spaces, heated in the
these schedules were incorporated with the weld- winter for the comfort of the personnel. How-
ing sequence. ever, 3 shipyards made a determined attempt to

3a. IS THERE A WELDING SEQUENCE? dehumidify certain classes of electrodes.
Yards 6. ARE CHECK TESTS MADE ON QUALITY OF

T es ................... 30 ELECTRODES?

N o .......... ...... .... 3 Yards

3b. WHO PREPARES THE WELDING SEQUENCE? No............23
Yards Yes . ................ I0

Engineering department 2 Only one yard ran a torture test on mild steel
Supervisor committee 5 electrodes and this was done by a special port

Hull superintendent 2 hole test devised by that yard. The majority of
Welding engineers 6 tests consisted of standard welder qualification
Shipfitting department . I test for each new shipment of electrodes. How-

Chief huil planner ....... 1 ever, one yard made an attempt to check the
Welding foreman .......... 2 moisture content of the coating.
Design agent or leading 7. TYPES OF ELECTRODES USED.

shipyard . 2 Some yards have substituted E-6020 for hori-
Not prepared ... 2 zontal work for which E-6012 has been elimi-
Not reported 10 nated. Judging from the record, however, this

practice should be extended.
3c. HAS THE WELDING SEQUENCE BEEN

APPROVED BY NAVY, AMERICAN BUREAU 8. ARE SPECIAL PROCESSES USED?
OF SHIPPING, UNITED STATES MARITIME Yards
COMMISSION OR UNITED STATES COAST Union-melt 21
GUARD? Lincoln weld .......... 3

Yards General electric I
Yes ......... 16 Unamatic ... 2

No ......... .... 10 Flame gouging 3

No reports ........... 7 Carbon arc 7
The sequence in use in a number of yards was Twin arc .... I

very general without any detail. Deep fillet ...... 2

4. IS IT BEING FOLLOWED? Apparently any furtherance of these special
Yards processes would depend upon the supplying of

No ......... ...... 14 concrete information to the various yards.
Yes ......... 7 9. ARE RESTRICTIONS ON MACHINE WELDING

Generally .. .... 9 BEING FOLLOWED?
No sequence 3 Several of the yards visited complained of

None of the complicated sequences developed lack of information on the control of machine
for welding are r;gorously held to by the welders welding and only in the yards that had done
on the job. However, in two shipyards where the considerable experimentation could machine
hull was subdivided into standard uniform panels welding be considered excellent. The manufac-
or sections similar to subassemblies although built turers' claims on the possibilities of this equip-
in place on the ways they were able to reduce the ment appear to be somewhat exaggerated when
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compared with production results. In addition In view of the differences of opinion among
it was noted that very wide variations in joint the various yards as to the relative merits of these
design existed in yards doing identical %ork; the two techniques, more information is apparently
efficiency of some being open to question. needed in the field.

10. PERCENTAGE OF MACHINE WELDING. 15. PLATE EDGE PREPARATION USED WITH
Yards MACHINE WELDING,

No machine welding . 10 Yards
Below 10 percent . 11 Ground top surface 4
10-20 percent 8 Wire brushed .... 5
2045 percent 4 Paint remover .. 2

11. HOW MUCH DEEP FILLET WELDING IS DONE? Not cleaned . 6
Used by 6 yards. Not machine welded 18

Most yards interviewed who had experimented Not reported ....... 6
with this process considered it not applicable to It was noted that two yards producing the best
ship construction. Oae shipyard, however, seemed machine welds paid very little attention to cleanli-
to be enjoying considerable success with this ness of surface aside from wire brushing, placing
process and this yard con idered that control of more than average emphasis upon proper ma-
the moisture content ot the electrode was chine settings.
absolutely essential for its success in production. 16. METHOD USED FOR BACKING UP MACHINE

12. HAS E-6012 ELECTRODE BEEN ELIMINATED WELDING.
ON IMPORTANT BUTT JOINTS? Yards
Two yards were found where E-6012 electrode Tight fit 4

was being used on important hull butts although Copper backing strip 1
one yard reported that this electrode had been Steel backing strip 7

eliminated for these joints. The general consensus Flux backing ,. . 3
of opinion among the other yards was that this Manual welding backing 13
class of electrode was only suitable for horizontal It was noted that two did not strive for a tight
fillet welds. Several yard: were also found to be fit, working flux in any opening and under the
using certain brands of E-6011 and E-6013 elec- tack welds, with remarkably good results.
trodes on all types of joints to increase produc- 17. MAXIMUM PLATE THICKNESS USED IN
tion resulting in large oversize convex welds with MANUAL WELDING SQUARE EDGE PLATING.
the appearance of deposits made by E-60!2 elec- Not over !4 inch square edge preparation was
trodes. used for manual welding in any yard. 3/16 inch13. IS PEENING BEING DONE?Yards was the maximum square edge joints manually

Generally employed 2 welded without back chipping.

Used to some extent, as in re- 18. IS PREHEATING BEING DONE FOR MANUAL
strained butts or insert plates 26 AND MACHINE WELDING?No penin usd .. . 5Yards

No peening used . . No preheating on mild steel 29
Shyards need information pertaining to this Some on mild steel 4
process since most of them subscribed to only More information apparently is needed in the
very light peening.

14. ARE VERTICAL BUTT WELDS WEAVED OR field on the requirements of preheating. Very
STRINGER BEADED? few yards are carrying out the letter of instruc-

Yards tions now in existence.
Both . 19. ARE TRACKS USED FOR AUTOMATIC WELD-
Weaved ... 19 ING MACHINES?
Stringer beaded 5 Tracks are generally used with Union-melt
Weaved with final layer and General Electric machines on the East and

stringer beaded 2 Gulf coasts. Tracks are seldom used on the West
Stringer beaded with final coast. Tracks are not used with Lincoln welding

laver weaved I machines.
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20. QUALITY OF EDGE PREPARATION USED FOR E. Is a sharp V left in root of groove?
MANUAL WELDING. Yards

Yards Yes 7
Excellent ... 3 No 8
Good ... 14 Sometimes 8
Fair .. 12 Not reported 10
Poor 4 The standard of back chipping in most

In a good many yards edge preparation is of the yards inspected could be im-
ruined by an excessive amount of square flame proved.
cut3 in fitting on the ship after erection. The use 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 .. ............. 9

21. 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....... 7
cramped spaces and overhead positions not con- Yes ...... ..... 7
ducive to good workmanship. Not riveted .... ...... 9

A. Type of chisel used. Not reported ... 10

Yards One yard held back on riveting until main hull

Cape chisels at times 2 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

Y es ... ... . . .... . 7 Fair ..................... 16
Fair .................. 1 Poor ............... 6
Not always .. ......... 9 Fitting was generally poor enough to be con-
No ........... 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
m etal. 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 all yards where poor fit-up exists and there is
No ......... 4 no subsurface inspection since incomplete pene-
Not reported ......... 10 tration of weld metal would break the continuity
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of the joint. Welds of the secondary structure excessive flame shrinking, a large number of
(including bulwarks, framing, hatch coamings, rigid strorgbacks or drumheadings, with the
etc.) in most yards showed bad workmanship. latter appa:ertly the least objectionable practice.

3. QUALITY OF MACHINE WELDING. On hea ier plating, sequence and technique when
Yards used to advantage seemed capable of maintaining

Very good ................ 4 the fairness of the structure.
Good .................. 11 G Structural Details
Fair .................. 8
No machine welding ....... 10 1. ARE SNIPES IJSLD WHENEVER POSSIBLE?

The fit-up for machine welding varies some- Yards

what in different yards and where no probes Yes .. .... 12

are taken there is no way of checking the final No .................... 21

quality of the welds. With the present use of prefabr,-ated members
4. Iand subassemblies, it is imperative that snipes be

IS WELDING PROPERLY CLEANED OF SLAG? indicated on the detail structural plans to get
Yards them on the finished ships.

1 2. IS UPPER EDGE OF SHEERSTRAKE FREE FROM
No, for inspection ......... 8 CUTS AND NOTCHES?

When the final passes of the manual welds are Yards
not cleaned it was observed that there was Yes ... ........ 24
always a possibility of undercutting, porosities No ...... 6
and incomplete reinforcement getting by. No structural sheerstrakes . 3

It is to be noted that the majority of the yards Although most of the sheerstrakes were free
did not clean welds for inspection purposes. from cuts and notches, only 3 yards were found

5. IS UNDERCUTTING OF WELDS EXCESSIVE? that rcmoved all conncctions, including chocks
Yards and pads.

Yes 15 3. ARE BULWARK DETAILS IN ACCORDANCE
No .. 17 WITH APPROVED PLANS?
Yes, on one type of vessel and Yes, in yards where bulwarks are fitted.

No, on another type 1 4. IS BULWARK WORKMANSHIP SATISFACTORY?
Undercutting was rather extensive in most Yards

yards but corrected in some by additional beads. Yes, generally ............. 10
One yard suggested that 3/16 incl electrodes No ...................... 2
may cause undercutting on plating below 3/16 No bulwarks ........... 15
inch thickness and it is possible that smaller Most yards treat the bulwarks as secondary
electrodes, if used, would stop this undercutting. structure and consequently these members are

6. ARE STARTING AND RUN-OFF TABS USED FOR not welded with the same care and workmanship
MACHINE WELDING? as the shell plating. Most naval vessels and

Yards tankers are designed without bulwarks.
Yes 13 5. TYPE OF HATCH CORNER REINFORCEMENT
No 10 FITTED.
No machine welding 10 Yards

Many yards using run-off tabs failed to obtain Navy standard or expansion
the desired results as the craters carried back trunks ......... 12
within the trim lines. Where short unfinished Insert in deck, not slotted
joints were left to assist in fairing and the erec- through coaming 2
tion of the structure, the resulting manual welds Insert in deck, slotted through
used to complete the joints were sometimes coaming .. .. 8

7. IS COMPLETED STRUCTURE REASONABLY thr)ugh rcaming 4
FAIR? Doub.er for deck, slotted

Yards thiough coaming 2
Yes ..... .............. 27 No reinforcement 5
No ........... 6 Many of the inserts and doublers used to rein-

In order to obtain fairness on light welded force the hatch corners were rectangular with
stru(ture it was usually necessary to resort to square exterior corners.
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6. ARE RIVETED GUNWALE BARS FITTED? 3. QUANTITY AND TYPE OF STRONGBACKS AND
Yards BRACES USED.

Yes ........ 14 Yards

No ....... 16 Few ........... 16
No gunwales .............. 3 Normal 8

7. ARE ARRESTER STRAPS FITTED Large amount .......... 8
7.LRERRTERS ONLY)? None ... ......... 1
(LIBERTIES ONLY)? 20 of these yards used strongbacks of the

Yes...................Yards rigid type without apparent difculties.

No...................1Not Le s 30 -** ... 4. ARE TACK SCARS REPAIRED?
Not Liberties . ........ 30 Yards

8. ARE BILGE KEELS PROPERLY SCALLOPED? Fair 22
Yards Imperfect .. ..... 10

Yes .................. 13 No scars ... 1
No .............. 12 No yard was repairing tack scars to the extent
Riveted ........... 3 that the outlines could not be traced except in a
No bilge keel ...... 1 few instances where deep grinding was resorted
Not observed 4 to. In some yards it was noted that a great num-

If bilge keel snipes are not indicated on the ber of scars were present in the hull plating due
plans, there is little possibility of the requirements to dragging of the welder's electrode when strik-
being carried out by the fitters on the job. ing the arc and starting some distance away from

the joint.
H. Erection Methods

5. IS PREHEATING USED ON H.T.S.?
1. ARE TACK WELDERS QUALIFIED? Yards

Yards Yes .................. 10
Yes .................... 19 No 4
No ........... 14 No H.T.S. used ....... 19

There is considerable confusion among inspec- The practice of preheating on H.T.S. varies in
tors as to the actual qualification for a tack all yards depending upon the failures experienced
welder, especially in yar'ls doing both naval and or the attitude of the inspecting agency. In some
commercial work. Most of the schools turned out instances preheating being dependent upon
tack welders on the appearance of the finished atmospheric conditions or the weight of plating
weld, rather than any test. involved (this weight factor not being uniform)

2. (a) WHAT REGULATIONS GOVERN TACKS? or upon rough tests peculiar to the yard, intended
Yards to identify high chemistry plates.

Navy. .............. 18
ABS ........... 15 6. TYPE OF WELDING EQUIPMENT AT THE WET

SLIP.
2. (b) WHAT TYPE TACKS ARE USED? Yards

Yards Isolated ..... 13
Large ... ......... 5 Not isolated .... ... ...... 16
Large and close ............ 10 Not observed .. ... .... 4
Rough and close .... 2Few and small 5 Several yards do not consider isolation of weld-Varying in size and shape 2 ing equipment at the wet basin necessary, oneGood in 7 having taken voltage readings between hulls and

Fair .. 2 between hulls and water for che,k purposes,
Tacks were not being made as specified or arriving at the conclusion that adequate ground-

recommended and seldom are they chipped out ing is all that is necessary.
when made in a beveled joint. Th,! use of a
large number of strongbacks and saddles in some I. Reception of the Welding Advisory
yards eliminated tacks to a minimum whereby Committee
the entire joint was welded by a production
welder without breaking continuity. In general, the committee was well received.
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