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stalled on the S.S. SEA-LAND McLEAN. Raw data was collected fronm both
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feasible, and to correlate and evahAtte the final results from the two wave SSC-3
meen. In carrying out this work it was necessary to at least partly reduce CLEAVAGE FRACTURE OF SHIP PLATES AS INFLUENCED BY
several other channels of recorded data. so that as a by-product, reduced re- SIZE EFFECT
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ponents of acceleration on. the ship's bndge. crack in service. The tests were based upon the hypothesis that the cracks

begin at points where there ae severe geometrical stress-rasers and that the
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Stevens Institute of Technology specimen under controlled conditions. Repetitive tests have demcn'trsted the

excellent reproducibility of the test-
(F42270) Tech Report, SIT-DL-77-1943, Aug. 1978, 102p

Snelling , WA

N00024-74-C-5451 Trojan Powder

ORDER FROM: NTIS AD-A057005/IST Aug. 1946, 27p

NOBS-31223
SSC-I
CLEAVAGE FRACTURE OF SHIP PLATE HATCH CORNER TESTS ORDER FROM: NTIS AD-635769
Six full scale specimens, similar in design to a hatch comer of a ship. were
cornstucted from a low carbon, ship quality, semi-killed steel and tested to SSC-S
failure. One tested at 120"F gave a shear type fracture. All others tested at CAUSES OF CLEAVAGE FRACTURE IN SHIP PLATE: HATCH
room temperature failed with cleavage type fractures. Two which were
welded with preheat at 400"F showed supenor performance, bout in strength )RNER TESTS
and energy absorption. Two which were fabricated by riveting gave inferior this report deals with the testing of seven large welded steel specimens similar

performance. An investigation was conducted to determine tf- e;'.ts of pr- i design to a square hatch corer of a ship. These were the last seven in a

heat and a comparison made with the effects of 1000 ,Mtheat it-, nment for series of 26 such specimens which were tested to determine the performance

8 hours. Studies were made of quarter scale synmetrical and asymmetrical of seven tyes of steel when built into a welded stncir which had severe
hatch comer models to determine which type of specimen would best duplicate restraint to plastic flow due to a designed discontinuity. One of the last seven

the stress condition existing in actual ships. specimens was constructed of a 3-1/3 per cent nickel alloy steel and two from
a low carbon steel having 0.82 per cent manganese. The others were made of
three grades of plain carbon ship quality steel. Preheating at 400F was used

Degarmo. EP, Mens. JIt Grassi. RC, Purnan. 1W. O'Brien. MP on three of the specimens. The effect of preheating was very beneficiaL The
California University, Berkeley specimen constructed from nickel steel absorbed rather little energy before

failure. This was atributed to the high yield strength of this material which
Ship Struumn: Comnnittee ?rogress Report July 1946, 

7 1p, 3 ref. prevented plastic flow of the plate before failure of the welded joints.

'NOBS31222 Deganno, EP, Meriam. JL
California University. Berkeley

ORDER FROM: N..S AD-636741
(SR-92) , Oct 1946. 47 p

-- C-2 NOBS-31222
AUSES OF CLEAVAGE FRACTURE IN SHiP PLATE: FLAT

PLATE TESTS ORDER FROM: NTIS AD-636743
The report consists entirely of 37 diagrams of plate elongation measured over
various stress levels. 30 photographs of fracture specimens with hardness con-
tours and an appendix. The appendix consists of 67 tables showing percent SSC-6
elongation for each of the wide notched flat plates tested. Readings Mpro- INVESTIGATIONS OF BRITTLE CLEAVAGE FRACTURE OF
ducible to plus or minus .002 inches were taken by means of a special gage WELDED FLAT PLATE BY MEANS OF A BEND TEST
prior to loading and after fracture. Reported herein are the results of several series of bend tests conducted on

10-in. square by 3/4-in. thick plates upon which had been deposited weld met-

Davis. HE, Troxell, GE. Boodberg, A, Parker, ER. O'Bnen. 1% al. The experiments were carried out in oonjunction with tests on large welded
California University, Berkeley itubes of ship plate. This report presents a description of the test specimens

aand the testing technique. Both double-V butt-welded and single-bead speci-

mens were tested as simple beams supported on a 6-in. span, centrally loaded.
Ship Structure Committee Progress Rep, n, Aug. 1946, 6 7p The weld or bead was so placed that it was stressed in tension by the applied

load. Tests were made at various temperatures ranging from room temperature
NOBS-31222 to -40'F on specimens welded with E6010 electrodes, low-alloy steel elec-

trodes. 25.20 stainless steel electrodes, and with Unionmelt The effects on

ORDER FROM: NTIS AD-636742 ductility at -40'F of preheating to vanous temperatures rangng from 0"F to
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500"F, of postheating to II00"F. and of normalizing were determined. The NOI S34231
effect of arc voltage and the effect of the weld contour on the ductility at
vanou temperatures were determined fur :6010 and Uruonmelt deposits. ORI)l'R FROM. N-I1S AD-636746
Chemical analyses of typical weld deposits were made and the rrncrosiructure
of most of the specimens was studied, and microhardness surveys were con-
ducted on about half of the specimens tested. Included in the report are the S C9
following data: welding conditions, testing temperature, bend ange. maximum CORRELATION OF LABORATORY TESTS WITH FULL SCALE
elongation, maximum load and type of failure, micronturms, and hardness SHIP PLATE FRACTURE TESTS
values. The cracks were found to originate in the weld metal and not in the 1h report summaries the results which have ben ctained to date on
hest-aflected zone of the base plate even though the heat-affected zone was in notched beam unpact testing, and metallographic exmination of the ship plate
many cases much harder than the weld metal. The ductihty of the bend test steels In Part I of this repr it is shown that the t andard Charpy impact test
specimens was found to be inproved by preheating, poathestng, low arc-volt- using either the V-or keyhole-notch or a special 3/4 in. wide specimen is not
age and by the use of suinless steel electrodes. The ductility was decreased capable of evaluating the ship plt according to the data which have beem
by low preheat temperature, low testing temperature, fast rate of electrode obtained for large plate specimens. However, by uaing Qharpy keyhole-notch
travel, high arc voltage, and by the use of electrodes having high hardenability. specims which have been strained 10% in tension and which have been

allowed to staid at rm tenperature for one month, test data have been oh-

Davis, HE, Troxell. GE, Parker, M Boodberg, A tained whiui allow the prediction with fair aocuracy of the tsnsition teapers-
California University, Berkeley tor in the large plates. In Part II the miciotiructures of the pro:ect steels have

been coidered, I has b shown that n imple altration in microsuc-
tures can be found to account for the profomd variation in energy absorption

Ship Sictt Conmittee Teds Report. Mar. 1 cractenstcs the series of steels which have been studied. It has bee
NOBS-31222 shown that variations in grain size in a given steel cause large changes in the

energy absorption charactenstics o that steel.

ORDER FROM: NTIS AD-72181 Gensarner, M. Klier, EP, Prater, TA, Wagner, PC, Mack. JO
Pennsylvania State University, University Park

SSC.7
FATIGUE TESTS OF SHIP WELDS (SR-96) Prog Rqot, Mar. 1947, 13 3p
The results of fatigue tests of twenty-eight specimens representing typical ship
welding problems are described. Stress range of zeo-to-30,000 pi tension NOBS-31217
was applied to 11 1/2 in wide plates having a longitudinal weld in the direc-
tion of tension and to 17 in plates with central holes whose boundary was ORDER FROM: NTIS AD-636752
flame cut, flame cut and ground, flame cut and machined, and which had
welded reinforcing inserts. Variation in number of weld passes in the longS- SSC-10
tudinal weld from I to 3, each side, is not believed to affect the fatigue be- CLEAVAGE FRACTURE OF SHIP PLATES AS INFLUENCED DY
havior significantly, but irregularities such as folds or pits in the weld surface SIZE EFFECT
are shown to act as stress raisers and to initiate failure, Tests were made on
welds whose surfaces were ground smooth and flush with those of the plate The report ontais a descrption of tests mupe to dethuie why ship plates

Two specimens of 50% greater width, and two of another sAteeL wed no crack service. The tests wee based upon the hyphes that the cracks
difference in fatigue behavior from the balance of spectimas of similar natre begin at points where there ae severe geoAetrical stress-raises and that the
The backstep method of laying weld passes is shown to be superior to the tendency for the plates to crack increases, for specified geometrical charac-
continuous technique. The results of tests of eight spcmes with centra tenstics, with an increase in the notch-senaitivity of the steel. Plates with
holes m phnsie. the fact that discontuities of form and stiffness require nominal widths of 72. 48. 24 sid 12 inches were tested. The tests were
special treatment to provide paths free of stness fises. (Aunif) planned to determine: (1) The relative energy-absosbing capacity rid stwegth

of plates of the six kinds of steeL (2) The relation between the width of the
Hollister, SC, Garcia, 1, Cuykendall, TR plates and their strength. (3) The relation between the temperam of the plates

and their strength and energy-absorbing capacity. (4) The relation between the
Cornell University type of fracture and energy-absorbing capacity of the plates. (5) The correla-

tion of the V-notch impact test and the wide plate test.(SR-89), Progress Report, Dec. 1946, I116p

Wilson, WM Hechtman, RA Bruckner, WH
NOBS-31218 Illinois University, Urbama

ORDER FROM: NTIS AD-636749 (SR-93), June 1947, 168p

SSC.8 NOBS-31224
CAUSES OF CLEAVAGE FRACTURE IN SHIP PLATE: FLAT
PLATE TESTS AND ADDITIONAL TESTS ON LARGE TUBES ORDER FROM: NTIS AD-635148
The materials used in this investigation were three lots of semi-killed bull qu-
ality steels, one lot of nickel alloy, one lot of fully-killed, and one lot of fully- SSC.11
killed quenched and drawn steel. The specimens used in the principal program METALLURGICAL QUALITY OF STEELS USED FOR HULL
were 3/4 inch thick plates containing a narrow transverse slot having a length CONSTRUCTION
equal to one fourth of the specimen width. These were tested in tension in This report discusses some of the pertinent factors, especially banding and ho-
widths ranging from 12 inches to 108 inches. Tests were made at each of a mogenization. which influence the susceptibility of HTS hull steel to under-
number of temperatures in order to determie the temperature at which the bead weld cracking. The use of laboratory heats for evaluating various chemi-
mode of failure changed from shear to cleavage type. In the tests, observa- cal compositions and deoxidation practices is considered. The specific items
tions were made of the following: the maximum load, load at development of covered are as follow: (I) The influence of tine and temperature upon the
cracks, fracture load, energy absorbed to maximum load, mode of fracture, homogenization of both average and high chmaical composition HIS steels.
strain distribution over the faces of plates and thickness reductions near the (2) The effect of various degrees of homog'nization upon underbead cracking
lines of fracture, and tensile properties. (3) The effect of hot reduction upon the response to

homogenizing treatments. (4) The denonstration of he mechanisa of banding
Davis, HE, Tr ,ell, GE, Parker, ER, Boodberg, A, O'Brien, MP in TS hull steels. (5) A study of the underbead cracking characteristics of
California University, Berkeley quenched and drawn IITS having a yield stength above 75,000 p.s.i. (6) A

comparison of the underbead cracking characternstics and mechanical proper-
(SR-92) Final Report, Jan. 1947, 196p tics of laboratory and commercial IITS hull steels.

3
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stress. In compainson to the ontrol speacmens, longitudinal welds showed a
Suns. CE Banta, 11M Walters. Al. greatly reduced fatigue life. All fatigue fractures started un the weld metal
Batselle Memonal Institute itself, usually in regions of porosity, deep surface ripples. poor rout fusion. etc.

Improved fatigue life for specimens with ground weld surfaces indicates that
(SR-87) Final Repor. May 1947. 63p surface ripples. folds, or pits are incipient points of fatigue failure. The change

n width from 12 n. to 16 in. is not believed to be a significant All spca-
NOBS-31219 mats with reinforced openings had a very short fatigue life (less than 30,000

cycles). Unreinfosred, as cut, openings had a greater fatigue life than the rein-
ORDER FROM: NTIS AD-635182 forced openings. Treatment of the surface by grinding or by heat treatment

markedly increased the fatigue life.

SSC-12 Hollister, SC. Garia. ;. Cuykendall. TR
INVESTIGATION OF MEANS FOR EVALUATING THE QUALITY
OF HULL PLATE STEEL BY TESTS CONDUCTED ON FURNACE Cornell Univesity
OR LADLE SAMPLES
A simple but reliable method for evaluating the notch sensitivity of hull steel (SR-89) Final Report, Feb. 1948, 11Op
before the steel has been rolled into plate was sought. Several seuies of both
the low- and high-silicon steels were made both with and without aluminum NOBS-31218
deoxidation md tested by standard V-notch Chaipy impact tesu and by a
round Charpy impact bar, which was developed to save machining time and ORDER FROM: NTIS AD-635181
cost. Notched-bar impact values of the high-silicon steels with or without
alunum deoxidation, amr low and not significantly different. A marked su-
penority of the aluminum-killed steels is apparent when these steels am prop- SSC-1S
ely nornalized and also when these or the low-silioci steels are hot rolled at CORRELATION OF LABORATORY TESTS WITH FULL SCALE
proper temperatures. Specimens hot rolled and then subjected to strain aging SHIP PLATE FRACTURE TESTS: SLOW NOTCH BEND TEST
show a further decrease in notched-bar impact resistance of the non-aluminum The present progress report is essentially a continuation of that released March
as compared with the aluminumn-killed steels. A series of notched-bend bar 19, 1947. The objective and outline of work were indicated in that place; the
tests qualitatively indicated the same trends by fracture appearance and manner former consisting in the development of a test capable of conduction in the
of breaking, but no quantitative evaluations were obtained from static bend laboratory and whid would correlate closely with the large plate test results
tests. which were obtained at the University of California and at the University of

Illinois. The latter consisting in pan in the examination of the Qiarpy test in
Heer. WGN, Herres. SA, Lorg, CH the prescribed maner to ascertain if in this test the desired correlation could
Battelle Memorial Institute be obtained. Close correlation was not obtained in this test. In order to obtain

the desired correlation, a slow-bend notched-bar test was developed and it is
(SR-97) Progress Report, Oct. 1947. 50 p with the results of slow bend testing that this report is concemed

NOBS45030 Gcnsaner, M, Wagner, C, Klier, EP

ORDER FROM: NTIS AD-635763 Pennsylvania 5tate University, University Park

Ship Structiim Committee Progress Report. Dec. 1947, 25p
SSC,13
METALLURGICAL QUALITY OF STEELS USED FOR HULL NOBS-31217
CONSTRUCTION
To obtain defmite information concerning the relationships among chemical
composition. undeshead weld cracking, and the meechinleal properties, espe- ORDER FROM: NTIS AD-72679
cially the tnsile and notched-bar impact characteristics, a series of 30 labora-
tory beau was made and studied in the hot-rolled state to detenmne the in- SSC.16
dividsal influence of ead of the following constituents whet varied over a CAUSES OF CLEAVAGE FRACTURE IN SHIP PLATE: HATCH
range sufficiently broad to definitely establish the trend of the effect; carbon, CORNER DESIGN TESTS
mangan esnsi tion, moaybdeurn, vanadim, ad alueinum. For a standard This report deals with the testing of 12 full scale hatch comer specimens. Onechemical omposition, a typical I-TS analysis was selected, and the elements of these was essentially the same as the hatch comer used in the earliest 'Lib-studid were then vaned one at time in this standard composition. erty' type ships, and the same as has been used in the earlier test. Two of the

specimens tested were invalid due to laminated plates. The others included the
Sims, CE Banta, HM Walters, A modifications of: continuous longitudinal girde- full penetration welds;
Battelle Memorial Istitute U.S.C.G. Code 5 and Code I modifications, and the effectiveness of the dou-

bler plate in the Code 5 modification; the British Code IA modification; ex-
(SR-87) Progress Report. Nov. 1947, 74p tended coasning; diagonal braces at the bottom of the girder joint; a new de-

sign similar in configuration to the hatches used on 'Victory' type ships; a new
NOBS-3 1219 design involving a hot-formed double radius comer plate. The strength and

energy absorbing abilities of each were detenmined. The use of an extended
ORDER FROM: NTIS AD-635149 coaming was found to be a very effective and simple modificatioi,. The de-

sign utilizing tne formed comer was far superior to all other and produced
SSC-14 definitely ductile behavior, a quality which has not before been found in
FATIGUE TESTS OF SHIP WELDS welded hatch corners.
The report summarizes the results of an investigation of the relative fatigue
behavior of plates with (a) longitudinal ship welds, (b) reinforced and unmrein- Degarmo. EP, Boodberg . A
forced flame cut openings, and (c) flame cut edges. The specimens, of the California University, Berkeley
order of 12 to 17 inches wide and 7 feet long, were constructed from 3/4 in
plate of seni-killed shipbuilding steel and were subjected to zero-to-tension (SR-92) Final Report. Dec. 1947, 90p
loading in especially built fatigue testing machines. The ,tress range generally
was 0-30,000 psi tension. Fatigue control specimens were flat plates of ten-
sile-coupon shape with flame cut edges. I was concluded that for a stress NOBS-31222
range of approximately 0-30,000 psi tension the characteristics of the flame cut
edge were not significant in determining fatigue life within 500,000 cycles of ORDER FROM: NTIS AD-636739

4
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SSC.17 SSC.19
CORRELATION OF LABORATORY TESTS WITH FULL SCALE CORRELATION OF LABORATORY TESTS WITH FULL SCALE
SHIP PLATE IRACTI'URE TESI"S: A STUDY OF STRAIN SHIP PLATE FRACTURE TESTS: ANALYSIS OF TRUE-STRESS
GRADIENTS TRL E-STRAIN DATA ON PROJECT STEELS

Strain gradients normal to fracture surfaces were determined. These fracture 1'h results of a study of the flow and fracture strengths of the project steels
surfaces were developed under the following condtons of test: (1) V-notch are cnrsidered. It appears that the flow-and fracture-strength oumcep of failure
Charpy bars broken by impact at various locations within the transition zone, propoaed by Ludwik s not adequate to account for the results obLaned. The
k2) V-notch Charpy bars bent, but not completely broken. by impact above the flow properties of the steels were studied as a function of temperature and
transition temperature, (3) slow bend Schnadt type bars broken below the tra- prestrain. The test results were found to be &aeuately described by the cx-

siUon temperature, and (4) 72-inch wide. center notc, tensile specimens preson. o = o, x 8 .in which 0 and 6 are respectively true stress
broken with ductile and brittle behavior. The strain gradients were studied by ard natural strans, while a* and n are constants. o has been found to vary

means of hardness tests, metallographic methods and X-ray analysis. It is con- regularly with temperature while n has been found to undergo a transition for
cluded that true cleavage separation is not accompanued by a measurable strain moss of the steels at sufficiently low temperatures. Both a and n appear to

gradient but most 'brittle' or 'cleavage' fractures, to classified on the basis of have fundanental sigruficance and should ultimately be correlated sn some

gross appearance. contain some areas separated by a shear mechanism. matner with the engineering pruperues of the stels.

See also AD-635 766. Klher, EP, Mack, JO. Wagner, FC, Gensaner, M
Pennsylvania State Universty, Unuversity Park

Klier, EP, Wagner, FC, Fisher, JL, Gcnsamer, M (SR-96). Progress Report, 19, June 1950, 65p

Pennsylvania State University. University Park NOBS-3 1217

Progress Report. June 1949, 8 3p ORDER FROM: NTIS AD-635766

NOBS-31217 SSC-20

INVESTIGATION OF MEANS FOR EVALUATING THE QUALMTY
ORDER FROM: NTIS AD-635794 OF HULL PLATE STEEL BY TESTS CONDUCTED ON FURNACE

OR LADLE SAMPLES
A simple but reliable method for evaluating the notch sensitivity of hull plate

SSC-18 steel before the stee has been rolled into plate was sought. Tests made on cast
CORRELATION OF LABORATORY TESTS WITH FULL SCALE ladle sumplies from open hearth heats verified the result obtained on labora-
SHIP PLATE FRACTURE TESTS tory steels which showed that small hot-worked ladle samples will distinguish

Initially, standard Charpy impact tests were made on all of the steels and the relatively large differences in the notched-bar impact resistance of hull plate
results compared with those for the 72 inch wide plate tests. The conparisons steels. Correlation between the deoxidation practice and the notched-bar im-
showed that no direct correlation existed between these two widely differing pact psopeties was obtained for both the commercially rolled plate aid the
types of notched specimen tests. One of the striking inadequacies of the im- hot-worked ladle samples although the &cua impact values for the ladle
pact test was the failure to show a difference between steels A and C. a differ- samples were higher than for the plate samples. The Walker Wedge-impact
ence which was most pronounced in the 72 inch wide plate tests. Separation test was investigated as a possible method for evaluating the quality of bull
of steels A and C to some extent, and in the right direction, was achieved by plate steel on samples poured frn the funace or ladle. The Walker wedge
the use of presirained Charpy keyhole-notch test bars, but the overall results test was not sufficiently sensitive to distinguish a difference in impact re-
did not warrant the further use of this test, as the temperatures of tough to sistance between an aliiinanU-killed steel and a silicon-killed steel when each
brittle transition were too low to use direct correlation procedures. Because of was either in the as-cast or normalized condition. Notched-bar umpact tests
this, a program was initiated in which the effects of specimen size, geometty, showed an appreciable differnce in the impact resistance of these two steels.
and testing velocity on the temperature of transition from tough to brittle be- When the as-cast surface was removed by grinding, normalized wedges free
havior were investigated. The restdts of slow bend testing (at 1 inch per from defects failed to break at a testing temperature of minus 80F.
minute) of standard V-notch Charpy impact bars did not separate Steels A and
C. The transition temperatures for these two steels were appreciably lowered Davis, JA, Herres, SA, Grecnidge, CT, Long, CH
however, as compared to those obtained from the impact test, and fell in the Battelle Memori Institute
range of tmperatures observed for the large plate test results. An increase in
the specimen size to 0.788 inches high x .394 inches wide gave transition (97) FinlRe po Nov. 1948. 55p
temperatures for most of the steels tested which were 10" to 20'F below those
for the 72 inch wide plate tests. Finally, specimens were prepared which were NOBS45030
full plate thickness in width and 0.788 inches in height. The tough to brittle
transition, as measured by energy absorption values, occurred for these speci- ORDER FROM: NTIS AD-635787
mens at temperatures which agreed fairly well with the transition ranges for
the 72 inch wide plates. Specimens of this type. when tested across a 40
millimeter span, had the disadvantage of not breaking completely. By drilling SSC-21
the comprssion zone from the specimen and using a hardened steel pm on TWELVE INCH FLAT PLATE TESTS
which to apply the load, as described by Schnadt, it was possible to circum- The report contains an accunt of the testing of the 'A". "C", Bn." "Br,"
vent this difficulty. The present report is confined to the outline of exper- "Di," and "E" steels. The tests are ts-ion tests rin at various temperatires
mes with this "Schnadt type" specimen and the results pertaining to those on specimens 24 in. long. 12 in. wide and 3/4 in. thick having a central inter-
experiments. nil notch one-quarter of the width of the plate with ends of the notch 0.010

inch wide made by a jeweler's hacksaw. The load was applied in the direction

Wagner, C, Kler, EP of the rolling. This program was undertaken because it was believed that tests
made under standardized conditions would furnish additional information re-

Pennsylvania State University, University Park garding the behavior of these steels, and would provide a standard that could

be used to judge the efficacy of tests of small sized specimens adapted for use
Ship Structure Committee Progress Report. May 1948, 43p. 5 ref. as acceptance tests. The report contains tables giving the load at first visible

crack, at maximum load. and at ultimate load. together with the energies oom-
NOBS-31217 puted to those loads. Load-elongation curves for each specimen tested are

included, together with diagrams showing maximum load. plotted with
temperatures as abscissas, and diagrams showing energy to masximam load

ORDER FROM: N llS AD-71728 plotted with temperatures as abscissas. The transition temperature zones of
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these steels based on the 12 in. wide plate tests am reported based on energy NOBS-45543
consideratios and on the mode of the fracture.

ORDER FROM: NTIS AD-72963
Carpenter, ST Roop. WP Ban. N Kasten. E 7AH, A

SSC-24
Ship Structue Committee. (SR-98) Piorss Report, Apr. 1949. 111 p THE FUNDAMENTAL FACTORS INFLUENCING THE BEHAVIOROF WELDED STRUCTURES UNDER CONDITIONS OF

MULTIAXIAL STRESS, AND VARIATIONS OF TEMPERATURE,
NOBS-45521 STRESS CONCENTRATION, AND RATES OF STRAIN

A detailed study was made of a low carbon ship plate steel, both 'as eceived'
ORDER FROM: NTIS AD-635172 and 'as welded', by utilizing hardness tests and eccentric notch bar static ten-

sion tests at various temperatures. Considerable nonunilormuty was revealed in

SSC-22 the 'as received' plate, that is, localized ameas showed relatively high transition
CORRELATION OF LABORATORY TESTS WITH FULL SCALE temperatures. A brittle-ductile transition zone was found to exist between -40
SHIP PLATE FRACTURE TESTS and -80"F for the investigated steel. A zone of maximun hardness occurred at
The report summarizes the work done on a series of edge-notched tensile bars the junction of the weld metal and the heat affected zone. from which the
prepared from the project steels. Evidence is presented to show that for the hardness (Rockwell B) approached that of the unaffected plate. A zone of
test specimen used, reasonable agreement exists between the transition minimum ductility (eccentnc notch strength) was found 0.3 to 0.4 inch from
temperatures obtained on the barns of per cent fibrous fracture mid the masi- the weld centerline. This zone was located by using the eccentric notch bar
tion temperature for the large plate tension tests. It is further shown that there tension test at low temperatures. The zone of low ductility is thought to be the
is lack of agreement between transition temperatures based on fracture appear- zone which is heated to the maxissumn subcritical temperature, with the further
ance and strmuition temperatures based on energy absorption for this te. possibility of embrittlemens by strain aging aid intermediate transfonation
Lateral contraction measurements and toul elongation measurements ar given products.

and show general conformity with energy absorption measurements. although
much scalier of the data precludes a strict comparison. Sachs, G Ebert, U Da n AW

Case Institute of Technology

See also AD-675 766.
(SR-99) Technical Report, May 1949. 37p

Wagner. C, Kier, EP
Pennsylvania State University. University Park NOBS-45470

(SR-96) Progress Report, Oct. 1941, 29p ORDER FROM: NTIS AD-635171

NOBS-31217 SSC.25
METALLURGICAL QUALITY OF STEELS USED FOR HULL

ORDER FROM: NTIS AD-635793 CONSTRUCTION
This is the finji progress report on this project and is a continuation of the

SSC-23 phase of the investigation discussed in the previous progress report, that is. a

EVALUATION OF IMPROVED MATERIALS AND METHODS OF study of the influence of chemical conpoation with the object being to
FABRICATION FOR WELDED STEEL SHIPS develop a hot-rolled steel with high yield strength and a low level of crack
This repot coveN work done during the period June 23. 1947 to Fm sensitivity that is satisfactory for welded cottuction. In addition to chemical

composition, the results of conmercial honogenizing au are discussed as
1948. A survey was made of published md unpublished reports to apprais well as the influence of electrode coatings upon undertead cracking. In order
the various kinds of tests used to study stmgth, duxtility, and transition to summarize the work of this project, a final summary report (SSC-26) will
temperatures of welded joints in structural steels. On the basis of this survey, be published covering both the results of this investigation aid the preceding
the Project Advisory Conmitee selected the tee-bend test, the longitudinally project on this subject which was conducted for the OSRD as Project NRC-87.
welded and transversely notched bead-bend tests (Kinael and Lehigh types),
and the transversely welded mid transversely notched bead-bend tests (Naval Sims. C, Bant , Wlters. AL
Research Laboratory high constraint and Jackson types). These tests were Battelle Memorial Institute
used in a study of steels "B," and 'C" and to conmlate results obtained with
them with results from the hatch comer tests made at the University of Cal- Ship Strcture Commiee, Final Repot, May 1949, 92p
ifornia. It was thought that if one of these tests were to give the same tmasi-
tion temperature for B and C steels that the hatch comer did with these steels, NOBS-31219
then that test would be worthy of futher study as a possible acceptance test of
steel for ship plate. The studies were made with project steels B and C be-
cause they pmvioudy exhibited a widely different behavior in the full-scale ORDER FROM: NTIS AD-72961
hatch comer and other tests. Class E6010, 5/32-and 3/16-inch diameter elec-
trodes were used to make the samples for the initial tests. The speamens were SSC-26
tested at various temperature levels to determine the traition temperatures by METALLURGICAL QUALITY OF STEELS USED FOR HULL
means of the following criteria: absorbed energy, band angle, lateral contrac- CONSTRUCTION. FINAL AND SUMMARY REPORT
tion, and fracture appearance. The transition temperatures for the B, and C A study of twenty comnercial HTS type steels showed that, in general, the
steel showed that all the tests for both welded and unwelded specimens rated steels with higher chemical composition were the most susceptible to under-
the two steels in the sane qualitative order as indicated by the hatch comer bead cracking, but frequently the variations in crack sensitivity found in differ-
tests. The variations in the actual transition temperatures were influenced by ent lots of steel could not be accounted for on the basis of chemical analysis,
specimen design, welding conditions, and the various methods of evaluating hardneu of the heat-affected zone, hardetability, or the other properties orm-
transition temperature. I was also believed that the oriented discontinuities in monly determined. Further study of these commercial steels showed that ther-
the B steel, caused by large elongated complex sulphide inclusions, influenced mal processing had a pronounced influence upon the underbead cracking or
fracture propagation, and hence the energy absorption, the total bend angle, crack sensitivity, the sensitivity being increased by annealing md decreased by
and the fracture appearance of specimens made from this steel, homogenizing. In the case of similar chemical compositions, the level of

crack sensitivity was found to increase with the degree of microsegretion.
Bennett. RW, Rieppel, P1, Voldrich, CB Ilomogenising treatments, therefore, which decreased the extent of micro-
Battelle Memorial Institute segregation, lowered the crack sensitivity, while annealing, which produced

pearlite bands superimposed upon the aHoy bands, increased the underbead
Ship Structure Committee, Progress Report, Mar. 1949, 51p. 146 ref. cracking. Although the crack sensitivity of plate can be reduced to a marked
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degree by homogeninng at 2350"F for a relatively short penod, such a trtui- mens and one that provided restraint to plastic flow at a corner prodcel by
men• is not comnrcially feasible because of the excessive scaling and warp- velding together steel plaie set aloni three nutually perpendicular planes.
ing that would occur to the finished product llonogening the slabs pnor to The specimens were tested in tension as various tenperastures and at a low rate

rolling into plate was found to be umpracucal because of the excessive time of strain in order to deene' the transstion teunperaures of fair different
required. A good correlauon was found between the crack sensitivity and the heats of high yseld stregth structural steel. Auxliary tests were conducted
depth of complete transformation in the heat-affected ztoe when expressed as by using a simple bend test to deiermnue the effect of welding an the behavior
per cent of the tot depth of the affected zone under the weld bead. The o the steels. Results of the tests show that the four high yield strngth struc-
purpose of this invesugauon, which concerns high-tengile plate steel (|ITS tural steels used in this investigation, when tested in the form of restruined
type) used in the orstrucuon of welded ship hulls, was twofold, the first pait welded specimens, have transition temperatures that vary from -65"F for one
being an investigation of the metallurgical quality with special attention being of the steels, to as high as -75"F for one of the others. The tests of nced
given to those factors which might influence the welding charactenstics and specurken showed Lransucn temperatures for a particular steel that were ap-
the performance of the welded stcntre. The second part of the project covers proximately 50"F lower than those indicated by tesu of the large IMemtMS.
the development of higher suength steels suitable for welded structures. However. it was found that the steels are red mm the same order of uasi1

temperatures by all thre of the teats.
Sims, CE, Banta, HM, Walters. AL
Batlle Memorial Institute Boodberg, A Parker. ER

California University. Berkeley

Ship Structure Committee, June. 1949. lisp. 36 rf. (sR-92) Fia Report. Sept 1949, 96p

NOBS-31219
NOBS-31222

ORDER FROM: NTIS AD-72962
ORDER FROM: NTIS AD-635108

SSC.27
CAUSES OF CLEAVAGE FRACTURE IN SHIP PLATE, TESTS OF SSC-29
RESTRAINED WELDED SPECIMENS AND HATCH CORNER APPLICATION OF THE EXPLOSIVE TEST TO EVALUATE
SPECIMENS OF MILD STEEL SHOCK PROPERTIES OF HIGH YIELD STRENGTH STEELS

This report summarizes the results of a senes of tests conducted as a sup- Resulu of a lirliminary invesgation to establish clsinms tchnique for

plementary program to the research investigation that was caried out on the direct-explosion testing of high yield strngth steels has been tndertakea Op-

behavior of high yield stmgth structural steels under the U. S. Navy Research timumn test-platte size, method of sippori tea plate, and type of explosive

NOBS-31222. The main objective of this auxiliary program was to provide a required have ben established. A theoeical study of the state of stress ex-

basis for comparison of results from the high yield strength stctl steels ising in test plates was made.

and the extensive results that were obtained in the ruwnerous investigations
conducted on the ship quality mild steels. The tempeatures at which the Muller, A. Benz, WG, Snelling. WH

mode of fracture changed from shear to cleavage type were determined for two Air Reducion Conpay, Incorporated

of the mild steels by means of tests an several types of specimens. Several
widely different types of specimens were used in this investigation. The first Ship Structure Conittzee. Final Report, July 1949. 26p

type of specimen was made in two different sizes but with the sane thickness
of steel plate. They were made to provide restraint to plutic flow at a comer NOBS-34232

produced by welding together steel plates set along three mutually perpendicu-
lar planes. Other specimens were in the form of simple notched plates of ORDER FROM: NTIS AD-134709

different sizes. Also. tensile tests were made on 3/4-inch thick fla plate specs-
mens. Some of these contained welds only along their longitudinal axes while SSC.30

others had both transverse and longitudinal welds. The results of the tests an CORRELATION OF LABORATORY TESTS WITH FULL SCALE
the two sizes of large restrained welded specimens indicated that the width and SHIP PLATE FRACTURE TESTS
h eiajst of this type of specimen apparnntly had little or no effect on the transi- The role of retens in the ship fracture problan is obvious. If such materials

tion temperature. The results of the tests performed on notcsed plate speci- were not susceptible to brile failure, the psblan would oase to ex s. Wish
mere showed that the transition temperatures determined by tests of the two the objective of a final evaluation of weldable steel as to their antabdiy for
sizes of this type of specimen were in good agreement with each other, bit merchant vessel catstrusdsos, a wide expei etal program was initiated by
that the transition temperatures as determined by nothed plate tests were co- the Board of Investigation to Inquire to the Design and Methods of Con-
siderably lower than those obtained with large restrained welded specimen stction of Welded Steel Merchant Vessels aid coinued by the Ship Stnc-
tests. Tension tests of simple welded flat plate specimens indicated that the ture Cominee. It was the objective of the research program conducted at the
transition temperatures of the steels were not materially affected by the intro- Pennsylvania State College under Bureau of Ships NOBS-31217 to c toelate

duction of a single longitudinal weld along the loading axis or by the presence the work conducted for the Board and the Ship Strusure Corniusee. Thi
of two intersecting welds at the center of the utnotched plate specien. final report atempts, therefore, the correlation of the reslts of the entire

"material" research program as conducted between 1944 and approximately
Boodberg, A, Parker, ER the end of 1950.
California University, Berkeley

Klier, EP, Gensamer, M
Ship Strature CommitteeProgress Report, Aug. 1949, 33p. 6 ref. Maryland University, College Park, Colunbia University, New York

NOBS-31222 Ship Structure Conmttee, Final Report, Jan. 1953, 
4 5p, 34 ref.

ORDER FROM: NTIS AD-635795 NOBS-31217

ORDER FROM: NTIS AD-8710SSC-28

CAUSES OF CLEAVAGE FRACTURE IN SHIP PLATE, HIGH
YIELD STRENGTH STRUCTURAL STEEL SSC-31
The primary objective of the investigation was to study the effect of variations THE EFFECT OF CYCLIC STRESS ON THE TRANSITION
in steel composition on the temperatures at which the mode of failure changed TEMPERATURE OF STEEL
from ductile shear to brittle cleavage type. These transition temperatures were This report concerns an investigation to determine if prior fatigue would af-
determined by means of tension tests on notched plates and welded structural fect the transition temperature curves in impact of ship steels. Tests were
assemblies. Three types of specimens were used, two simple notched speci- made n two shipbuilding steels. B an W, the greater amnouant osf work having
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beat done on steel B. A comination fatigue-impact spmatn was designed SSC-34
and used. This specimen was round with a circumferential notch and could be THE FUNDAMENTAL FACTORS INFLUENCING THE BEHAVIOR
tested an inpact by sawing off the tapered ends necessary for holding in the OF WELDED STRUCTURES UNDER CONDITIONS OF
fatigue macine. As tesLing proceeded, it was found that fatigue cracks were MULTIAXIAL STRESS, AND VARIATIONS OF TEMPERATU RE,
developiang at the base of the notch both above and below the endurance imit. STRESS CONCENTRATION, AND RATES OF STRAIN
When specimens were cyclically stressed so as to avoid fatigue cracks, the An investigation was made to determine the dependence of zones of low duc
resulting transition curve shwed hle deviation f ron the original curve pre- tilty in weldments upon the steel and upon the welding conditions and heat
sumnably due to the low stress of the prior fatigue. A senies of spectmenis of treatment- The ductility was evaluated by means of eccennrc notch-bar ten-
steel B were prestrained in tension prior to testing in impact with a marked sion tests conducted at various low temperatures. A zune of low ductility was
shift of the transition curve resulting. found in two low carbons ship plate steels at a distance of 0.3-0.4 in from the

weld oentedine when the weldments were made with ICXYF preheat and inter
Jacques. HE pass temperature. A 44XF preheat and interpass temperature improved the
Massachusetts Institute of Technology durctility in the critical zonse, lowering the transition temperature fromt -201 to

-45'F. A ICXYF postheas practically eliminated the rone of lowered ductility,
the transition temperature being lowered to -70rF. Temperature mewasurements

(SR-l01) Final Rzport. July 1949, 43p made during welding showed that the embntiled region was not heated above
the lower critcal temperature. No change in microstructure could be noted

NOBS-25391 between the critical zone and the unaffected base plate. Microhartiness tests
showed only slight hardening in the emrnbitled region. The occurrence of the

ORDER FROM: NTIS AD-635 109 emnbrittled region is thought to be due to some subcnutcal temperature phenomn-
ens which may be the supersaturation and precipitation of carbon or carbides
fronm the alpha phase.

SSC-32
HIGH SPEED ROTATING DISK PROJECT See also AD-635762.
The general objectives of this experimental program were (1) to develop a
suitably supported solid disk type specimen, having nso disturbing central nib, Kligler, LU, Ebert, U, Baldwin, WIM, Jr
which would permit unrestrained plastic exspansion under high rotation at Case Institute of Technology
speeds tsp to bursting. (2) to measure the strain pasterns at several stages of
flow tsp to bursting on spicimens of this type to diacloa the basic mechanism Tech Report, Nov. 1949, 58p
of flow and provide a means of calculating bursting streses and (3) to make
low-tensperature tests on full-siz disks of this type to deterine the trainsition NORS-4570
tessperatiire front ductile to brittle fracture. Since pauts (2) and (3) depend
directly on pass (1). this was first attacked. Various designs were tred in order ORDER FROM: NTIS AD-635791
to perfect such a specimen. Several attempts were successful in carrying a
special flarge-spported! type specimeni containng no central nib well tsp int
the plastic range; up to the present it has not been possible to develop one SSC.35
which could be carnied successfully to bursting. Since most of the tim was TWELVE INCH FLAT PLATE TESTS (PART 1). ASPECT RATIO
thus utilized for part (1) of the psograrn, only a limitsed amount of data was PROGRAM (PART 11)
accumnulated for (2). Somne of the necessary equipmsent for pan (3) was either Part I of this report states the test results for the following steels: W, S-9, S-12,
designed or acquired but no tests were conducted for the rman explainsed and S-22. The tests of Pan I are tension tests rum at various temperatures an
above. specimens 24 in long. 12 in wide and 3/4 in thick, having a central internal

notch one-quarter of the width of the plate with ends of the notch 0.010 inch
Ma~eoC ,Teny D aoH, Jr wide made by a jeweler's hack-saw. The loed was applied in the direction of

Mac~ego, C, Timne, W, ~rolling. The report contains tables giving the load at fust visible crack, at
Massachusetts Institute of Technology mauimiin load, and at the failure load, together with the energies coosnlmsed to

these loads. Load elongation curves for each specimen tested are included.
Ship Stricsure Committee. Final Report. Aug. 1949, 4Op together with diagrams showing maxtimums load. vs. temperatuire and diagrams

showing energy to maximnium load vs. temperature. The character of the frac-
NOBS-46302 ture as determinedl by the percentage of sheair failure is also given. The trarusi-

tion temperature zones of these steels on the basis of both energy considers-
tions and thermode o(the fracure aereported. Par H of this reportdescribes

ORDER FROM: NTIS AD- 134702 the aspect ratio programn now under way to determine the effect of plate width
and thickness on transition temperature

SSC-33
EVALUATION OF IMPROVED MATERIALS AND METHODS OF Report on Tension Tests of Flat Internally-Notched Plates.
FAB RICATION FOR WELDED STEEL SHIPSCapneSRo W KsnEZlA
This report covers test made on the project steels using various modifications CapneS.RoPKsnEZlA
cif the test specimens emiployed in the work descibaed by the firt prgrs Swarthmnore College
report and with notched tension specimens. It was the object of these modifi-
cations to obtain the same transition temperatures for the projec steels that (SR-9S) Progress Report, Dec 1949. 54p
were obtained frn the full-scale hatch-corner test specimens studied at the
University of California. Other tests of all-weld-metal specimens and speci- NOBS45521
mews welded with E6020 electrodes are included A few prieliminary observa-
dions on t initiation of fracture in the test specimens used are described. ORDER FROM: NTIS AD-63 5797

Bennett, RW Kline, RG Format, M Rieppel, PI Volirk, CB SC3
Battelle Memonial Institute EVALUATION OF IMPROVED MATERIALS AND METHODS OF

FABRICATION FOR WELDED STEEL SHIPS
(SR-l0O) Progress Report, Nov.1949, 95, This report covers the work done during the period January 1, 1949, to June

30, 1949. Onu the basis of the discussion of the work reported in the seonrd
progress report, SSC-33, the Project Advisory Committe recommended that

NOBS.45543 the behavior of two additional project steels, "A" and "W' should be deter.
mined at various temperatures (200*F to -1001) using the Kinzel-type speci-

ORDER FROM: NTiS AD-635762 men. It was also decided that a study would be made to determiune the effect
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of preheat and postheat treatments on the behavior of BW, and "C" steel, strain energy at the crack a found to bc aproimately in the order of 30.000)
when tested at various temnperatures (200F to -10XYF) using the Kiruel spcQ- uv-lhs per cuic inchi in a ductile specimen.
man. Tests using the Kinzel specimen to detemune the tnsuos-temprature
range of "A" and -W' steels rase these two steels in the sane order that all the Liu. S1, Capntr ST
other type specimens have done. Thec four steels which have now been rated Swarthmorse College
with the welded Kirel specimen have the following order of increasing transi
trm-temperature range: "W', "Vi", "A". and "C*'. When tested with Kinr
specimens, but without the weld beads. '*,"W' and "A' behaved very Shp Strictu re Commsrittee, Progress Report. Dee. 1950, 37p, 5 rtf.
mucs alike, while "C' had a crissideratiy higher trnsition-temnperature range.
The studies on the effect of preheat and postheat on welded Kanze speaimeni NOBS-45521
of "B." and "C"' steels revealed that the "B," steel responded more than "C"
steel to the use of preheat. As the preheat was raised, the tussition-Lempera- ORDER FROM: NTIS AD-635795
tuft ranges for both steels were lowered. A posthetat tretmenit improved the
amount of energy ab~sorbed by both steels at low temperatures. Vickers hard-
ness surveys of Kinzel specimenrs of "B," and "C" steels welded at various SSC-39
preheats were made. In the specimens of "B' steel, the weld metal was WELDED REINFORCEMENT OF OPENINGS IN STRUCrURAL
harder than the heat-affected zone, while the reverse *as true for the "C" steel. STEEL MEMBERS
Both preheat and a higJh temperatue postheat each reduced hardness in bot The experimental investigation reported best had as its purposie tan determi-
the weld metal and the heat-affecied zone. nation of the effectiveness of four types of arc-welded seinforcemnt for open-

ings sn plmin-carkus structurval steel plats loaded under tasifoms tenision The
Baysinger, FR. Kline, RG, Rieppel, PJ, Voldrich, CB opening was centrally located in each plate and had a widh equal to one-
Battelle Memorial Institute fourth of the width of the plate. The effect of the opening arid of the various

types of reinforcemnent uon the load at yieling, the uliate strength, the
Ship Structure Comnmittee, Progress Report. 36. Dec, 1950, 41p, 7 ref. ductility, and the unit strai distribution is the vicinity of the opening was

investugasedl andi ompared with similar observations for plates without open-
NOBS-45543 ings. The test program coweted in this report is the initial part of a larger

program of tests. Included ins the presenit seoit are teats at room teniperaltie
ORDER FROM: N1'IS AD-73 103 of two plain plate& wishoast openings. three plats with unseinforced opersigs.

arid eightee plates with are-welded seirfomrest arounid the opening. Mte
types of welded reinforceriest were investigated: face bors. single doubler

SSC-37 plates, and inwes plates. The plats without reisifomnerint anid those wish ect
WELDED HATCH CORNER DESIGN type of reinfostrseet were fabricated with three differient shapes of opertmgs:
The purpose of this report is to assemble and summriarize such portions of the circular, sqiuare with rounded omers. and square with sharp Commss
available infomation relating to hatch coiner failures arid tests as are signili-
cant in the actual design of a welded hatch coiner for a typscal cargo vessel. Progress Report.
Attention will be paid principally to the matter of the geoetresy anid siue of the
structure. For this reason such factors as temperature, notch sensitivity of the sahliD.HcunR
material, and strain rate, which are known to be cnrbuor causs of faluaaress , eisia.R
are not discussed. The hatcs con particularly referred to in the report are Washington University. Seattl
those on the weather deck of a cargo vessel and located in the mid-ship 3/5
length. The design principles given here apply also to comners located else- Ship Structure Comutte, Dec. 1951, 103p, 32 ref.
where but to a lesser degree. It is not to be contsidered that this report preserts
the final word with reference to hatch comner design. It represents merely the NOBS-50Y238
best advice that can be given at the present time, based an the available Ship
Structure Cuinmittee data on this subject. ORDER FROM: NTIS AD-72097

Ship Structure Committee, (Project S? -l 17), Oct. 1952, 15p, 3 ref.
SSC-40

ORDER FROM: NTIS AD-29400 EVALUATION OF IMPROVED MATERIALS AND METHODS OF
FABRICATION FOR WELDED STEEL SHIPS

SSC-38 This report covens work done during the period of July 1, 1949, to October 15,
A STUDY OF PLASTIC DEFORMATION AND FRACTURING BY 1950. This progrm was requested by the Project Commrsittee and the Caot-
STRAIN ENERGY DISTRIBUTION mitlee on Ship Steel to secute a true appraisal of the ruxdsed-litad bend test as
This investigation was conducted to study the plastic deformation anid fratr a test for evaluating perforntce of ship steels in large welded stuctisses. Is
ing of 12 inch wide, 3/4 inch thick intentionally notchestelsuner was thosught that a determiations of the fracture mecsanismn should accompslsh
axial tension by determining the strain energy distribution on the surface of the this by showing if welding makes the steel in the beat-affected zone of the
defonmed regions of the plates. Several stages in the process of defonmation weld mae susoeptible to bristle failure or if sane feauiure of the fracture
and fracturing at 70'F and 10OF were investigated to maximumi load, 70rF prcs mae th te unuie to that purpose. T"his inveitigaticias cover,
being above the transition temperature, and 10'F being below the transition crack initiation and propagatios in Kinitel-type specimrents made fromt "Br" anid

tempratre.Surfce tran enrgydisribuionacrss te cackwas lsode- C" steels. Is also covers miscellaneous studies of fracture in Lehigh spect-
termined for a specimen fractured ductilely at 70*F. By using th matsda kidbing speciga e i b-ypCe cImnsttae f cricio (C stelowljects of the
theory in connection with the assumption of incomipressibility and the assumsp- kind bpein inve stgtel bycasnting of3 ecentcaog n andC Pro8e r-9)
Lion that the principal coordinate system is parallel to the three dimensions of maridseeso. te otiig03 atcrotai .8prcs
the plate, the urit energies on the surface of the plate were obtained from gnd mnaee
measurements. By assuming that the energy distribution is independent of the
thickness dimension. Total energy is obtained for companison wish the total Baysinger, FR, Kline, RG, Rieppel, P1, Voldrich, CB
energy input measured from the load-elongation curve. The resiults of this Battelle Memorial Institute
investigation show that the total energy based on octahedral theory and the
above-stated attumptions agrees very well with the total observed energy Ship Structure Comittee, Progress Report, OcL 1951, 59p, 12 ref.
input; that the rate of propagation of plastic deformation with respect to energy
input decreases with decreasing temperature; that, for specimens with two di-
mensional similarity and constant thickness, the total energy of individual NORS-48015
specimens of varying width can be predicted by the strain energy distribution
of a single specimen of proper width, and that, at roons temperature, the unit OR DER FROM: NTIS AD-73 101
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SSC-41 hole. The diameter of the drilled holes was made proportonal to plate thuck-
EVALUATION OF IMPROVED MATERIALS AND MESTHODS OF ncss. Steel plates ranging in 'as rolled thickness', from 1/2 inch to 1 1/2 inch
FABRICATION FOR WELDED STEEL SHIPS were investigated fromt two heats of steeL The results of the tests ame
This is the fifth progres report an the investigation entitled, 'Evaluation of classifieid on the bais of strength, energy absorption, and transition tempera-
Improved Materials and Methods of Fabrication for Welded Steel Ships." tore. Is was found from this investigation that dimensional sunulanty of speai-
being conducted for the Ship Structure Comunnn (Projec SR-laO). T1he first mens does not assure geonmetical sirnilanty oft plastic strain patterns. Thcre-
objective of this phase oft the investigation was to determine the undestiead fort, the geometrical and metallurgical effects oft hickness on transition
cracking tendenicies of forty-one hears of ABS Class "B" and "C' hull steels temsperaure could not be segregated on the basis of geonmetrically similar
using the Battelle sandestbead cracking test. The seconid objective was to deter- specuniens in this invesigaion.
mine whether the mome crack-sensitive hears would give trouble in service, as
measured by large tee-joint specimens which simulated ship welding condi- Carpenter. ST, Roop, WP, Zell. A, Kasten, E
t1ons. This report describes the details of the crack-sensitivity stdis th te Swarthmore College
joint teats, and the suplemsental studies which were conucted.

Bayingler, FR& Kline, RG, Rieppel, P3, Voiduich, CB Progreu Report, Nov. 1951, 90p

Battelle MeoilInttt NOBS-45521

Ship Structure Coanmiitee. Progress Report, Oct. 1951, 46p 3 re.ORE FROM: NTIS AD-63 5764

NOBS-5048
SSC.45

ORDER FROM: NTIS AD-73 102 EVALUATION OF IMPROVED MATERIALS AND METHODS OF
FABRICATION FOR WELDED STEEL SHIPS

SSC.42 Work done toward finding a test for evaluating Kteels for lanc welded stnic-
THE DETERMINATION OF INITIAL STRESSES IN STEEL PLTE tures started with a literature uvey of tests used previously to study the quali-
A non-desructive method for the determination of the direction an antd ties of welds in steel and the weldahisiy of steels. From the results of the
of the principal stresses at any location in a atnicase, such as a ship or a survey, five types of tests which seemed most pronising for further study were
bridge, has beat investigated and develod as reported here. in an effort to selcted Of the five types of tsats selected and studied, the Kinzel test using
overcome the generally desttve and costly knethds presently available. notched weld-bead specimen was used for the major pant of the work, paricu-
This non-destruictive meshod consists of attachling electric-wire stran gages laidy to determine she transioan-semperaisre ranges of project steels "Br'. C,
arund dhe pown at which the suns is to be mesasred and then drilling a hole 'A". and "W" and to dete the micromechansan of fracture initiation and pro-
(1-I/S in. to I in. diuneser) at that point. The gage reading before mad after agation as a guide to the interpretation oft the results At the samt a premnise
the drilling of she bole are used to determine the sress. Known stress values was set up for this investigation that, if the trnition-temperature range which
usp to 15.000 psi were applied to test plates, and memums~ we md by had previously been deternined for the full-scale hatch-corner specimen was
the hole relazation method. When connoted for the stresse initially contained smatched by that of a smiall specimen of the same steels, the small specimen
in the plates, this hole relaxation method checked the known appliedS sresses would be useful in predicting the performance of steels in large welded stnic-
to within 1000 Psi. The hole are easily and ecnmial reetd tires in genieral. To this end. vaious modifications were made in the design

of the Kizelitype specmn and in testing procedure. A detailed susdy was
Ripabelli C. Suppier, EW, Ward, ER made of crack initiasion and propagation in Kinzel-type specimens to obtain
Preozniverity fumdaniastal informationt factors contributing to the performance of the teat.

It was also desired to determine why welded Kinzel-type spiecimens always
Ship Strisotisr Conunine, Final Report. Spt 1958.,48p 7 m gave poorer performnance than sinwelded Kinzel-type specimenis of the mae

steels. On the thuid objective, work included a study of forty-one heats of
NOBS-47613 ABS Classes B and C steels using the Bastelle saiderbesel cracking test. Nine

of these steels were used in large tee joints designed to simulate ship-welding
ORDER FROM: NTIS AD-218 conitins The effects of various tst moifcatons on cracking in these tee

joints were studied.

SSC.43 Baysinger, FR, Rieppel. P3, Voldrichs, CB
EVALUATION OF NOTCH SENSITIVITY OF MILD STEEL SHIP Battelle Memorial Institute
PLATE BY DIRECT EXPLOSION TEST
An investigation was made to detemine whether variation in welding pre Ship Structure Coime, Final Report, Dec. 1951, 30p
dure, primarily welding electrodes. had an apprecable effect on the notch san-
sinivity of the finished joint and whether this effec was comiparable to that NOBS-48015
produced by a difference in the quality of the prime plate.

ikhasp, as ORDER FROM: NTIS AD-494774
Metallurgical Research & Development Co., Inc

SSC-46
(SR- 120) Final Report, Mar. 1951, 2 8p EVALUATION OF SHIP WELDING PROCEDURES BY DIRECT

EXPLOSION TESTING
NOBS-50464 The tivestigation described in this repart is a direct continuation of work de-

scribed in report SSC-43. The Ship Stnicture Ccommittee directed further ex-
ORDER FROM: NTIS AD-63S107 ploration of the relative effects of different welding procedures on the notch

toughness of the welded joint as determined by the direc explosion tent as
SSC.44 follows: 1) Determine notch toughness of welded joints of a semi-killed and of
THE EFFECTS OF WIDTH AND THICKNESS ON STRENGTH, a fully killed steel when welded with: a) Class E-7016 electrodes, and b) Sub-
ENERGY ABSORD'FION AND TRANSITION TEMPERATURE FOR merged ame process, using two passes, one fronm each side. 2) Obtain a general
INTERNALLY NOTCHED FLAT STEEL PLATES indication of the relative effects on the notch toughness of welded joints of a
This report contains the results of tensile tests made on geometrically siia fully killed steel, of the following factors: a) preheat of lS0rF. b) interpass
teel specimens. Tests were made in a systematic manner with Aspect Ratios tempature. c) low temperature stress relief, and d) peering of all weld passes.

(width divided by thickness) varying from 4 to 20. Each specimen was ini-
tially notched with a central transverse notch having a length equal to 1/4 of Mikhalapov, GS
the width of the specimen. The ends of the notches terminated with a drilled Metallurgical Research and Development Company
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Ship Structure Committee, Final Report. Aug. 1951, 17p Prepared in ooperation with %RC, NOBS-50148.

NOBS-53383 Barns. 11M Franer, RH Long. CI1
Final Repirt, (SR - 10O). PR -1,une 19 52 , 9 9p

ORDER FROM: N-11S AD-72118
NOBS -302

SSC-47 ORDER FROM: NTIS AD-635081
THE STRENGTH, ENERGY AND TRANSITION TEMPERATURE
OF INTERNALLY NOTCHED FLAT STEEL PLATES
This is a final report presenting the results of an extended series of tests made SSCSO0
manly to determine the effects of temperature upon strength, energy absorp- WELDED REINFORCEMENT OF OPENINGS I?' iTRUC-rURAL
tion and transition temrperatuire of ship plate steels in tention specimens of STEEL MEMBERS: A DETERMINATION OF STRAIN ENERGY
"wide plate" type with standardized initial notches. The report is presented in DISTRIBUTION AND TRUE STRESSES IN THE PLASTIC RANGE

three parts, the first pan dealing with 12 inch wide by 3/4 inch thick spea IN PLATES WITH OPENINGS
mens. Most of the steels used were the so-called pedigreed steels. The second The research reported herein is a part of the investigation of welded reinforce-
paut of the report deals with geometrically simila initially noce steel plte ment of openings in structuiral steel members. A previous repost descibed the
of variable width and thickness. The objective of these tests was to spr1ey tests of 1/4 -In. plates with and without welded reifocemnt The purpose of
determine the metallurgical and geometrical effects of plate thickness. All the tests covered by this repost was to determine the unit stain nergy wa the
plates were tested in "as rolled" thickness. The third pan of the report covers true stress distribuition in the plastic range of the material in a flat plate with a
detailed studies to determine the energy distribution in 12 tich wide internally centrally located opening. which was square with rounded comners. Two suchi
notched plates. Unit strain energy was comsputed using surface strains ob- plates made from pLain-carbonm auni-killed structural steel were tested in tent-
mtaed by grid measusunenrts. sion, one as room temperature and the other at a tenperanure of mwais 2LTF.

The octahedral theory was used to determine the ut strain energy distrh-
Swarthmore College tion. while the true stresses were computed by a method developed in the

course of the investigation. Both types of analyses tilized the experimntal
Ship Stricture Committee. Final Report, Jan. 1953, 86lp. 14 re. data of the tests as the basis of the comnpuations. It was impossible to chec

the unit strain energy and true stums distribuitions dirmdly, bus when these were
NOBS-45521 integrated in a specified marmer. the total enegy absorption ad the lead ans

cross-sections of the plat were obtained. These, whsen caraed with the
experimentalily determuine values of total energy aiuOparin at different loadsORDER FROM: NTIS AD-29340 and with the testing machine load at the ultimatie load gave reasonably good
checks.

SSC-48
A STUDY ON THE STRUCTURAL ACTION OF Vasartaelyi. D. Hedutman. RA
SUPERSTRUCTURES ON SHIPS Washington University. Seatl
Starting fran the assumption that the hull and the deck house may he con-
sidered as beams, to each of which, separately, Navier's hypothesis is appli- Ship Structure Commsinee, Progress Repor. Mar. 1952, 26p
cable, the report gives expressions for the deflections and atresses in the hull
and deck house assuming constant section of hull and house. it is shown that NOBS-50238
the theoretical stress distribuitions found are of the type observed in the tests.
The resulta of this theory concerning the stress in the mid-ship section can ORDER FROM: NTIS AD-73011I
be arranged in simple tables which permit the prediction of the deviation fron
the conventionally assumed straighit-line stress distribution. The method is SC5
equally applicable if a pant or all of the deck house consists of idulminiWmh CRACKING OF SIMPLE STRUCTURAL GEOMETRIES: THE

EFFECTS OF EDGE NOTCH GEOM[ETRY ON FLAT STEEL
Bleich, HH PLATES IProgren report ao. I I
Coltanbit Untiversity, New York This report covers an tivefstgtion to determsine the relative cracking tendency

of simple geometries commnon to ship stisictires andl prsents the results of
Dec. 1951. 65p tensile test on edge notch specinens. The: edge noitched specimens were 15

in. wide by 40 in. long and prepared fronm 3/4 in. thick Do steel. The edge
NOBS-50538 notchinig consisted of notches atihe mid-length of the specimen and notches

separated by a reduced width portion. The reoults of the tests am classified on
ORDER FROM: NTIS AD-635792 the basis of strength, energy absorption and transition temperatures. The re-

suits indicate that there is no marked difference in transition temperatire for
SSC49the various types of edge notches. wich included a jeweler's hack saw cul at
SSC49 90O to the plate edge. a similar flaime cut notch, flame cut notaches wish various

AN INVESTIGATION OF THE INFLUENCE OF DEOXIDATION included angles, flame cut semi-circles, and notches similar to the fosegoing
AND CHEMICAL COMPOSITION ON NOTCHED-BAR but having an elongated reduced width section. There is. however, a consider-
PROPERTIES OF SEMIKILLNED SHIP STEEL able difference in the action of the specimens with regard to strength and
The data presented int this paper show that 200-pound senikillned laboratory eeg bopin
beas can be made with ample reproducibility for use in studyinig the influence Ci rn
of chemical comnposition andl deoxidation upon the transition -temperature char- Carpenter, ST, Unsentneyer, RF
actcenstics; of ABS Class A and Class B plate steels. The transition temfpera- Swarthmore College, (SR- Il1) Progress Report, May 1952. 83p
ture of steels of the Class A and Class B types was found to be progressively
raised, andi to an appreciable extent, by increasing the carbon phosphorus, an NOBS-50250
vanadium contents within the limits studied in this investigation. Lunited data
indicated that increased sulphur did not raise the trantsition temperature bu ORDER FROM: NTIS AD-635796
possibly lowered it. In the range in which sulphur occirs in commrercial
steels, it would not be expected to have a significant effect. In order to estab-
lish definitely the effect of silicon content, mnore data are needed The transi- SSC-52
tion temperature wa-. definitely lowered by increasing the manganese content THE LOW TEMPERATURE PROPERTIES OF RELATIVELY HIGH
in the range covered! i this investigation. The transition temperature was also PURITY IRON-CARBON ALLOYS
lowered by decreasing the finishing temperature of the hot-rolled plate, the The onset of brittleness in ship steel plate at a temperature which is deternined
effect being quite pronounced. by metallurgical and mnechanicall factors, continues to be a technical problem
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of considerable importance. Previous investigations of the metallurgical and lions of welded piste indicates that the eccentric notch tensile st is not unique
mechanical factors have genenlly been on material equivalent to that used in in defining a region of minimum ductility in the subcritically healed parent
actual practice; i.e. material containing a large number of composition and plate and that this region may play an important role in the fracture behavior
stress variables. The present investigation. attempting to eliminate moat of of welded plate.
these variables, involved wuaxial tensile testing of eight relatively high purity
alloys of iron containing from 0.020% to 0.49% caubmn, stressed at tempers- Evans, EB, Klingler. L
tires from 28"C to those of liquid air or about -185"C. The structural condi- Case Western Reserve University
tions such as ferite grain size and pearlite spacing were fixed and the strain
rae was generally constant. 1he form of testing gave true stress-natural strain Ship S Cofittee Oct. 1952, 4 2p, 36 rd.
data. Thus made possible numerical evaluauon of many parameters such as
yield points, flow stresses, fracture gresses. ductlities in terms both of unifon
and localized deformatim and strain hardening factors. All of these were de- NOBS45470

temsined as affected by carbon content. mid by temperature. ORDER FROM: NTIS AD-73035

Smith RL, Fostini4 RV. Brick, RM
Pensylvania University, Philadelphia SSC-SS

WELDED REINFORCEMENT OF OPENINGS IN STRUCTURAL
Ship Structure Com ,itsee, Progress Report. Aug. 1952, 56p STEEL MEMBERS: ROOM AND LOW TEMPERATURE TESTS OF

PLATES WITH REINFORCED OPENINGS
NOBS-50062 This report continues the work in which the investigation of various room

temperaure properties of selected types of arc-welded einforcement for open-
ORDER Fran: NTIS AD-8781 inSs in plain-carbon structurl steel plates loaded under uniform tensina led to

the conclusion that from the standpoint of performac the square opening

SSCS3 with roumded comers having a 1-1/8-un. radius and the circular opening ap-

AN INVESTIGATION OF THE INFLUENCE OF DEOXIDATION peared to give the best properties. Since this investigation covered only the
behavior of specimens at roan temperature, the problem of their behavior inAND CHEMICAL COMPOSITION ON NOTCHED-BAR the more critical low temperature range was umknown. Moreover, it was

PROPERTIES OF SEMIKILLED SHIP STEEL desirable to paallel the previous tests of 36-i. by 1/4-in plates with tests of
Formulas for calculating tensile properties and notched-bar transition tempers- 48-in. by 1/2-in. plaies in order to use thicker plate which would have a higher
tuna were developed from data obtained on a comprehensive seies of expen. transition temperature. This progress report includes tests of four specimens
menal steels. For a particular strength level, steels with higher manganese- 36 in. by 1/4 in. and nine specimens 48 in. by 1/2 in. in cros-section, four of
carbon ratios have lower transition temperatures. The influence of nitrogen in the former and four of the hlner being tested at low temperatures. All spea-
raising the strength and transition temperature of semikilled steel wa studied. mns had a 9-in. by 9-in. square opening with rounded comers reinforced by a
Heats treated with zirconium in umournts rnging from 0.06 to 0.10 per c welded face bar, single doubler plate, or insert plate. The strength charac-
were made and tested. Small additions of alunum to steels with low silicon teristics, the unit strain distribution and concentration in the vicinity of the
contents usually lowered the tear-test and Charpy tranition temperaues. The opening, and the total energy absorption were studied for all specimens. The

pres= of titnium in excess of 0.02 per cent seems to inrease the tanition results of the low tmnperature tests were compared with those obtained in the
temperature of both Type A and Type B type ship plate. Increasing the ferntic room mperstpre tests. Another phase of this research investigated the dis-
grain ize of a particular steel by austeitimng at increasingly higher tempera- tribution of unit srain energy and stress in the plastic range of the material.
tures raises the transition temperature.

Project NS-731-036, See also AD-635 791. Vasadelyi D, Hechtman. RAWashington University, Seattle

Frazier. RH Boulger. FW LoS CH
Battelle Memorial Institue Ship Strute Commitee. June 1953. 66p

(SR-Il0), Progress Report Nov. 1952, 98p NOBS-50238

NOBS-53239 ORDER FROM: NTIS AD-29401

ORDER FROM: NTIS AD-635871 SSC-56

WELDED REINFORCEMENT OF OPENINGS IN STRUCTURAL

SSC.$4 STEEL MEMBERS: CLEAVAGE FRACTURE AND PLASTIC FLOW

THE FUNDAMENTAL FACTORS INFLUENCING THE BEHAVIOR IN STRUCTURAL STEEL PLATES WITH OPENINGS

OF WELDED STRUCTURES UNDER CONDITIONS OF The study of welded reinforcement of openings in structural steel plates has as
MULTIAXIAL STRESS AND VARIATIONS OF TEMPERATURE an objective the development of better design specifications. A thorough in-

The eccentric notch tensile test previously employed in exploring the relative vestigation of the plastic behavior of the plates was deemed necessary as a
ductility at the midthidtness level of A and C steel welmsenhts been ap- phase of this project. This avenue of approach led to enrgy and stres studies
plied to an evaluation of the ductility at the surface level and at various pon- which utilized experimental techniques and theoretical conoets whose appli-

tions in the weld metal of a C seel weldment. The surface tests at various Ik. cablty had to be verified. The Second Progress Report presented the fir
temperatures located a zone of low ductility at a distance of 0.4 inch from the results thus obtained, which were sufficiently encouraging to justify the con-
weld centerine of 3/4 inch plate. This zone was outside the so-called heat tinuation of this type of analysis. It dealt only with notched plates without
affected zone and appeared to have the same metallographic shructsre as the reinforcement. The present Fourth Progress Report broadens the subject, in-
bae plate. These findings are in agreement with those previously reported at cluding more theoretical and basic data on one hand and the application of the
the midthickness level of both A and C steel weldments. Low tenperature methods of plastic analysis to reinforced plates on the other. It coven the tests
probe tests in the weld metal failed to detect any zones of low ductility. In of an uneinforced plate with a circular opening, two ureinif'"ced plates with
addition, data are presented comparing the notched (eccentric and concentric) a square opening. and two plates with a reinforced •qua. opening with
and unnotched tensile properties at the midthickness level of an A steel weld- rounded comers. The methods of plastic analysis previously applied to unremin-
merit. Various low temperature tests revealed tha the concentric notch ductil- forced plates gave satisfactory results for reinforced plates. The test results of
ity varied across the welded plate in the same manner a the eccentric notch two plates with a square opening with rounded comers from the Second Re-
strength, thus onfinning that the eccentric notch strength is a measure of port are included where direct mpanson is necsary.
notch ductility. In contrast, the variation in concentric notch strength and un-
notched tensile properties across the welded plate failed to detect zones of low Vasarhelyt. D. Hechtman, RA, Yoshimi. YT
ductility in the subcritically heated plate. A comparisn with other investiga- Washington University, Seattle
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Ship Structure Commiutee. Progress Report. Mar. 1954, 67p. 9 itf. pie bern tnserferanezy and (7) To correlate the above in a general theory of
deformation for lambda-iron.

NOBS-50238
Cox, JJ. Jr. Home, GT, Mcl. RF

ORDER FROM: NTIS AD-73015 Canegie-Mellon University

SSC-S7 Ship Stmantue Comninee, Progress Report May 1953, 45p. 14 e.

CRACKING OF SIMPLE STRUCTURAL GEOMETRIES:
INVESTIGATION OF WELDED SHIP DETAILS NOBS-50230
This prgress report presents the restlts of an investigation of the effect of
geometry on strength aid transition temperature of certain structul details ORDER FROM: NTIS AD-29769
found in welded ships. The detail geometies investigated wer those which
are curretly used in ship structural design. or certain proposed modifications SSC.40
to existing design. These include the structural geometries found at the ends THE FUNDAMENTAL FACTORS INFLUENCING THE BEHAVIOR
of welded, free ended utiffenen and Iogtudinals. and the transition details OF WELDED STRUCTURES: THE EFFECT OF SUBCRITICAL
between the sheer strake and fashion plate. The specimens were of 3/4-inch HEAT TREATMENT ON THE TRANSITION TEMPERATURE OF A
thick project steel DN or ABS class B steel. For the tests in which free end LOW CARBON SHIP PLATE STEEL AND SUPPLEMENT ON
stiffeners and longitudinals were involved, variations in the contour of the free EMBRFFILEMENT OF C STEEL BY NITROGEN
end wert investigate It was found that cutting the end of a stiffener or The dependc of osii tneperatue upon tubcical het timent has
longitudinal to a radius was definitely beneficial. The chief benefits were in be invetigated in a low carbon ship plate seel (Project Steel "C 7 The
the lowering of transition temperature when the ends of these sticturil mer- effect of tm at aemperanwe in the 700-1200F singe has been determined,
hers were cut back from a square ended conditior. Str th was not affeced employing three different ooling rites: sir cool. funace cool. and water
to any criical extent by varying the end geometry. The results emphasize the quench. In addition, a limited study was made of the temperature and
importance of avoiding abrupt stiuictral transitions frma ate conponent to the a eted aging effects after water quenching fra 120(rF. T degree of
another. As smooth a transition as may be practicable gives the best remlu enbrinlent was evaltated by mers of eco notch Qtile and Oarpy

Carpenter, STr [~ ye R V-ncach impact tests. with the as-received plate u a basis of compauison. No
Carentr.T.nodc in micac u be not between the ancrincally treatedSwarthmoa College specimens and the as-cived plate with these exceptions: (1) a general pre-
cipitation wu evident after accelesited aging. and (2) slight sphercu on

Ship Stucture Committee. Progress Report. Jiue 1953. 57p. 3 rtef. was pparMn at the long isothermal times. Rockwell B harness sts showed
that, in general. apsreciable hardening occtinud when specimens were

NOBS-50250 embrinled. Previous work on welded plate showed that the necessary condi-
tions for quench-aging a e present in the welded tsial and this phenorncan

ORDER FROM: NTIS AD-29403 appears to be the only possible explanation for the ume of mmintum ductilay
located in a region adjacent to the weld which was at heated above de lower

SSC- critical teapensm. Cooling site curves am prevented for the critical ome in
LOW TEMPERATURE EMBRITTLEMENT MECHANICS weldments made with varios prelia tenpermres to show am not only does
DEDUCED FROM ZINC SINGLE CRYSTAL FRACTURE STUDIES the embitlemat increase with tocreasing cooling ae, bat that the of
The most important conclusion of this wod is tht low temperatur britlness emblrildement is about the ame for the citical we in weldments as for sub-
in zinc single crystals is not due to the cessation of slip below a oerain critically heat treated base plate cooed at the sm re fro the saw
temperature. On the contrary slip is quite active, and it is its activity d temperatre.
induces low tenperature brittleness: slip causes rotation of the lattice which in
turn sets up orientation gradients adjacent to constricted and mslipped regiots. Evans, EB. Klingle, ..
At high temperatures these orientation gradients am accoinmodated by kink- Cue Western Reserve University
planes, at low temperatures, by cleavage. These observations am important.
for they bear directly on the problem of low temperture brittleness of Poly- Ship Stucture Comittee, Progress Report, Oct. 1953, 37 p., 6 id.
crystalline nnc (because of the orientation gradients always found in polycrys-
talline metals when deforned) and on the reasons for the lack of low tempers- NOBS45470
tur brittleness in face-centered cubic metals (which kink differently fram hex-
agonal close packed crystals). ORDER FROM: NTIS AD-29767

Morton, PH, Baldwin, WM, Jr
Cue Western Reserve University SSC-61

THE FUNDAMENTAL FACTORS INFLUENCING THE BEHAVIOR
Ship Structure Committee. Progress Report. May 1953, 51p. 13 rf. OF WELDED STRULCURES: THE EFFECT OF SUBCRITICAL

HEAT TREATMENT ON THE TRANSITION TEMPERATURE OF A
NOBS-50303 LOW CARBON SHIP PLATE STEEL

An investigation was made to deternme the impact trua-nabon temperature and
ORDER FROM: NTIS AD-29766 hardness chaiges attendant to the quench-aging of Project Ste C a semi-

killed ship plate steel. Aging temperatures extended ae he range from 35
to I100"F after wer quenching from 1300F. Both impact and hardness seats

SSC.59 revealed that this steel can be severely embrittled by the quench-aing medca-
CRITICAL STRESS FOR SLIP, TWINNING, AND CLEAVAGE IN isam. With aging temperaures up to 350F. characteristic agig curves were
SINGLE CRYSTALS OF IRON obtained, Le., the peak embrinlenent and the time to suain sis peak decreased
The objectives of this investigation reported herein are as follows: (I) To pro- with increasing aging tetpesiuue. For rm temperare aging this peak
duce a ferrite of nominal purity from SAE 1008 steel; (2) To grow single amounted to a 9(0F increa in transition tempeature and 25 points increase in
crystals of this material of a size suitable for subsequent tension tests; (3) To Rockwell B hardness above that of a series air cooled from 1300F (un-
find the critical resolved shear stresses for slip and twinning insofar as they embrittled condition). Specimens aged above 350"F "overged" so rapidly that
can be determined as a finction of temperature; (4) To determine whether a no peak in the aging curve could be detected. Metallogirphic examination of
trassiticri from slip to twiming occurs with reproducibilily of results and quench-aged specimens at 2000F showed that a two-stage Precipitation eac-
whether a criterion for the onset of twinning can be established, (5) To study tion was operative. At low aging tempertum the piecipitate was detected as
the fracture properties of single crystals as a function of temperature, strain, a mouling of the ferrite grains; at higher aging temperasures. where an "over-
aging, and prestrain. (6) To investigate the atomic nature of slip in iron by aged" condition was rapidly reached, the precipitate had grown so as to be
methods of higher resolving power, e.g., a. The electron microscope. b. Multi- resolvable. It is believed that the quench-agn phenomenon is responsible for

13
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the brittle zone previously found in the subcnticaily heated region in weld- could be isolated to determine the dependence of the notch behaa r upis,
menu of this and similar ship plate steels. This study suggests that a low matenil, varnations in the welding process, and heat treatment. l-entmc
temperature postheai at 650"F (the solusion tenperature below which quench- notch tensile tests at various low temperatures were used to evaluate the ductl-
aging effects are absent) would lead to rapid overaging in the brittle zone of ity of a small volune of metal fxn any position in the weldment. A sum.
ship plate weldments and thus largely eliiinate the enbritlenent mary of the work toward these objectives is presented in Pan I of this report

Two prog ess repots were submitted under the title. The Effect of Subcnuca
Evans, EB. Garibotti, DJ Heat Treatment on the Transition Tcmperaure of a Low Carbon Ship Plate
Case Western Reserve University Steel-. re principal objectives were to (1) give an insight to, the basic

mechanin which was responsible for the brittle zone found in the subcni-
Ship Structure Comittee. Progress Report. Oct. 1953. 25p, 7 ref. cally heated region in weldrnms: (2) determine the maximum embnulement

possible in base plate by subcriucal heat treatment; and (3) suggest possible
NOBS-45470 methods of minimizing or eliminating this embrittlement in base plate which

may be applicable to weldments. This work is presented in Part U. The in-
ORDER FROM: NTIS AD-29768 poitant findings of the two different phases of the investigation are integrated

to show that the quench-aging mechanism appears to be responsible for the
brittle zone outside the , I orea of low carbon ship plate weldments.

PAST STRUCTURAL STUDIES RELATED TO THE SHIP AND SHIP Baldwin. WM, Jr, Evans. EB
COMPONENTS AND FOR DETERMINING LOADS AND STRAINS Case Westem Reserve University
ON SHIPS AT SEA
(1) Basic heart of plate stress distribution across a ship crou section complies
well with simple beam theory but with local deviations sometimes evident in Ship Structure Committee, Final Report, Nov. 1953, 48p, 8 ref.
such locations as fare and aft stiffener attachments to plating. (2) While boh
riveted and welded ships experience occasional structural difficulties, they NOBS-45470
have been more nunerous and severe in welded ships. In welded vessels
cracks appeared both to initiate and to propagate more readily. (3) Poor weld- ORDER FROM: NTIS AD-7,867
ing workmanship, poor design details, inadequate material or physical and
metallurgical notches do not appear to satisfactorily provide the full explana-
tion of welded ship failures. (4) Plating panels which are unfair in the us- SSC-65
loaded condition of the ship are mor prevalent in welded construction than in A CRITICAL SURVEY OF BRITTLE FRACTURE IN CARBON
riveted. When loaded, the stss sustained by such panels depart from the PLATE STEEL STRUCTURES, OTHER THAN SHIPS
stress distribution predicted by the sample beam theory and cause a lar-k of i.,e failure of ships at sea and at docKside during World War I brought the
uniformity of stress that may contribute to crack initiation and crack propags- problem of brittle fracture into sharp fccus. Data from ship failures have been
tion. (5) A means of estimating ship bending moments making possible moe well correlated, and as a result, much u:as been learned from research stimu-
precise evaluation of the variable dynamic nature of the loading is desirable- lated thereby. No similar correlation -in noi.-ship failure data exists, and this
Shock loading design criteria are particularly necessary. survey was therefore unden e, in order to supolement the study of ship

failures. A total of 64 stnctural failures, plus failures in gas tra,'smission
Evans, JH, Jaeger, HE. Verbeek. HA. Tumbull. J lines, was studied. These failures occurred in both riveted and welded struc-
Massachusetts Institute of Tednology tures such as 4nks, brid6, pressure vessels, a smoke stack, a penstock, power

shovels, as well as gas transmission lies. It is shown that the history of brittle
Ship Structure Committee, Dec 1951, 65p failure extends back at least to 1879 It is concluded that: (1) Brittle failure in

nonstop structures is the same phenomenon as occurs in ships; (2) brittle
NOBS-50148 failure occurs in many types of non-ship structures; (3) brittle fiact res can

cross riveted joints; (4) there is no evidence to show that the percentage inci-
ORDER FROM: NTIS AD-73876 dence of briule failure has either decreased or increased with the advent of

welding; (5) in conjunction with other factors, thermal stress may be impor-
tant; (6) residual stresses are not the prime cause of brittle failure, bst such

SSC-63 sresses may. in conjunction with other factors, initiate such failure; (7) the
WELDED SHIP FAILURES eflect on metallurgical variables is impotant (8) cold forming promotes sus-
The purpose of this report is to review critically the available information on ceptibility to brittle failure, but its role eatrxt be assessed due to lack of data;
structural failures in welded ships. Although buckling failures in a few naval (9) in such cases where data are available. Carpy impact values of plate were
vessels and several transversely framed Euroycan tankers have been reported, generally low at the failure temperature; (10) in most cases of non-ship brittle
this report will review failures from the brittle fracture point of view. failure, the fracture originated at defects arising from fabrication. A few origi-

nated at design defects, (11) it seier evident in all cases that fracture aiigi-
Acker, HG nated at a geometric discontinuity, (12) no evidence exists for these failed
Bethlehem Steel Corporation structures to show the effects of various welding processes on susceptibility to

brittle failure; (13) except in the case of exceptionally poor welds, there is no
Ship Structure Committee, Dec. 1953, 58p, 23 ref. tendency for fracture to follow welded seams; (14) the great majority of non-

ship brittle failures apparently occur under. _vditions of entirely static loading;
NOBS-50148 (15) age of structure seems to have no beefing on brittle failure; (16) most

engineering codes pennit the use of steel which is known to be particularly
ORDER FROM: NTIS AD-73901 susceptible to brittle fsilure- At the same time, ,rder all codes but one, the

stress levels are held to quite conservative values; (17) finally, it is demon-
strated that brittle failure results from a cambination of many factors. There is

SSC-64 no readily available material which would entirely prevent its occurrence, and
PART 1: THE FUNDAMENTAL FACTORS INFLUENCING THE there is no known test which will surely predict from the behz.ior of snall
BEHAVIOR OF WELDED STRUCTURES UNDER CONDITIONS OF specimens the performance nf a gi-ci steel in circumstances where structural
MULTI.AXIAL STRESS AND VARIATIONS OF TEMPERATURE brittle failure might occur. In short, careful design, selection of materials, and
PART II: THE EFFECT OF SUBCRITICAL HEAT TREATMENT ON goo. workmanship are of the greatest importance in the prevention of brittle
THE TRANSITION TEMPERATURE OF A LOW CARBON SHIP failure in non-snip structures. This is true of ships.
PLATE STEEL
Three progress reports were issued entitled. "The Fundamental Factors In-
fluencing the Behavior of Welded Structures under Conditions of Multiaxial Prepared for National Research Councils Ccenmitiee on Ship Structural Design
Streu. and Variations of Temperature, Stress Concentration, and Rates of
Strain". The major objectives were to determine the relative notch toughness Shank, ME
of various zones in commercially welded ship plate steel, and, if such zones Massachu-.'tts Institute of Technology

14
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Ship Structure Committee, Bureau of Ships. Dec. 1953, 49 p, 12 Fig. 2 tab. 33 superior performanoe of the through longitudinal design can be mainuaned
photos when the necessary modificatiuons for tanker service are intoduced,

NOBS-50148 Irwin. LK Campbell. WR

National Bureau of Standards

ORDER FROM: NTIS AD 73877
Ship Structure Comniue.e. (Project NS-731 34) Final Report, Jan. 1954. 681p.

SSC-6 're.
CRITICAL STRESSES FOR SLIP, TWINNING, AND CLEAVAGE IN
SLNGLE CRYSTALS OF IRON ORDR FROM: NTIS AD-78999
An X-Ray, optical and metallographic study of the stresses for and mechs-
nism of slip. twinning and fracture in single crystals of iron prepared from SSC-69
decarburized mild steel has been made. The selection of the glide ellipse has AN EVALUATION OF CURRENT KNOWLEDGE OF THE
been found to be a function of the relative difficuty of atom mutions at MECHANICS OF BRITTLE FRA( TURE
various positions along a (II1); this function being affected by temperature An exphusion is ipven 1 the trend of results found in the many static model
and distribution of stress. A critical shear stress criterion applies. Twinning tests ba on U- pt am sne solats the mathe ucal theory of
has ceen found to occur on (112) type planes and in (Il1) directions below- plasticity. Transitiun temperature, size effect, irtiaton and propagauion of
170C as predicted by a critical %hear stress law. mutatia mutandis. TPhe twin- cracks are discussed qualitively and on dimasional grooids. The conclusion
nrng stress is greatly affected by slip. Brittle fracture ould be accoumted for is mac that future model test, should be made at the opcrating temperatinrs
by a critical normal iess theory within wide iurits of error. Ductile fractures of the prtotype and at stres level encounterd in practoe if funidmattal
predominated for specimens where a cleavage plane, (001), was more thin 65" information is to be obtained. Lod, energy, or appearancea, seria for static or
axis. Various effects of prestraining were observed impact tests appear to be interpretable only in terms of such basic tests or

information from the prototype. Each new material or varit of an existng
Cox, JJ, Jr one should be wbjectzi. to the basic tests before an acceptance test staridard

Carnegie-Mellon University can be relied upon.

Ship Stuctumre Committee, Final Report, Feb. 1954. 141p, 39 rd. Papen and discussions presented at the Conference on Brittle Fract re Me-
chanics held at MIT. 15-16 October 1953.

NOBS-50230
Druxer, DC

ORDER FROM: NTIS AD-78998 Brown University

SSC-67 Ship Structure Comritte , May 1954, 23
9 p, refs.

MODEL TESTS ON HULL-DECKHOUSE INTERACTION
The purpose is to check theory and formula proposed by H.H. Bleich on JBS-50148

stress relationship _f hull and house for vessels fitted with long deckhouses.
The theory is based on the concept of separate house and hull bending with ORDER FROM: NTIS AD-79000

interaction strongly dependent upon vertical stiffness of support of house.
Nine tests were performed upon a single 20-ft. aluminum model with three S70
separate houses, fitted for simple variation of tnlerdeck stffile. The hull of A REVIEW OF SHIP STEEL RESEARCH AND
double-ceU onstruction, cotinected by fitted bolts and high-torque bolts with RECOMMENDATIONS FOR FUTURE STUDIES
houses 160 and 80 in. in lesigt and dentountable main deck equipped with Ths report has bean prpred at the request of the Commitee on Ship Steel to
sinmulated deck beams. Design based upon proportionality of elastic action o review ft research work c mmiiee on Ship Steel" duing the pas decade
ships and model with midship proportions in general conformance with pas- and particurlasly that chicted during the lst five year The report has be
senger vessel practice. Range of Bleich u value for nine tess representative of and priarly to ds'ii the st i eain the w a beai

ship values to be expected. Model loaded to give constant hogging moment in formdatin new research propotala to be Cecmimeeeei for supea n by the
throighrot length of house. Ship Structure Committee. It has therefore been iatfted primarily for metal-
Crawfrd. L, Ruby. WI lurgis who have a ,--mprhetive background in use brittle frcture of mild

Reed Research Incorporated steel.

Ship Stnscture Committee, Final Report, Jan. 1955, 143p, 9 mf. Barrego CS. Mahin WE
Chicago Universiy

NOBS-54509 Ship Structure Commitee, Feb. 1954. 43p

ORDER FROM: NTIS AD-55639 NOBS-50148

SSC-63 ORDER FROM. NTIS AD-79001
TENSILE TESTS OF LARGE SPECIMENS REPRESENTING THE
INTERSECTION OF A BOTTOM LONGITUDINAL WITH A
TRANSVERSE BULKHEAD IN WELDED TANKERS SSC71

Investigations of three discrete designs of a bottom longitudinal connection at THE INFLUENCE OF HEA" rREATMENT ON THE
a bulkhead were made to furnish information on their relative mechanical be- NOTCHED-BAR PROPERT ES OF SEMIKILLED PLATE

havior when loaded in tension. All specimens failed with cleavage fractures The cooling rate after rolling varies from one steel plant to another. This
after dying amounts of plastic deformation. Generally the energy to fracture variation changes the microanicture and appeared very likely to affctt the

increased with test temperature. Results of the tests to failure near O'F indicate n'tched-bar properties of the steel plates. From these facts, a comprehensive
that the modifications to the basic T-2 design were beneficial. increasing the study of the urff-. of austenitizing temperature and cooling rate on notched-bar
capecity of the interrupted longitudinals to absorb the energy of deformation. properties of ship plate steel seemed desirable- Resulls of this study can be
Comparisons of maximum load, over-all elongation, and energy to fracture for used to estimate the effect of rolling tenperasre and of cooling rates from
the three longitudinal designs indicate that qualitatively the order of merit for rolling temperatures on the notched-bar properties of senikilled steel plate,
this connection is (I) through longitudinal of experimental design, (2) through-
bracket longitudinal of Navy oiler design and (3) modified interrupted longi- Frazier. RH. Boulger, FW, Long, CH
tudinals for T-2 tankers. Additional tests am needed to determine whether the Battelle Memorial Institute
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Ship Struture Cointtee. Progress Report, Mar. 1954. 36p. 9 ref. failure taken from a C-2 cargo ship. a satisfactory electr microscope replica
technique for use directly on fractured metal surfaces has been demonstraied.

NOBS-53239 This technique was foumd to be repruducable and capable of manifesting fine
and coarse structures. It produces electm micrographs which give sructures

ORDER FROM: NIS AD-79002 that can be measued, defined and classified.

SSC-72 Revere, A, Jaccodine, R

THE PRESENT STATUS OF NONDESTRUCTIVE TEST METHODS Stevens Institute of Technology

FOR INSPECTION OF WELDED JOINTS IN SHIP STRUCTURES
The nondestructive test methods applicable to flaw detection in welds in ship Ship Structure Committee, Final Report.. Jan. 1959. 19p. 13 mrf.

structuires ar radiography, magnetic particle, ultrasonics, and fluid penetrats.
At present, radiography is the most extensively used. The magnetic-particle NOBS-55577
method has found considerable applicaton, and fluid penetrants are used oc-
casionally, while the ultrasonic method has not yet been used on ship stuc- ORDER FROM: NTIS AD-2 I 1076
res. Radiography, at present, is the most reliable and offers the test sensitiv-
ity to the detection of flaws in welds. The ultrasonic method offers a consider-
able potential and may prove mot expedient than radiography if developed to SSC-7S
provide the quality of inspection desired in welds in ship stuctures. The rnag- WELDED REINFORCEMENT OF OPENINGS IN STRUCTURAL
netic-partide method is established to the poits where it serves as a useful STEEL TENSION MEMBERS
inspection tool, particularly when used in conjunction with radioaphy. The purpose of this research has been the investigation of soffie of the
Further development may enhance its applicability. Filmle techniques such geometric factors which affect the performance of plates with reinforced open-
as xeroradiography and fluoroscopy offer some potential, but both requir ings, such as the shape of opening, the type and amount of reinforcement, and
further research and development before they may be applicable to this type of the width and thickness of the body plate. Some of the tests were repeated at
inspection. The purpose of this report is to discuss the applicability of existing low temperatures to bring in the factor of cleavage fracture. In the course of
nondestructive test methods to the detection of flaws in welded joints in ship the project, a tonsiderable amount of work was directed toward determining
structures, and to make reconmendations for further reaecarch, designed to im- the nature of the plastic flow which precedes the initiation of fracture and the
prove these methods for the above purpse, conditions which precipitate fracture. Specific rtcommendations based on the

findings of the investigation have been made with respect to the design of
Krieger, RJ, Wenk, SA, McMaster, RC openings and their reinforcenenL Many of the results of the research are ap-
Battelle Memorial Intu plicable to welded structures in general. The extensive test work required the

use and developmen of somewhat new research methods and techniques. The
Ship Structure Committee, Survey Report, Oct. 1953, 29p, 3 ref. applicability of Nadai's octahedral strain energy method, the plastic stress

computation, and the resistance-wire grid system of measurements for plastic

NOBS-50148 strain studies am mentioned as particularly useful.

ORDER FROM: NTIS AD-29450 Vasarhelyi, D. Hechtman, RA
Washington Univermty, Seattle

SSC.73 Ship Structre'Commitee, Final Report, Mar. 1955, 66p, 16 ref.
A REVIEW OF THE INFLUENCE OF COMPOSITION AND
DEOXIDATION ON THE PROPERTIES OF SHIP PLATE STEELS
The purpose of the project was to study the influence of chenical composition NOBS-50238
and deoxidation on the transition tenperature and tensile properties of 200-
pound laboratory melts of semikilled ship steel rolled into 3/4-inch plates. ORDER FROM: NTIS AD-78140
Two base cnpositions were investigated: one, a 0.25% C and 0.45% Mn
type, similar to ABS Class A, and the other, a G.21% C and 0.75% Mn type, SSC-76
similar to ABS Clau B. The principal deoxidizng elements studied were giff- INVESTIGATION OF PERFORMANCE OF SEMIKILLED CARBON
con and alrninur. Some of the experimental heats were made with deoxidiz- STEEL ABS CLASS B AND RIMMED STEEL ABS CLASS A UNDER
ers added in amounts above 0.10% Si or 0.010%. AL Such beat would be DIRECT EXPLOSION TEST
classified as killed rather than sernikilled. Some of these conformed to the T p result of tsis investigation indicated a marked improvement in
base compositions of ABS Class C steel, which is a 0.15 to 0.30% Si type
made to fine-grained practice (usually containing about 0.03% acid soluble performmace of fully klled steel when welded with low hydrosen electrodesover the performance of the sane steel when welded with cellulose type elec-
aluitnun). As the project approached completion, it was apparent that certain trodes. The difference in performance of smikilled steel when welded with
relationships had become reasonably well established. This, coupd with the the two respective grades of electrodes was less pronounced, the net effect
interest expressed by the Ship Strucire Committee in exploring the possibility being to approximate the performance of killed steel when welded with cel-
of using steels of lower carbon content and hence lower tensile strength to lulose type electrodes. Although considerable scatter was observed to exist in
obtain lower transition temperature, prompted the Committee on Ship Steel to the performance of semikilled steel plates welded with low hydrogen elec-
request the Project SR-110 Advisory Committee to review the results of the trades, even the specimens exhibiting the poorest performance still appeared to
investigation ani pr-paTe this interpretive report. maintain a substantial, although not spectacular, superiority over the plates

welded with cellulose type electrodes. Accordingly, it was decided that an
Ship Structure Committee, Nov. 1953, 35p, 7 ref. additional investigation should be conducted to determine the degree of magni-

tude of improvement of structural performance which the use of low hydrogen
NOBS-50148 electrodes produced in semikilled steel and, if possible, to establish whether it

was of real significance. In addition, a brief investigation of the performance
ORDER FROM: NTIS AD-49367 of rimmed steels under the Direct Explosion Test was also udertaken. An

additional original objective of this investigation was a comparison of perform-

SSC-74 ance evaluation by Direct Explosion Test with performance evaluation by the
ELECTRON MICROSCOPE TECHNIQUES FOR STUDY OF Stand-off (Explosion Bulge) Test as developed by the Naval Research Labors-
FRAYED SURFACES OF SHIP PLATE STEELS tory. However, because of the difference in performance existing between
This project was directed toward developing and evaluating the use of replica different plates of the heat of steel purchased, the results of this comparison
techniques in the clcwon microscope study of fractured surtaces of ship plate appear to be somewhat inconclusive.
steels. Its ultimate aim was to further the understanding of the micro-mecha-
nism of fracture. Using 3/4-in. Navy tear test specimens, an io single crystal Mikhalapov, GS, Snelling. WA
specimen formed by the carbonyl process and a specimen of actual ship plate Metallurgical Research & Development Company, Inc
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Ship Stucture Committee, Final Report, July 1954, 45p, 6 ref. NOBS.50250

NOBS-2386 ORDER FROM: NTIS AD-79003

ORDER FROM: NTIS AD-49641 SSC-.0

AN INTERPRETIVE REPORT ON THE METALLURGICAL AND

SSC-77 ECONOMIC ASPECTS OF SHIP STEELS AND THEIR RELATION

PART 1: CRACK-STARTER TESTS OF SHIP FRACTURE AND TO SHIP FAILURES
PROJECT STEELS One of the purposes of this report is to establish the cuarrnt status of research

The performance of rimmed and semakilled steels involved in ship frcturs is and of shipbuilding practice relaing to the reduction of brile behavior of

investigated by means of crack-sturter tests. In these tests a sharp crack is plating in ships. This iueurptive report also considers severa aspects of the

introduced in the steel, and the relative resistance to the inuaitiaion and propaga- fracuing problem in ships: I. The factors tha affect the brink fracturing of
tion of fracture is established over the range of service tepertures. It is ships. 2. The feasibility of eliminasting the tendency toward brile fracture in

demonstrated that in the presence of the sharp crack the steels have no apprea- ships. 3. The relationship between the brittle fractuhng of ships built during a

able ductility when the temperature falls below the Charpy-V 10 ft-lb transi- future emergency and the notch toughness of the steel used, onsidering the

tiun; accordingly. fracture initiation is readily developed. The propagation of use of World War II, curamt, and proposed aherative stel. 4. The ecanmic

brittle fractures becomes difficult at temperatures above the Chary V 15-25 and technical factors that affect the productin of dp steel of adequate notch

ft-lb transitions. These findings are in agreement with National Bureau of toughene to eliminate brittle fractures. This report is a armetation of the

Standards dais for ship fracture plates. It is demonstraied that fully killed salient findings. comlusiona, and recamimendations. appeded to the seport

steels do not follow these rules and that the respective iniation and propose- are Exhibius in which more detailed accounts of the supporting infornation an

tian characteristics of fracture are related to higher Charpy V values. Wide Presented.

plate, tear and Charpy V test data am discussed with refenmce to differences
related to deoxidation practice. Harris, WJ, Jr. Williams. C

Batelle Memorial Instiuae

Puzak, PP, Schuster, ME, Pellini, WS
Naval Research Labonaory Ship Structure Cormmittee. Final Report, Aug. 1956. 99p. 24 ref.

Ship Structure Committee, (BuShips NS-011-067) Final Report. June 1954, NOBS-72046

60p ORDER FROM: NTIS AD-109109

ORDER FROM: NTIS AD-45652
SSC-81

SSC-78 EFFECT OF GRAIN SIZE AND CARBON CONTENT ON THE LOW

PART 11: INVESTIGATION OF THE PERFORMANCE OF TEMPERATURE TENSILE PROPERTIES OF HIGH PURITY FE-C

WELDMENTS AND PRIME PLATE OF ADS-B STEEL ALLOYS

The relative performance of G 180 and E6010 ABS-B ship plate weldments Several low caon ferites, apprimatly 999% pine qsit from added cub.-
and prime plate was evaluated by the Explosion Bulge Test. The prime plate on and substantially free of oxygen, nitroge and hydroen, were Prepared andevalate bytheExplsio Buge ett~heprie pate sed mn tesion under vriot renitionsj of hess sn tst ferite gri sze,

loses its ability to develop extensive deformation prior to fracture in the range and test tunperaruend True nu-sti nvins were calelated and the signifi-

of-dO' to -80F; the GISO weldment develops a similar loss in the range of 20 andt temeram True enin crs were w-a n the me role

to (OF. and the E6010 weldment in the range of 40 to 0'F. The effects of cant tensile parnsers evaliated, Ferrite grain sin was shown to be use sole

various types of defects, including arc strikes. porosity, and partial penetration, factor desermining ductility oi 0.02% carbon alloys at liquid air tynperalh e

were investigated. It is shown that in the service temperature range of 20F to decreasing the grant size mum a remarkable increase in ductility With more

60F only sharp, crack-like defects, such as developed by arm strikes, an suffi- than 0.02% carbon, carbide morphology has an impora effect on the ductil-

cienly critical to eliminate extensive plastic deformation of weldments prior to ity. Heat treatments which rmulted in carbides at the grain boundaries matei-

failure. The effects of shot peeing of ABS-B seel is demonstrated to be aly reduced the low tenperatire ductility. The exponatn c stin harden ng

detrimental with respect to the resistance of this steel to initiation and Pro s- was fon d to decrease with decreasing teperature, increasing caru on corte ast

tion of brittle fractures. Wrought iron considered as a possible material for and incrasing grain size. The untald presence of a sstiuctre or a decrease

crack arestor straps is demonstued to be less resistant to bristle fracture than grain size markedly increased the yield stem at liqid air wea.eratums.

Click aistelsIP Twinning was not found to conrinbune to the low temsperature bItlNese101.ABS-B steels.

Pellini, WS, Eschbacher, EW Smith, RL, Spangler, G, Brick, RM

Naval Research Laboratory Pennsylvania Universty, Philadelphia

Ship Staucture Committee, (BuShips NS-011-067) Find Report, June 1954, Ship Stru C ee, Progress Report. May 1954, mp.. 30 re.

28p, 6 ref. NOBS-50062

ORDER FROM: NTIS AD-45653 ORDER FROM: NTIS AD-45267

SSC-79 SSC-82
CRACKING OF SIMPLE STRUCTURAL GEOMETRIES THE INFLUENCE OF CARBON AND MANGANESE ON THE
This report presents the results of an investigation concerning the general sub- PROPERTIES OF SEMIKILLED HOT-ROLLED STEEL
ject of the cracking of sample structural geometries under tensile loading. A The performance of welded structures is closely associated with the ductile-to-
sunary is given of the effects of edge notch geometry and the effects of brittle transition temperatue of the steel from which they are made. A low
interrupted longitudinal members which were previoualy reported in Prgress transition tenperature is desirable because it indicates that the steel is less
Reports I and rH of this project, whereas the effects of edge preparation, the likely to fail suddenly at low ambient temperatures. Stiuctures such as
effects of fastenings, and the effects of welded pads are reported in their en- bridges, ships, storage tanks, and pipelines are usually made from hot-rolled
tirety for the first time. semikilled steel. Changes in rolling practice or chemical composition appear

to be the most Practical methods for improving the toughness of such materi-
Carpenter. ST. Linsenmeyer, RF alt. This results from the fact that production is likely to be seriously tailed
Swarthmore College if improvenents were obtained by recourse to heat treatment or complete

deoxidation. This paper discusses the effect of variations is carbon and man-
Ship Structure Corrimittee Final Report, Jan. 1955, 93p, 4 ref. ganese contents on the properties of senukilled steels. The transition tempera-
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tur, a prupert) to which considerable importance is attached, varies with SSC-86
specimen configuration, testing method, and criterin of perfonnane. Both EVALUATION OF WELD-JOINT FLAWS AS INITIATING POINTS
the Navy tear test and the keyhole Charpy test were used in the investigation. OF BRITTLE FRACTURE
According to the terms used by Vanderbeck and Gensa er, the tear test was A literature survey was made to determine the fundamental factors and cir-
used to measure a fracture tranaition and the Qiarpy test to measure a ductility ctmstances that ame known about brittle fractures in ship steels and smilar
trssnnu. In either case the specimens absorb casiderably less breaking maieri is. The survey was the iruual pars of this investigation for the Ship
energy in tests below the tranaition temperature than in tests above the traiti- Structure Committee under Bureau of Ships contract 61748 on the evaluation
sion temperature. Decreasing the testing temperature of notched-bar specimens of flaws in weld joints. Various testing methods and specimens used in pr-
seems to be equivalent in is effect to increasing the severity of loading on vious investgations involving bnttle fracture were reviewed. Preliminary stu-
fabricated structures. Therefore, stnctus built from steela exhibiting lower dies were made to deemwse the best method of introducing flaws into weld
trnition temperatures in laboratory tests are expected to be less susceptible to joints to simulate the flaws found in service failures. A major portion of the
sudden brittle fractures in service. Consequently. changes in composition effort on the project has been involved with determning: (a) what kind of test
which lowered the transition temperature of the experimental steels were specimen and apparatus should be used to evaluate weld-joint flaws; (b) what
judged desirable, kind of loading or types of loading are needed to simulate service eonditiars in

ships or other large structures; and (c) what nominal stres is required to in-
Boulger, FW, Frazier, RH, Long, CH itiate a brittle fracture from large weld cracks and other flaws such as lack of
Battelle Memorial Institute weld fusion. A significant result has been that brittle fractures initiate from the

weld defets in the laboratory specimen wnder conditions very close to the
Ship Structure Cztnrniuee. Progress Report, Oct. 1954. n.p. reported conditios involved in some service failures of ships.

NOBS-53239 Martin, DC. Ryan, RS, Rieppel, PJ
Battelle Memorial Institute

ORDER FROM: NTIS AD-79004
Ship Structure Committee, Progress Report. Sept. 1956. 88p

SSC-93 NOBS-61748
REPRODUCIBILITY OF KEYHOLE CHARPY AND TEAR TEST
DATA ON LABORATORY HEATS OF SEMIKILLED STEEL ORDER FROM: NTIS AD-106299
Eighteen heatsi of sernikilled steel were made, processed to 3/4-in. plates, and
tested in the laboratory. Analytical and mechanical test data showed that good
reproducibility was obtained on replicate heats. Two types of semikilled steel SSC.87
were used for the investigation. Stadard keyhole Chapy specimnsa and RAPID PROPAGATION OF A CRACK IN A BRITTLE MATERIAL
Navy tear-test specimens were tested to determine the transition temperature In this report an attempt is described to apply the medhanics of the cosnuinum
separaing ductile and bristle fracture. The probability of brittle fracture was to the problem of the propagation of a crack in a plate being in a dimensional
nut the sae for the two types of steel in tests at their transition temperatures, state of stress by static extreme loads. It is necessary to assme that the crack
as customarily defined. The difference wa small in Carpy tet but signifi- has already reached the point where the rapid increase of velocity of popaga-
eas in tear tests. It is concluded that notched-bar trnsition temperatres tion begins.
should be defined on the basis of a fixed probbility of bsitle fracture. This
practice uses the data more efficiently and is mote discriminating. Schihansl, MJ

Brown University
Frazier, RH, Spretnak. JW, Boulger, FW
Battelle Memorial Institute Ship Structure Committee, Progress Report, Mar. 1955, 25p. 10 ref.

Ship Structure Committee, Progress Report, Feb. 1955, 22p NOBS-65917

NOBS-53239 ORDER FROM: NTIS AD-79006

ORDER FROM: NTIS AD-79005 SSC48

INFLUENCE OF SILICON AND ALUMINUM ON THE
SSC-84 PROPERTIES OF HOT-ROLLED STEEL
AN APPRAISAL OF THE PROPERTIES AND METHODS OF Killed steels are known to have lower transition temperatures than semikilled
PRODUCTION OF LAMINATED OR COMPOSITE SHIP STEEL steels. It is believed that the better qualities of killed steels in this respect are
PLATE. SPECIAL REPORT due mainly to the low oxygen contents of the steel. The principal deoxidizrn,
The conclusions and opinions of the Committee on Ship Steel with regard to aluninta, silicon. and manganese, lower the oxygen content. Fussdanental
the use of laminated or composite seels in ships can be summarixed as fol- studies have shown that the oxygen content remaining after the addition of one
lows: (1) The available data indicate that plates cssisising layes of weakness of these three elements is influenced by the residual amounts of the other two
in the thicknets direction are -o mome effective in inhibiting crack initiation present. In the caurent study, therefore, various amounts of silicon and alum-
than similar hcnsogenous materials; (2) Mild steels clad with notch tough asr- inum were added to steels containing different manganese cotents for the put-
face layers on one or both sides have lower transition tenperatures than the pose of studying the influence of silicon and aluminum on the notched-bar
unclad base material, but clad materials are expensive to produce aid properties of hot-rolled steels. Eleven types of steels were studied of the noran-
frequently reqtire the use of strategically critical materials. Moreover, there inal compositions. Both the Navy tear test aind the keyhole Charpy seat were
are homogenous steels of sufficient notch toughness available that can be pro- used in this investigation. The temperature at which the plates were finish
duced on a tonnage basis at a much lower cost than clad Keels and (3) Consid- rolled was carefully controlled at 1850F, and all plates were rolled to 3/4-in.
erable promise in inhibiting crack initiation or propagation has been shown in thickness, followed by testing in the as-rolled condition.
preliminary tests of properly applied notch tough weld beads and strokes of
notc tough plating. Further exploration of these possibilities is currestly un- Frazier, RH. Boulger. FW, Lorig, CH
derway. Battelle Memorial Institute

Jan. 1956, v.p., 17 ref. Ship Structure Committee, Progress Report. July 1955, 86p. 13 ref-

NOBS-50148 NOBS-53239

ORDER FROM: NTIS AD-84797 ORDER FROM: NTIS AD-79007
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SSC-89 published. The ma)onty of the dais was obtained on steels made in 200-lb.
EFFECT OF ACCELERATED COOLING AFTER HOT ROLLING melts and processed in the laboratory AD of the lboratory heats were made
ON THE NOTCHED-BAR PROPERTIES OF SHIP PLATE STEEL in an indtiuon furnace using standardized melting practices. Unless otherwise
The results of this work may be surmmartzed as follows: (1) Water quenching noted, they were rolled to 3/4-tn. plate uing a fiushing trnperantue of
3/4-in. plates for six seconds did not nuse the hardness in the cater of the 180"F. Two base compoituons for senukilled steels were mvesggawA One
plate. Longer quenching times increased the center hardness, an indication was similar to ABS Grade B steel in composition (Type B heats). The other
that the ultimate strength of the plate was increased. The hardness at the edge was similar to ABS Grade A steel (Type A heais) and esembled the ship steel
of all plaies quenched was approxur, y 95 R,, with the higher carbos steel used during World War 1. The effects of carbon, maganese, phosphorus,
having the highest surface hardness. (2) The rucrtcture of the center of nitroger, and sulfur were mvesigated on semikilled steels. Silicon and alum-
plates, quenched for periods longer than ix seconds, was no longer typical of mum were the princpal deoidizers studied. The irvesigaticm of composition
as-rolled steel but, instead, tended to show ferite outlining the original was supplesmited by limited suies of the effects of hot working and cooling
austenite grain areas. The centers of the quenched plaies also showed some variables on notched-asr properties and fracture charactenstics of ship plate
Widmanstauen sructiures. The transition temperature, when the 12 ft-lb key- steel.
hole notch C(harpy criterion was used, was lowered by quendting the plates
from the last hot-rolling pass. Longer quenching times gave lower transition Baulger, FW, Frazier. RH, Long. CH
temperatures. The higher manganese Steel W-5 appeared to be more adapt- Battelle Memorial Instine
able to quenching than Steel W-l, since the shape of the keyhole Chtarpy tratn-
sition curves for Steel W-5 was not altered by quenching. (4) In general, in- Ship Srsuture Commitee, Final Report, July 1955, 58p, 3 1 rd.
creasing the length of the quenching time lowered the tear test ransition
temperature. An exception was the plate of Steel W-1 which was quenched in NOBS-53239
water for 25 seconds before being air-cooled. 7hi , Plat had a higher tmi-
tion temperature than the plates which had been quenched for shoter ties or ORDER FROM: NTIS
air-cooled from the last hot-rolling pass.

Frazier, RH, Boulger. FW, Lori&, CH SSC-92
Batteile Memorial Insttute LOW TEMPERATURE EMBRITLEMENT MECHANICS

DEDUCED FROM ZINC SINGLE CRYSTAL FRACTURE STUDIES
Ship Strucure Counmitte, Progress Report, July 1955, 25p This study of the kinematics of fracture of an- single crystals, made by de-

forming and examining the crystals in stag4. reveaedtt prmary cleavage
NOBS-53239 generally began on the inert side of the kink plane near the shoulder and

teded to continue into the shoulder. Increasing the size of the shoulder rels-
ORDER FROM: NTIS AD-78008 tre to the are of the actively lipping tea secton repressed the tendency of

crack to continue into the shoulder. Tis variation favored fiurt deformation
of the test acion and fai increased the dotiolity of the specimens. This

SSC-90 study also cnfirmaed previcu work, which showed that orientaon gradiets,
EFFECTS OF ALUMINUM ADDITIONS AND VARIATIONS IN originally wrought by constraints, and not twinnig case brikl fractrm
FINISHING TEMPERATURE ON PROPERTIES OF HOT-ROLLED This is true whether sectional area dnes or twinned-s&utisned areas
EXPERIMENTAL OPEN-HEARTH STEELS change.
The Results obtained in this investigation o experimtal open-heasth steels of
ship plate composition justify the following conclusions: 1. The Charpy and Treon, R. Jr, Baldwin, WM, Jr
tear teat transition temperatures of hot-rolled plates were not changed signifi- Case Westr Reserve University
cantly by altminun contents in the range up to 0.04 per cent. 2. Variations in
the temperature of the final hot-rolling pass in the rage from 1650F to
2050' influenced the transition temperature of the laboratory rolled steel. Ship Sutuare Coramtinee, Final Report Nov. 1958, 33p, 17 r.
Each increase of 0I0"F in finishing temperatu raised the transition tempera-
ture 6"F in Qiarpy keyhole tests and 8"F in tear tests. 3. The fersite grain size NOBS-72046
of hot-rolled steels of ship plate composition was independent of variations in
aluminum content up to 0.04 per cent. Higher finishing temperatures produced ORDER FROM: NTIS AD-206684
coarser ferit grain sizes. 4. Steels containing more than 0.01 perert acid-
soluble aluminum had higher austenite grain-coarsening temperatures than
semikilled steels. Therefore, nominalhzing aluminum killed steels from 1650"F
produced finer ferrite grainsthannoraingsenMECHANICAL PROPERTIES OF HIGH PURITY FE-C ALLOYS AT
temperature. 5. Normalizing from 1650"F lowered the Charpy tramnstion
temperatures of the ship plate steels investigated. The beneficial effects of Results of the second phase of an investigation on severd high-punty, low-
normalizing were mor pronounced for aluminum killed steels than for semi- carbon irons in the alpha region of the Fe-C diagnm which was made in an
killed seh. atempt to correlate brittle behavior, as defined by the Oarpy V-notch tuan-

tion temperature, with yield-poin and fracture dais fromn taiazal tasion tes
Frazier. RH, Boulger, FW, Loig. CH are sunmarized in this report. All of the alloys sested showed a sharp use in

impact trmaition temperature conesponding to the preapibaticn of Fe Sub 3 C.
Batele Memoial In 'noThe data also indicate that fernies with vening have higher transition tempera-

lures than those without veinf as quenched from the alpha or unsaturnaed
Ship Stnicture Committee, Progress Report, July 1955, 33p, 7 ref. region. Two of the alloys show a decrease in the trasiion temperature of the

feritic structis as sanuiation is approw A Two hypohses we advanced to
NOBS-53239 explain this: I) as the temperature is lowered in the alpha region, the concen-

tration of carbon atoms at grain boundaries increases, and 2) carton ser gtes
ORDER FROM: NTIS AD-75454 at sub-grain as well as at primary boundaries and in same way "arergthens"

the sub-gain boundaries so that they assume more of the propertes of high-

SSC-91 angle grain boundaries.
INVESTIGATION OF THE INFLUENCE OF DEOXIDATION AND
CHEMICAL COMPOSITION ON NOTCHED-BAR PROPERTIES OF London, GJ, Spangler, G. Brick. RM
SHIP PLATE STEELS Pennsylvania University, Philadelphia
This report sumnmarizes the results of the investigation which included studies
on appronimately 400 steels. In order to condense the information, references Ship Structure Committee, Progress Report. Mar. 1959, 25p, 5 rf.
are made to progress reports containing original data oupporing conclusions
drawn in this report. Some technical articles based on these reports have been NOBS-50062
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ORDER FROM: NTIS AD-219818 SSC-97
THE MECHANISM OF BRITTLE FRACTURE
This report reviews the general form of stress-ternperature relationship for the

SSC_%crack arrest test and the effect of grain sire an grain controlled mild steel,
MECHANICAL PROPERTIES OF HIGH PURIT Y FEC ALLOYS AT ordinary mild steel and the effect an upper arrest and critical stress. Stress
LOW TEMPERATURES ahead of a crack fromt for various nominal transverse stress conditions is dis-
The mechanical properties of high-pinty iron-carbon alloys. 0.003 to 0.49% cussed as well as the possible relations among yield strength, su of grain,
carbon. at low temperatures were investigated. Results obtained indicate that temperature and arrest temperaue
the binary ferrites do not differ qualitatvely from comsnercial ferittic steels in
low-temperaisire behavior, assuming that in both cases oxygen contents ame Robertson. TS
sufficiently low for fracture% to be tnanscsystalline rather thain iiiticcystiline- Naval Construction Research Establshment
The study indicates that the exponent of strain hardenig appears to bemore
significant in defining low-temperature brittleness than the slope of the unoo- Ship Structure Commrittee. Mar. 1955, 15p
rected stums-drain curve. An hypothesis is also exteie that while carbides
initiate esacks, they also Waerfare with crack propagation and thuis reduce the ORDER FROM: NTIS AD-78 139
abrupt change fron ductile to brittle behavior upn a decrease of tempqeraurse.

Brick, RM SSC-,g
PennylvniaUniersiy, hildelhiaENERGY RELEASE RATES DURING FRACTURING OF
PesmylvnsaUnivrsiy, halaelpttaPERFORATED PLATES

A prelimary study of energy release rates in simple structures has been
Ship Structuire Correnittee, Final Report, Mar. 1959. 14p 4ef made. These simple structures consisted of 75ST specimens 6-in, wide, 12-in.

long, mid .032-in, thick. The specimens contained holes of various geometnic
NOBS-50062 shapes: circles, ellipses, squares, and slots. Symmetrical slots which serve as

crack simulators ci increasing length were introduced at the extremities of the
ORDER FROM: NTIS AD-219817 holes. Energy release rates of the specimens with saos up to 2/3 the plate

width were measured mid compared with rates for a plate ccetaining a simple
slt slate. The energy release sates for the plate constaining a bole-slot earn-

SSC-95 binancut were quite similar to the rates for plates coritaining ample slots. Thus
THERMAL STRESSES IN SHIPS the instability stres for a plate containing a hole from which a crack has
This report reviews the iformation in the literature on thermal strains and started should be approximately equal to the instability stres for a plate cat-
stresses in ships as well as theoretical methods of analysis whici may be ap- taining a crack of length equal to the hole-crack combination. Comparisons of
plied thereto. ILocalized heating by the sam has beew obaerved in a number of zest results with theoretical values show good agreement with a fuuiction of the
ships. Almost no observations of temperature effects have beens made on ships Griffith type for the full range of slot lengths evaluated. Agreement of test
wider the weather conditions and sa temperatures which prevailed at the time results with the modified Greeunspan relation was stiufactory up to ratios ci
of serious ship failures. Evidence was fourid in connection with brittle frac- slot width to plate width of 1/4. Beyond this range the experimental rate was
amre ci Group I severity that thermal stresses may have beeni a significant considerably less than the calculated raze.
factor in the failure 01 at leasn thirty tankers and an equal number of dry cargo
ships. In sane of thes cases thermal stresses were the prime factorr. In the Brousman, MW, Kies, JA
remazinder, heavy weather or other elements were also cositribuury. Theorm~- Naval Research Laboratory
cal methods were found whui would predict with fair accuracy the nominal
thermal stresses andl deflections in the hull girdr ci a shi if the distribtions of Ship Structure Conittee, (NRL Memo Report 370). Apr. 1955. 21 p.9 ref.
temperature were foundl which would yield actual rather thu nomninal stresses.
Thve anall anoint of informatios on the subjec 01 thermal stresses applicable ORDER FROM: NTIS AD-79009
to ships indicates the desirability 01 mome research in this field

Heebtinai, RA SSC-99
GeneWasingtn UiverityNOTCH-TOUGHNESS PROPERTIES OF ABS SHIP PLATE STEMlS
Geore Wshigto UnverityThis project is conoemed with a survey of the notdi-touigiuess properties and

other characteristics of mild steel shi plate as procured by various commsercial
Ship Sutrui Commtittee, Final Report, Oct. 1956, 155p. 70 ref. shipyards for new merchant ship construction wider the American Bureau of

Shipping Riles. The over-all objective is to determine the extent to which
NOBS-72046 present-day ship plate steels have been improved, based principally upon a

comparison of their Cliarpy V-notch properties with those established at the
ORDER FROM: NTIS AD- I114021 National Bureau of Standards an plates fran fractured World War Il ships.

Samples of Class A. B, anid C plates are being furnished at a contuous
basis by the U. S. Coast Guard and represent acrap material remaining frusn

SSC-_6 plates used in new ship constructian. Information relative to the backgraund
NOTES ON THE INFLUENCE OF UNFAIR PLATING ON SHIP history of the samples is meager. To date, 32 Class A, 80 Class B,. anid 16
FAILURES DY BRITTLE FRACTURE Class C plate samples (total 128) have been received. On each sample, the
Is was fouid that the unfairness of bottom or dock plating does not raise the Material Laboratory determined the chemical composition (C, Mn., Si Al). fer-
tensile stresses to any significant degree. As any influence o1 tnfaimess as rite and NcQuaid-Ehn grain sizes, static tensile properties, nords-toughmess
the danger of brittle fracture could be only throughi an increas of the tensile properties as evaluated by Navy tear tests a selected rtemperatures, and Otarpy
stresses, it is finally concluded that plating uinfairness per at has no significant V-noch and keyhole-notch trnsition temperatures. This progres report pre-
bearing on the problem of brittle fracture sents data chtainied as 8 (lass A, 44Class B. mid 8 Class C samples (total 60).

On the basis of comparison of the 15 ft-lb Cliarpy V-notch trasition tempera-
Bleicli, HH hires with those established by the National Bureau of Standards. the prelimi-
Columbia University, New York nary findings indicate that the notch -touiginess properties ci ABS ship plate of

current manufacture are considerably better than those o1 plate made during

Ship Structure Commuiittee. Final Report. Mar. 1956,. 4 7p, 8 ref.

NOBS-0148Kahn, NA, Imbembo, EA, Gabriel. JI
NOBS-0148Naval Material Laboratory

ORDER FROM: NTIS AD-109676 Ship Structure Comumittee, June 1955. 30p, 6 ref.
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ORDER FROM: NTIS AD-78007 un tension .pecumn at -195*C and cosiders the effect of the inanactue
on the tensile properties in the brittle rge detrrned and opimumn deoxida-

SSC-100tion practices established
INDEX OF SHIP STRUCTURE COMMITVTEE PUBLICATIONS Owen, WS, Whitmore, DH. Sullivan. CP. Averbads, Il, Cdhen, M
This report is an index to all publications of the Ship Stuicture Comte MasWUaCxUssz InstIrfu tte Technology
between the time of is formnation in 1946 and February 28, 1958. The index
is divided mwt three sections. Section I conssts of three portions that contain ShptrcueCmie ogRotJn1967.73ef
all of the reports distributed by the Ship Strutacure Comrruuee. Pant A is a ShpSncueCnstePrgeptwi196 p.3i.
lising of all Ship Structure Committee reports by serial nwrnber fromt I NR-51
through 110, including other pertinent information such "a aurtors. type of NOS65l
repost (progress. final, special, survey, or interpretive), and date of pulcain ORDER FROM: NTIS AD-106390
Pant B includes Ship Structure Cornrruuee reports that do not bear serial num-
bers. Part C contains a listing of miscellaneous repors and papers that were
not published by the Ship Structure Commrittee but are closely related to the SSC-103
Ship Structure Ccennmit program. Sectiun 11 lists research projects together THE TENSILE YIELD BEHAVIOR OF SHIP STEEL
with all Ship Structure Committee reports published in connection with each The prey~ield strawn plieanena a room temperaure and -19-VC ame exi
project as set forth in Section L Section III cites references to reports listed in in two ship steels, (an ABS class B sernikiled steel and a stainig steel desl-
Section I that have been reproduced in whole or in part in other technical pated "project steel E")1 as a function of annealing and normslizisg teiwera-
literature In addition, references ame given to articles that have been published aim and the ferite grain se. The yield posm ane measured by an woxrt-
as a result of Ship Structure Committee sponsored work. snadey constant strain rate tea, the load icteasing cuntnuoussly to the upiper

yield point. A step-load technique with SR-4 electrical resirstc gages is
Fisher, MB used to dcetmine the elastic limit and thec preyield stran. These experimsents
Ship Structure Committee. (0022-182 1). Apr. 1958, 34p are sup~plemented by mianaocopic observations on psepolished tens&l speci-

mens. While the stress levels for the initiation of microstrais. creep. nod gross
NOBS-72046 yielding ar all predumnintly chaniastry and grain size deperidast the strin

rate in each range ia Primarily a functon of the annaling or normalizing
ORDER FROM: NTIS AD-161094 ternperature employed.

SSC-IQIOwen. WS, Averbadh. BL, Cohenr. M
IMPROVED NOTCH TOUGHNESS OF EXPERIMIENTAL ~ue slrtnt fTcnlg
SEMI1KILLED STEELS OVER ONE INCH IN THICKNESS Ship Structure Committee. Prog Report, Sept. 1956,.3 7p. 23 rd.
A substitute for ABS Clats C killed ship plate steel (over one inch thick) is
desirable because it is likely that during an emergency hot-topping capacity NOBS-65918
would not be available for the production of ship plate, To provide a semni-
killed steel of suitable toughness, a cooperative investigation was undertaken ODRFO :NI D18
to produce and test two 25-teat basic open-hearth aulemd heats cortaining ODRFO:NI D186
lower carbon and higher manganese than psesent ship plt steels. Teats on
the plate product indicate that this steel is tougher thun presently used semni- SSC-104
killed grades and should be sufficiently tough to cosisder as an energenicy DEVELOPMENT OF FILMLESS TECHNIQUE FOR RECORDING
substitute, or possibly as an alternate, for ABS Class C stel in thicknesses DEFECTS IN SHIP WELDS
over I in. to 1-3/4 in. inclusive. To meet the tensile properties specified by the The U.S. Naval Ordnance Test St-an invest*gte inonnually the feailliy of
Americant Bureau of Shipping for hull steel, it is tentatively reconmnended that a direct-reading or filmless tadariquie in radiography uising a 300 inC Clobsht-
the comiposition range for the proposed steel be 0.20% carbona maxismun arnd 60 source aid a Geiger couater as a dotto an a W-. tick steel welded ta
1.00 to 1.35% manganese. The propoad steel should have abot the sme plate furnished by the Long Beadh Naval Shipyard. A dietol and a radiograph
sensitivity to underbead cracking as ABS Class C steel. It is recosmmended of the welded test plate ame shown. The tests were based on treusnnined radia-
that a number of full-size heats be made and tested so that average properties ton, and 0tc ume requred for a preset tuamber of coa on a Poner dairo-.
and the likely range of properties may be beaue determined and opinmum graph was a fssnction of the radiation intensity passing through a specific a
deoxidatiur practices established. of the weld. The larger the void, the shttrw the tme indicated on the cntr

The mernorandumn also stated that preliminary tests indicate that is was
Vanderbeck. RW feasible to place both the radiation souirce and the dtao on the sam side of
United States Steel Corporation the weld and to use a lead slieat radiation scausteer an the othier side. Afl the

following experiments were conducted with a see plat as a sumerer ined
Ship Structure Comnsiuee, Prog Report. 1956, 53p. 12 ref. of the originally adopted lead shed because the yield of the former was highier.

Even though only aidioiuctopes sam mentioned as radiation sources in the pro-
NOBS-72046 ject assigrmnt. the investigation was extnded to include X-ray% since a

highe radiation intensity was expected from die 250 kvp X-ray eiiisr
ORDER FROM: NTIS AD-106452 than fronm the available weak gamma source of 150 inC. The daerr sdin

these tests were as follows: a saintillator, us indlustrial Geiger mcmie (radio-

SSC-102 tion montitor), and cadmrium suilfde and cadannitsde crystals.
THE RELATION OF MICROSTRUCTURE TO THE CHARPY Bujes, JI
IMPACT AND LOW-TEMPERATURE TENSILE PROPERTIES OF Naval Ordnance Test Station
TWO SHIP STEELS
Thi report describes the influence of the microetnictral feature on the brittle Ship Sanactusre Committee Progress Report, Feb, 1957. 35p. 2 rIf.
behavior of two ship plates, one a sensikilled steel (ABS Class B) and the
other a rimming steel (project steel E). The ferite-pearlite aggregates were ORDER FROM: NTIS AD-635673
vanied systemnatically by means of annealing and noralihing treatmenrts. and
correlations were obtained between the brittle behavior and seeal accurately
measured microstructural parameters. Part lit concerned with observations on SSC-lO5
polished specinmens after deformation in tension and slow-bend tests at-195 C. WELD FLAW EVALUATION
as well as at rownt temperature, to assess the role of twinning and to study the This is a detailed finael repast on a series of investigatiots made to determine a
morphology of slip and brittle fracture. Pant II describes the quantitative in- basis for the evaluation of the ability of weld flaws to intaste baittle fracture.
fluence of microstructural variables on the Charpy V-notch transition tempera- The report is in four parts dealing successively with (1) brittle fracture me-
ture. Part III reports on measurements of deformation prior to brittle fracture chanics based on the Griffith theory and on Irwin's strain-eeg release rate

21



SSC- 106 SSC Bibliography SSC-109

adoptabcms, (2) static tests on flawed butt welds, (3) static and dynamiic test probably existed in structures that have failed in serv'ice at low applied stress.
on small butt weld flaws with and without residual stress. and (4) static tests Servce failures and the results obtained an this project show that flaws. (erpe-
an weld flaws in a controlled field of high residual stress. All welding flaws cially cracks), of almost any size are potential intuahian points of brittle frac-
in selected mnatenials were simulated flaws, vanied to represent lack of penetra- ture. On the other hand, these results have shownt that a totalsareas of yield-
fion porosity, lack of fusion, or sharp internal weld cacks. The major objec- point value or higher, in coniwiclian with sane stress-raising coridituan, is nec-
tive was to examine the effect of given flaws in various envuronments. in order essary to urutiate brittle fracture tunder service condtions fran flaws of various
to deterinne the environent esscetia to initiate britil fracture under low sizes and typies (t.Ji As a cradck ora!ck of fusrcui in a weld jnt.In other
static staes conditions. Low temperature was generally an essentia pant of the words, it takes a combination of conditions to initiate a brittle fracture.
enviraunent, but low static atreas initiation could no be procured below the
nominal yield point unless the stotic stress was aupsersted by other a dynamiuc Sopher. RP, Lowe, Al, Jr. Riqipel, P1
sues or a high previously-incurred residual stress. The residual stres en- Battelle Memorial Institute
viromment proved to be most 11gtiiCIanL Brie fractures were initiated from
short internal cracks wish as small as 2000 psi of applied statc stress at %u Stu anne ia Rpr, Aug. 1958, SI p
tensperatures in the order of 0rF. If total brittle fractur did not marlk arrested
fractures occurrd from small buried flaws, with the Arrested crack forning a NOBS-6 1748
potential source of fracture initiation. Finally, this report emphasizes the inm-
portant bearing that residual stress has on the bristle fracture problem and the ODE FROM: N71S AD-203935
need for extended investigations an brittle fracture mechanics based an strain-
energy release rate to furnish a complete engineering basis for flaw evalua-
Sian. SSC-10g

NOTCH-TOUGHNESS PROPERTIES OF SHIP-PLATE STEEL AS
Carpenter. ST. anseuneyer, RF EVALUATED BY THE VAN DER VEEN NOTCHED SLOW-l END
Swaiahmore College TEST

On the basis of the limiied Amount of work reported here, the van der Veen
Ship Stnscture Cormmittee, Final Report, July 1958, 117p, 14 ref. notched slow-bend test appears to provide an estimate of the fracture transition

temperature similar to that obtained in the Navy tear test. A ductility tnmi-
NOBS-72060 tian temperature can Also be evaluated by the van der Veen teat, but during the

present study it Appeared tha more teas should have been corAxicted at lower
ORDER FROM: NTIS AD-201631 temnperatures in order to permii more suitable selectians of the ductility transi-

tian temperaure. Increased use of the van der Veen teat should establish its
correlation %ith the ot.c i-its Ll- t have been used to e',aluase the naids-sensi-

MIS AMLNGTCHIUE0ORQALT tivity characteristics of ship-plate steels. In this connection. the Material
NULLSAMPINGTECHIQUE FO QUAITYLaboratory is currently applying the van der Veen teat to samples of ABS ship

DETERM[INATION OF SHIP PLATE STEEL plate under investigation as the National Bureau of Standards as part of Ship
In order to obtain informatian on the variation of mechanical properties within Structure Cknmmittee Project SR-139, "Jiint SSC-AISI Study."
typical heats of currently produced ship plate steel, 54 plates from 6 heats were
obtained farm two producers, United States Steel Corpoaion and Bethlehem Ime o EA Gisbr
Steel Company. T'he fanrner contributed 27 plates of 3/4-an. ABS-Claa B, New York Naval Shipyard
and the latter tcontributed 27 plates of 1-1/4-in. ABS-Caast C. All were made
to the ABS Specification in effect prior to February 1. 1956. A sample of124 ShpuctmC mieePrgssRonAg.152p.4ef
of these plates was selected to provide data on th vaitin amn pl, Si tucueCranne rgrs eot.Ag 99,2p4rf
ingots. Antd heats. Five additional plates were subsetly teste to resolve
doubtful cases. Although primary interest was an the notch toughness clme NOBS-72D46
teristics, the static tensile properties, ferrite grain size, And chemical aimpos RDRFRMi-I A-274uon were also measuired. In Addition, the severity And extent of segregation tn ODRFO:mI D274
scam of the plates was studied, and the influence of segregation an impact test
results was examined. Analysis of the results an the 29 plates indicates that SC10
the mechanical properties of plates in an entire heat can be satisfactorily eval- BRITTLE FRACTURE OF MILD STEEL IN TENSION AT .196C
uated by tests an two properly chosen sample pIltes The tensile fracture behavior of a mild steel at 196*C was studied in sane

detail With the aid of W&i thin strip specimens loaded at canttrolled crosshead
stauaili. CLspeeds between 0.00089 And 0. 16 in. Amnin, the strain pattern and microscopic

National Bureau of Stanidards changes preceding firactirre were observed, anid the magnitude local strain was
measured. Specimens heat-treated to alter the tendency toward brittle be-

Ship Structure Committee, Progress Report, Jan. 1958, 44p.,6 ref. havior, but maintaining fernte-pearlite structures. were also eamiined. Under
these canditians. All the b.ider's bands display nsicrocracks in sone ferrite

NOBS-72046 grains. However, the as-rectived and normslized specimens do not fracture at
low yield stresses (slow loading speeds) during the spread of the L.irder's

ORDER FROM: NTIS AD-160562 bands. By mixing the loading speed, a critical stress is readhed when fracture
occurs after a delay time. The formnation of microcracks and fracture is always
preceded by gross yielding. On further increasing the loading r, the fracture

SSC-107 stress rises along with the yield stress. Deductians fron the dislocation pile-up
EVALUATION OF WELD-JOINT FLAWS AS INITIATING POINTS theory of fracture in polyctystalline metals are not canpasible with the expen-
OF BRITTLE FRACTURE mental data. It us concluded that the micfocrack model suggsted by Low is
This report describes a study made of the conditions needed for initiation of a more appropriate. Sane observations on the creep occurring in I.Axer's bands
brittl fractur fran flaws 4 an. or less in length. Experiments perfanmed de- during their propagation at I96*C are included.
monstrated that residual And reaction trsse (local stresses) jan with Applied
stresses to make up the total stress that is involved in the initiation of manty See also AD-264 524.
bristle fractures. If local stresses are high in the vicinity of a flaw, thent the
applied stress may be low when brittle fracture initiates from that flaw pro-
vided that the steel is at or near the rid ductility temperature (NDT). Stress Own WAS Aebch, BL Cohen. M
conditions that are expected to exist in ship structures were incorporated in the Massachusetts Institute of Technology
tea specimen. Various techniques were employed to determaine, the magnitude
of the stresses in the AreA of the flaw front. Sane brittle fractures were an- (NS-OII1-078) Progress Report, Nov. 1957, 37p
itiated fron flaws 4 in. or less in length at an applied stress of less than 6000
psi. Thus the results provided sane insight concerning the state 01 stress that NOBS-65918
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ORDER FROM \-TS AD-6350h,2 fracture. Thus far, vertically oriented strain gages in fronit of the crack Liicate
that there is negligihic strain redsstniuon on tie section of the plate ahead of
he rack Studie tidicated that the vs raiesponise associtsed with the ins-SSC-10 on mpac we" atio wasreltivly mallas ompredto that recorded

THE INVESTI(;ATION OF RADIOISOTOPES FOR THE during the fracture process The complete brittle fracture of a pull plate sub-
INSPECTION OF SHIP WELDS jected to static loading with no amtficial streu concentratin is also reported
A study was conducted that explored the ities of radioactive issupes
for the inspection of welds in ship structurti. .arious paraimetiers were iflves- Lazar R Hall. WI
tigated to determine an optimum radiographuc sectinique fx the ip-iin of Illns University Urbaina
hull welds of 1/2-to 2-sn. plate. Technique and sensitivity curves for thulium.
sndium, cesium, and cobalt are included. For the inspection of welds un 112-in. Ship Structure Commsttee. Progress Keport, '-Irt 1Q59. 51p. 10 ref
to I -in. thick plate, indiumn is the most promising ssotope. A portable exposure
centauier for indium has been developed. NB

Criscuolo, EL Case, DP Polanslty. D ORDER FROM: %7IS AD-227390
Naval Ordnaince Laboratory

Ship Structure Committee, Bureau of Ships. (SR- 127) Progress Report. Feb. SSC-113
1958, 57pp. 35 Fig, 4 tab, 2 photos, 12 ref, I app FRACTURE appEARANCE OF IMPACT SPECIMENS TAKEN

FROM FRACTURED SHIP PLATES
ORDER FROM: NTI1S AD-159180 Several thousand broken V-notch Cirpy specimens from service failures were

studied to determine the reliain between fraure appearance and impact
enrergy of teel from fractured ships. It was found that the 50% fibrous frac-

SSC-111ture criterion was as effective as the Charpy V-rootch I5 ft-lb criterion as a
PRELIMINARY STUDIES OF BRITTLE FRACTURE mecans of discrumiting between plate that contained she soiumte or the ter-
PROPAGATION IN STRUCTURAL STEEL minus of the fracture, or ithe Plate permained a fracture to run through ti.
This report describes the early development work on the program and the sub-
sequent preliminary series of tests of 2-ft wide plate specimens. Initially, two Betin JA
methods of fracture initiation were investigated, the powder detonator bolt, National Bureau of Staridardis
which involved the use of an explosive, and the notch -wedge -impact method
Although attractive for several reasons, the detonator bolt method failed to Sip Sructure Committee. Final Report June 1959. 9 p. 3 ref.
initiate any fractures and thus was dropped from further conisideration. As a
result, the notch -wedge -impact method of fracture initiation has been used for NB-24
all plsae tests in this program to date. Other developmnent work included speci-
men cooling, instrumentation, and details of specimen geornetry. When the ORDER FROM: NTIS AD-219930
development work had progressed to a satisfactory stage, a series of test-s of
2-ft wide specimens was made. These tests involved the surface measureen
of crack speed and strain psum while the fracture was propagating. Their SSC-114
results may be summarized as follows: I. Crack speeds ranging from 1150 to THE INFLUENCE OF FERRITE BANDING ON THE IMIPACT
5900 fps were recorded. 2. Absolute peak elastic strains as high as 2500 micro PROPERTIES OF MILD STEEL
in./in. (0.0025 in./in.) have been recorded in the vicinity of the fracture. 3. For The objec of this investigation was to compare the Chau" propesties of a
vertically oriented dynamiuc stratin gages, as the distanice fronm the fracture to severely banded fierrixe-pearlise strucstire wish those of a raidon ferme-pearlite
the gage increases, the magnitude of the peak strain decreases, aid the pulse diatribation. Both types of specmens coulid be prepared fsom the sane mate-
time increases. 4. No correlation of crack speed with texture was noted. 5. A rial by applying atutable bonoesitzing treatmns to an initially banded seel.
sizable delay in the time necessary to start full propagation was noted for Some obervatins on the nature of the banding are described. The Caupy
cracks initiated in the vicinity of a sheared edge. A comparison of the records properties at the lower end of the testing-sensperssse range are not appreciably
from each group of tests indicates that, within reason, coinsstent data were affected by the degree of fesrie bandling, by the dinection of the specimen axsa,
obtained at simiular gage locations under comparable test conditions, or by the onrstatin of the notchs. However. n t higher temnperature range.

the random structire eshibris a hiajir energy absorption thani does the banded
Hall. WI. Godden, WG, Feahlioglu, OA stiructure aidl in both case, the Qiarpy values depend strongly on the orients-
Illinois University. Urbana tion of both the specimen and the notch. Evidlence was obtained to suggest

that the fracture apearance is not sensitive to specimen onientain even in a
Ship Structure Corrmittee, progress Report, May 1958, 86p severely barided steel, althoughs notch orientation sa a factor. No preferred

crystallographuc orientation of the ferrite was found in any of the specimens.
NOBS -65790

Owen, WS, Cohen, M, Averbaish, BL
ORDER FROM: NITS AD-202145 Massachusetts Institute of Technology

SSC-112 Ship Structure Commte, Progimss Report. Oct. 1958, 23p, 9 ref.
STUDIES OF BRITTLE FRACTURE PROPAGATION IN SIX-FOOT NOBS-65918
WIDE STRUCTURAL STEEL PLATES
Presented in this Second Progress Report are the results of tests on 6-ft wide ORDER FROM: NTIS AD-2 12996
plates, conducted between November 29, 1955 and November 15, 1956. that
were instrumented to measure crack speed anid strain response as the brittle
fracture propagated across the plate. The test procedure consistied of initiating SSC-115
a brittle fracture at the edge of a plate by the notch-wedge-impact method and BRITTLE FRACTURE INITIATION TE.STS
recording strain and speed detector signals with cathode-ray oscilloscope A running crack will propagate at nominal stresses of 10,000 psi in steel plate.
equipment as the brittle fracture propagates across the place. For most of the Nevertheless, structures of such steel operate at higher nominaul strms.
tests, the average net stress was about 18.0 ksi, and the temperature of the Furthermore, laboratory tests generally fail to initiate brittle fracture at nominal
fnmmed-steel plate was about OF. Recorded surface crack speeds ranged from stresses below yiseld except by extremne cooling or impact loading. A sitiong
1800 to 7550 ft per sec; however, 75% of the speeds fell within the range of barrer to the static initition of brittle fracture thus exists. The object of the
2100 to 3900 ft per sec. The majority of the strain measurements recorded present investigation is to study the conmditions under wichd this bannier is
during crack propagation were made in the immediate vicinity of the fracture lowered. Until static laboratory tests reproduced fractures at the temperatures
path. Strain magnitudes exceeding 0.002500 in.in. have been measured on the and nominal strsses encountered in service, brittle fracture will remain essen-
plate surface near the fracture, with negligible permanent set remsainig after tially unexplained. Moderate success has been achieved so far. Welded aind
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unwelded notched steel plates with vanous prestuins were pulled at vanous NOBS-65790
temperatures. Transversely prestrasted plates with punched notches fractured
consistently below yield under static loading. The fractures were as brinttle as ORDER FROM: N'I'S AD-229845
those found in service in the region of propagation and, far more important.
also at the pont of initiation. ssc-iis

Mylonas, C. Drucker, DC, Isbeg. L STUDIES OF THE STRAIN DISTRIBUTION IN WIDE PLATES

Brown University DURING FRACTURE PROPAGATION
This report sumnarzts the results of a series of tests made as a part of the
study of the propagation of brittle fractures in 6-ft wide steel plates. All plates

Ship Structure Committee, Progress Report. Oc- 1958. 9p. 46 ne. were tested at an average net applied stress of 19.000 psi, a temperature of
about -10"F. an an impact energy of about 1000 ft-lb, which made it possible

NOBS-65790 to superimpose the test data and obtain contaurn of strain on the surface of the
plate for a propagating fracture. Contotrs of both the maximnur principal

ORDER FROM: NTIS AD-205563 strain and strin measured with verucally oriented gages for various lengths of
crack are presented in this report. A study of all the applicable dais from
earlier tests made as a part of this program indicates that the strain contour

SAC rdata presented her are also representative of the data from these earlier tests.
STATIC BRITTLE-FRACTURE INITIATION AT NET STRESS 40% The studies indicate that for the particular specime geometry and sociatle
OF YIELD test cuiditions, the strain field associated with the tip of the advancing fracture
Static fractures which are brittle from the start are evidece o( lack of ductility remains essentially unchanged after traversing about one-thid of the plate
at the point of crack initiation and occur at low average net stress. Past Static width and extends only about 8-10 in. ahead of the crack tip.
tests, in failing generally to reproduce the phenomenon of brittle-fracture ini-
tiation, showed that tndamaged seel plate under adverse notch conditions has Rofe, ST. Lynam, TM. Hall. WJ
sufficient ductility to allow general yielding before fractunng. Static iniiation
of britle fracture can be achieved by an additional exhaustion of ductility. For
this purpose, a steel of high transition temperature was subjected to various
types of pstraining. The best results were achieved by p'compressing 3/4- Ship Strucure Committee, Proress Report, Dee. 1959,64p. 5 ref.

in. thick i-in, square plates with machined notches so as to produce large
plastic srains at the notch roots. When tested in central static tension at : ORDER FROM: NTIS AD-231079

temperature below the transition range, these plates fractured at average net
stresses well below yield level. The lowest average suess at fracture was 36% SSC-119
of virgin yield. Thus, for the fuist time brittle fracture of unwelded steel plate A REPLICATION TECHNIQUE FOR THE STUDY OF A BRITTLE
has been initiated in the laboratory under conuolled conditions at such low FRACTURE OF SHIP PLATE STEEL BY ELECTRON
strues. The conditions at fracture indicate that energy theories are useless or MICROSCOPY
inapplicable in the problem of fracture initiation. Finally, residual stresses are This investigation was undertaken to study the applicability of election micro-
shown to be of little importance when ductility is ample. When embnttlement stapy in determining the relationship of microetnucture of ship plate steel to its
is excessive, they only hasten a fracture which would have occurred at low brinle fracture transition temperature in order to obtain a broader under-
appied sress in the absence of residual stress. standing of tfe phenomena involved in the brie failure of platng in ship

hulls under service conditions. The results for a series of specimens of differ-
Mylonas, C, Drucker, DC, Bnmton, JD ing transition temperatures indicate that there is a relationship between the
Brown University degree of separation of cenentite lamellae and the tanperature in the transition

fron predominantly ductile to predominantly brittle fracture: An increase in

Ship Structure Commnittee. Progress Report Dec. 1958, 7 p, IS ref. cenoentite ordering is correlated to higher transition temperatures.

NOBS-65790 Hass. EC
New York Naval Shipyard

ORDER FROM: NTIS AD-215142
Ship Structure Committee, Final Report, Jan. 1960. 14p, 4 ref.

SSC.117 NOBS-72046
BRIrTTLE FRACTURE TESTS OF STEEL PLATES CONTAINING
RESIDUAL COMPRESSIVE STRAIN ORDER FROM: NTIS AD-231231
This investigation was undertaken in an attemit to deumune some of the f-
fects a residual campressive-strain field may have on a propagating brink ftac-
urns. Brisle-fracture tests were conducted on 3/4-in. thick by 2-ft wide by 5-ft SSC-120
long stee plates in which there was a longitudinal residual compressive strain WHERE WE STAND IN DESIGN WITH BRITTLE FRACTURE
in the central portion of each plate, and a region of high longitudinal tensile This review paper presents some of the highlights of the engineering features
strain at each edge. This strain field was developed by welding tapered dots of brittle fracture together with a unmmry of some of the current theories.
cut perpendicular to the edges of the plates. The tests show clearly that the including the recent Cotirell Theory. In an atempt to interpret recent data in
residual srain field affects the initiation and propagation of a brittle fracture. the light of the Cotrell theory it is concluded that same modifications in the
In all these tests the residual tensile grain at the edge of the plate was effective theory are required to explain recent experimental results. Nevertheless. the
in reducing the applied sress at the notch required for fracture initiation. In dislocation picture of brittle fracture has been very helpful in providing a
one test in which the fracture propagated completely across the plate, the re- theoretical framework for the fracture mechanisms, and it is expected that
sidual compressive strain field decreased the crack speed and the associated these concepts will be continually developed with more theoretical and expei-
strain response. In two other tests, in which the residual compressive srains menud work.
were much greater, the brittle fracturm arrested in the compressive strain
fields. The results suggest the possibility of prestressing elements of ships or Averbach, BL
structures, or perhaps entire structures, as a means of arresting brittle fractures Massachusetis Institute of Technology
or providing a barrier for fracture initiation.

Ship Structure Commitnee, Feb. 1960, 19p, 18 ref.
Rolfe, ST, Hall, WJ, Newmark, NM
Illinois University, Urbane NOBS-72046

Ship Structure Committee, Prog Report. July 1959, 7 0p, 4 ref. ORDER F1ROM: ,NTIS AD-233572
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SSC-121I SSC-124
MANUAL OF ISOTOPE RADIOGRAPHY A LONG-RANGE RESEARCH PROGRAM IN SHIP STRUCTLURAL
The purpose of Out manual is to present information and expermetal data on DESIGN
the radiography of steel (particularly welds) using isotopes. This information This report presents the results of the study, and is concerned spectfically with
will assist the radiographer in selecting the proper technique. The technique research ob~ectives and approaches aimed at the ultimate imiprovement in the
described can be applied to the radiographic inspection of welds contained in design of ship hulls of conventional form. Ii presents a suggeasted laig-rivige
ship stnscliires. No attempt is made in this document to evaluate the discon- research program based an a critical review of past and currnt resarch. cai-
inuies other than to famtize the reader with the intepretaton and classii- ling attention to problem area where signtificant advances can be made by
cation of defects further research. The repast is in no seise intended as a wosiong design

manual, nor does it cover the cosnplete range of ship structural problems.
Cuscuolo, El, Polansky. D, Dyer, Charles 11
Naval Ordnance Laoatr Borg. SF. Korvirn-Krouksovsky. By. Lewis. EV, Zubaly. RB. Becker. H. Ger-

ard, G Neumann, G. Pierson. WJ, Jr. Tick. L

Ship Stnuctuire Committee, Bureau of Ships. (SR-127), Final Report. May Stvn Institute of Technology, New York Univeaity. New York

1960. 4 8p, 27 Fig. 6 tab. I I ref Ship Stricture Corinmitmee, Final Report. Nov. 1959, 221p. refs.

ORDER FROM: NTIS AD 237536 NOBS-72295

SSC-122 ORDER FROM: NTIS AD-229826
BEHAVIOR OF RIVETED AND WELDED CRACK ARRESTERS
This report describes the laboratory work undertaken I) to investigate the SC12
feasibility of developing a welded cract arrestor and 2) to observe the be- SO E BERAINONTERT F CI" EPOLM
havior of various crack arresting devices. The study was accomplished by SOe obeRVTIN ON THEil frRcture FRCTR Puselha envgrolnced
propagating a britile crack, initiated by driving a wedge into a notch at the bypefuleo ree effrtsr in manyiconriie s utee h as be n saneu mispeed
edge of the specimen, into 2-ft and 6-ft wide steel plates containing esther (a) by powerfle Teheaich effost in m cotmhes n sutain in srolem rsecsan
welded inserts of T-l steel (b) riveted doubler plates or (c) welded inserts of in inclable. the mseal dfeaures to ieseiing dove pbe s clitelf, and
ABS Class C normalized steel, which were located at various ditne rm by Jclcs of ida on these essernjs-1a. and on thi~r Wserpresatios, possibly
the edge of the plate. Most of the tests were conduicted at nominal stresses bsecause ste probliem htas brousght togethser isto one forum, as it were sevral
between 20 and 30 ksi and at temperatures between -25 and 40rF. Sone of the branches of scentific and technical endeavor which in ste past have func-
specimnens wese instrumented with strain gages to provide imai 0on tioned, to a large extent, fidependently. This has led to msanitaitdings; dusc
crack speed and strain pattern. to differencers in trinology and oihe= difficulties due to conflicts of msises.

In suds cirumstances it is often desible to re-exunisrse fundamentals, and the
Mosborg, Ri present notes are an atterwpt to do this. Sucs re-exasusuatsian often enttail the
Illinois University, Urbanas repetition of "oios" facts, and while this may appea tedious, it is essential

to the proces. The report reviews kinds andt modes of fracture, stunasacas of
Ship Stnucture Committee. Final Report Aug. 1960.1I14p. 22 ref. unstable fracturing, selection of tests and empircal measures.

NOBS-65789 Boyd, GM
Lloyd's Register of Shipping

ORDER FROM: NTIS AD-242415
Ship Structirre Committee, 1959. 20p. 16 re.

SSC-123 ORDER FROM: NTIS AD-225028
AN INTERPRETATION OF LOWER YIELD POINT PLASTIC
FLOW IN THE DYNAMIC TESTING OF MILD STEEL
Evaluation of the role of rapid plastic flow in the fracture pbocess necessitates SC12
some measure of elaistic and plastic strength which will be suitable fo high INFLUENCE OF HOT ROLLING CONDITIONS ON BRITLE
strain rates. For a limit to the static elastic strngt of mild stel, the lower FRACTURE IN STEEL PLATE
yield stress is a generally accepted criterion. Its use for the dynamic test, Steel plates processed according to a onsvenional and controlled (low, finish-
although ommon in the literiature, is more difficult so justify becauise here ing temperature) rolling practice were studied to esablish reasais for a supe-
neither the lower yield strain along the specimen, nor the lower yield stress, nor notch toughness in the corsarolled-rolled produsct. Te lower transition
ame even approximately constant. The variability of bosh is a consequience of temperature (Cirpy V-notch 15 ft-Ib) in plates investigated is derived largely
the fact that in the highi strain rate test, a "sty state" form of the Ludens from a smailler ferrite grain size. Expenimnral evidence was also obtained to
strain front is not obtained, nor is it then contained within the length of the indicate that a part of the improvement resuts fronm a microfissuring in the
specimen. For this paper, strain distibution is measured after stopping a dy- planse of the plate at the notch root. with the effect that stress tnazialtry is
namic machine during the lower yield. From head displatcement and load m- relieved aid itastion temperature depressed The origin of the flaws re-
cords obtained during the test and also from plastic flow rat senitivity sponsible for the fissures was not detesmined with certainty, but there was
measured in other high-speed tests on the same material, the strain distribution good indication that they were simply inclusions in a fiber structure too fine in
is predicted. The predicted strasin distribution behind the Luden band front is scale for observation with normal metallogrWapic techniques. The critersa Ie-
found in good agreemrent with that measured. When the velocity of the band sensed for microfissuning were: (1) a flaw stitimir dispersed on a scale no
fronst is corrected for its diminution owing to continued flow behind the front it greater than the size of the plastic volumne from wich the brittle crack origi-
is related to driving stress with a sensitivity corresponding to that for the uipper nated; (2) a ratio of the citical fracture stress in thickness (Z) to rolling (R)
yield point or the delayed yield. direction no greater than about 1III The necessary fracturing sinisctropy, was

favored by mome intense fibering (lower Orz) and finer grain size (highser oa).
Krfft. I The criteria were moat nearly satisfied by controlled-tolled plate. Correlations

Nava Reearc I-bonsorybetween as and visible inclusion content shwed the decrease in a to be
NavalReserch ebottotyparalleled by more elongated inclusions. as if visible changes are indicative of

changes in the ine-scale fiber stuctuire.
Ship Structure Committee. Progress Report, June 1961, 19p. 6 ref.

Kazinczy, F, de Backofen, WA
NOBS-72046 Oxelosunds Jamnveskssktiebolag, Massaciusets Institute of Technology

ORDER FROM: NTIS AD-260775 Ship Structure Committee, Progress Report Nov. 1960, 26 p. 28 ref.
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NOBS-72386 mults of several examples of statcall, losded plates analyzed with the lat ice
model show excellent agrerment when compared with an energy method solu-

ORDER FROM- NTIS AD-247562 lon. The diferential equauons expressing the dynamic behavior of the lattice
model are developed, and nunencal solution of these equations is discussed.
Examples are given of application of these equaUons to a steady-state condi-

SSC.12 tion and the calculation of natural frequencies of lattice models. Several ex-
INFLUENCE OF SPEED OF DEFORMATION ON STRENGTH amples of the transient-strain redistibution associated with a crack propagating
PROPERTIES IN THE POST LOWER YIELD STRESS-STRAIN through a plate in finite jumps are presented. Two methods of numerical tte-
CURVE OF MILD STEEL gration that alt suitable for transient solutions of the differential equations are
The essence of the correlation procedure attempted here is to associate the descnbed and apphed to the same problem with resulting comparable satis-
average strain-rate sensitivity in plastic flow with the growth speed of the i- factory solutions. An immense amu nt of calculation is involved in solving
dividual plastic zone. Flow is considered to be accomplished by a continuing transient stran-wave propagation problems with the lauce model, and a high
series of yield initiations in the elastc stress field of such a zone. The non- speed digital computer is virtually a necessity for numerical solution of prob-
linear relationship betwere upper yield stress and stress rate suuests that rate lems of any complexity by this method.
sensitivity will increase directly with zone velocity or inversely with the den-
sity of operative zones. Zone density is thought to vary as a function of both Gaus. MP
strain and strain rate The influence of the speed of lower yield strain on the Winois University, Urbana
distribution of operative slip bands ccounits for severe deviations frnm an
equation of state. Ship Structure Committee, Progress Report, Sept. 1961. 7 8p, 25 ref.

Xrafft, IM Sullivan, AM NOBS-65790
Naval Research Laboratory

Ship Structure Committee. Progress Report. Dec. 1960, 19p, 11 ref. ORDER FROM: NTIS AD-263845

NOBS-72046 SSC-130
STUDIES OF BRITTLE-FRACTURE PROPAGATION IN

ORDER FROM: NTIS AD-249356 SIX-FOOT-WIDE STEEL PLATES WITH A RESIDUAL STRAIN
FIELD

SSC-128 This investigation was undertaken to study the propagation of brittle fracture in

INFLUENCE OF STEEL-MAKING VARIABLES ON NOTCH six-foot-wide steel plates containing a residual strain field with primary em-

TOUGHNESS phasis placed on a determination of the fracture speeds and strains associated
The relative importance of the process variables seems to be dependent on the with a moving crack. Five plates were prepared and tested in which the re-

test criterion chosen: one variable, for example, would mainly improve fracture sidual strain field was produced by welding tapered slots cut in the edges of

appearance, whereas another would mainly affect impact energy. This diver- the specimen. The test results clearly showed that the high residual tensile

gence of effect between process variables would explain the lack of correlation strain at the initiation edge aided the fracture initiation. For specimens with no

between different test-criteria in comparing plates that have been processed in external applied load, the fractures arrested before completely crossing the
different ways. For plates having iniermediae quaity with regard noth specimens; for specimens with external applied loads, even though low in

toughness, this point is especially importan since in obtamin this quality magnitude, the fractures propagated completely across the plates. The re-

usually only one or two of the known process factors are controlled in order to corded fracture speeds were much lower tun any previously noted in tests of

obtain the required properties. In other words, intermediate quality plates may six-foot-wide plates. ranging from about 4000 fps near the initiation edge to as

be made in different ways; which way should be chosen by the steelmaker? low as 50 fps in the compressive strain region. The strain response as
The answer to this question depends to a large extent on the choice of test measured by gages located at various points across the plate showed that the

criterion. This choice, however, is still different for different users and claw- magnitude of peak strain and the size of the strain field associated with the

ficatien societies, because apparently insufficient common knowledge exists moving crack tip diminished as the fracture propagated through the cornpres-

about the correlation between test criteria ard service behavior. Further inves- sive strain field at reduced speeds.

tigation in this field would seem to be very necesshry, especially since the best
way to classify steels should be based, in the author's opinion, on requirments Barton, FW, Hall, WJ
that can be measured on the finished producL Specification of manufactiring Illinois University, Urbana
process by the user should be avoided because this -nay lead to uneconomic
production and may not always be sufficiently adequate. Examples supporting Ship Sucture Committee, Progress Report, Apr. 1961, 49p, 6 ref.
this view e given. The following process variables are discussed:-chernical

analysis (especially manganese and carbon content); plate thickness; finish-rol- NOBS-65790
ling temnperature (controlled rolling practice); deoxidation (semi-killed versus
AL killed; nonnaliing and cross rolling.) ORDER FROM: NTIS AD-255091

van der Veen. JH
Royal Netherlands Blast Fumaces and Steelworks SSC-131

BRITLE-FRACTURE PROPAGATION IN WIDE STEEL PLATES
Ship Strictue Committee, June 1960, 33p The experimental phases of the program involved tests of 3/4-ix.-thick stunc-

trad-steel plate specimens, either 2-ft or 6-ft in width. In most cases the plate
ORDER FROM: NTIS AD-239049 specimens were stressed uniaxially to about 19,000 psi. cooled to about 0"F,

and a fracture was started with the notch-wedge-impact method of fracture
initiation. Measurements of the strain distribution on the surface of the plate

SSC-129 and the crack speed were made as the fracture traversed the plate. Recorded
A NUMERICAL SOLUTION FOR THE TRANSIENT STRAIN strains generally remained elastic even though the peak magnitudes, in some
DISTRIBUTION IN A RECTANGULAR PLATE WITH A cases, exceeded 5000 micron./in. The majority of the recorded fracture
PROPAGATING CRACK speeds ranged from 2000 to 4000 fps. For the particular specinc geometry
A physical lattice model that approximates a continuous material by reducing used and associated test conditions, the strain field surrounding the tip of an
it to a series of rigid bars and deformable connections is used in this report to advancing fracture appears to remain essentially unchanged after traversing
investigate the transient-strain redistribution associated with a crack propagat- about one-third the width of a 6-ft-wide plate. Exploratory studies were also
ing through a rectangular plate. Equations are developed for equilibrium of made of the propagation of brittle fractures in prestressed plates. Measured
the lattice model in terms of displacements using plane-stress conditions. A fracture speeds ranged from about 4000 fps in the region of high tensile strain
complete set of equations is given to cover all cases of boundary conditions near the initiation edge to as low as 50 fps in the compressive strain region.
that ordinarily would be. encountered in applications of this lattice model. Re- The intensity of strain in the field associated with the tip of the moving crack
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dimniushed as the speed of the fracture decreased. T'he visual appe&azuni of
the future surface was unusually smooth %shen the crack had run as low% veloc- Ludle). JII, Drucker. DC
sty, with no evidence of the familiar hemnghune pattern. The results indicate Brown University
clearly that a residual strai field can have a marked effect an the case of
iitiation and propagation of a brittle fracture. Analytical studies of plate re- Ship Structure Committee Progress Report, Nov. 1961. 9p. 9 ref
sponse were undertaken by repesenting the plate as a series of initialy per-
pendicular. rigid bars connected at their poits of intersiection by a defoimable NOBS-79W4
node and iterconniected at their midpoints by a shiear element. Althosugh the
grid used was rather coarse. studies with this plaie analog indicate that the ORDER FROM: NTIS AD-26i6451
lattice representation is a prosuing method of stsudying plate response during
fracture propagation.SC13

liall, WJ, Rolfe, ST, Barton. FW, New-mark. NI ON VARIOUS PROBLEMS OF IMMEDIATE INTEREST TO A SHIP
Ilinois University, Urbiana CLASSIFICATION MAN

The report reviews the following topcs: Th3e Load tine Crrivensuci, formula
Ship Strsicture Committee Final Report, Oct. 1961 3p for the midship aection modulus; A survey of recent cracks in shell and deck.

Buckling of deck. T-2-sankers. Corrigated bulkheads, Absence of riveted
NOaS-65790 crack arresters; Broken Scandinavian tankers; Why tankers must be stronger

than dry cargo ships; Intersecting gsrders; Transverse framus and Qlasificauin
ORDER FROM: NTIS AD-264524 societies.

Vedeler. G
SSC-132 Norske Veris
THE FEASIBILITY OF X-RAY INSPECTION OF WELDS USING
BACK SCATTERED RADIATION Ship Structure Commnittee. Aug. 196I, 19p
Theoretical and experimental work was conducted to develop a radiographic
flaw detection technique using source and film located on the sam side of the ORDER FROM NTIS AD-262948
plate. In view of a serious limitation on the depth as which discontinuities ins
steel can be detected (0.20 in.) and long exposure time (20 min. at 250 kv), the
method is considered to be unsatisfactory as a critical inspection tool.SC13

LOW-CYCLE FATIGUE OF METALS-LITERATURE REVIEW
Criscuolo, EL, Dyer. CH. Case, DP An evaluation of she data on low-cycle fatigue of mietals basedt on type of test.
Naval Ordnance Laoatr cyclic rate, arseas concentsration. crack proipagation, material property chanige

and method of analysis indicates that (a) theme is presently no gesietu arsalysis
Ship Structure Cormmsittee, Final Report, July 1961, 26p,, 6 ref appilicable to all low-cycle fatigue test conditions; (b) the shape of the load-

time curve is an imrportanrt factor in% analyzing low-cycle fatigue tiests; (c) the
ORDER FROM: NTIS AD-263030 extent of the time effect on low-cycle fatigue behavior, partiualy with re-

spect to creep anid crack propagations. still rasains to be exploied. (d) she use
of strain rather thn sts is more desirable ins low-cycle faigue studies of

SSC-133 coupon-type specimens because of the plastic defonsiationi that takes place
EFFECT OF SUBSTRUCTURE ON CLEAVAGE IN [RON during such tests; and (e) the fatigue hypotheses based on sri. although
CRYSTALS developed fronm limited data, exhiibit good agreement willh the test results and
The influence of substructure on the cleavage transition temperature: in iron show promise of pnoviditng a good indication of low-cycle fatigue behavior for
single crystals was investigated. Substructure was introduced by prestiaining selected loading conditions.
up to 10% and annealing, with the dislocation dess increasing correspond-
ingly from an initial value of about W0 to about 10 *per sq cm. The yield Trasnanitted through Conrnittee on Ship Struictural Design. National Academy
properties of the crystals with substructure were somewhat higher while she of Sciences. Buships No. NS-731-036
brittle transition temperature was raised about 40rC. Twinning preceded cleav-
age in these teats, and all she cleavage miicrocracks observed were associated Yao, M71 Misise, WH
wish twins, The miicrocracks were located either along the twinimtatsix inter- Illinois University
faces or within the twins, but not in the matrix itself nor at intersecting twins.
Cleavage appears to be initiated by the action of twinning, rather than by the Ship Structure Comnmittee, Bureau of Ships, (SR-149), Progress Report. Oct.
role of twins as barriers to slp. 1961, 30p, 7 Fig, 69 ref, I app

Prepared in cooperation with Washington Univ., Seattle and Massachusetts NOBS-72046
Intl. of Technology, Cambridge.

ORDER FROM: NTIS AD-266543
Flanagan, WF, Averbach. BL , Cohen, M

SSC-138
Ship Structure Committee, (SR- 136), Progress Report no. 5, 1962, 22p THE INFLUENCE OF MECHANICAL FIR ERING ON BRITTLE

FRACTURE IN HOT-ROLLED STEEL PLATE
NOB-7841Several factors are involved in the formation of fissures on a microsciale: the

presence of finely dispersed fiber elements, platic strain, and a stress normal
ORDER FROM: NTIS AD-270697 to any plane in which the fiber is aligned. The gtrain and stres factors were

found to differest degrees in the various test, so that the contribution of the
extragrain-ize effect to transition temiperature: depended on the test anployed

SSC-13S and the criterion for transition. A clasification was suggested from van der
SIZE EFFECT IN BRITTLE FRACTURE OF NOTCHED STEEL Veen notchsed slow-bend, to Chiarpy V-notch, to pure tensile loading, on the
PLATES IN TENSION besis of decreasing tendency to promote fissuring at transition. Using the van
Direct experimental evidence is presented here to support the hypothesis that A der Veens test and 32-mm fibrous criterion, the transition temperature for can-
Griffith-type theory is not the critical condition for the initiation of bristle frac- trolled-rolled plate is lowered for reasons other than grain refinementby 10-l15
ture in steel plates. The data indicate almost comiplete size independence for C, or 2-3 times that when the temperature is taken at the Charpy V-rsotds I5
notched, comipressively prestrained, Project E steel specimens of 6-2/3 in., 10 ft-lb level.
in., and 20 in. widths, which had geometrically similar dimenisions in the plane
of the plate but were of the same thickness. Kapadia, BM. English, AT, Backoferi. WA
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Massachusetts Institute of Technology ORDER FROM: NTIS AD-273767

(SR-147). No. 2, Dec. 1961. 25p SSC-142

NOBS-72386 INVESTIGATION OF THE NOTCH-TOUGHNESS PROPERTIES OF
ABS SHIP PLATE STEELS

ORDER FROM: NTIS AD-268627 The main objective was to detemune the extent to which post World War II
steels have been improved, based pnncipally on a coampanson of their Charpy
V-notch properfies with those established by the National Bureau of Standards

SSC.139 for fractured plates from World War II ships. The in'.sal part of the program
ON EFFECTS OF CARBON AND MANGANESE CONTENT AND OF (prior to 1956) covered plate procured to the requiremrents of the 1948 ABS
GRAIN SIZE ON DYNAMIC STRENGTH PROPERTIES OF MILD Rules and included 37 saumples of Class A, 81 of Class B and 14 of Class C. In
STEEL view of the 1956 changes in the ABS Rules, the sampling psogrun was ex-
The exceiionally low ductility of mild steel when separated by a rapidly tended to cover primarily the new Class B type but sone additional samples of
moving crack may be attributed in pan to its plastic flow stain-rate sensitivity. Class C were included to mpplenat the relatively small number received in
The elevation in yield stsngth under comditions of apidly rising stress adja- the previous sampling. The extended program included 76 samples of Class B
cest to the emck tip suppresses formation of the energy-absorbing plastic zone. and 12 of Class C. The results of the survey indicate that since the 1956 revi-
Variation in composition, particularly of C and Mn mltent which affect the sion of the ABS Rules for Ship Steel, the range and average transition
notched bar inpact transition temperature, should also affect strain-rate sensi- temperatures (15 ft-lb Charpy V) for the new material have been found to be
tivity if this description is applicable. The general trends in yield point strain- -40' to 29'F and 2"F. respectively, for ABS Class B plates, and -46 to IYF
rate sensitivity am found in agrement with effects of composition on the and -13"F, respectively, for ABS Class C plates, as compared with an average
Qiarpy transition temperature. A good correlation is found to exist between of 90'F for World War II fracture-source plates and 68"F for fracture-though
the parameter k. found from the grain size dependency of dynamic upper yield plates.
strength, and the transition tempeitume expectancy for given composition.
Plastic flow stress, at given high strain rate, can be correlated with free path in Gabriel, JJ, Imbenbo, EA
ferrile betr than with ferrite grain size. New York Naval Shipyard

Krafft, JM Sullivan, AM Ship Structue Comnittee, Final Report, Oct. 1962, 3 5p, 12 ref.
Naval Research Laboratory

NOBS-84321
(SR-142), Final Repom. Dec. 1961. 36p

ORDER FROM: NTIS AD-292700
NOBS-94321

ORDER FROM: NTIS AD-269862 SSC-143
CRACK PROPAGATION IN LOW-CYCLE FATIGUE OF MILD
STEEL

SSC-140 The investigation reported is concerned with crack propagation in low-cycle
A NAVAL ARCHITECT'S REFLECTIONS ON SOME RESEARCH fatigue of mild-steel plate specimens ano has indicated that during crack prop-
PROBLEMS WITH SHIP STEEL agation the type of loading cycle will affect markedly the fatigue behavior.
The contents of this report is a paper given by the author and reviews gener- Several types of reversed loading cycles have been included in the investga-
ally the importace of fatigue a ships, high yield pot and cold working. tion. namely constant load. reduced loads and constant ess. In the constimt-
discusaso of details of impact teas, crack propagation and the importance of load teats the s increases throughout the test as the crack propagates, and
defing state of smess for temperatur dependent properties of steel the rate of crack propagation continuously increases. If the load range is re-

duced througaout a tea (educed-load test) so as to produce coistant net-sec-
Vedeler, G tion stresses, the rate of crack growth will decrease thrcstghout the test. In the
Norike Veritas constant-stess tests the stress range was maintained constant during the test.

In this latter use, the rate of fatigue crack propagation reminid s'r-.ns after
Ship Stuctasm Commttee, Aug. 1961. 16p a short initial period. Constant-stress tests were conducted at stress levels

ranging from plus or minus 27 ksi to plus or minus 36 ksi, on 3/4-in. thick
ORDER FROM: NTIS AD-262947 specimens with widths of 5 in. and 7 in., at test temperaturs of 78"F and

-40"F and for both rasged and aged specimens. It was found that the fatigue
crack propagation behavior during a constant-stress test may be divided into an

SSC-141 initial, linear, and final stage. A hypothesis relating the rae of crack growth
MILL SAMPLING TECHNIQUES FOR QUALITY and the stress has been developed to describe the behavior during the various
DETERMINATION OF SHIP STEEL PLATE stages of propagation.
In order tc evaluate the variation in notch toughness of currently produced ship
plt stel, studies were made of 105 plates submitted by five produces. The Rolfe. ST Munre, WH
plates were select to give statistical information regarding the variation in Ilincis University, Urbana
compositioi, medihaical propeaties and microstiuctr that might be expected
within heats, within ingots, and with position in the plate, and complete infor- Ship Structure Committee, Progrss Report. May 193, 50p, 42 ref.
matte. regarding the processing of the plates wu obtained from the producers.
The notch toughness was evaluated primarily by the Ciarpy V-notch impact NOBS-77008
teat, although two cooperating laboratories tested many of the plates with the
drop weight and van der Veen slow bend tests. The results showed somewhat ORDER FROM: NTIS AD-410458
different patterns for the fully killed and semikilled grades, and sampling plans
for each gra& are suggested. Because of the marked uniformity of the mill
Practices of the producers, it was not possible to assess the separate effects of SSC-144
processing variables on notch toughness. MECHANICAL PROPERTIES OF HIGH-MANGANESE

SEMIKILLED STEEL PLATE
Staugaitis, CL Test results obtained on seven production heats ;f sernikilled steel containing
National Bureau of Standards 0.20% n, iximum casbon and 1.00 to 1.35% manganese indicate that as-rolled

plates of this composition in thicknesses over I to 1-1/2 in. would meet the
Ship Structure Committee, Final Report, Feb. 1962, 47p, 14 ref. American Bureau of Shipping tensile requirements but might not have suffi-

cient notch toughness to be considered a suitable substitute for as-rolled ABS
NOBS-94321 Class C steel in thicknesses over I in. The results of V-notch Charpy and
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drop-weight tesu were not in complete agreement, and drop-weig0t transition fracture as defined herein. an. the resulting fracture will be ducule in natu.
temperatures obtained with full-plate-thickness specinens were apprecably preceded by gross plastic deformation. Remilts from this investigation were
higher than those obtained with specmens of reduced thickness, The most compared with existng udomuatn related to fracture iutasuon to provtde a

favorable interpretation of notch-toughness behavior was obtined using drop- basis for evaluating both the nalyual technique employed and the final re-
weight teas with I in. thick specimens, and, on thi basis, the experimental sults obtained-
steel in thicknesses over I to 1-1/2 in.. inclusive, was about a suitable as ABS
Class B steel in its maxtmun thickneu of I in. It is believed that further Barton. FW, Hall. WJ
testing is needed to determine the best test and testing techniques for evaluat- Illinois Usiversity, UnAna
ing the service performance of plates over I in. thick. It does appear, how-
ever, that this experimental steel in the noralized cxndition would be suff- Ship Structure Committee, Tech Report July 1963. 30p, 19 ref.
ciently notch tough to allow its substitution for either as-rolled or norrnalized
Class C wtel, if warranted by economic and other considerations. NOBS-65790

Vanderbeck, RW ORDER FROM: NTIS AD-419617
United States Steel Corporation

Ship Structure Committee. Final Report, Jan. 1963. 38p. IS ref. SSC-148
RRI rTLE FRACTURE PROPAGATION STUDIES

NOBS-84321 This investigation was undertaken to study low-velocity brinl fracau in wide
steel plates. The detailed results of two tests of 6-ft-wide psetressed steel

D_'t)ER FROM: NTIS AD-400278 plates a. - presened along with pertinent observations fro tests of snilar
specimens conducted as one of the last phases of Project SR-137. Also, results
of nineteen tests oe 2-ft-wide centrally notched platea, a majority of which had

SSC-145 a longitudinal 1stt weld are presented. In 6-ft-wide prestressed plates, the re-
THE EFFECT OF METALLURGICAL VARIABLES IN SHIP-PLATE sidual streu field Oongisssdinal esaisle stresses at the edges of the plate
STEELS ON THE TRANSITION TEMPERATURES IN tHE balanced by compressive streases thrughout the central porion) made auis-
DROP-WEIGHT AND CHARPY V-NOTCH TESTS tion possible with no externally applied stress, and had a significant effect on
Twenty-nine heats were produced and processed in the laboratory in order to the fracture propsgation. Fracture speeds were high (4000-6000 fps) near the
sm'y the effects of coamposition and ferrite grain size on drop-weight transition edges of the plats md decreased rapidly to as low as 165 fps as the fracture
temperatures. To provide an internal check ad to pennit compasrisis with propagated into the region of camipressive stresses. In the low-speed regions
other investigations, parallel studies were made on V-Notch Charpy sped- the msgnitud and extent of the dynamic gsrain field associated with the crack
mats. The experimental steels covered the following ranges in composition: tip was considerably less tsa had been recorded in earlier tests of high-speed
0.10/0.32% carbon, C30/1.31%. manganese, 0.02=.43%. silicon, and fracturs in plain plates. For the 2-ft-wide centrally notched and welded plates
ni,.136% acid soluble aluminum. These ranges wee intentionally wider than in which the fractures were initisted statically, fracture speeds as high as 5000
the limits permitted for ship plate. Although most of the data wee obtained fpa were recorded in the wone of high residual tensile stres-s near the weld;
on hot-rolleu samples, sone plates were heat-treated in order to cover a wider the speed apparently stabilized at about 1800 fps after the fractures had propa-
range in ferrite grain size. The experimental data were used for a multiple gated out of the high tensile stress field. The dynmic strain field associated
correlation analysis conducted with the aid of an electronic cornouiter The with the iuneediate-,peed. scturtes (10 I fps) were roghly conmistrae
study showed that carbon raises and manganese, silicon. aluminwn mAd finer with that which would be expected for this fracture-veloaty kvel. The frac-
ferrite grain vizes lower both drup-weight and Ciarpy transition tnentus. ir initiation observations indicaed that the tesile residual suem alone was
Quantitatively, variations in composition and grain size have a more marked not sufficient to insure low-applied-stress fracu intiation- also, metallurgical
effect on V Charpy transition temperatures than on the drop-weight transition effects assoiamed with high-eat input during welding ae not ne oeray in all
teinperature. Useful correlations were found between transition temperatures cases for 1. w-asts initiation. Indications are that strain cycling of the mate-
in drop-weight tests and those defined by seven different criteria for Charpy rial in the nuch region aising from welding may play an important role in the
tests. Evidence was accumulated that conditions ordinarily used for drop- initiation of brinle fractures.
weight teats are more severe for 1-l/4-in, thick plate than for 5/S-to l-in. thick

plate- Videon, FF Barton, FW Hal. WJ
Illinots University. Urbans

Boulger, FW, Hansen, WR
Battelle Memorial Institute Ship Structure Comminee, Progress Report. Aug. 1963, 35p. 14 ref.

Ship Structure Committee. Dec. 1962, 7 4p, 17 ref. NOBS-65790

NOBS-84321 ORDER FROM: NTIS AD-4249h5

ORDER FROM: NTIS AD-294827 SSC-149

SUMMARY OF SOME STUDIES OF BRITTE-FRACTURE

SSC-147 PROPAGATION
A STUDY OF BRITTLE FRACTURE INITIATION IN MILD STEEL The most significan observations arising frim expertnental ssidies of bristle-
The purpose of this investigation was to study the conditions of brittle-fractume fracture propagation in wide steel plates conducted as a past of SSC Projects
initiation in low-carbon steel. An elastic-plastic stress analysis was developed SR-137 (Fractu-e Medianics) and SR-155 (Low-Velocit) Fracture) are sum-
from which the state cf stress along the minimum section of a notched speci- marize.A Six-foot-wide plain plate specimens tested at an average .oplied

men could be determined as a function of the average applied stress and the stress of about 20 knI, a temperature of 0F, aid with the notch-wedge inpact
yield stress. A series of tests on plate-type specinwms, with the same notch method of initiation, in order to study fracture protagation under relatively
configuration as that used in the stress analysis, provided experimental values steady state conditions produced fracture speeds in the range of 2000 to 4000
of average fracture stress under various test conditions. appiication of the elas- fps. Six-foot-wide prestressed steel platex with a region of high tensile re-
tic-plastic stress analysis to the experimental results provided a theoretical pre- sidual strain at each edge, and a region of residual oprnession in the central
diction of the state of stress at the instant and location of fracture iitiation and potion, tested at zero or 3 ks• average applied stress, at 0F, and with impact
also an indication of the position of the elastic-plastic boundary at fracture- It irutiation, produced fracture speeds of 6000 fps in the tesile zone near the
was found that the stress condition necessary for brittle fracture initiation, in initiation source, and speeds as liw as 50 fps in th- central posisons of the
the mild-steel specimens studied, was achieved when the maximum tensile plate- Two-foot-wide centrally nutdsed and welded specimens fabricated in
stress rachlk a critical value of approximately 246,000 psi. For a ratio of different ways and tested at an average applied stress of about 10 ksi and a
average applied stress to yield stress aove s certain value, the maximum ten- temperature of -40"F, produced speeds within 1-1/2 inches of the initiation
sile stress cannot ,ain the nr ,essary stress value for the initiation of a brittle source and in a regicq of high residual tensile stress as high as 5000 fp-
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whereas speeds throughout the remainder of the specimen, which irunally agreement at sections remote frym the ends of the model with a surngth-of-
possessed a low compressive residual stmess, were on the order of 1800 fps. materials approach modified to include any arbitrary transverse temperature
Fracture taure, the effects of dwermal strain cycling, notch geometry, and distbution. A finite-difference solution to the governing equations of thermo-
surface suram field assoaated with the advancing fracture at both high and low elasticity was developed for two-dimensional plates and extended to a folded-
velocities have been observed and reported. plate type of box girder. The solution was conducted on the IBM 704 and

7090 computers, and the ccnputer program with slight modification is con-
Hall, WJ, Barton, FW sidered suitable for use in ship-design offices. Solutions were obtained for a
illinois University, Urbana variety of thermal conditions with temperatures varying vertically, tnns-

versely, and longitudinally. Accurate comparisons were made with both the
Ship Structure Committee, Final Report, Sept. 1963, 13p experimental and the stiength-of-marenIals results.

NOBS-65790 Lyman, PT, Mersn. IL
Califormia University, Berkeley

ORDER FROM: NTIS AD-424986
(SR161) Final Report. June 1964. 38p

SSC-15O NOBS-78634
AN UNMANNED SYSTEM FOR RECORDING STRESSES AND
ACCELERATIONS ON SHIPS AT SEA ORDER FROM: NTIS AD-601593
In order to obtain long-teem statistical data on wave-induced bending mo-
ments, two dry-cargo ships have been equipped with stres transducers and
automatic magnetic-tape recording itsumnentation. One of these ships has SSC-153
also been equipped with accelerometars to provide information on seaway-in- PRELIMINARY ANALYSIS OF BENDING-MOMENT DATA FROM
duced loads on cargo. The transducars and their installation are described, as SHIPS AT SEA
well as the data conditioning units, the tape recorder, and the programmer Data playback, manual reduction and analysis techniques, and the automatic
which allows sampling of the data at preselected intervals and continuous re- system to be used for future analysis are presented. Examples ar given of
cording when preset stress levels are exceeded. The system has performed some forms of presentation of long-term trends. Useful data have been ob-
beyond expectation; data have hms obtained on 36 round-trip voyages repre- tamed on over 85% of voyages representing three ship-years of operation of a
senting almost three ship-year Q( operaion. Versatility of the unit in handling C-4 dry cargo vessel on North Atlantic trade routes. Two complete voyages
a variety of data inputs and adqaiing to vanous data reduction methods has have been analyzed using manual techniques and the results of this analysis
been demonstrated. In addition, the data tapes are available for future analysis are presented. The maximum observed peak-to-peak variation of wave-in-
in a broad spectnum of naval design applications. Experience gained to date duced stress was 8300 psi which occurred during a Beaufort 11-12 Sea. A
will permit future installations to be handled expeditiously and at minimum prediction based on the limited amount of long-term data available from the
expense, with a high of reliability of the unit assured in service, two analyzed voyages yielded an extreme value of 10,290 psi for a year of

operation of this ship type on North Atlantic route. Stress variations on the
Fritch, Dl Bailey, FC order of 9,000 psi have been observed during the dry docking of the two in-
Lesells and Associates, Incorporated stnimented ships.

Progress Report, (SR-153) PR-I, June 1963, 26p Fritch, DJ, Bailey, FC, Wise, NS
Lessells and Associates, Incorporated

NOBS-77139
Ship Srictum Comnmitee, Progress Report, Dec. 1963. 34p. 6 ref.

ORDER FROM: NTIS AD-635079
NOBS-77139

SSC-1$1 ORDER FROM: NITS AD436877
LOW-CYCLE FATIGUE BEHAVIOR OF AXIALLY LOADED
SPECIMENS OF MILD STEEL
Studies have been conducted to evaluate the low-cycle high-stren fatigue be- SSC-154
havior of several ship steels tinder a variety of loading conditions. On the COLUMBIUM AS A MICRO-ALLOYING ELEMENT IN STEELS
basis of these tests and related studies reported in the literature, a general by- AND ITS EFFECT ON WELDING TECHNOLOGY
po hesis describing the curnulative effect of plastic deformations has been The report covers weldability as a metallurgical concept and a complex prob-
developed. With this hypothes the deformation obtained in a single loading lem in steel metallurgy. Micro-alloy steels are defined and the general in-
may be used to describe or pradiet the basic low-cycle fatigue behavior of mild fluence of Colmnbium as a micro-alloying element is discussed as well as the
steels for lives up to approximately 1,000 cycles. Furthermore, limited corre- metallurgical variables. The basic properties of Colunbian steels are presented
lations with existing data from other investigations suggest that it may also be versus processing variables such as: Properties versus composition, rolling con-
possible to extend the hypotless to metals other than steel. ditions and heat treatment. The special properties of columbiun steels are

reviewed versus welding technology and the application of the steels to weld-
Yao, .TPi Mnse, WH ing fabrication.
Illinos University, Urbana

Normn, TM
(SR-149) Progress Report, June 1963, 78p Oxelosunds Jamverk

NOBS-77139 Ship Strncture Committee, Aug. 1963, 49p, 25 ref.

ORDER FROM: NTIS AD-635696 ORDER FROM: NTIS AD424983

SSC-152 SSC-155
TEMPERATURE DISTRIBUTION AND THERMAL STRESSES AN INVESTIGATION OF MIDSHIP BENDING MOMENTS
An investigaion was made to extend the existing knowledge of thermal EXPERIENCED IN EXTREME REGULAR WAVES BY MODELS OF
stresses in ship structures by the study of both physical and mathematical mod- THE MARINER TYPE SHIP AND THREE VARIANTS
els. The physical floating model was a 10 foot welded box beam simulating This report suanmarizes experimental research to investigate the possibility of a
the main hull girder of a transversely framed cargo ship. It was subjected to physical upper limit on midship bending moments in the Mariner-type ship
various temperature environments above water, and thermal suresses were being reached in regular waves of height significantly less than the theoretical
measured with foil strain gages. The results of these tests showed excellent upper limit of stahily for progressive waves (hA = 1/7). The experiments
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included vanason of distribution of loading and of freeboard as model parame. NOBS-88509
ten. Each variation was tested at vanous speeds in regular head and following
waves of several different lengths and of a wide range of heights. No signifi- ORDER FROM: NTIS AD 429801
canm upper limit of bending moment was found. However, the study estab-
lishes more firmly the grossly linear dependence of midship bending moment
on wave height, even for extrme wave heights which may be enountered in SSC.I8
servce. These findings strengthened the case for determining design wave LOW-STRESS BRITTLE FRACTURE IN MILD STEEL
bending moments on the basis of statistical analysis of ocean waves and/or The report begins with a delineation of the problem followed by a descrpton
resulting bending moments. of the tests and measurements denved to determine the tamn ditriution

durisng loding in a premracked specimen. All tests were dane at room
Dalzell. IF temperature above the temperature of initiation of a brimle crack. The be-
Stevens Instute of Technology havior of cracked plotes embrialed steel and welded wide plate is discussed.

Ship Structure Committee. Progress Report. Ja. 1964, 56p, 9 remf. Declume, R. Socte, W. Viwki,. A
Ghem University

NOBS-78211
Ship Structure Cmnunee. Aug. 1963, I8p. 12 ref.

ORDER FROM: NTIS AD-432278 ORDER FROM: NTIS AD-4298M

SSC.156
AN INVESTIGATION OF MIDSHIP BENDING MOMENTS SSC-!S9

EXPERIENCED IN EXTREME REGULAR WAVES BY MODELS OF ACQUISITION AND ANALYSIS OF ACCELERATION DATA
A TANKER AND A DESTROYER As past of a broad investigation with the objective of developing information

This report summarizes experimental research to investigate the possibility of a on extreme values of load conditions to which cargo might be subjected, seven

physical upper limit on midship bending moments in tanker and destroyer type accelerometers and unmanned recording system were installed aboard a dry

shipa being reached in regular waves of height significantly leu than the cargo vessel on regular North Atlantic service, and data were obtined over a

theoretical upper limit of stability for pmgresive waves (h/A= 1/7). Each period of 15 mrnth. The immediate purpose was to establish the bans for

model was tested at various speeds in regular head and following towing tank predicsion of extrene values of accelerstim which would be enmmerd by
waves of several different lengths and of a wide range of heights. The resuhs cargo in the vessel over Iong periods of tsse. The data acquisition system

were compared with those obtained previously for a modem cargo vesseL No operated satisfactorly for slightly lest than 14 of 15 rouaid-trip voyages. or an
significant upper limit of bending moment was found. However, the study efficiency of approximately 90%. Analysis was based cc data aanulated for

establishes more firmly the grossly linear dependence of midship bending mo- 30 minutes every four hours representing a total of ove S00 hours of ship

ment an wave height, even for extreme wave heights which may be en- operating time of which 6200 hours were in the open ocis. Analysis of

countered in service. These findings strengthened the case for detenning wave-induced accelerations using a special purpose probablity analysz re-
design wave bending moments on the basis of statistical analyses of ocean suited in a maximum observed acelerstion (bow. vertical) of 1.76 g's peak-to-waves and/or resuing bending m mbents i peak. This value is within 6% of the pstdicted value for the same ar um-

stances. Slaming or pounding combimed wish other phenomea resulted in

Dalzell, F higher frquency ratlertions (in the range of 10 cps) in exres of 3.0 S's
peak-to-pesk. Conray to expectatois,. the peak acicele stici observed under

Stevens Institute of Technology conditions of "slam" or 'pound" were largely the resil of hall vibrations of a

high mode, and were apparently excited in part by the scond order of pro-
Ship Structure Committee, Progress Report, Feb. 1964, 42p1. II ref. peller blade exciitation.

NOBS-78211 Bailey. PC, Friteh, DJ. Wise, NS

Lessell and Associates, Incorporaed
ORDER FROM: NTIS AD-432182

Ship Structure Commiute. Progress Report. Feb. 1964, 65p. S rd.

SSC.157
SUMMARY OF INVESTIGATION OF MIDSHIP BENDING NOBS-88451

MOMENTS EXPERIENCED BY MODELS IN EXTREME REGULAR
WAVES ORDER FROM: NTIS AD-430742

This report summarizes experimental research to investigate the possibility of a
physical upper limit on midship bending moments being reached in regular SSC.160
waves of height significantly less than the theoretical upper limit of progres- GEOMETRIC EFFECTS OF PLATE THICKNESS
sive waves (%A equals If). The experiments included variation of ship type, The restus of the invefigatioin coo be summiarimd as follows: (I) The van der
of distribution of loading and of freeboard as model parameters. The ship Veen test, the Bagsar teat, and the drop-weight test showed general agreement
types investigated were a modem cargo vessel, a large tanker, and a modern in their response to changes in plate thickness ranging from 3/4 to 3 inches. (2)
destroyer. Each model was tested at various speeds in regular head and (01- The dimensional effea of plate thickness, wih metallurgical variables held
lowing waves of several different lengths and of a wide range of heights. No constuw, was to raise the transition tenweruure markedly as the plate thick-
significant upper limit of bending moment was found. However, the study ness was increased fhor 1/2 to 1-1/2 inches. Above 2 inches, thickness ap-
establishes more fimly the grossly linear dependence of midship bending mo- peared to have much les effect n the traension temperamre observed in these
ment on wave height, even for extreme wave heights which may be en- sharply-notched specimens. ABS Clan C aid T-I" stee behaved similarly
countered in service. These findings strengthened the case for deter- mining in this respect (3) In the presence of a severe noch, specimen widths and
design wave bending moments on the basis of statistical analyses of ocean heights of 2 inches or greater appear adequate to determine the sensitivity of
waves and/or resulting bending moments. heavy-section steel plate to brinle fracture. (4) The van der Veen specimen is

recommended as the testing method for the second phase of the prgsm be-
Project name is Model in Extreme Waves cause of its testing convenience and its suitability for deternsng transition

temperatures by a variety of criteia.
Dalzell, JF
Stevens Institute of Technology Stout, RD Roper, CR Magee, DA

Lehigh University
Ship Structure Committee, Bureau of Ships, (SR-157), Final Report, Dec.
1963, 16p, 19 Fig, 7 tab, I Pho, 3 ref Ship Stature Committee, Progress Report. 1964, 23p, 12 ref.
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NOBS44829 following waves having wave height/wave length ratios between 0.05 and
0.11; a second loading condition was alto examined. A second objective was

ORDER FROM: NTIS AD-430686 to detemne whether the momnts tend to reach an upper limit as wave height
increases A 1/96 scale model was cut to form six segments which were
jointed by an aluminum beam. The beam was strain gaged to measure bend-

SSCO161 img momcn-s at the hull cuts at stations 5, 7-1/2, 10, 12-1/2 and 15. Within
MICROMECHANISMS OF CLEAVAGE FRACTURE IN practical operational lmut for the Mariner type ship. maxnum wave bending
POLYCRYSTALLINE IRON moments in high regular waves occur in the region from amidthips to .125L
The initiation and propagation of cleavage microcrdks in coarse-grained aft of anidships. Hogging and sagging moment at any section were generally
vacuum-melted femte, containng 0.035 and 0.007 per cent carbon, were propoonal to wave height up to a wave height/wave length ratio of 0.11 the
studied by means of tensile tests camed out between room temperature and steepest wave that could be generated.
-196'C. and by special metallographic procedures. Ceavage microcracks
develop in ferrite during the stain-hardening portion of the streu-strain curve Manar. NM
at low temperatures, and ae initiated mainly by cracks which form in the
cabides. Twinning does not play an important role in crack initiation over the
entire temperature range studied. Carbide cracks during plastic deformation at
all temperatures investigated, but they lead to microcacks in the ferrite only Ship Structure Committee, Bureau of Ships. (SR-165). Progress Report, June
when the applied mess is high enough to permit the carbide cracks to act as 1964, 2 2p. 61 Fig. 3 tab, 2 photos. 3 mf
Griffith cracks. Carbide cracks also lead to the formation of large voids during
the necking of specimens tested in the ductile and transition temperature t- NOBS-88263
gions. Pre-existing twins provide strong barriers to microcrack propagation.
Twinning also causes the disappearance of the discontinuous-yield phenome- ORDER FROM: NTIS AD-605395
non at low temperatures. A model for microcrack initiation by carbide crack-
ing is proposed, and the conditions leading to brittle fracture are discussed

Report on Metallurgical Strctum RESULTS FROM FULL-SCALE MEASUREMENTS OF MIDSHIPBENDING STRESSES ON TWO C4-S-BS DRY CARGO SHIPS

McMahon, CJ. Jr OPERATING IN NORTH ATLANTIC SERVICE
Maschuet Ins of Techology Records of wave-induced midship bending stresses were obtained on magnetictape during the past three years using a unmanned instrumentation syste.

Progress Report. May 1964, The reduced data cover thirty-four round trip voyages of two insumlnented
C4-S-B5 (machinery aft) dry-cargo vessels on the North Atlantic trade route.
The data represent about 12,000 hours at sea out of five ship-years of opera-

NOBS-88279 tion. Each data point is based on a one-half hour record representing four
hours of ship operation. An automatic Probability Analyzer is used in theORDER FROM: NTIS AD-600515 reduction of data. All available data are presented as plots of rms stress varia-

tion and maximum peak-to-peak stress variation vs. sea state (Beaufort Wind
SSC-162 Scale). The dat were shown to be representative of a class of ships exposed
EXHAUSTION OF DUCTILITY AND BRITTLE FRACTURE OF to sea states corresponding to Beaufort Numbers 3-7.
E-STEEL CAUSED BY PRESTRAIN AND AGING
The investigation of static brittle fracture initiation in engineering structures Report on Ship Response Statistics.
mquies first the establishment of a criterion of brittle behavior of the structure
as a whole. Such a criterion is obtined by a cmnpauin of the fracture load Fritch, DJ. Bailey. PC. Wise. NS
with the flow limit of an idealized perfectly plastic material The differnce Lessells and Associates, Incorporated
between static fractures at high and low load was related to the magnitude of
the plastic strains at regions of strain concentration and to the ductility of the (SR153) Progress Report. Sept. 1964, 

3 3p
steel. It was fousd that the ductility depends on the whole history of strain
and temperature and is suddenly and drastically exhausted by cold sraining of NOBS-88349
a closely determined amonmt, and far more easily by straining at about 500rF.
This led to the fut systematic static brittle fracture initiation of umwelded steel
plates at low average net stress, as low as 10% of yield. The ductility of cold ORDER FROM:NTIS AD-605535
strained steel is retored by a heat treatment at about 1 100F or higher. The
required duration of hem treatment is shorter for hot than for cold-strained bars SSC-165
and appears to increase with the amount of prestain, and to decrease when the LOCAL YIELDING AND EXTENSION OF A CRACK UNDER
temperature is raised. A better understanding of the mechanism of fracture PLANE STRESS
initiation makes it now possible to express qualitative macroscopic criteria of The size of locally yielded regions, the stress distribution, and displacements
fracture based on the strain hardening law and the ductility of embrinled reel attending a crack in tension wnder plane stmr have been calculated by extend-
and on the strain and stress distribution at a sharp notch in such material. ing the work of Dugdale and others. Methods have been developed to take

work hardening and unloading into accamn The displacements and plastic-
Mylcna. C zone ae measured in edge-slotted ilcon steel coupom am found to be in
Brown University agreement with calculations. Conditions under which plane stress or plane

strain am dominant in these edge-slotted specimens have also been determined.
(SRI58) Progress Report. July 1964. 39p Finally, Irwin's fracturtoughness paramete and the conditions for crack ex-

tension are formulated in terms of basic material parameters consistent with
NOBS-88294 experiment.

ORDER FROM: NTIS AD-603214 Report includes Fundamentals of Crack Propagation Resimnce; Local Strain

Measurement.

SSC163
INVESTIGATION OF BENDING MOMENTS WITHIN THE Hahn, GT, Rosenfreld, AR
MIDSHIP HALF LENGTH OF A MARINER MODEL IN EXTREME Battelle Memorial Institute
WAVES
One objective of this report was to obtain experimental model data to describe (SR 164). Dec. 1964.2 4 p
the lengthwise vertical wave bending moment distribution within the midship
half length of a normally loaded Mariner type cargo ship in regular head and NOBS-88348
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ORDER FROM: NTI1S AD-610039 temperatures The superior touighness af Class C aI constrou grain sir was an
example of an extra-grain-six effect (A coripcssion. NormnaLLn&g of class B

SS-16plates after rolling praduced Widinanstaiesi structure and sonme enbnutLenent
REVESEDBEN TETS F AS-C TEE WIH A-ROLEDwhich was interpreted as an apparent exui-grain-sux effect of this particular

ANDERMACHIND SURN FACE S -SELWT SRLE hemt uratment- Mechanical fibcnng was studied with tedciues that included
test betweenD bUR AES wiha-oldadwt ahndsrae lectuusi rwucroscopy, but the contibution of micsofissunnig effects to toughnessComiparative tssbtenbnwt srleanwihmciesufes wus too subtle for obsevation. Embrislement from anrsdual cold work as ashow a smtall difference in the comnpressive prestrain needed to exhaust the consequence of low-temperature finishing was also idessid Results of heat

ariginal extensional ductility of the steel, as this is determined by the revrsed treatment after rolling were studied in detail.
bend tst. Machined bars show a higher exhaustion limit (psestrain) than as-
rolled bar% by 0.03 at 70"F an 0.06 at 16*F. Stress calculations show that the Rpr on Proect Mil Rolling Practice.
most brittle fractures may occur at applied elastic macroscopic stresses as low

as about 50 ksi at 70'F and about 30 kit at 16'F. Highaly ductile ban; sustained Kapdia, BM. Backoas. WA
a tress close to 90 ksi at both teat temnperatures. Massachusetts Inue at Technology

Report on Macrofracture Fundamentals. Ditinution limitation no raoe (SR-147), Fia Repor. May 1965. 55p

NOTE: Only 35rnn microfilm is available. No microfiche. NOBS48M8

Satoht. K, Mylonas. C ORDER FROM: NTIS AD-465025
Brown University

(S P130 04 Prgres Reort Ap. 165,24pSSC-169
(S F13 2 04 Prgres ReortApr 196. 2p ITERPR~llATIVE REPORT ON WELD-ME7TAL TOUGHNESS

A literature survey was made to review prsently available information on theNOBS -88294 notch toughnmess; of weld metals and the heat-affectedl zerse as they are affected
by welding procedures. The base metals discussed in this mpart include muld

ORDER FROM: NTIS AD460575/4ST steelsaid low-alloy, higls-stressgth steels wish up to 12 0.OO-pmi yielld strength.
suchs as may be used for melsuait-ship construction. Welding processes con-

SSC-167 sidered include (1) shielded metall-are welding. (2) oaibteged-are welding. ('3)
RESTORATION OF DUCTILITY OF HOT OR COLD STRAINED gas 55ttal-ac welding, and (4) elecsroslag and electiogns welding. One of the
ADS-B STEEL BY HEAT TREATMENT AT 700 TO 1150-F most impotanft observations of this literature survey is that relatively limited
The severe emrnbnlement caused by a suitable history otain an tepea i nfonmatiosi is available an the notch toughaness of weld metals and heat-af-
tare- has been conftnned also for steel conformning to ABS-B classification. fected zones which cast be used to establish behavior utda. Information is
Steel prestrainedi in compression by about 50% at 70*F and subsequently tested especially lacking on what constitutes miahatic requirementsr for nch tough-
in tension fractures at an extensional strain of the order of 1%. Prestraiung at ness in these zones; compased with that of the base metal. It was also observed
5OF by even 25% can cause brittleness in extension at -l6*F. Loca severe that relatively little comelsion of such factors as chemnical conigosihion, micro-

embrittlemnrt of dsi natiure has been shown to be the basic cause of the static stutue an welding vanaubles has been made with the notch tougimeas of
initiation of brittle failure of structirs at low average stress. This is con- weld metails and beat-affected zns
firmed by service failures. whose origin is frequently traced to cold woeked
aras, or to the hot strained regions of defects close to welds. It is shown that Maiibuih &, Monrce, RE, Muitin DC
asuitable heat treatment can restore appreciable ductility to steel enubsittled by Bastelle Memorial Institute

hot or cold straininig. Thie duration of heating decreases with the temsperature
bus increases very rapidly with the amount of presrain. To each temperature (SR-l70) Final Report. July 1965. 8 6p
corresponds a Limiting preisrain for which heat treatment becomnes imipracti-
cally long. Cold strained steel requires considerably longer heat treatment and NOBS-90504
higher temperatures (l000-1200*F) tan hot strained steel q70-1000F)n ap-
proximate time-temrperature-prestrain curves have been experimentally dete- ORDER FROM: NTIS AD-466805
mined. The results confim that a major beneficial effect of the so-called
'thermal stress-relieving' urtmemi is a restoration of the ductility of locally
embrittled steel.SC17

STUDIES OF SOME BRITTE FRACTURE CONCEPTS
Report on Manufacture Fundamentals, bnessr elastic fracture mechanics is used in evaluation of the fracture tough-

ness disclosed by the amaest of cleavage fractures in notched and welded wide
Mylonas. C, Beaulieu. R1 plate specimens. Fracture toughness values also am obtainied fronm strain field
Brown University measurements in the vicinity of propagating cacks on the verge of sliest in

6-ft-wide plates. The results cleaily show the trend towarda "toughening"
(SR-1S8) SSC-167, Apr. 1965, 32p higher temiperatusres and the major role residual stress fields can play in driving

fractures. An experimental investigation wast conducted to investigate the in-
NOBS-88294 flsience of welding on the yield behavior of metal front the thermally affected

zone in the vicinity of a weld. 1Te rate-temperature dependat component of
ORDER FROM: NTIS AD-461705 the yield stress appars to be the same for base metal and metal froam the

thermally affected zone, hot the yield stress at the thermally affected zone
metal shows a substantially increased rate -enipenaure independent comlponent.

SSC-168 A critical stress model for the prediction of briste cleavage fracture is
ROLLING HISTORY IN RELATION TO THE TOUGHNESS OF developed and applied to cleavage initiation, propagation, and arrest. The
SHIP PLATE model approximately acconts for inelastic behavor near a flaw by snancaitng
Plates of ABS Class-B and Oats-C steel were rolled with different tempera- the elastic stress distnibution. Effects of rate, temperature, notch acuity, local
ture -reduction schedules to observe effects of processing history on final stnic- strain hardening, residual stress, and propagation velocity are considered-, the
sure and properties. Each class was finished at a constant thickness (I - 1/2- model demonistrates good qualitative representation of the effects of these par-
inch for Class B; I- 1/4-inch for Class C) following both isothermal and non- ameters on the susceptibility to cleavage. Correlations with experimental re-
isothermal schedules with reductions from 15 percent to 60 percent and sults show the model is capable of quantitative representation of the effects of
temperatures in the range 1250rF (677*C) to 2000F (1093'C). The principal rate mid temperature on the applied stress required for the initiation of bristle
measurements for toughness evaluation were the 15 foot-pound V-notch cleavage fracture and the stress required for continued cleavage propagation.
Charpy. the 50 percent-fibrous Charpy, and the tensile-ductility transition The study suggests that low-stress cleavage initiation at service temnperature
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can be associated with amarked local reduction of citcal fractu,s. stress. that ORDER FROM: NTIS AD 480619
residual stresses can be responsible for the propagation through sound metal of
fractures initiated in damaged muarial, and that the critical fracture aste anod
fracture mechanics approaches are equivalent when applied to cleavage propa- SSC. 173
gation and anest. EXHAUSTION OF DUCTILI TY UNDER NOTCH CONSTRAINT

FOLLOWING UNIFORM PRESTRAINING
Wnight, RN, Hall, WJ. Terry, SW. Nordell, WI, Erhiard, GR Earlier studies of reduction of ductility by prestraining have beum extended to
Illinus University, Urbana include behavior tunder severe notch constrain t ofsuiformly prestnuned and

aged ABS-B and Project E-Ste-el. Tension bars with deep circumferental
Ship Structure Conninee, Final Report, Sept. 1965, 86p, 58 mf. grooves of 20r angle arnd 0.030 or 0.010 or 0.003 in. notch radius were used.

The depth of the grooves was sufficient to enable the more ductile bans to

NOBS4-6688 readh and exceed the theoretical flow limit for infinite depth based on the
0.1% offset yield suress sigma sub 0.1. Both load and elongation at the groove

ORDER FROM: NTIS AD47Wg4 shoulders were measuited. The average firacture stress increased with increas-
ing peesrain u fira at both the same rate as the sigmna sub 0. 1 stress and the
corsqxsding flow limit and then a a slower rate, so that at a presiain of

SSC.171 0.20 a was clearly below the corresponding flow limiL. Fron there on the
MICRO- AND MACRO-CRACK FORMATION fracture stress gradually decreased till at 0.60 presuiun it waa close to the 0. 1%
The formation of cleavage microctacks with a length of the order of one gram offset yield stress of winotdsed bar%. According to the critenion of average
diameteia iscenaidered to be the initial step in fracture It is assumned that the fracture stress. the tninsition from ductile to brittle behavior wnder the osndi-
stress concaitratien required for cleavage is supplied by thick slip or twin tient at the notch was very gradual ari occurred at prestrains close to 0.20. On
bands, and the critical width ot these yield bands is calculated. For example, the contratry the elongation at the shoulders, which is a direct measure of duc-
in iron with a grain radius of 0.01 en, the critical sli bend widths is 0.00002 tility. showed an abrupt drop at prestrains as low as 0.05, which is a tre-
an, uid this value is comspatible with observations in the vicinity of micro- mendcan reduction from the prestrain of 0.75 needed to embfitule smooth bars
cracks. The second stage of crack farimation involves the sarsiccinuous of ABS-B steel subjected to tension, and of 0.48 when subjected to bending.
propagattion of microcracks to form unstable macroscopic cracks. We poatu- The conditions of fracture at a notch in a strain hardening material are dis-
late tha pie strain fracture occur wider conditions wher duksp ad cussed in relation with the obtained results.
are formed in the yielded region in froit of an advancing crack. Work is
required to extend the initial nmoctudks. and this incrernenial work is used to Sponsored by the Naval Sea Systes Command, Washington, D.C. 20362.
calculate the cria-extension force, Oc, which is required in linear fracture
mechanics. In the phase of iron. the microcrack-extetision force is clcuilated Mylns
to be 500 dynes/ens, and the minimtum value of Gc is calculated to be lnsC
2,500,000 dynes/cin. This approach emphasies the three conditions required
for fracture: (1) a comnbination of stress and yield beind width sufficient to
cause local cleavage; (2) sufficient mechanical energy in the systesm to props Ship Structure Committee Tedh Report, Nov. 1965, 4 0p, 14 ref.
gate the crack, (3) the developmnt of a critical value of the initiation stress in
order to continue crack extension. OS-89

Prepared in cooperation with Massachusetts Institute of Technology. Canm-
bridge under contract NOBS-88M7. ORDER FROM: NTIS AD 637143

Averbach, BL SSC-174
INVESTIGATION OF RESIDUAL STRESSES IN STEEL
WELDMIENTS

Ship Structure Committee, (SR-136) Progress Report, Oct. 1965. 40 Experiments] hydrogen-induced-cracking tests were made en 45 weldments in
mild steel, HY-80 steel, a csonmercial high-strerigth stnuctsiral steel, and SAE

ORDER FROM: NTIS AD473496 4340 steel. Extensive cracks were found in weldinents made in SAE 4340
steel (oil quernched and tempered at 500*F) after hydrogen charging for rela-

SSC-172 tively short times. Systematic crack pattems that could be related to residual
CRACK EXTENSION AND PROPAGATION UNDER PLANE stress disuibutions were obtained on various comiplex weldinents. When steels

STRESS lf ower strengths were used, longer charging time was required to produce
Exprimntsaredesribd tat evel he hre-dinussonl daraterat he cracks, and crack patiernts were less pronounced. The hydrogen-induce-

Epsimein fron doesribd rack ine lthm-ies oa F3i steel and th cracking technique does not seen to work on mid-steel weldmnents. It has
plasi caromn srte fis dtche thecaki pla tes efm a afunc tol nd ap been founid that hydrogen-induced cracking is gtress sensitive rather than plas-

plan crbn seel Tesedefneth pales s provie as a fiito the DM tic-strain sensitive. This has beet proved by hydrogen-induced-cracking tests
plied stres and plate tikness. Tey alopoiea ntionl o theD on mechanically stress-relieved specimens and press-fit specimens in which

(Dude-Mskelihvii moen tnat iv astcp i soutono ade residual strsses were produced by purely elastic deformation. It was found
candsae-sniv plaesti efomnsat intor acin ware daiwokeden thtdsrbtosoeiulsrsenml-ten A 4340 steel weld-

in m r tensie -lsi deomten su rin acurve andesredtInti ments were quite simila despite the considerable differences in the yieldway, wrnotdied tnieproperties - th stes-tancrean euto i m strengths of the two base plates and the weld metals. This was proved inbu-are used to calculate plastic-zone size, crack-tip dtsplarnents and strains3. onsu o3 nhsln adcmlxwle tutrs
the crack-extension stress, arnd the fracture toughness, in accord with expen- jit pt 8ide ogadcmlxwle tutrs
mants. Finally, the approach is extended to ductile crack propagation and used
to calculate the crack speed and the stress, strain, and strain rates imposed on Sponsored by the Naval Sea Systems Comimand. Washington, D.C. 20362.
material in advance of a moving crack.

Masubrichi, &, Martin. DC
Sponsored by the Naval Sea Systems Commnand, Wsshingto, D.C. 20362.

Rosanfield. AR. Dai, PK, Hahn, G Ship Structure Cormittee Final Report. Sept- 1966, 103p, 26 ref.

Ship Structure Committee, Mar. 1966, 38p, 34 ref. NOBS-92521

NOBS-92383 ORDER FROM: NTIS AD 63%619
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SSC.175 in the applicution of digital coanpss to ship problems have been made This
MECHANICAL PROPERTIES OF A HIGH-MANGANESE, is a repon ons resarch in progress to obtain informations an loadings at isa
LOW-CARBON STEEL FOR WELDED HEAVY-SECTION SHIP with regard u) bth extreme and repeasd cyclic loading.
PLATE
The need for a steel of suitable strength, weldabihy, and resistance to brittle Clarksons. I
fracture for use in heavy-sections in ships of large tonnage promipted the Ship
Srnsctsim Corrniine to support a project designed to lay the, basis for the
selection of a suitable steel. The initial phase of the program was itnded to Ship Suiicture Comniuree Spec Repot. Nov. 1966. 25 ref.
establish suitable testing methods for measuring the resistance of heavy-rectios
steel plats to brittle frscture, and to provide data on the to which the level of ORDER FROM: NMI AD 644738
toughness performance of the steel must be raised to counteract size effects as
plate thickness is increased. The second phase of the program, covered by the
present report. has beent a study of the mechanical properties and weldabslity SSC-179
of a steel cornpositiom which was judged to show promise as a steel for heavy- RESIDUAL STRAINS AND DISPLACEMENTS WITHIN THE
section ship plate. The steel was chosen on the premise that a simple carbon- PLASTIC ZONE AHEAD OF A CRACK
mangainese isteel could be hwea-raed to furnish the desired Properties inlud- Striainid displacemnits i the plastically yielded region generated ahead at a
isn& weldability at a lower cost than that of mosm cosmplex alloy steel grades, machined notch and a crack were detecte wish an iterfemonsetnic technique.
Broadly, the steel in thicknesses tup to 3 inches was expected to possess the Thez ineasurans we perfomied os Fe-3Si ated sheets after unloading and
strength, resistance to battle fracture, and weldabtlity equal to 2-inch normal- reflect local yielding under plane stress consditiona. The results show that

ized ABS Class C steel. While the laboratory tests could rict be used to deter- notch acty within the limits exuntined has little effect on the strain distnibu-
mine the service properties of the steel, they provided a direct coprio of tiori. Measured displacerrines; are qualitatively in accord with the theortical
the stee to ABS Class C. whose characteristics arid service performance ame expectation-s of the DM (Dugdale-Muhshlvilli) model. Quantitative Agree:-
well-known. mast u not obtained and this is attibuited to work hardening and the

Bauschinger effect, corrplicaticms that amrt eglected in the calculation. The
Sponsored by the Naval Sea Systems Conimand, Washington. D.C. 20362- work also draws attention to a paraimeter-he widh of the plastic rwe at half

maximum strain--useful for onnecting displacenssent with maximumn strain.
Stout, R.Roper, CR Sponsored by the Naval Sea Systers Cosnd, Washington, D.C. 20362.

Ship Stiucture Comittee Progress Report, Apr. 1966,.2 6 p, I mf. Carsimest, J. Roseield. ARL Hahn (T

NOB-9098Ship Stnicture Corsnmittee Progress Report, Nov. 1966,1l6p, 7 ref.

ORDER FROM: NTIS AD 637211 NOBS-M283

SSC.176 ORDER FROM: NTIS AD 644815
BIENNIAL REPORT OF THE SHIP STRUCTURE COMM17TEE
Contnts: Authority for the Ship Stnictusre Corsinittee; Organization of the
Ship Stnsonure Conmmittee; Current Ship Structure Committe organization SSC-180
dirtctory; Research projects and reports, Five year programn for Ship Structure EXPERIMENTAL DETERMINATION OF PLASTIC CONSTRAINT
Conrisiee researds; Amnericasn Cosuncil of the International hunscase of Weld- AHEAD OF A SHARP CRACK UNDER PLANE-ST'RAIN
ing; Statistical report of stnuctural failures of steel mnerchat ship to Marc CONDTONS
1966. An experiental metho of idastifyins the plastic costrais ahead of a sharp

crack loaded unider plane-strains cosiditicsss is proposed. The miethod is based

Ship Structure Conmittee, lune 1966, 30p, on the idea that the cleavage stress-which can be meased with umordied
bars-tai the peak stress developed ahead of a crack Just prior to crack extee-

ORDER FROM: NTIS AD-64 1333 sice Ways of calculatig the gsan, strain rare, anid yid stress appropriate
for the plassuc stgions just ahead of the crack amt developed. The rao of the
cleavage atreas to the local yield stress identifies the plastic consstrait factor at

SSC-177 the stres level correspounding to crack extension- Expernsstal results re-
GUIDE FOR INTERPRETATION OF NON-DESTRUCTIVE TESTS ceritly reported by Krafft are shown to be consisest with this interpetatin.
OF WELDS IN SHIP HULL STRUCTURES With these data. the following expression for p.cIf.. she plastic constraint fac-
A survey was made of various Codes arid Standards applicable to the inter- tor, is dethace: pcf. = 12 XIY. where Y is the yield stress, K the aries
pretation of radiographs of welds and the Guide has been developed for appli- intesity paraimeter, and the raimnencal cesas 2, has the dienstina inches-
cation to welds in ship hull structures of the general cargo, tanker and pa- 1/2. Thi result offesi a way of forrmulating Kic. the fracture toughness for
senger class as differentiated froin naval ships. The Guide exhibis typca crack extension by cleavage, in momt basic terms anid sheds srne light on the
X-ray and other non-dlestructive teat results of several classes of defects with metallurgical origins of Kwr.
suitable text to delineate the maximum size andlor diatriition that would be
recornimenided a acceptabl for ship hulls. Hahn, GT, Rosenifield, AR

Prepared by the Weld Flaw Evaluation Cormittee, NAS/NRC
Ship Stritur Corrmmitee, (Project No. SR-l64). May 1966,.12p, 19 ref

Ship Structure Conunittee. Bureau of Ships. Sept. 1966. ISp, 3 Fig, 19 phc"o
NOBS-92383

NOBS-90V310
ORDER FROM: NTIS AD 646034

ORDER FROM: NTIS AD 639053

SSC- 181
SSC-178 RESULTS FROM FULL-SCALE MEASUREMENTS OF MIDSHIP
A SURVEY ON SOME RECENT BRITISH WORK ON THE BENDING STRESSES ON TWO DRY-CARGO SHIPS REPORT 02
BEHAVIOUR OF WARSHIP STRUCTURES tabulated stress data froms unattended nsnmnenlation systens are presented for
Entirely rational elastic or plastic design procedures for surface ship strictures two ships covering a total of 6,528 hours of being at sea. One ship has her
have rnot bean achieved. During the past 15 years, considerable advances and machinery amidahip, while the other has hers aft. The data indicate that the
development both in the understaniding of the mechanics of ship strictures arnd trend of maximumw peak -to-peak stress vs. sea state for the two ships is similar.
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T"he maxiumw peakt-t-peak atreas recorded in this data is approximately 6900 with artificial macroscopic flaws as holes. This was checked with tests of
psi fore a st ate II axially ceopressed bans of ABS-B and of E-steel with transverse pre- or post-

drilld asngle or double holes. Thec overaill nominal compressive prestrain (ex-
Fritels, Dl. Bailey. FC Wheaton. 1W haustiom limit) causing brittleness in subsequent tension in bean with pre-drilled
Teledyne Materials Research Company holes was about 1/4 the corresponding prestrain for solid bars of E-steel andi

about U12 for ABS-B steel. Tltc possible causes of this difference and the
Mar. 1967. 23p. 12, Fig.. I tab.. 4 gel., I aipp. modes 01 fracture initiation and propagation are discussed The strong differ-

enutiaion of steel quality achieved with these tests is very promising for the
NOB98349 development of a related acceptance test-

ORDER FROM: NTIS AD 650239 Projet name is Macrofractuir Fisidarnew is

Kobayashi. S Mylonas, C

TWENTY YEARS OF RESEARCH UNDER THE SHIP STRUCTURE BonUiest
COMMOITTEE Ship Suniesur Comrmittee, Naval Ship Engineering Center. (SR-l58) Progress
The salient reulu of two decades of research into such brood areas as mason'- Report, June 1968. 22p, 3 Fig. 4 tab. 6 Photographs, 21 ref
ala. physical and qualifscascm tests. nondestructive tsating of welds, stiress dii-
tribution, data front ships in servce, and bending moment determiation by NOBS-88294
models ame presented. The brittle fracture phenomenon is attacked from a
nuimiber of funidamental views: vaiation 01 comnpositon and mcrostructuir, ODRF M TSAD 670487
puior strain aid thermal history, rate 01 loading. stres intensity and distnbu- ORE FOM TS
ton, d~cs 01 flaws, ansd variation of test method. All these las of research
amS shown to have contributed to the attainment 01 an engineering solution. 55C-lgS
Several of thest areas are further discussed. Stress distributons at various EFFECT OF SURFACE CONDITION ON THE EXHAUSTION OF
geomsetrical disconutinuities amre ported as are those arising from temperatuire DUCTILITY BY COLD OR HOT STRAINING
gradients. Stress Wiensities measured on ships in service are presented as are The compressive prestrain (exhaustion limit) needed to cause brittle behavior
the lonteum predicsions from these measurments. The effect of null prac- in subsequent tension was found to be much higher in ABS-B steel bars with
tice an material performance is discussed. The current effort of developing surfaces machined by about 0.030 in. before straining than with as-rolled sur-
generalizations fsvmn results 01 specific resarch is described. The trad 01 the faces, even more so when the surfaces were machined after straining. Re-
futire. the adaptation of conmputer to exploit genesalizations for analysis 01 moval 01 the strained surface caused a small increase 01 exhaustion limit even
whole systems of strucstire, is set forth. Finally, a listing 01 nearly 200 reports when the surfaices had beet machied before prestaning. In al] cases the
is given along with information on how to obtain thems front Federal reposito- increase was larger for bars prestrained at 55*F than at 70'F. The surface
ries. effect was fouind stronger than in earlier test with an ABS-C steel. In addi-

tion the mucroharbseas was found to rise gradually in a 0.030 in. layer adjacent
Availability: Publishe in Society of Naval Architects and Marine Engineers to the surface arid to reach a peak at the surface itslf in all as-rolled or ats-
n 10 1967. strained surfaces. The surface damage from an unfavorable tolling history per-

mits an easier surfacoe ersbrinlernens by hot straining in a region 01 strain con-
Heller. SR Lytle. AR Niels, RI Vasta, J centration cloge to a weld and creates a dangerous trigger of brittle fracture, as
Dec. 1967,. 47p is indicated by service fractures staining at such regions. A study of the rolling

and straining history causing such weak regions could help their prevention.
ORDER FROM: NTIS AD-663677

Dvorak, 1, Mylonas., C

SSC-1g3 Brown University
METALLURGICAL STRUCTURE AND THE BRITTLE BEHAVIOR (SR-Isa) Progress Report, July 1968, 416p
OF STEEL
By meanrs of surface-replication and three-dimenisional metallograpity, it has
become possible to delineate the iterrelased prsew 01 slip, twinning, car- NOBS-88294
bide craeking, void formation aid rsicroeleavage ini the tensile testing of iron
and mild stees at asbasrnospheric tamperawtres. The cracking of inagamila ORDER FROM: NTIS AD-672897
carbides is at especially poterst meanrs of miucroeleavage initiation, and cut be
used as a tell-tale to follow the fracturing sequences. There are indications SS-8
that the anmount and size of inteagranulair casbides in mild stels are redced by THE EFIFECT OF SHIP STIFFNESS UPON THE STRUCTURAL
decreased carbon content, increased manganese coutnt, increased cooling rate RESPONSE OF A CARGO SHIP TO AN IMPULSIVE LOAD
front the austsniian teniperasure midl decreased graui e. The initiation of The purpose of the study was to set up a computer program to investigate the
nicroeleavage via carbide cracking can be treated statistically. on the assump- dynamtic effects resulting from an impulsive loading on a ship aid to dete-
tion thad the number of carbide cracks per unit voluame is proportional to the mine how these effects tend to vary with the stiffness 01 the hull girder. The
plausic isris. aid that the size distribution of carbide strain is parabolic up to hull is treated as a Timoshenko beam and the solution is obtained by finite
die axiirmsize peit. difference technique. Two codes are written: an explicit one, which is more

efficient for shout durations, and an explicit one. which is superior for long
Coheni, M durations 01 impulse, application is made to a dsy cargo ship. Limited analy-
Massachuises Institute of Technology. (SR-136), Final ReponL May 1968, 32p sit 01 her response to a unit impulse indicates that, it. general, reduced hull

NOBS-8827 rigidity tends to be benseficial.

ORDER FROM NIS AD-670574 Sponsored by the Naval Sea Systenms Command, Washington, D.C. 20362.

St. Denis, M, Fersht, S

SSC-184 Nationial Engineering Science Company
EXHAUSTION OF DUCTILITY IN COMPRESSED BARS WITH
HOLES (Projec No. SR -173) Res At Dev. Sept. 1968, 120p. 19 ref.
The brittleness 01 mild steel subjected to tension after prior compressive pies-
troining has been in panst tributed to the collapse of microscopic flaws or NOBS-94321
voids and to the resulting severe straining, work hardening, and sharpening of
the flaw edges. A sinmilar mechanism of enbristtaet should operate also ORDER FROM: NTIS AD 675639
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SSC-197 aidship to 0 l25L_ aft of amidships. Thu the practce of coricerraung a
BIENNIAL RMPRT OFTHE SHIP STRICTURE COMMITTEJ. midship bending momnents both in design studies arid full-scaile measurements
T'his is the biennial report of the Ship Structure Comnmittee to the cnvening appears to be justified for ships of the MARINER-type. Hogging and salgtng
authority, the Dcanent of rnsportation, covering and surnmanzing the ac- moments at any section were found to be generally proportional to wave
tivities of the committee and its affiliated research grouipi fur the penod I June height, up to a wave-height to wave- length ratio of 0.11. the steepest wave
1966 - I June 1968 that could be gainraed. The boiding-monwint and wave data from the test in

irregular waves were processed by spectral analysis to otain equivalent regu-
Ship Structure Cormittee, June 1968, 30p lar-wave responses. These were shown to be, geasIly, in good enough

agreement with the bending-moment respertse obtined directly in regular
ORDER FROM: YNIS AD-675022 waves to inupur consfidence an the use of regula-wave m" ions pervas and

spectral-antalysis technisque to predict the vertical wave bending moments of a

OFC18 ship in iregular waves.
EFFECT OFREPEATED LOADS ON THE LOW TEMPERATURE Project Namie is Bending Moment Determination
FRACTURE BEHAVIOR OF NOTCHED AND WELDED PLATES
The inifluence of repeated loadings on the susceptibiiy of weldmatts to frac- Manir. NM Numats, E
ture in a brittle manner is studied for an ABS-Cau C Steel. Thle test men-
ben have consisted primarily of 12. 24 and 36 in. wide notched-andi welded
specimenis that, at low temperatures, have beas known to provide low-stres Si tutr atueNvlSi niern etr S-6) iabrittle fractures. The repeated loads or loading history are found to affect the Shiport r Com.m168, e, Nava Ship En3ern tab.r 6S-6) Finafracture behavior of the weldrnents. In all but one instance th freacNot96ure.39Fg.3ta.6 e
stresses obtained for the notched-and-welded wide plates were greater tha the
stresses to which the members had been subjected during th reeae load NOBS-826
ings. Furthermore. the repeated loadings appeared to eliminate the two-stage
fractures observed in some of the tests of as-welded specimens. T late ORDER FROM: NTIS AD 679187
condition is in general desirable, but only if the fracture atress is raised to a
high-stress level. SSC-191

PLASTIC FLOW IN THE LOCALE ON NOTCHES AND CRACKS
Project name is Low-Cycle Fatigue IN FE-3Sl STEEL UNDER CONDITIONS APPROACHING PLANE

STRAIN
Munse, WH Cannon, JP Kiefrer, JF The development of the plastic zones generated by sharp thictgit-cracka and

blunter notches was auieda systematically in Platis of Fe-3i steel A sena-
tive etching tectanique revealed the plastic moms both on the plate surface andShip Stcture Committee, Naval Ship Engineering Center, (SR-149) Final Re- an pavi and normal interior sections. In addition., the progress of through-

post, Oas. 1968, 24p, I I Fig, 7 tab, 5 photographs. 21 ref th-ucn defratos was followed by manitorig normald displants
at the platte suif ace. flse work encomnpases qaplia stros-rack laigtl-tknk-

NOBS-88283 news comnsntions in the range 0.2 is leas than the ahaolste valiue of (KJY)
squared times IA is Ieas tdon 2 (K is the stst. isntity parameter. Y is the

ORDER FROM: NTIS AD 676722 yield wras, and t is the plam tickness), with special aemphasis an iiatos
whent the plastic zwe is snall relative to the Plate thickess wa a plane attasi

SSC. 189 state is approached Three biids of relausona am revealed: ame in the pluse
THE VIDEO TAPE RECORDING OF ULTRASONIC TEST of the plate said two accunodatitigl thssl-the-thicknecs deformation The
INFORMATION latter baccune the donmsa mode what the absose vsa of (K/Y9 x IA ns
A video tpe recorder hat been convented into a wide band instransentation mome tha 1.7 or p is momt thass V2 (p is the sate length). Ckripariaons wish
recorder. TeA scan fronm the ultraisoruc tester is directly recrded togethe availalet theoretical tsttmeta show that the c5J~adtns of Bilby aw Swin-
with the operators voice giving the location, transaducer position and interpreta- .es .Iba an Riead-sne mwacr ihmsrdzselnta
fion of test data. An oscilloscope is used for the playback The circuii nee- but nome of the trtmets eutined provides a satsfactory description of the
esay to couple the outpt of the ultrasonic tester to the tape recorder is de- zone shfe The eqsiens also provide issiajis to tOn level of am within

scrib~ithe se, and suiggest that the absolute value of K MY I A equals I or p equala
1/4 may be a useful upper bound for the plane main regime.

Youshaw. R Dyer, CH- Cniscuolo. ELH"G.RsnilA
Naval OrnneLbrtr Haa T Mooa1iel A

Ship Stricture Committee, Naval Ship Engineering Center, (176), Oct 1968.
12pp, 6 Fig, I Plsogrphs, 6 ref (Project No. SR.164). Nov. 1968, 53p, 33 ref.

ORDER FROM: NTIS AD 677894 NOBS-92383

ORDER FROM: NTIS AD 680123
SSC.190
BEN DING MOMENT DISTRIBUTION IN A MARINER CARGO
SHIP MODEL IN REGULAR AND IRREGULAR WAVES OF SSC-192
EXTREME STEEPNESS NOTCH BRITTLENESS AMTR FRACTURE
An experimental investigation was undertaken to determine (1) the lengthwise Notched plates and bars prestrained in coempression or extension, before or
vertical wave-bending-moment distribution within the midship, half-length and after notching, at 70rF or 550rF were tested to fracturse in tension at 167. It
(2) the relationship between bending moment and extreme wave steepness, for was found that a catastrophic reduction of ductility ould be caused by small
a MARINERt-type cargo ship. A 1196scale model was cut to form six seg- prestrans. Uniform longitudinal or transverse prestraining by as litle as 0.05
masts. which were joined by a flexure beam. The beam was strain-gaged to at 70*F reduced the initial ductility of notclied bars by a factor of 4 or momt
measure bending moments at the hull cuts at stations 5, 7 1/2, 10, 12 1/2, and Hot prtstratining; was even masm damaging: the greatest drop in the ductility at
15. The model was tested with normal weight distribution and with an ex- 16*F was caused by prsains of only 0.025 at SSOrF. These tests indicate "ha
trane cargo amidship loading in both head and following seas. The range of the "brittle" behavior of mild steel structures results from stie damaging prior
regular-wave steepness(height/length) was 0.05 to 0.11; the irregular waves history of asriin. Therefore, the proper selection of steels should be based
had an equivalent full-size significant height of 39 feet. Within Practical oper- on their resistance to embeittlement by suitable astriing rather th= on thatr
ational limits of speed for the MARINER-type ship, the maximum wave bend- properties in the initial undamnaged state. The presente testing methods offer
ingmomnents in high regular waves %ere found to occur in the region from a great control over the steel ductility. Thsey would be useful both in steel
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assessrnemt and in the investgations of the factors influenang the resistance of of procedure cutol. The recommended temporary welding repair procedure
steel to fracture, and a discussion of the srvey which led to the recommendation ae described

in this repo-
Sponsord by the Naval Sea Systems Command, Washington. D.C. 20362. (A
Ship Stnucture Committee PmjecL) Lowenberg. AL Watson, PD

Southwest Research Institute
Mylonas. C. Kobayashi, S
Brown University Ship Structure Conuittee, Department of the Navy May 1969, 12p, 3 

Fig 1.
tab, 4 rf

(Project No. SR- I 58) Final Report, Dec. 1968, 40p, 25 ref.
N00024-67-C-5416

NOBS-88294
ORDER FROM: NTIS AD 668119

ORDER FROM: NTIS AD 681051

SSC.I,
SSC-193 ANALYSIS AND INTERPRETATION OF FULL-SCALE DATA ON
DEVELOPMENT OF MATHEMATICAL MODELS FOR MIDSHIP RENDING STRESSES OF DRY CARGO SHIPS
DESCRIBING SHIP STRUCTURAL RESPONSE IN WAVES Results of the analysis of stress data from full-scale measurements on two C-4
Available mathematical models that describe ship-wave interactions am eval- type cargo vessels are presented in the form of histograms and cumulative
uated in order to develop a technique for predicting ship stsrctsral response distributions, which together with previously analyzed full-scale data cover a
charactesucs. Major consideratio is given to the bending moment and slam- total of five years of normal ship operation in the North Atlantic. Two rational
ming responses for an abitra y ship form in any state of ses, at any relative techniques are given for the extrapolation of full-scale data to longer penods of
beading and forward speed. The slowly varying vertical and latend bending time. in order to predict extreme bending stmsses (or bending moments) in
moments due to waves are obtained using a linearized model based on stip service. Recommendations are made for more data collection from different
theory, where the effect of roll motion and its influence in the lateral plane are ships on different routes, for investigation of other statistical techniques, and
included, with the model sufficiently general to also allow extension to com- for development of methods for model predictions of long-term trends.
putation of torsional momniea due to waves. Comparion of the eults of a
limited series of hand computations with available experimental data indicates Hoffman. D Lewis. EV
a good of agreement, as well as an overall conistency, for the analysis of Webb Institute of Naval Architecture, (SF-013-04) Tech Report, June 1969,
wave-induced bending moments. A mathematical representation of the bend- 67 p
ing moment due to slarnining is also described, and omputational procedures
for obtaining as output compatible with the wave-induced bending moment are NOBS-92384
outlined. Methods of analysis in terms of power spectra as well as time histo-
ries are considered, and the utility of different types of conputers for pesenta- ORDER FROM NTIS AD-689657
tion of information on ship structural response is described.

Kaplan, P SSC-197
Ocesnics Incorporated AN INVESTIGATION OF THE UTILITY OF COMPUTER

SIMULATION TO PREDICT SHIP STRUCTURAL RESPONSE IN

Ship Structure Committee, Naval Ship Engineering Center, (174)1 Jan. 1969, WAVES

41p, 12 Fig, 29 ref Methods of computer simulation of ship tructunl response in waves an de-
scribed, with emphasis given to the slowly varying bending moments due to

NOBS-94322 waves and to slanwIing responses. Analog. digital. and hybrid compute Sys-
tens ae analyzed, and results obtained by use of the moat efficient comput-

ORDER FROM: NTIS AD 682591 ational procedures for each type of stncuitral response. The vertical and lateral
bending moments due to waves are determined by use of a digital computer.
and npie computations illustrated for determining frequency domain outputs.

SSC.194 Tune history outpus of vertical bending moments due to nonlinear samming
FEASIBILITY STUDY OF MODEL TESTS ON SHIP HULL an obtained using a modal model of the ship strctiral dynamic rmpe-
GIRDERS sentation, together with time histories of the wave-induced vertical bending
A program is identified for stmegth testing of hull girde models representative moment due to the same wave system. The capalbilities of various computer
of longitudinally framed ship construction. The purpose of the tests is to systems to obtain the required responses, the form of the mathematical model
generate data (for correlation with theory where available) to provide the basis appropriate for conputational means, and the time requiremenu for canying
for engineering design of the primary structure of the hull girder. The major out the operations are also presented. The rapid assessment of spectral re-
loads an longitudinal compression induced by primary hull bending. nosmal spmes and their related statistical properties by means of digital computation.
pressure from the seam and athwartship compression induced by the horizontal together with time history responses at rates faster than rea time, provides a
press= on the sidewalls. useful tool for determining many aspects of ship structural response charac-

terstica by means of cmputer simulation.
Becker, HD

Kaplan. P, Sargent, TP Raf, Al
Oceanics Incorporated

Mithras, (SF-013-03-04) Final ReporL M-7006 RI(B'X), May 1969, 63p
Ship Structure Commiutee, Department of the Navy, Tech Report, June 1969,

ORDER FROM: NTIS AD-687220 54pp, 24 Fig, I tab, 26 ref

N00024-67-C-5254
SSC.195
RECOMMENDED EMERGENCY WELDING PROCEDURE FOR ORDER FROM: NTIS AD 690229
TEMPORARY REPAIRS OF SHIP STEELS
The new merchant cargo ships use a large variety of steels in their construc-
tion; the steels range in yield strength from 40 to 100 ks. Since some of these SSC-199
steels require a close control of the welding procedure a well as other special FLAME STRAIGHTENING AND ITS EFFICr ON BASE METAL
tedhiques to assure serviceability, it was felt that a special repair welding PROPERTIES
procedure must be developed. The procedure must be applicable for all The suitability of flame-straightening methods now used on conventional ship
strengths of steel used in costnsuction and should require a minimum amount steels for the higher strength ship steels is questionable. The report discusses
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some of the potential problem areas thai need evaluaion to examine this sub- S .C-202
ject. Based on a survey of pernent hterature it is shown tha only Limited MIDSHIP WAVE BENDING MOMENTS IN A MODEL OF THE
data applicable to this subject am available. 1he data analysis covered the CARGO SHIP CALIFORNIA BEAR RUNNING AT OBLIQUE
nature of distortion, flame-straightening techniques, and the effects o both HEADINGS IN REGULAR WAVES
single and combined thermal cycles and plastic strain cycles on material prop- Vertical and lateral wave bending morsatu were measumd at the midship ec-
cres. An experimental program is presented that is designed to generate Uon of a 1/96-scale model of the C4-S-IA Mariner-class cargo ship CAL-
background data on convenuonus steels and several higher strength steels IFORNIA BEAR. The model was self propelled thigh a ship speed-range
directly pertinent to flame straightening. These data will subsequently be eval- of 10 to 22 knots at seven headings to regular waves of lengths between 0.2
uated to ascen=an swutabihlty of the flame-straightening procedure for various and 2.0 umes the length between perpersdcularn; moderate wave heghts not
ship steels. exceeding 1/50 of the model length were used. Results ae prmsented in dats

of bcnding-moment-amphtude/wave-ampiwude versus ship speed, with wave
Pauce. lIE, Evans, RM. Monroe. RE length as the parameter. Two ship loading ooiditns, reprsenzauive of actul
Battelle Memorial Institute westboan and eastbound trus-Pacific voyages an covered

(SR-185), 41p, Summary Report. Aug. 1969. Nurnata, E Yonkers. WF
Stevens Insitute of Technology

ORDER FROM NhiIS AD-691555
Ship Structure Comittee. Nov. 1969. 29 p. 19 Fig. 1 tab. 7 sf. I app

SSC-199 N00024-67-C-5218
STUDY OF THE FACTORS WHICH AFFECT THE ADEQUACY OF
HIGH-STRENGTH LOW-ALLOY STEEL WELDMENTS FOR ORDER FROM: NTIS AD-698947
CARGO SHIP HULLS
A recent advent in ship construction is the use of high-strength low-alloy steels
with 100,000-Psi yield strengths for ship hull structural elements, making SSC-203
unique design concepts possible. This application is a significant step, but the ANNUAL REPORT TO THE SHIP STRUCTURE COMMITTEE, 1
materials behavior needs to be further defined. For the benefit of the owners JULY 1969- 30 JUNE 1969
designers, and fabricators, a project was initiated by the ship structure corm- The purpose of the Conmitee is to conduct an aggressive research progam
nintee to establish which mechanical properties should be used as criteria for which will in the light of changing tednology is nmrine trumsportati, im-
judging performance, to evaluate large-scale weldments to determine the suita- prove the design, materials, and construction of the hull strumctre of slps by
bility of these criteria, and to select small-scale laboratory teats that correlate an extension of knowledge in thoae fields for the ultimate purpose of "creas-
with the large-scale tens. A survey of shipyards and ship repairs revealed ing the safe operation of ships.
that these newer materials are being used only in critical strength elements
ships hulls. Welding procedures an qualified by explosion budge tests to de- Ship Structure Coamiinee, Nov. 1969, 31p
fime safe operating temperature limits.

ORDER FROM: NTIS AD-699240
Lowenberg, AL, Nonis, EB. Pickett, AG, Wylie, RD
Southwest Research Institute SSC-204

SIMULATED PERFORMANCE TESTING FOR SHIP STRUCTURE
(SR-177) Technical Report, Aug. 1969, 5 9p COMPONENTS

In this report, the results obtained from wide-plate tension tsts undestake for
ORDER FROM: NTIS AD-692262 the purpose of simulating the full-scale performance of steel used in si hulls

are presented. Informaton as to uutiation and propagation of fast fracture in
SSC-200 wide steel plates was first obtained through a series of 19 tats performed on a

SHIP STRUCTURE COMMITTEE INDEX newly developed wide-plate tsating machine. The test material was the pres-
sure vessel steel, ASTM A212 Grade B in 3/4-inch thickness. This infoma-
tion, aid the techniques developed, were then applied to a tosal of 18 tests

Ship Stricture Committee, January, 1969 using ABS Class C steel, having a thickness of 1-3/8-inch. All specirnas
were 10 feet wide and 3 were stiffened kmgitdirially. Tea temperatures
ranged from -I00F to a rmn temperure ambient of plus 75"F. A fatigue

ORDER FROM: NTIS AD-683360 crack or a brittle bead was used as a crack initiator and lage idual stresses
were introduced. In general, the tests indicated that, at .silciently low

SSC-201 temperatures, a fast fractu e could be produced in ASTM A212 Grade B and
MIDSHIP WAVE BENDING MOMENTS IN A MODEL OF THE ABS Class C steels if a sufficiently sharp initiaion site was located within an
CARGO SHIP WOLVERINE STATE RUNNING AT OBLIQUE ares of relatively high applied and/or residual stress. Based on the reaults of
HEADINGS IN REGULAR WAVES the teats conducted, it s concluded that the ABS Class C material u not sensi-
Vertical and lateral wave bending moments were measured at the midship sec- ive to fast fracture at tmsperatures well below service temperanure. Them-
tion of a 1/96-scale model of the C4-S-B5 cargo ship WOLVERINE STATE. fore, this material may be used to effect a fracture safe desi for modem ship
The model was self-propelled through a ship speed-rnge of 8 to 17 knots at hulls.
seven headings to regular waves of lengths between 0.3 and 1.8 times the
length between perpendiculars/ moderate wave heights not exceeding 1/50 of Sherman, R
the model length were used. Results am presented in charts of moment-ampli- Southwest Research Institute
tude/wave-amplitude versus ship speed, with wave length as the Se02meter.
Two ship conditions, light load and full load, are covered. Ship Sture Commte. 1970, 64p, 12 Fig., 2 tab., 12 ref., 3 app.

Chiocco. MJ Numats, E NOBS 92294
Stevens Institute of Technology ORDER FROMNTIS AD-705398

Ship Structure Committee Tech Report, Sept. 1969, 22p, 46 Fig. 3 tab, I Pho-
tograplh, 6 ref, I app SSC-20S

STRUCTURAL DESIGN REVIEW OF LONG, CYLINDRICAL,
NAVSEC 92299 LIQUID-FILLED INDEPENDENT CARGO TANK BARGES

This report describes a program of analytical research to desermine the availa-
ORDER FROM NTIS AD 695123 bthty o reliable methods for the design of long. large diameter, cylindrical
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tankls and their supports for trnsportation of liquids and tow -pressure liquefied expeerienal laboratory and shup data anid thir correlation with available
gSes in barges for service on rivers or at sea. Loading conditions, existing theory, statistical considerations in slammg and in dhe oocen vinwuanem,
designtantalysis methods. material considerations, aid a computer mnethod for anid structural implications and possible design imrorvcmns. Althoughs there
predictng stretses ame presented. The major conclusion of die work performed ame certain areas in die theory which require expansion. the most pressing need
is diat design procedures for river barge tanks up to 20 feet in diameter ame is for additional full-scale experimental data to provide onflimatioc of ex-
well established and that no failures due to inadequate designt practice have isting analytical tediniques.
beeni reported since refrigerated tainks wait inw sarvice ten years ago. The
present method for designing river barge tanks is a logical starting point for Henry, JR Bailey, RC
determining the stnractuas configuration of large tanks for oceanic service, but Teledyne Materials Research Company
momt detailed analysis of loads and resulting stresses should be performed for
this application. Several area in which theoretical or experimenta] effort is Ship Structure Commitiee, 1970. 3 8 p, 9 Fig. 81 ref
needed at identifie: (1) investigain of tankl-saddle-barge interaction. (2) in-
vetitiori of fatigue criteria for cyclic loading. (3) investigation of buckling NOBS-94252
critetia, (4) analytical and experimental investigatiosn of slamning, and (5) ex-
perimessal verificationt of stresses in a full-scale tank. ORDER FROM: NTIS AD-71 1267

BASCOM CWSC.0
General Dynamics CorporationSC20

RESULTS FROM FULL-SCALE MEASUREMENT'S OF MIDSHIP

Ship Structure Committee, 1970,.102p. 26 Fig.. 14 uk X7 ref. 4 app BENDING STRESSES ON THREE DRY CARGO SHIPS
Thia report summarizes the activities undertaken by Teledyne Materials Re-

ORDER FROM: NTIS AD-708565 search tunder Ship Structure Commnittee Project SR-153 during a three and one-
half year period to investigate certain aspects of die structural response of thre
dry-cargo ships to wave loads. This work continues earlier studies sponsored

SSC-206 by the Ship Structure Conifune. Work is concluding on MORMACSCAN
PERMISSIBLE STRESSES AND THEIR LIMITATIONS and CALIFORNIA BEAR aind will continue on WOLVERINE STATE which
Varioun aspects of capability and demand of ships such as extremne loads, cy- is also instrumented to gather data for project SR-172, Slamming Studies to be
clic loads, plastic design, crack design, collapse anid damage sam discussed in reported under separate cover.
an attempt to make a synthesis. It is explained that whatiever permissible
statues are used in structuranl design, they should be bounded by probability- Walters, U. Bailey. PC
cricepts, deformation crisera and critical crack lengths. For an acceptable Teledyne Materialsi Research Company

risk factor, the miargin between capaiity and demand sans to be substantial
in ships. Yet drastic reductions in structural weight will only be possible if the Ship Structure Committee, 1970. 73pp, 62 Fig. 2 tab. 5 ref. 3 app
principle of fadl safe design is adopted in shipbuilding to the sane extent as in
aeroplaase-building. NOBS -94252

Nibbering. JJW ORDER FROM: NTIS AD-7 12183
Delft Univesity of Technology

1970, l5pp, I5 Fig, 17 ref SSC-210
ANALYSIS OF SLAMMING DATA FROM THE S.S. WOLVERINE

ORDER FROM: N71S AD-7 10520 STATE
The stress recording system aboard the S.5. WOLVERINE STATE was ex-
panded to include pressure transducers and accelerometers. Stress, pressure,

SSC-207 and acceleration signals were recorded on magnetic tape over a period of thre
EFFECT OF FLAME AND MECHANICAL STRAIGH4TENING ON years, and data on hundreds of slam were recorded. Slarmning occurred only
MATERIAL PROPERTIES OF WELDMENTS at Beaufort numbers above 5. arid tunder relative headings within about 30 s of
An experimental study wus coniducted to determine the effects of mecianical head seas. Reduction of speed did riot appea to reduce the frequency of slam-
straighening and flame straightening on the properties of steelis used in ship- ming, but the forward draft was a significant factor- Ocisis predictions of the
busilding. The steels investigated during this program icluded an ordinary statistical distribution of slamming occurrences were confirmed, as were his
carbon steel (ABS-B), two low-alloy, high-stragth stel (A441 and A537), model data relating pressure arid relative velocity ait impact. The bow accel-
and a quenched and tempered steel (AS 17, Grade A). The removal of distor- erasion was found to be a senasive indicator of slamming phenomena, and
ton in tanwelded and welded test plaies was accomplished by (1) mechanical relationship between acceleration, velocity, arid pressure were established.
straightening at roan tamperatnr, 1000rF. 130(rF. mid (2) flamne straigintenuig Slamming pressure levels were consistent with ship model test results, but
in t temperature ranges of ll00-1200F1 and 1300-140(rP. Controlled were less than other full-scale and drop-test data reported in the literatur.
amounts of distortion were provided in wiwelded plate by mechanical beiding.
distortion in welded plates was provided by Aiging the restraint control. Wheaton. JW, Kano, CH. Diamnart, PT, Bailey, RC
Drop-weisjnt tear tests were conducted to assess the effect of the straightening Teledyne Materials Research Company
parameters on the notci-tosghriess behavior of the respective steels.

Aug. 1970, 76p
Patse,. HE, Evans, RM, Monroe. RE
Batielle Memorial Institute N00024-68-C-5231

(SRISS), 1970, SOp ORDER FROM: NTIS AD-713196

N00024-68-C-5324 SSC-211

ORDER FROM: NTIS AD-710521 DESIGN AND INSTALLATION OF A SHIP RESPONSE
INSTRUMENTATION SYSTEM ABOARD THE CONTAINER
VESSEL S.S. BOSTON

SSC-20g Progress during this reporting period consisted of design, procuiremenit. and
SLAMMING OF SHIPS: A CRITICAL REVIEW OF THE CURRENT installation of a shi respontse instrumntation system aboard the container ves-
STATE OF KNOWLEDGE sel S.S. BOSTON. Incuded in this report are the following: a detailed de-
This critical review of the current status of the knowledge of bottom slamming scription of the system, onsisting of the parameters to be measured, the type
pheiomena was undertaken to assure that maximumn value will be gleaned and location of the transducers installed, commponents aind functional operation
fronm recorded data obtained on the SS Wolverine State. The review covers of the data acquisition and recording system,; data analysis procedures; and
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Squipm EMt q CIonL In addition, a description of the procedure and the ORDER FROM: NTIS AD 712187
nusu of the first trsducer calibration auernp am preseed.

Fain, RA. CagL. JQ, Schleld. BH SSC.215
Teledyne Materials Research A GUIDE FOR THE SYNTHESIS OF SHIP STRUCTURES. PART

ONE THE MIDSHIP HOLD OF A TRANSVERSELY-FRAMED DRY

Ship Sttuure Cousninee. Progress Repom Dec. 1968. 14p CARGO SHIP
TIs upon premus the deip sytheu for a digital mue pmpm ta

N00024-68-C-5486 has been developed, band on t alic of rationrl wduqe for the
design of the optmum midship mumcur of a trusver-ely4n dry cargo

ORDER FROM: NTIS AD 780090 ship. The mo of the design netod used us that all emparics knowledge on
the propomni ng of hull Maucum to witstand the forces of th seaway finds
expression in three facsos nadey separation ( suc ito plwisy. mc-

SSC.212 ondary aid tertiary coponts. he Ila, g s sbject to the follown qual-
SHIP RESPONSE INSTRUMENTATION ABOARD THE ifications: a) eemnl loadings and wan induced bending mates m be
CONTAINER VESSEL S.S, BOSTON: RESULTS FROM THE FIRST aimemd as uns data b) de i annan arbirary and based solely on the
OPERATIONAL SEASON IN NORTH ATLANTIC SERVICE overall mtagth of tn bull c) arss m under disbalsaw loadings do
TIs report contains dat, with asociaed discussions, collectd from the SEA- no exceed the elastic lhA a( the materd d) the lsp stem 1i gnri bd
LAND Vesd S.S. BOSTON, dtaing the winuer operating seaon, November or follown m e) inqaulive loading fom anumig is ant taken imo ac-
1968 to April 1969 in the Noth Atlantic. A ttal of 356, IS-ainue data cc= explicitly, nor me stu concentrons. msigb unider localized loading
imervals was chaine4 and three wave buoy launchm wen peafoaned. Plots rigidity and coiomn allowances. imer alias
of various utinsdocer oupns verus Beauforea sta an provided along with
ounparison with data from a similar class of vesseL St. Des, M

Fain,.RA, Cagin, JQ, Scofield, BH National Engineering ScceCompmy

Teledyne Materials Resea Compy Naval Ship Engineering Caemr. Oct. 1970. l 3ppM 10 F. 11 tab, 20 ro, 15

Ship Suiamre Comittee Tcth Report 1970. 38pp, 23 Fig. 10 tab, 4 ., 2 'pp
app

N0002467-C-3315
N00024-68-C-5486

ORDER FROM: NS AD-? 17357
ORDER FROM: NTIS AD-712196

SSC-216
SSC-213 PROGRAM TRANSHIP-A COMPUITER PROGRAM FOR THE
A GUIDE FOR ULTRASONIC TESTING AND EVALUATION OF DESIGN OF THE MIDSHIP SECTION OF A
WELD FLAWS TRANSVERSELY-FRAMED DRY CARGO SHIP, PART 11
ThIbs doam t presents psocedm and aceptnm linita for onm ultrasonic Thi report presents &e comper progpm cmesponding to the mahod of
i opechf nted but welds in the thickness range of 1/4 to 2 indtes. The des eqvoundl in t i Sp Strucmm Cominee Report SSC-21S. -A Guide
acpn mits desacribed in the following sections am compabe with te for the Syinesis of Ship Structmes . Pst One - Tbe Midship Hold of a Trms-
set forth in SSC-117, Guide for Interpretation of Nnde, ctave Teat of • r Dr C pr anrsas in a emacomve
Welds in Ship Hull Stucbm for tdiographic in.e d thldenfore rtne called IRANSHIP aid twenty T sI nhiems.
reu t in satfactory ship weds.

oSponsored by de Naval Ship Hg in g Cner, (Ship Sucme CYoshw. RA iResemc Projec sR-174,
Naval Ordnance L Re P c

Ship Suctum Coanitne,,Final Report, 1970, 12p, 14F S. Duds, M
National ElngineeringI Science Canpsiny

ORDER FROM: NTIS AD-? 13202,

(Project No. SR-175), Dec. 1971, 144 pp
OABRA-SL7E

SSC-214
SHIP RESPONSE INSTRUMENTATION ABOA THE N00024-69-C-M4W
CONTAINER VESSEL S. S. BOSTON: RESULTS FIAOM TWO
OPERATIONAL SEASONS IN NORTH ATLAN ( SERVICE ORDER FROM: NT1S AD 753531
Tbsmmsary report contains ship rspons dot& -ihIscse discussions,
collected during two North Atldnc Winter opervang sLo on d Sea-Land
conainer S.S. BOSTON. Seven voyages ar overed t hsel stanes rmig SSC-217
to force 12. Maximnn vertical bending peak-to-uva as recorded in the COMPRESSIVE STRENGTH OF SHIP HULL GIRD*RS. PART I.
progran was 13.400 psi in a sea state of 10. Maximt hull tonional shear UNSTIFENED PLATES
stress was 1,800 psi peak-torouuh, also occung in orce 10 seas. Bow Thre proble me of Hull girder strenh amhiaxisl am h (to accuwn for
vertical acceleration ranged as high as 1.Sg and horizna socleration as high the transverse mnbrmue loadings iiduced by the sea) the inismce of nomal'
as. ft Reaults of an extensive static loadn ezper also preted press.ur loadings on mngt, ard th inffence of strug residual ot esg
and compae well with analytical calculio sed on loods. Vertical induced by wddin. Deta on solmios ttheea problems were obtained during
bending data collected on de S.S. BOSTON an ompus with that collected prect
an a similar unconverted C4, the S. S. WOLVERINE ST TE.

Cnan, JQ Becker, H, Goldnan, R, Pomsyck. J. Mithris

Teledyne Materials Reseamch Company
Ship Structure Commitee Final Repot 1970. 30pp, 28 5 tab, 7 ref. I app 1970, 73p

N00024-70-C-5182 ORDER FROM NTIS AD-?17590
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SSC.218 N00024-70-C-5214
DESIGN CONSIDERATIONS FOR ALUMINUM HULL
STRUCTURES-STUDY OF ALUMINUM BULK CARRIER ORDER FROM: NTIS AD-733085
The study was undertaken to evaluate the benefits and constraints that will
develop when ship design as well as fabncation procedures ae modified to
employ aluminum alloys instead of steel for hull structure of a large dead- SSC-221

weight camer. The fabrication of a large almtmum hull with state-of-the-an RESPONSE OF THE DELTA TEST TO SPECIMEN VARIABLES
materials and costruction teduuques is shown to be technically feasible. Pre- The Delta specimen has been applied to two different heats of A517 grade
sent 5000 series alloys have adequate properies, though additional research is steel i one inch plate thickness and to the one heat in 1/2 and 2 inch plate
required. particularly into fague characteristics. Expenence to date with ex- thickness. Various modifications of the basic spectmen have been tnvesu-
isting alunum ships has been good, though instances of cracking at welds gated. a non-standard geometry and a conposite form of the srcunen into
and co soior , ave been noted. Criteria for the design ef the aluminun hull which different steel types were incorporated. The influences of various weld-
structure are presented and justified. Methods of tire pnaeCion and system tig procedures have been examined as well as the performance of all steels in
/equipment installation ae evaluated, and operational characteristics of an the non-welded condition. The specimen was found applicable and appro-
alumnium bulk carner are reviewed. The designs of a large aluminum b priate for all conditions tested, showing sensitivity to all variables. At tie
carrier and an equivalent steel ship are presented and compared. The alum- same time the specimen showed a ornsttency n behavior which could be
inum ship's structure weighs 43 percent less than the steel ship, and its hull is rationalized with commercial experience and data from corollary tests. The
about 50 percent mom flexible. Cargo deadweight is increased 7-1/2 percent. steels examined showed several eansitional behaviors when ted as weld-menits, these transitions occurring in place of fracture, length of fracture, load

Alunburg, CJ. Scott, R. carrying changes and overall ductility measured by deflection at failure.

Gibbs and Cox, Incorporated Performed under Naval Ship Engineering Center No. N00024-C-5463.

16671/(1-598), 1971, 14 0p McGeady. U

5 Lafayette College
N00024-70-C-S 138

Sept. 1971, 42wp, 2 ref
ORDER FROM: NTIS AD-729021

ORDER FROM: NTIS AD-733086

SSC-219
CRACK PROPAGATION AND ARREST IN SHIP AND OTHER SSC-222
STEELS CATAMARAN" TECHNOLOGICAL LIMITS TO SIZE AND
The program was undertaken to explore the possibility of measuring and ana- appRAISAL OF STRUCTURAL DESIGN INFORMATION AND
lyzing crack propagation and arrest- These processes depend on a number of PROCEDURES
factors (1) the mechanics of the flawed structure (or test specimen), (2) the Existing United States shipbuilding facilities can handle 1000-foot catamarans
plastically deformed zone at the crack tip, (3) the metal's resistance to plastic with up to 140-foot individual hull beams on the preuuse that the hulls would
flow and its rate dependence, and (4) the processes of cleavage and ductile be joined afloat Major harbors and channels of the world suggest an overall
rupture on the mnicrostrucural sctle. The work sought numerical descriptions beam limit of 400 feet and 35-foot draft Dyydocking for catamarans over
of the individual factors with the aim of assembling these into a comprehen- 140-foot in breadth will require new facilities or extensive modification to ex-
live systems-type analysis of propagation and armst The studes employed isting facilities. Scantlings of 1000-foot catamaran cargo liner can be expected
the DCB (double-cantilever-beam) test specimen because this configuration to be within current shipbuilding capabilities. The uniqueness of the cat-
offers the possibility of initiating, propagating, and arresting a fast fracture, maai design lies in the ciros-sticture and the imponam facets of the cross-
under controlled conditions, within the confines of a single specimen. An&- suticiture design are the prediction of the wave-induced loads and the method
lyses of the stress fields of stationary cracks in DCB specimens are reported. of stnictial analysis. The primary loads are the transverse vertical bending

moments, axial force, shear, and torsion moments. Designers have relied
Hahn, GT, Hoagland. RG, Mincer. PV, Rosenfield. AR. Sarrate, M heavily on model tests to obtain design loads and have used general tsrcures
Battelle Memorial Institute principles and individual ingenuity to perfo.m the ustctural analysis in the

absence of established guidelines. Simple semi-empirical equations are pro-
Final Report. Aug. 1971, 63p posed for predicting maximum primary loads. A structural analysis method

such as the one prposed by Lankford may be employed for conceptual design

N00024-68-C-5073 purposes. The Lankford method assumes the hulls to be rigid and the cross-
stnucture loads to be absorbed by a group of transverse bulkheads and as-
sociated effective deck plating. This procedure in general should provide an

ORDER FROM: NTIS AD-731674 overall conservative design and not necessarily an economic or optimized e'L-

sign. Additional research and development work including systematic model

SSC.220 test programs are necesary for accunulating additional knowledge in areas of
A LIMITED SURVEY OF SHIP STRUCTURAL DAMAGE uncertainty and for the establishment of reliable desiln methods for catamaran
A limited investigation, conducted to determine the availability of data on ship strctr.

casualties involving structural damage, revealed 824 applicable cases. A
method was devised for r-ducing reported casualty data into a format adapt- Maniar, NM. Chiang, WP
able to automatic tabulation and analysis. Collision with fixed and mobile Rosenblatt (M) and Son, Incorporated
stuctures was found to be the predominant cause of snictund damage; heavy
weather damage to the forefoot and forward weather deck also occurred with Sept. 1971, 6 9 p, 24

significant fequency. Patterns of damage frequency and location existed on a
number of classes of ships. These have been interpreted to indicate how struc- N00024-70-C-5154
tures could be altered to reduce the damage sustained. Recommendations are
made to continue the data collection and analysis program and to investigate ORDER FROM: NTIS AD 733844
more extensively the ways in which significant structural design information
can be extracted. SSC-223

COMPRESSIVE STRENGTH OF SHIP HULL ' RDERS. PART 11.
Hawkins, S. Levine, GH, Taggart, R STIFFENED PLATES
Taggart (Robert), Incorporated Thus is Part 1 of a two-part report on a year of investigation ini- the compres-

sive strength of ship hull girders. This part covers stiffened mild steel plates
(SR189) Final Report, RT-29406, 1971, 37

p with a/b equal 3 and bA equal 50. Seven tests were conducted on panels and
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gnflagea loaded in axial compression in various nlanuatiorts with tranisverse N(XX)Z4-70-C-5219
mmnbrane conmpression and normal pressure. In addition, a thrre-girder was
tested in pore bending. One of the prime goals of the project was to determine ORDER FROM. NTIS AD-7S2769
the strength of plates in gnIiae~es ard girders as compared to ,1, square tube
behavior described in Pant I. Fromit n engineering viewpoit there was [stile
difference between the square tube strengths and the strcrngtlu of plates in the SSC-226
siffener-plase configurations. The resu revealed an increase in plate TANKER LONGITUDINAL STRENGTH ANALYSIS -USER'S
strength of 4-1/2 percent comspared to the tube test data fur uniaxial compres- MANUAL AND COMPUITER PROGRAM
sion loading without normal pressure, and a reduction of I percent when testeci Thi report the secotnii in a sequence of four Ship Stnrutue Ccininee Re-
in tiarial comspreshion plus normal pressure. The girder strength was 3 7 ports on a method for performing structural assalynt ato a tanker hll, contam
percent above the tube strength. The effect of bixiiy may have reduced the the Uses Manual and Comnputer Program for the longitudinal strength ansaly-
longitudinal surengths of the grillages comspared to the tube dat. However. the sis portion of the program.
reduction could have been a few percent at mosit. A single panel in untaxial
crumpmouion was 7.1 penuent stroger than the corsesponding tube. All the Nielsoun, R. Chanig. PY. Deschamps. LC
studies in this case were performed an clectron-beamn-welded plate assemblies Cam Code Corporstion
of which a 0.030 inch thick mild steel plair vas the basic element. The plates
between stiffeners were 1.50 inches wide (MA equal 50) and 4.50 inches long Ship Structure Committee , July 1972, 10ps
(aio equal 3). These nomiinal dimecnsic..s are the same us the plates which
comnprised the faces of the tubes for bA equal 50 widh were tested dunsng the N00024-70-C-5219
Part I investigation. T'he stiffeners were designed to insure achievement of
maximun plate strength. Strain data were recorded to check stress distnbu- ORDER FROM: NTIS AI)-752770
t is for general uniformity.

Becker, H Colao. A Goldrnan, R Pozeryci. ISC-2
Sanders Assocmates, hInopred TANKER TRANSVERSE STRENGTH ANALYSIS USER'S MANUAL

This report, the thud in a sequence of four Ship Ssruca mr Commisttee Reports
on a methlod for performiung isructral analysis of a tanker hill, cosais the

Final Report, 1971, 23pp Il Fig. 3 ref. I app User's Manual for the trassycra strength analysis portiont at the program.

N00024-69-C-5413 Nielson. R. Chang. PY, Descamsa LC
Corn4Code Corporation

ORDER FROM: NTIS AD-733811
Ship Suucisi Commiittee. July 19M243 pp

SSC-224 N02-0C51
FEASIBILITY STUDY OF GLASS REINFORCED PLASTIC CARGO N02-0C51
SHIP ORDER FROM: NTIS AD-752771
The report describes a study undertaken to evaluate the tedutical and
eonomic feasibility of constructing and operating a large glae reinforced
plastic (GRP) cargo vessel or, alternatively, using GRP for major astctral SSC-228
comsponents on a sawl cargo ship. Areas for further research are presened. TANKER TRANSVERSE STRENG.TH ANALYSIS .
and further investigatictis of smaller GRP vessels (150-250 feet long) are pro- PROGRAMMER'S MANUAL
posed ssnc these appear most promisng at thin time. 1',-s report, the last ina a "mrusce of four Ship Structuire Commanittee Rapcsia

on a method for perfonrming structural audaysis of a ranker bull, conains the
Scott, RJ Sommelia J Programmuer's Manual for the ransvuae assgth analysis portion of the pro-
Gibbs and Cox, Incorporatedgrm

1971, 135p~ Nielsoin, R. Chang. PY. Descamsa LC
Crn4Code CA.P01116n

N0004-7-C-374Ship Structuire Commsittee, 1wy 1972. 43p

ORDER FROM! NTIS AD-7351 13 N00024-70-C-5219

SSO'.225 ORDER FROM: NTIS AD-7S2742
STRUCTURAL ANALYSIS OF LONGITUDINALLY FRAMED SHIPS
The technique of finite ekL nents has brought about a new ens in the field of SC29
sructuiral analysis of ship structures. The application of this5 techique.i how EVALUATION AND VERIFICATION OF COMPUI'&R

ever, is limited by the cost and capacity of the compuXter. Stagtowr CALCULATIONS OF WAVE-INDUCED SHIP STRUCTURAL
applications of the finite element method to the whole or to a major portion of LOADS
the ship have so far been inaccuraite and too expensive for design Pusrposes. An anaytcal mnethod for the determination of conventional merdirt ship
The method presented comnbines the advantages of the finite element technique motions and wave-induced montemss in a seaway is developed. Both vertical
anid the uncoupling by coordinate transformation. A fine mesh may now be and lateral plane motions and loads are considered for a ship travelling rt any
used to l'roduce more accurate boundary conditions. The uncoupling transfor- haigi eua ae n nueua oi rsotcetdsn ti
mations also reduce the compuser time to about one-tenth of tha by ote theadM iue n c eguach w a buld inossegctr in or asot ed eas tspor
methods. The critical assumptions and the basic; theories have been verified thaefori emsac thep hups, fculltri cros-sctonais aded man bed damLeisng
with experimental eqreut in etakrJH A.MCN Tsrpot forces in vertical, lateral and rolling oscillation mode. The csoupled eqsuationsdiscusses three computer programs, one ior the longitudinal strength analysis, of motion are linear, and she superposition principle is used for statistical re-
one for transverse strength analysis, and one for the local stability cheek of the sponse calculations in irregular seas. All three primnary ship hull loadings are
structure. The programs themselves appear in subsequent reports. determined, i.e. vertical bending, lateral bending and torsional monsients, as

well as shear forces, at any point along the length. with these response only
Nielson, R, Chang, PY, L utsamps, LC representing the low frequency slowly varysig wave loads directly induced by
Ccrn-Code Corporation the waves. A computer program that carries out the calculations was

developed, and is fully documented separately. The results of the nmethod are
Ship Structure Committee, July 1172, 60p, 21 ref evaluated by comsparison with a large body of model test data. The ceunpaui-
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son extends over a wide range of ship speeds, wave angles, wave lengths, and SSC-232
loading conditions, as well s hull forms. The agreement between the calcula- STUDY OF THE FACTORS WHICH AFFECT THE ADEQUACY OF
tions and expenimental data is generally very good. Thus, a method is avails- HIGH-STRENGTH, LOW-ALLOY STEEL WELDMEN-rS FOR
ble for use in the rational design of the ship hull main girder stricture. CARGO SHIP HULLS

High-strength, low-alloy quenched and tempered steels of 100,000-psi min
Kaplan. P Raff, Al imum yield strength are being used in ship hull stnictures. A project was
Ocesncs, Incorported initiated by the Ship Structure Committee to define which mechanical proper-

ties should be used as performance criteria, to evaluate the suitability of these
Ship Strumire Conmmittee, July 1972, 50p. criteria with large-scale test weldments. and to select small-scale laboratory

tests that correlate with the large-scale tests. A survey of available mediarucal
property data and of the use of these materials at various shipyards led to the

N00024-70-C-5076 recommendation that certain laboratory investigations be conducted. This re-
port describes the results of both small-scale and large-scale tests conducted on

ORDER FROM: NTIS AD-753220 high-strength, low-alloy plate and weldments. These tests demonstrated that 8
in. long flaws can initiate fast fracture at stresses below the yield strength of

SSCS230 the material, that structural fracture resistance is increased by stuffeners, and
PROGRAM SC -SHIP STRUCTURAL RESPONSE IN WAVES that weldments can have fracture resistance equal to that of the base plate.
Information necessry for the use of the SCORES digiudt p is Norris. EB, Pickett, AG, Wylie. RD
given. This program calculates both the vertical and lateral plane motions and
applied loads of a ship in waves. Strip theory is used and each ship hull Soutl west Research Institute
cross-section is assumed to be of Lewis form for the pupose of calculating
hydmodynamic forces. The ship can be at any heading, relative to the wave Ship Stnucture Committee, July 1972, 30p, 5 ref
direction. Both regular and irregular wave results can be obtained, including
short crested seas (directional wave spectrum). All three primary ship hull N00024-67-C-5416
loadings are conputed, i.e. vertical bending, lateral bending and torsional mo-
merts. All the basic equations used in the analysis am given, as well as a ORDER FROM: NTIS AD-752480
description of the overall progrm structure. The input data requirements and
format ar specified. Sample input and output are shown. The appendices SSC.233
include a description of the FORTRAN program organization, together with CORRELATION OF MODEL AND FULL-SCALE RESULTS IN
flowcharts and complete cross-referenced listing of the source language. PREDICTING WAVE BENDING MOMENT TRENDS

Comparison is made between model and full-scale predictions of long-term
Rafff, Al wave-induced bending moment trends for two ships, the S.S. WOLVERINE
Oceanics, Incorporated STATE and the S.S. CALIFORNIA BEAR. For predicting such statistical

trends of wave bending moment from model tests two basic types of required
Ship Stnscture Committee, July 1972, 63p data are discussed: a.) Wave dat from different levels of sea severity, along

with relationships between wave heights and wind speeds. b.) Model response
N0OOO4-70-C-5076 amplitude operators as a function of ship loading condition, speed and heading.

Available wave data in different ocean areas as first reviewed. The dte-mi-
ORDER FROM: NTIS AD-752468 nation of the wave bending moment responses, and the expanuion to full-scale

ae then shown and discussed. Comparison of predicted long-term trends with
extrapolated full-scale results shows good agreement for the WOLVERINE

SSC-231 STATE in the North Atlantic and fair results for the CALIFORNIA BEAR in
FURTHER STUDIES OF COMPUTER SIMULATION OF the North Pacific. The inferiority of the latter is probably due to less refined
SLAMMING AND OTHER WAVE-INDUCED VIBRATORY definition of the sea in this ocean area. h is concluded that success in using
STRUCTURAL LOADINGS ON SHIPS IN WAVES the prediction method presented is a function of the quality of sea data avails-
Results of analytical modeling and computer simulation of wave-induced ble for the particular service in question.
structural loadings on ships in waves is presented, with consideration of bow
flare slamming, bottom impact slamming, and springing. Consideration is Hoffman, D Williamson, J Lewis, EV
gives only to the case of head seas, and the outputs are obtained in the form of Webb Institute of Naval Architecture
time histories due to the nature of the nonlinearities and the non-stationasry
properties associated with the slnmming phenomena. Springing is considered Ship Structure Committee, July 1972, 62p, 26 mrf, 2 app
to be linear and statistically stationary, and output in either time history or
spectral form is possible, with the sane r.m.s. value obtained by either tech- N00024-68-C-5282
nique. Tune history simulation of the slowly-varying direct wave-induced ver-
tical bending moment is also provided, so that relations between constituents ORDER FROM: NTIS AD-753223
making up the total vertical bending moment ae demonstrated. The output
data is available at rates appreciably faster than real time (80 times or more
faster) by use of a large commercial general purpose digital cmputer, thereby SSC-234
allowing raplid analysis of ship structural loads via compter simulation. The EVALUATION OF METHODS FOR EXTRAPOLATION OF SHIP
present results me primarily demonstrative of capability. Particular refine- BENDING STRESS DATA
met in the moner of representing local forces, theoretical techniques for This report is a continuation of an earlier report (Report SSC-196, June 1969),
valuation of such forces, and computational procedures, etc. that are necessary giving results of the analysis of all available stress data from full-scale, meas-
for producing a final completed program for calculation of such loads on a urements on the following dry cargo ships: S. S. WOLVERINE STATE. S.S.
routine basis, are described in the report. HOOSIER STATE, S.S. MORMACSCAN, and S.S. CALIFORNIA BEAR.

The results for the rst two, which ae sister ships of the C4-S-B5 type cover a
Kaplm, P. Sargent, TP toul of about 10 ship-yean in the North Atlantic, and results ame felt to be
Oceanics, Incorprtd consistent and reliable. Results for the MORMACSCAN, coveing brief peri-

ods in the runs from New York to Europe and New York to South America,
appear to provide inadequate statistical samples. CALIFORNIA BEAR results

Ship Structure Committee, July 1972, 36p.23 ref for the North Pacific appear to be reasonable for that service. Further details
are given on two techniques for the analysis and extrapolation of full-scale

NO)24-70-C-5076 data to longer periods of tame, in order to predict extreme bending stresses (or
bending moments) in service. One of the techniques employs the integration

ORDER FROM: NTIS AD-752479 of rms stress data from individual stress records; the other makes use of the
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highest stresses otainedl in each record (extreme values). Both techniques sequent merging with the analogue signal which has been processed through
involve the classification of data by seventy of Weather in order to obtain an Analogue -to- Digital (A/D) onverter. Accumulation of sumary data
greater generality of results. It is shown that extrapolated trends from two during the processing is also output onto digital magnetic tUPe which is theni
methods am consistenit. Comparisons arm made of nocmnsional bending available for use in statistical analyses. A program for srtreval of selected
moment coefficients for all of the ships on the basis of the same 'standard" dais froms the digital magnetic tape is included.
weather distibuion.

Johnson. AE. Jr, Flaherty, JA. Walters, U
Hooffmnan. D. van Ilooff, R. Lewis, EV Teledyne Materials Reseacm Company
Webb Institute of Naval Architecture

Final Report, (E-1I149(d)). Feb. 1973, 106 p. I rfd.
Ship Struciure Committee, Aug. 1972, 41p. 15 rtf

N00024-69-C-5161
N00024-68-C-5282

ORDER FROM: NTIS AD 768863
ORDER FROM NTIS AD-753224

SSC-238
SSC-23S DESIGN AND INSTALLATION OF A SHIP RESPONSE
EFFECT OF TEMPERATURE AND STRAIN UPON SHIP STEELS INSTRUMENTATION SYSTEM ABOARD THE SL-7 CLASS
The effects of flame straightening andl both hot and cold fanning upon mate- CONTAINERSHIP SS. SEA-LAND MCLEAN (S1,-1)
rial properties of hot rolled, normalized, and quenched and tempered steels Te report describes the transducers. cabling ugaosdam nus! record-
were investigated. Flame straightening was studied by first simulating the ef- ing elements of the tistnurnessinm system installed aboard the SL-7 Contain-
fects of time at temperature upon the tensile and impact properties of seven ership S.5. SEA-LAND McLEAN. It inicludes a detailed sumaray of the
steels. Straightening was the performed within the determined limits upon strain-gage bridge circuits, locations of all transducers, and a desciption of the
4-foot-square plates which had been distorted by welding them into a rigid various operating modes and options available for recording data from mnorm
frame. As a result of these sudies, it is recommended that flame straightening than 100 strakin gages. accelerometers, and motion sensors.
with appropriate otrols be allowed as an acceptable process for distortion
removal for both normalized anod quenched and tempered steels. Simulations Fain, RA
of outer fiber strain resulting from both hot and cold forming were conducted Teledyne Materials Research Comnpany
to detenmine the effects of temperature and strain upon properties. In general
it was found that either tensile or impact properties were reduced to some Tech. Report. E- 1395 (b), June 1973,46 p
deg&= by most operations.

N00024-73-C-5059
Rothman. RL Monroe, RE

ORDER FROM:NTS AD-78OD90/7

Ship Stiucture Committee, Res. Report. Mar. 1973,.29pSC-3

ORDER FROM; NTIS AD-76889 1/4 WAVE LOADS IN A MODEL OF THE SL-7 CONTAINERSHIP
RUNNING AT OBLIQUE HEADINGS IN REGULAR WAVES (SL-7.2)
Vertical, lateral and torsional warve bending roonents, aid vestical asid lateral

SSC-236 shears were measured at two sections of a I / 140-scale model of thre SL-7
A METHOD FOR DIGITIZING, PREPARING AND USING ccartainerslrip. The model was self propelledl thrugh a up speed range of 24
LIBRARY TAPES OF SHIP STRESS AND ENVIRONMENT DATA.- and 32 knot at seven heaidigap to regular waves of lengths between 0.25 and
PART 1 2.0 times thre length between perpendiculars. Motions were als ineasissed.
Midship bendinig stress and environtmental data fron four dry-cargo ships, ac- Two ship condition: liglis and ful load west covered. Results are presergedl
cumulated during the period 1939 through early 1970 under Ship Structure in charts of load or motions amnplitude/wave amplitude vs. wave length and!
Committee Project SR-153, Ship Rehionse Statistics, have been processed andl phase lag vs. wave laigt with heading, ship speed anid loading condifion as
written on digital magnetic tapes. During the processing, selected statis"ia Parameters.
information was derived which has been included on the digital tapes for each
of the 13220 intervals recorded. The original FM analog data were contained Dalzell, IF Quiocco, MI
on 163 reels of magnetic tape. The entire collection is now sorxed aon 25 reels Stevens Institute of Technsology
of digital tape anod pertit reduced data from each interval are storeid on two
summiary reels. Processor programs were written to convert the original Final Report. SIT-DL-71-1613. 1973, 79p
analog data and environimental information to the final digital format and to
provide a capability to extract portions of the data for subsequent statistical N00024-71-C-5489
analysis.

ORDER FROM: NTIS AD-78006519
Report on Ship Response Data Study.

Johnson, AE, Jr Flaherty, IA Walters, U SSC-240
Teledyne Materials Research Company LOAD CRITERIA FOR SHIP STRUCTURAL DESIGN

Consideration is given to the critical loads on ships' hulls, as indicated by
Tech Report. (SR-I1S7) E-l 149 (c), Feb. 1973, 63p possible modes of structusal damnage and/or failure. An ultimate load criterion

is then st up involving the following bending moments: quassi-static wave-in-
N00024-69-C-5 161 duced, vertical and Lateral combined, still water, ticluding effect of ship's own

wave, dynamiuc loads, including alaiming, whipping, anid springinig, anid timer-
ORERFRM:"SAD-767388/2 mall effects. The determination of each of these loads is discussed in detil,

3RDE FRO: ~Sand the need for further clarification of dynamnic loads is berought otn
Methods of combining these loads, all expressed in probabiliy tesms, are con-

SSC-237 sidered. A criterion for cyclic loadig is discssed, involving the prediction of
COMPUTER PROGRAMS FOR THE DIGITIZING AND USING OF the expected number of combinedi loads of different levels, as well as the ex-
LIBRARY TAPES OF SHIP STRESS AND ENVIRONMENT DATA pected shifts of mean value. A critenion for brittle fracture is also discussed,
Details of computer programis and ther operating instrucions am given for the Attention is given to estimating an acceptable probability of failure for use in
processing of logbook-type data and assocated analogue stress signals into design. Finally, calculations of loads an carred out for a rypical cargo ship,
digital format. The logbook data is keypunched, edited and formatted for sub- thc S.S. WOLVERINE STATE. The loads are then combined in accordaince
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with the proposed ultimate load criterion and cximpared with the standards tented and investigated fromn the analysis using the reduced element substfuc-
tunder which the ship was designed, t feature in the program. Fine mnesh analyses ame also piesensed at different

locations of the ships. The comnputer stresses ame discussed in connection with
Lewis. EV Hoffman, D Macleat, WM van flooff, R Zubaly. RB the placement of strain gages instrumentation on the 'SEA-LAYND MCLEAN'.
Webb Institute of Naval Architecture

Elbatouusi AM. Liu, D, Ian, HY
(SWRI 98) Tech Report. SSC-240. May 1973, lI Sp United States Coast Guard, Sea-Land Servic, Icorporated, Amenican Bureau

of Shipping
N00024-71 -C-5372

May 1974. 59 pp
ORDER FROM: NTIS AD-767389V

ORDER FROM: NTIS AD/A-002620/3SL
SSC-241
THERMOELASTIC MODEL STUDIES OF CRYOGENIC TANKER SSC-244
STRUCTURES FRACTURE CONTROL GUIDELINES FOR WELDED STEEL SHIP
Theoretical calculations and experimental model studies wert conducted on the HULLS
problem of temperature and stress determination in a cryogenic tanker whe a The report provides comprehensive toughness criteria for welded ship hulls
hold is suddenly exposed to the chulling action of the cold fluid. The instiatiom that can be used for steels of all strength levels. Because of the fact that stress
of the action is presumed to be the sudden and complete nrutr of the fluid concentrations are always proem in large conmplex welded stnuctures and
tank. Model studies of temtperatures and stresses were performed on insti'j therefore high stresses as well as discontiuities or flaws will be present in
manted steel versions of a ship with center holds and wing tanks. (Modified welded ship hulls. primary emphasis in the proposed fracture-control guide-
autho abstract) lines is placed on the use of steels with moiderate levels of nocds-ougusess

and on the use of properly designed crack arresters. In general, concepts of
Becker, H Colao. A fracture mechanics are used to develop the matenial toughness level that is
Sander Associates. Incorporated required for fail-safe operation of welded ship hulls.

(SR- 19 1) Final Report. Aug. 1973, 87 p Rolfe, ST Rhea. DM Kunuanovic, BO

N00024-70-C-51 19 Kansas University

ORDE FRM: TISAD-7127fl Ship Structure Carimittee, United States Coast Guard, (SR-202) Final Report,
ORDE FRO : NIS A-77117n 1974, 134p

SSC-242 N00024-72-C-5316
FAST FRACTURE RESISTANCE AND CRACK ARREST' IN
STRUCTURAL STEELS ORDER FROM: NTIS AD/A-004553/4ST
This report presents findings of an Army Reseaich Office supported study coni-
cened with the response of high-stength steels to fast running cracks. and a
separate Ship Structure Committee program dealing with unstable fractures in SSC-245 -

ship plates. Together, the results provide a new basis for measuring and char- GUIDE FOR INTERPRETATION OF NONDESTRUCTIVE TESTS
acterizing the properties of structural alloys that control fant fracture and crc OF ORDINARY., MEDIUM., AND HIGHW~SRENGTH, LOW-ALWOY
airtor. Measurements and calculations of unstable fracture and fracture arret STEEL DU'Fr JOINT WELDMENTS IN SHIP HULL STRUCTURES
in 127 inns-end 25.4 siun-thick, high-stength SAE4340 steel and A517F steel A survey was made of various codes anid standards aplicable to the interprets-
plates are described. The uonstable fractures which propaated at steady-state tion of nondestructive tests of welds in ordinary-, mediumo-, and high-areit
velocities in the range 185 is to 118 ISn/s were produced in wedge-loaded lo-idly steels. This guide has been developed for application to seel weld
DC13-(dcssble-cantilever-bearn) test specimrens. The study demositrates a e in ship hull structures of the general cargo, tanker and passenger class as
concept: the "duplex" DCB-specisnen. A fully dynmic analysis of unstable differentiated fromt naval ship. The guide exhibits nondestructive test results
crack propagation anid arrest in the DCB-test piece is desived. The technique of several classes of defects with suitable test to delineate the maximum size
is based on the beanr-on-elastic foundation model of the DCB specimen use and/or distribution that would be reconmended as acceptable for ship hull&,
previously bus with the simple bean anid foundation representations replaced
by a Timoshenko bean and a generalized elastic foundation. Crack speeds, Final Report, Ship Structure Comsmittee, Nal Academy of Sciences, Apr.
energy levels, and the crack length at airrest are calcuslated with this model 1977. 'lp
using a finite-difference method and are comp"re with the measurements. N02-9052

Progress report on Fracture Arrest Study (SR-201), MRIS 052047-23A.
ORDER FROM NTIS AD-AO41316

Hahn, GT, Hoagland, RG, Kamninen, M. Rosenfield, AR, SeJnocha, R
Battelle Memorial InstituteSC-4

SLI Sruai CkmmumPr&=#Reor. ec 193.11 p. 7 rf.5 pp THEORETICAL ESTIMATES OF WAVE LOADS ON THE SL-7
Shi StucureConmsteePrgres epot De. 173 11 p. 7 ~CONTAINER SHIP IN REGULAR AND IRREGULAR SEAS (SL.7.4)

N00024-72-C-S 142 The computer program SCORES for predicting ship structural response in
waves is applied to the SL-7 container ship. The operating conditions con-

ORDER FROM: NTIS AD 775018 sidered are 2 displacements, 4 ship speeds, 21 wavelengths, 19 headings anid 5
sea states assuming both long-crested and short-crested sea, T'hese results
constitute a complete data bank for the SL-7 ship in the form of both

SSC-243 frequency responses for regular waves as well as is and other statistical re-
STRUCTURAL ANALYSIS OF SL-7 CONTAINERSHIP UNDER sponse measures for irregular seas. Comparison is made between the comn-
COMBINED WOADING OF VERTICAL, LATERAL AND puter and model tests of the SL-7 in regular waves in predicting vertical,
TORSIONAL MOMENTS USING FINITE ELEMENT TECHNIQUES lateral and torsional moments, and vertical and lateral shears at two sections
(SL.7.3) and heave, pitch and roll. Regions where the theory and model experiment do
The entire SL-7 container vessel hull structure is analyzed by the DAISY finite not agree have been pointed out and some means of correction or extension of
element consputer progrnm. The ship, loaded with containers, placed in ob- the theory is discussed.
lique quasi-static regular waves, is subject to combined vertical, laeral and
torsioal loads. Sbues distributions particularly in the deck region are prt- 1Tis is a technical report on project SR-205, 'Ship Computer Response".

46



SSC-247 SSC Biblography SSC-252

vibratory response. Propeller-anduca main busll vibrations for all three ships
Kaplan, P. Sargent, TP, Cilmi, J do not appear to be effected by variations in hull stiffnless. Slan-insduced vi-

braticms seem to increase and decrease as siffness increases and decreases.
The Lank ship and the Great Lakes me carrier appear to be prone to wave-in-

Ship Stricture Comittee, 1974. 62p. 10 ref. duced vibonitacin, and increased hull stiffness has a beneficial effect on limiting
the response. Further research is required which would lead to cigiren

N00024-70-C-5076 methods for the estimation of propeller exctation forces ansd slam loadsa which
can be used to predict vibration during the design stages. Literature an wave-

ORDER FROM: NTIS AD/A-004S54/2 tiduced vibtratioin us limited ansd the subject deserves agnificams research effort.
Parutilar attention should be pad to the effects of forebody and aftertody

SSC-247 shpsaddming.
FLAME STRAIGHTENING QUENCHED AND TEMPERED STEELS Klinse. RO, Daidols. JC
IN SHIP CONSTRUCTION Rosenblatt (MI) anid Son, Inwopositted
Flame straightening quendied-and-tempered steel procedures were successfully
employed by trained shipyard personnel on portons of a LASH (Lighter (SF 35-422-306). Final Report. June 1974. 191 pp. 79 r.
Aboard Ship) ship tunder construction with minimal acceptable loss in me-
chanical properties and with considerable savings in time and money. Test N00027-73-C-5206
checks were conducted in the laboratory with simulated experiments on steel
panels 150 incies by 48 inches by 5/16 inch and stiffened by angles at 30ic ORDER FROM: NTIS AD-A08388
intervals. As much as two inches of tunfairness of the plating was effectively
removed. A reconmmended procedure is presented.

SSC-250
Rothman, RL BIBLIOGRAPHY FOR SHIP VIBRATION PREDICTION METHODS
Battelle Columbus Laboratories AND EVALUATION OF INFLUENCE OF HULL STIFFNESS

VARIATION ON VIBRATORY RESPONSE.
United States Coast Guard, 1974,.22 pp The bibliography presented here was prepared in the course of performing the

"Hull Flexibility Criteria Study" (SR-2 14) whose results appear in tie report
N00024-73-C-S 173 entitled -Ship Vibration Predidtion Methods and Evaluations of WInerice of

Hull Stiffness Variation on Vibruos Response." The reason for publishinig the
ORDER FROM: NTIS AD/A-002621/ISL bibliography separately is this it is believed i may be of assistance to loate

references ini a variety of topics relative to ship vibsridon nt addressed ms
Project SR-214. This is nt to imply that the bibliography is comsplete or

SSC-248 exhaustive.
FRACTURE TOUGHNESS CHARACTERIZATION OF
SHIPBUILDING STEELS Kline, RG. Daidola, JC
New fracture cotrol guidelines for welded ship hulls have beat proposed as a Roseilat (MI) an Son, Inicorporated
result of an investigationi sponsored by the Ship Structure Comiiee. These
guidelines include fracture toughness requiremnts in terms of the Drop 33~ pp, F issol Rep& ay 1974
Weight-NDT temperatore and Dynastic Tear (DT') energy. To aid the imn
plementation cof these criteria an exploratory prograns was undertaken to char- N(0)024-73-C-5206
acteuize the dynamic fracture toughness of ordinary-strength shibuilding
steels, namely, ABS Grades ABCD4E and CS. Test materials (plate) were ORDER FROM: N7TIS AD-A081397
obtained at random frons several shipyards and steel mills ini an effort to char-
acterize the products of current steel making practice. Fracture toughness
trends were defined by means of Drop Weight-NDT. 1 -in. DT' and standard SSC-251
Chatpy V-notch tests and the observed toughness diaracteristics were corn- A STUDY OF SUBCRITnCAL CRACK GROWT'H IN SHIP STEELS
pared with the proposed toughniess crieria. Non-heat treated plates of ABS The report presents ant evaluation of the potential problems associate with
Grades A.B. and C were found to have insufficient toughness to me-- ma- crack initiation and subcrifical crack growth in high strength. low alloy steels
sortable fracture toughnteas requiremenits. On the other hand. normalized plats used i welded ship stsucture. An interpretive review of the state-of-thie-at is
of ABS Grades CDE. and CS were found to exhibit improved toughness given. emphiasizing design tools that are available and their potential for use in
trends that could meet the proposed requiremnts in most cases. fail safe or safe crack growth ship design philosophy. A crack initiation and

crack growth criterion is prsenated. which permits welded ship structure to be
Hawthorne, JR, Loss, Fl designed with confidence that serious failures can be aviaded, while at the
Naval Reearch Laoatr sanme time full use of the attractive static properties of HSLA steels can be

explolted. The report also includes a list of problerm areas in need o( further
(NRL 7701) 36 pp, 15 ref.. Final Report, July 1974, clarifications in order to enhasnoe consfidence in the proposed criterion.

ORDER FROM: NTIS AD-785034/0 Frnncis. PH. Lankford, J. Jr. Lyle, FF. Jr
Southwest Research Instituue, Ship Structure Committee, Naval Ship Engineer-

SSC-249 ing Ceter
SHIP VIBRATION PREDICTION METHODS AND EVALUATION (SR209) Final Report, June 19174, 176p
OF INFLUENCE OF HULL STIFFNESS VARIATION ON
VIBRATORY RESPONSE. N02-3C59
Research is conducted to obtain a greater uinderstanding of induced hull vibra- N0247--19
tions and, mote specifically. to define the sole of hull stiffness in such phe- ORDER FROM: NTIS AD-AO13970/9ST. DOTL NTIS
nomena. Available methods for the prediction of vibratory respose to pro-
peller, slam and wave excitations are evaluated. The work scope is limited
essentially to the vertical vibration o( the main hull. Parametric analyses are SSC-252
presente which include the calculations of the propeller, slam- and wave-in- THIRD DECADE OF RESEARCH UNDER THE SHIP STRUCTURE
duced vibrations of three ships with their hull stiffness varying front 40 percent COMMITTEE
below to 40 percent above the as-built stiffness. The three ships are a 249,300 Results of the research efforts of the Ship Structur Conttee fron the past
DWT tank ship, the Great Lakes ore carrier "SiX. EDWARD L RYER- decade are presented. Particular attention is given to the contributions made
SON" and the 544 ft general cargo ship "S.S. MICHIGAN." Design trends by this research to achieving the broad goals o( the Ship Structure Committee:
are developed with respect to characteristics that influence ship stiffness and design methods, verifications, load criteria, materials criteria, fabrication ad-
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vanced oncepts. information retrieal and dissaniston, and the teaching of SSC-2S6
naval ardiiteaure DYNAMIC CRACK PROPAGATION AND ARREST IN

STRUCTURAL STEELS
Chaanl EA GoIlerg. lB Nadarsheim. JJ IRurnike. RW Stavovy, AS This is the second of two Ship Structure Comrmittee reports deacribing a three-

year investigation of the crack propagation and arrest cluaractensics of ship-
hull steels. The earlier report (SSC-242). which dealt principally with

Slip Strauze Cksomitesi 1976. 30p development of expenmrental and analytical techniques, is briely discussed.
Results are ihen preented for dhe following steels: ASTM-A5I7F Ouiaj

ORDER FROM: NTIS AD-A02129(V2ST strength low alloy), 9% Ni (for cryogenic service). ABS-C and ABS-B (two
plates, one of which is high strength and designated EHi).

SSC-253 Hahn, GT. Hoaglaid, RG. Rosenfield, AR
A GUIDE FOR THE NONDESTRUCTIVE TESTING OF NON-BUTT Battel Columbus LAbonitones
WELDS IN COMMERCIAL SHIPS. PART I
Procedures am preaented for performing visual inspection, magnetic particle FiaReo,196 p
tosting. radiography. ultrasontics. and penetat testing on steel wedas in die Fia em1763
thickness rage of 1/2 inches to 21I2 inches. The bick weld joints considered
am the correr jam. the Tee 'X'. aid the lap jontL A discusmaon is presented N(10034-72-C-5142
for each of the isaion methods whereby weld quality may be controlled in
a meaningful way whenthdere is a need to do so. ORDER FROM: N71S AD-A021 33917GA

Youshaw. RA Criscuodo, ELSC-7

Nava Ondmoa abortorySL-7 INSTRUMENTATION PROGRAM BACKGROUND AND

(NAVHIP 14) FnalReprt.NOLT-74138Pt-. Dc. 97462pRESEARCH PLAN (SL-7-5)
(NA SHIS-O-011) inalReprt.NOLR-7-138Pc-. Dc. 974 ~'The SL-7 Instrumnation Program includes measurement of hull stresses. ac-

celeraticons mid environmental and operating dats on the S.S. SEA-LAND
ORDER FROM: NTIS AD-AU 14547/4ST McLEAN. development and instillation of a microwave radar wave mete for

measuring the seaway encountered by the vessel, a wave tank model study and
SSC-s. a theoretical hydrodynamic analysis which relate to the wave-induced loads, a
A GUIDE FOR THE NONDESTRUCTIVE TESTING OF NON-BUTT stnuctural model study aid a finite element structusal aialysis which relate to
WELDS IN COMMERCIAL SHIPS-PART TWO die structural response. and inutallatioan of long term stress recorders on each of
This report is in two parts: part I is the guide for die nondestnuctive testing of the eight vessels of die class. This report presents an overview of die program.
non-butt welds in conrmercial snips. Past 2 documents dthnical onasidera- The experimeital background upon which the program was based and die
beens involved in preparing that guide Procedures ame presented for perform- major features and expected outputs of each of the program elements are dui-
ing visual inapection, sanaetic particle testig. radiography. ulrsois an owied, and same preliminary conclusiona drawn frn the research results are
penetrant testing an saee weds in t thickniess range of IX2 to 2-l11r. Th presernted. A detailed description of die possible data correlations and their
bac weld joints cansidered ane die comner jownt, the Tee, ")'% arid the lap conequnces is included& The long-range goal of the program is to advance
jomL A discussion is pesentedi for cubi of the inspection methods whrb rnderstanding oaf t performanice of ships' hull structures and die effectiveness
weld quality may be controlled in a meaningful way when there is a need to of the analytical and experimental methods used in their design. A research
do so. plan to achieve this is oudined

Yousaw. RA. Criscuxsao, EL Report on SL-7 Data Analysis and Corrfelauion.
Naval Surface Wesaons Center

Siekierka, WI, Johnson RA, Loosmore, CS
(NOLTR 74-139). Final Report. Dec. 1974.2Z3p. 8 ref.

ORDER FROM: NTIS AD-AOI4548 Ship Structr Cosittiee Final Report, SL-7-S 19176, 6Sp

SC2SORDER FROM: NTIS AD-A021 337/IGA
FURHER ANALYSIS OF SLAMMING DATA FROM THE S. S.
WOLVFERIESTATE SSC-258
The pressure, acceleration, and hull bending stres data fromt the full-scale A STUDY TO OBTAIN VERIFICATION OF LIQUID NATURAL
&lemminig measumensaon the SBS. WOLVERINE STATE were analyzed in GAS (LNG) TANK LOADING CRITERIA
detal to provide additional information on ftirecy-of-occurrence. elapsed A study a( LNG tank loading crieria is presented that includes a survey and
me retwendams. correltion wih dsiransienta cos, ndos pressure-elocto- review of load criteria presently employed in the design of cargo tanks fortrymla dup coreltio wih ndshp tariien aras.andpresur-loatin- LNG camiera. Motion mid acceleration values as determined fromn these cri-

time disuftboim. Seventeen separate measurements were made on a group of tn momadt hpmto acltosadaaltlfl-cl u
26 sver das t prvid a atabas fortheinvstiatin, W dta rom comparison of LNG tank loads, as predicted by cu..en classification society

more IA d.00sam which occurred over approximiately 49 hours of dam- and regulatory agency criteria, is given along with recommended updated cm-
mmng darng 3 different voyages were used in establishing die correlation wit tens, in each of seventeen load categories. Model tests mnd full-scale measure-
envnzuunental canditions. A numriber of statistical correlations were examiined, ment programs to provide adequate data for verification of load and accelera-
mid pressure-velocity measurements provided additiontal data for comparison tion criteria are also outlined.
With elts.

Whea 1WBass, RL Hokanson, IC, Cox, PA

Teledyne Materials Research Company Southwest Research Institute

Ship Strimum Committee Final Report. 1976, 58p (SR-21 8). June 1975. 291lp

N00024-72-C-504 N00024-74-C-S 136

ORDER FROM: NTIS AD-A021338/9ST ORDER FROM: NTIS AD-A0257162ST
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SSC-259 Battelle Columbus Laboratories
VERIFICATION OF THE RIGID VINYL MODELING TECHNIQUE:
THE SL.7 STRUCTURE (SL-7-6) (SR-210). 1976,.62p. 23 ref
The direct companas ofc a rigid vinyl structural model with uts steel counter-
part under equivalent load conditions has been a prerquist to the final venfi- N00024-72-C-S326
cation of the rigid vinyl modeling technique. Such a program was comnpleted
and the resulting corelation described herein indicates that the structural re- ORDER FROM: NTIS AD-A031526'7ST
sporsc of a rigid vinyl model can be used to predict prow",p charactenistics
effectively. SSCUI6

Rodd. XL STATIC STRUCTURAL CALIBRATION OF SHIP RESPONSE
INSTRUMENTATION SYSTEM ABOARD THE SEA-LAND
MCLEAN (SL-7.7)

ShipStrctue CrimiteeSpe Reort.Apr 196.4pITis doczument repors the results of dhe calibation of dhe stuan gage poras
Ship ~ ~ ~ ~ ~ ~ ~ ~ ~ o Sthcer shmmipe SpcRpr.Ar 96 7 esportse in taienaon installad an tie SEA-LAND McLE.AN

ORDER FROM: NTIS AD-A02571710GjA SL-7 dclasoseinenhip. The calibration cnisated of a siagsssof loading
conditions achieved by selectively rmoving cainer orpo. and ws; per-
formed asn April 9-10. 1973 in Rotterdam. The meamurd stress damiges ane

SSC-260 comipars!d withs calculateid predictions. aid the resls am discussed. In
A SURVEY OF FASTENING TECHNIQUES FOR SHIPBUILDING general. the measuresmnts sid calcailations agree suaitatially within tider-
This report is aimed at defining fuating processes zid teclmiques that are m ances assignable to phiysical candisions.
widely used in ship coinstruction today in terms of their applicability and
potential for improving cost, construction, reliability, aid maintenance of hull Boentgen, RM Wheamo, JW
structures and attachments. The study includes simila and dissimilar metal-to. Teledyne Materials Researchs Caonyi
metal and Metal-so-naineta joints, A generic faMStee Matrix Of typical
fasteners. fastener installation equqipent and processes, proposed applicatians Naval Ship Engineering Center. (SR-21 1) Teds. Report. 1976, 67p. 2 ref.
of explosias-bonded materials, and coat comparisans of various fabricaions
tedhniques. Fusian welding. diffusion baiding. friction welding, and adiesive N00024-75-C-4354
baiding are discussed. Several fastener stanidards aid vendor pmprietary
fasteners are included as figures. Extractions fran Boeing Design Mansual sec- ORDER FROM: NTIS AD-A031S27/5ST
tions on medhanical fastening and adhesive baidng arn included as referec
attachments. Fastening systems aid techniques that merit further study aor SC
verification are identified.SC-6

FIRST SEASON RESULTS FROM SHIP RESPONSE
Sponsored by Naval Sea System's Commnand. INSTRUMENTATION ABOARD THE SL-7 CLASS

CONTAINERSHIP S.S. SEA-LAND MCLEAN IN NORTH
Yutani. N. Reynolds. T ATLANTIC SERVICE (SL-7-8)

Boeig CnmerialAirlaneComanyThis report coains data wish appropriate evaluation aid discuasuss. odA-
Boein C anrcialAir~lne ~lected duting the firt scuaso n board the S.S. SEA-LAND McLEAN. Data

(SR-207) Tech Report, 1976.135~p. 16 ref collectiont begn with westbound Voyage 1 cc October 8.1972 aid termissied
wish the caind passage of Voyage 12 an April 5.1973. A total of 80 data

N00024-73-C-507 tapes were recorded caairig in excess of 50.000 separate data ititervals
fran mome than 100 trasducers. Discussuom isidaide a deacriptias of the digi-

ORDER FROM: NTIS AD-A03 1501 tiza dat opaic of mstress with sea sate. sisitailtecus response data
from all traiaduw durng selected postiass cl a rough voyage. said a con-
sideratiga of torsional respasses.

SSC-261
PREVENTING DELAYED CRACKS IN SHIP WELDS (PART I) Boenigeas, RR, Fain. RA, Whema, SW
Delayed cracking is a continuing problem in ship steel weldhnts. However. Teledyne Materials Reseasrch Caqiasty
with proper precautions, this type of cracking cai be ptevented. This docti-
merit presents, in a simiplified anid condensed form, the ciases of delayed Ship Structusre Coritisnee Tech. Report. Seps. 1976,11S2p
cracking and die necesary preventive procedures. It is inenrded that this
document will be used by shipyard personnel that do not have a technical N00024-73-C-5059
background. Thus, detailed technical explanations are avoided.

ORDER FROM: NTIS AD-A03975211ST
Mishler. HW
Battelle Columbus Laboratories SSC-26

1976, 1 lp A STUDY OF SHIP HULL CRACK ARRESTER SYSTEMS
A world-wide survey of marine engineers. shipyards, asid regulating ageriaes

N00024-72-C-5326 was conducted to ascertain, bothi airst said constemplated approaches to arrest-
ing cracks in ship hulls. As a result of this survey. a crack arrester clasifica

ORDER FROM: NTIS AD-A03I515/OST non system was developed. The classification was used to mid in a systematic
investigation aimed at deteamining the ma" attractve practical schemes for
arresting cacks in ship lulls. In addition to describing the classification sys-

SSC-262 tem, example calculations showing quantitatvely the effect of imposing
PREVENTING DELAYED CRACKS IN SHIP WELDS (PART 11) various kinds of mechanical arrester devices in the path of a fast-mnoving
This repor discusses the causes of delayed cracking in ship steel welds and crack.
presents the steps necessary to prevent delayed cracking. Three factors, acting
together, are responsible for the formnation of delayed cracks: hydrogen dis- Kanninen, M Mills, E Halm, GT Marschall, C Broek, D Coyle. A Masubuolsi,
solved in the weld, a hard microstructure in the weld or heat-affected zone, K hogs, K
and high stresses in the weld joint. Each step that is taken to prevent delayed Massachusetts Istitute of Technology
cracks has the purpose of eliminating or significantly reducing at least one of
these factors. Battelle Memorial Institute Final Report, Dec.1976, 98p

Mishler, HW N00024-75-C-4325
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ORDER FROM: NTIS AD-A040942 tion of statistics based on observations on the frequency of occurrence of
various wave heights and a spectral family of measured spectr grouped by
wave height is recommended Finally, a survey of current and planned data

REVIEW OF SHIP STRUCTURAL DETAILS ection proJeCts is
This review of structural detail design is intended to serve as a summary of the Hoffman, D, Walden, DA
state of the art and a guide to development of tools for design and analysis of Webb Isitte of Naval Architecture
these details. It includes a count of common structural details aboard two
modem commercial vessels, and labor estimates for mreseniative sizes of
those details intended to provide a total cost per type of detail ranking for
those shipa. Current shipyard practice is reported with sketches and appbica- N00024-75-C-4209
tion descripton of about 160 ship sutctural details. Design improvements re-
lated to shipyard producabisty ar suggested. The moast relevant rules promul- ORDER FROM: N71S AD A047116
gied by tedhical and classification societies are excepted, and onpanson of
rsles is illustrated by application to specific examples. Damage induced by
poor design or fabrication of details is reviewed and illustrated. The relatively SSC-269
sparse technical literature related to analysis and design of strctural details is STRUCTURAL TESTS OF SL-7 SHIP MODEL (SL.7-11)
summarized. A framework for fatigue critena is developed as a suggestion for A steel structural 1:50 model test program has been conducted for the 942-ft.,
possible detail strength criteUia 33-knou. SL-7 Containership. This report describes development of the

model, through the test program and then to the test results. The principal
Glasfeld. R, Jordan, D, Kerr, MJ. Zoller, D stresses measured were longitudinal normal streses and shear stresses. The
General Dynamics Corporation model was loaded by means of calibrated steel weights and precision pulleys.

The vertical and lateral bending responses corresponded cloaely to elementary
United States Coast Guard, Final Report. 1977. 32 7 p beam theory; the vertical shear amidships pattern appeared to have the correct

shape for the known boundary conditions at the keel and deck edges; and the
N00024-74-C-5230 torsional responses indicated that the bow and sten sections and machinery

box offered considerable warpng restraint A finite element analysis of the
ORDER FROM: NTIS AD-A040941(7ST model and ship midship sections indicated that nearly the same torsional rr

sponse was observed for each.

SSC-267 Webster, WC. Payer, HG
COMPRESSIVE STRENGTH OF SHIP HULL GIRDERS - PART III Califomia University, Berkeley
THEORY AND ADDITIONAL EXPERIMENTS
A phenomenological theory has been developed for predicting the ultimate 1977, 248p
strength of rectangular sucul plates loaded in uniaxial longitudinal com-
pression, uniaxual transverse compression and biaxial compression. The effects ORDER FROM: NTIS AD-A047117
of normal pressure also were considemd. The theory was found to be in ma-
sonable agreement with experimental data. CeM areas of the theory and
some of the experiments require additional study. The longitudinal compes- SSC-270
sion theory was found to agree well with corresponding theories of other in- GROSS PANEL STRENGTH UNDER COMBINED LOADING
vesigaton. However, the new theory employs the detailed sireu-strisn curve The existing methods of predicting the behavior and ultimate strength of ship
for a given material, which the others do not, and demonsuates that, in gross panels were evaluated, examined and in some instances, further
general, strength prediction requires a curve for each structural materiaL The developed. The assumptions, approximations, and deficiencies in each method
commonly used parrmeter, (hAXo sub cy/E) "2% is shown not to be universally were identified with the objective of determining the range of validity of each.
employable across the total material spectrsm as the factor identifying ultimate The methods were classified in five broad categories with respect to their
strength. Other remults of broad interest are the demnonstration of the applica- theoretical bases. Comparisons and correlations were conducted between the
bility of a biaxial plasticty law to biaxial strength theory and the delineation results of the different methods when applied to identical grouss panels under
of a method for selecting an optimum material for compression strength. The biaxial edge compression and lateral pressure. Based on the identification of
use of stress-strain curves for strain analysis of critical and ultimate strengths the assumptions and appoximations in each method, and on the conducted
is described. They were employed to construct theoretical strength curves. comparions and correlations, some expressions and procedures were selected.
Theoretical relations and consponding curves have been developed for perfect discussed, and extended. Lack of adequate procedures in certain areas were
plates. The effects of strength degrading factors an discussed and the analysis pointed out particularly when the collapse loads and mechanisms involve cou-
of residual stress effects is included. pling between several modes of failure, and a biaial loading condition exists

in combination with lateral pressu. In some instances no dear measure of
Becker, H, Colao, A the relative reliability of the different procedures can be ascertained and a firm
Naval Ship Engineering Center evidence of the "exact" solution is nort available. A two-phase test program

was recouneded with immediate objectives and final goals outlined. An
Final Report, Apr. 1977, 66p, 25 ref. extensive bibliography is appended to this report.

N00024-72-C-5565 Manaur. AE

Mansour Engineering Incorporated
ORDER FROM: NTIS AD-A047115

Final Report. Dec. 1977. 7 2p. 70 ref.

SSC-268 N00024-75-C-4015
ENVIRONMENTAL WAVE DATA FOR DETERMINING HULL
STRUCTURAL LOADINGS ORDER FROM: AD-A04933719ST
A survey evaluation is given of observed and measured wave data covering
major U.S. routes, with appendices. tabulations and maps. The intioductuon of
theoretical formulations leads to the discussion and evaluation of wave spectral SSC-271
hindcasting techniques. The methods used to predict ship motions and loads A CORRELATION STUDY OF S1.-7 CONTAINERSHIP LOADS AND
are explained followed by a section discussing the wave data format required MOTIONS-MODEL TESTS AND COMPUTER SIMULATION
for pnicting short- and long-term loads and motions as well as nurnencal (SL.7.12)
examples showing the effect on and sensitivity of predictions to variation in A correlaton study is caned out for the SL-7 container ship by means of
wave data format. Based on the preceding discussion, presently available data comparison of results for structural loads and motions in waves obtained from
suggested for use in determining ship loads are given. The use of a combins- model tests and computer calculations. Tlhe different aspects that could affect
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comiputer predictions sit examined via further computations and analyses in ORDER FROM: NDS AD-A05759717ST
order to determine their influence on the output dat. Similarly an examuna-
uocn of the possible effects that influence the model teas data arm also ex-
amined. The main objective of this study is to determine th caa~uso SSC-274 O NISRMNAINPCAET

bttetmethods for prediction purposes. Compaions are also made be- DFVELOPMENT O NISRMNAINPCAET
tween theoretical predictions and results for othier related ship models for RECORD FULL-SCALE SHIP SLAM DATA
which test datas amt available. Anr inrumentatioun set has beens developed for use us invesugawSi the slam-

ming experience of a full-scale ship. Methods for titaung both bow -fhae and
Kaplan. P. Sargent. TP. Silbert. M btomf slarning have been considered. A radar altimeter was used to emus
Oceaics Inopoae the relative hei of the wave at the transducer location in order to determine

the relative velocity between the bottom or the bow of the ship end the wave
Sip Structure Cmite 19n. 89p at the instant of dlam.

Perfonmed for the Ship Structuire Comrmittee; Final Report an Project SR-1235.
ORDER FROM: NTIS AD-AD49349/4ST "FullScale Ship Slam Investigation."

SSC-27 Band. EGU. Euler. AJ
IN-SERVICE PERFIORMANCE OF STRUCTURAL DETAILS Payne. Incorporated
This report includes the results of a structural detail survey of twelve families
of approximately fifty different ships. Seven ship types west surveyed to de- Final Report July 1978. 112p
termine whether or not predicted failures actually occurred. The families ame
beamn brtc-kets, tripping brackets, non-tight collars, tight collars, gunwale con- N00024-76-C-4399
nections, knife edge crossings, miscellaneous cutouts. clearance cuts, deck cu-
touts. stanchion ends, stiffener ends, and panel stiffeusers. Fifty-six groups ORDER FROM: NTIS AD-A059549/6ST
evolved with a total of 553 observed variations in strucitiral conifiguration.
The data are synthesized by family groups. During the sirvey 490.210 details SSC-275
with 3,3W7 failures were observed. Eighty-two percent of the failures wese in EFFECT OF STRAIN RATE ON THE TOUGHNESS OF SHIP
the cargo space and were predominately located in structure adjacent to the STEELS
side shell. The rtemaining 18%s west distributed, 10%, forward and 8%At Yield stent and fracture toughness. as measured by the dynsamic tear tea,
the cargo spaces. Feedback datas of this type should be invaluable to design were determtid as a flunction of load rue and temsperature for several ship
and repair offices. It depicts, with sketches and photographs, the vaitin of prmary strictsire steels in stresgths ranges up to 1(10 kis. The materials used
structural configurations and tabulates all of the data collected during the sir- were ABS-B. DS, AH-32, EH-32, CS. A517-D. A671-C, and A537-B, in one
vey. As an aid to engineers and designers. failure causes such as design. fari or two heats each. The effcts of nsotchs geometry. i~e.. fatigue precracked via-a-
cation, mainteniance and operation sit postulated. Systematic performance stu- via pressed notch, was investigated in some of the tests By fully msiii-
dies of this type should be conducted in all areas of shi ctnsction. merting somse of the tests, the energy to maximusm load as well as the total

energy to failure was determineid. Based an these energies. the resistansce of
This document was sponsored by the Naval Sea Systemus Conirsiand. It is a the materials to crack iitation and to propagation cesil be examined. The
Final Technical Report cm Project SR-1232. "Structural Details Failuret Su- results indicate potentially difierent fractur behavior between the high sand
vey". low strensgth alloys-

Jordan, CR Cochran CS Francis, PH, Cook. TS Nagy. A
Newport News Shipbuilding Southwest Research Institute

Final Report, Mar. 1978, 201p. 16 ref. Ship Structsure Consusitum, 1978. 77p.. 14 ref.

N00024-76-C-4362 ORDER FROM: NTIS AD-A059-4S3IIST

ORDER FROM: NTIS AD-AO57l2713ST SSC-276
FRACTURE BEHiAVIOR CHARACTERIZATION OF SHIP STEELS

SSC-273 AND WELDMENTS
SURVEY OF STRUCTURAL TOLERANCES IN THE UNITED Ins order to enlarge uoen autntwunderstanding of the behavior of ship steels
STATES COMMERCIAL SHIPBUILDING INDUSTRY aid weldiresits, a series of msechanical tests west performed an seven grades
Deviations from ideal structuiral design of different tye of vessels during of ship steel. These steels west ABS-B. CS. AH-32, EH-32, ASThI A517-D.
cotuction and service are investigated. Selected U.S. conmmercial shipyards, A678-C. mid A537-B and covered the range of ordinary as-rolled. to high
ship owner/operaors, steel mills, and foreign classification societies at ar- steit quenched and temipered alloys. lI addition, all materials bust the EH-
veyed or interviewed with the purpose of documenting major deiationsand 32 were utilized to product welded pMlats These weldmrents, either manual
recurrng structural imperfections, and determining dhe factors leading to these shiel .ded metal arn or sibserged amc procedure, were then machined to te
deviations. An effort is also made to determine the extant of deviations fromn specmen. Th tetprga was designed to probe a large numaber of spea-
theoretical design srnd to establish, wherever possible. structuiral tolerance men .and material parameters. The mediical teats performed wert the sttc
limits which are most commonly used in U.S. yards and which ca therefor tension tea, the Csaiiy impact test, weld side bend tea, dynamic tsar teat, sad
be considered representative of U.S. shipbuilding practice. These are om- the drop weight-nil ductility tempueraturt test. Two structural teats were de-
pared to published intemnational structuaral tolerance stnars an reomn signed to exeresse the crack initiation and arrest capability of the steels. One
dations ame given for further study. of these tests was the standard explosion crack staster teat while the other wats

a variation o( the explosion tear test. The result idicated the genra aype-
This document was sponsored by the Naval Ship Engineering Center. It is a riorty of the fracture perfonumance of the high strength, quesiched and

Fina Reorton rojct S-123 'truturl Toerace urvy".tempered alloys oer the ordinary ship steels. T1he structural test demon-
Fina Reorton rojct S-123 "truturl Toerace urvy~.strated tse superiority of the manual metal ame welding procedure. Tlus rtsult

was generally confirmed by the results of the dynamiic tear teat. The data
Basasr. NS. StAticy, RF were compared to the proposed fracture criterion proposed bry Rolfe, et. &L., as
Rosenublatt (M) and Son, Incorporated presented in SSC-244. Only one material EH-32, passed all Lemt prescribed

Apr. 979,15p.by the proposed cniterion.

Francis, PH. Cook, TS, Nagy, A
N00024-76-C-4059 So~uthwest Reseairch lInstitute
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Final Report, May 1978. Q6p N00024-74-C-5451

N00024-75-C-4058 Tech Repory, 1978, 68p, 17 rd.

ORDER FROM: NTIS AD-AO58939/OST ORDER FROM: NTIS AD-A062391/9ST

SSC.277 SSC-279
ORIGINAL RADAR AND STANDARD TUCKER WAVEMETER MODIFIED RADAR AND STANDARD TUCKER WAVEMETER
SL.7 CONTAINERSHIP DATA REDUCTION AND CORRELATION SL.7 CONTAINERSHIP DATA (SL-7-20)
SAMPLE (SL.7-14) So thai more preas correlations between full scale observations and analytical
So that mome precise correlations between full scale observaUons and analyucal and model mrelu could be carned out, one of the objectives of the instnmen-
and model resslts could be carned out, one of the objectives of the ntrnumen- tation program for the SL-7 class container ships was the provision of instnr-
atiora program for the SL-7 class container ships was the provision of istnru- mentation measunes of the wave environment. To this end, two wave meter

mesal meaures of the wave environment. To this end. two wave meater sys- systems were installed on the S.S. SEA-LAND McLEAN. Raw data was col-
tans wee installed on the S.S. SEA-LAND McLEAN. Raw data was col- lected from both syste-s durig the second (1973-1974) and third (1974-1975)
lected from both sysms during the second (1973-1974) and third (1974-1975) winter data collectng seasons. It was the purpose of the present work to re-
winter data collecting san. It was the purpose of the prsen work to re- duce this raw data, to develop and implement such csrrections as were found
duce this raw data, to develop and implement such cornections as were found neesuary and feasible, and to correlate and evaluate the final resulu from the
necessary and feasible, and to correlate and evaluate the final results from the two wave meter,. In carytng out this work it was necessary to at least panly
two wave meters. In carrying out this work it was necessary to at least parly reduce several other channels of recorded data, so that, as a by-product, re-
reduce several other channels of recorded data. so that, as a by-product, re- duced resulu were also obtained for midship bending stresses, roll, pttch, and
duced results were also obtained for midship bending stresses, roll, pitch, and two components of acceleration on the ship's bridge. As the work progressed
two cmponents of accelerition on the ship's bridge As the work progressed it became evident that the volume of docimentaon required would grow bey-
it became evident that the volume of documentauon required would grow bey- ond the usual dimensions of a single technical report For this reason the
ond the usual dimasions o a single technical .epos For this reason the analyses, the methods, the detailed results, d: ..usions. and conclusions are
analyses, methods, detailed results, discussions, and conclusions are contained contained in a sens of ten related reports. Inhc present report parallels the
in a series of ten related reports. The present report is the frst in the series, fir -t report in the series in that it documents the samnpling and calibration of
and involves the initial stages of the work. Specifically, this report documents data from the third (1974-1975) recording seasn, and presents a snmmary of
the sevesal decisions and methods dtught necessary in ionvenion of the raw initial results.
data from its orgina analog form to digital form. the sampling and calibration
of data from the second (1973-1974) season, and a stamnary of initial results. Technical Report on Project SR-1221, Correlation and Verification of

Wavemeter Data from the SL-7.
Teduical Report on Projeca SR-1221. Correlation and Verification of
Wavemeter Data from the SL-7. Dalzell, JF

Stevens Institute of Technology
DadlL JF
Stevens Institute of Technology Tech Report. 1978, 2 4

p, II ref.

Tech Report. 1978, 43p, 2 ref. N00024-74-C-5451

N00024-74-C-5451 ORDER FROM: NTIS AD-A062393/4ST

ORDER FROM: NTIS AD-AO62394/2ST

RESULTS AND EVALUATION OF THE SL-7 CONTAINERSHIP
SSC-278 RADAR AND TUCKER WAVEMETER DATA (SL-7-23)
WAVEMETER DATA REDUCTION METHOD AND INITIAL DATA So that mor precise correlations between full scale and analytical and model
FOR THE SL-7 CONTAINERSHIP (SL-7-1$) results could be camed out, one of the objectives of the insnimnentation pro-
So that more precise correlatiom between full scale observations and analytical gram for the SL-7 class container ships was the provision of instrumental
and model rsu could be carried out, one of the objectives of the instnimen- measures of the wave enviro iratn. To this end, two wave meter systems
ation program for the SL-7 class container ships was the provision of instru- were installed on the S.S. SEA-LAND McLEAN. Raw data was collected

martal measures of the wave envirrmasnt To this aid, two wave meter sys- from both systems during the second (1973-1974) and third (1974-1975)
tens were installed on the S.S. SEA-LAND McLEAN. Raw data was col- winter data collecting seasons. It was the purpose of the present work to re-
lected from both systms during the second (1973-1974) and third (1974-1975) duct this raw data, to develop and implement such cormctions as were found
winter data collecting seasons. It was the purpose of the present work to re- necessary and feasible, and to correlate and evaluate the final results from the
dsce this raw dat, to develop and implement such corrcuons as were found two wave meters. In carrying out this work it was necessary to at least partly
necessasy and feasible, and to correlate and evaluate the final remuls from the reduce several other channels of recorded data, so that, as a by-product, re-
two wave mete. In carrying out this work it was necessary to at least partly duced results were also obtained for midship bending stresses, roll pitch, and
reduce several other channels of recorded data, so that, as a by-product, re- two comiponets of acceleration of the ship's bridge. As the work progressed
duced resulu wen also obtained for midship bending stresses, roll, pitch, and it became evident that the volume of documentation required would grow bey-
two mponaus of acceleration on the ship's bridge. As the work progressed ond the usual dimensions of a single tedmical report. For this reason the
it beca e evident that the volume of docirnenrimion required would grow bey- analyses, the methods, the detailed results, discussions, and conclusions are
ond the usual dimensions of a single technical report For this reason the contained in a series of ten related reports. This report, contains the last
analysaM, the methods, the detailed results, discussions, and conclusions are phases of the work, specifically, the disassion of results, the correlation and
contained in a series of tat related reports. This teport documents some back- evaluations of final rmsults from both wave meters, the conclusions, and the
poad analyses, as well as those which were necessary to develop the needed recommendations.
corrections to the raw digitized data. Implementation of the results of the
various analyses in a second data reduction stage is discussed. Final Technical Report on Project SR- 1221, Correlation and Verification of

Wavemeser Data from the SL-7.
Tedhical Report on Project SR-1221, Correlation and Venfication of
Waveneter Data from the SL-7. Dazell, JF

Stevens Institute of Technology
Dalzell, JF
Stevens Institute of Technology Final Report, 1978, 37p, I5ref.
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%'00024-74-C-5451 DOT-CG-72063-A

ORDER FROM %nS AD-A06239216ST ORDER FROM: NTInS AD-A069032,'IST

SSC-281 SISC-2U4
BIBLIOGRAPHY FOR THE STUDY OF PROPELLER-INDUCED CRITICAL EVALUATION OF LOW-E.NERGY SHIP
VIBRATION IN HULL STRUCTURAL ELEMENTS COLLISION-DAMAGE THEORIES AND DESIGN
1this bibliography was prepared as pan of the effort on Ship Stuicture Comn- METHODOLOGIES. VOLUME I: EVALUATION AND
isue Projct SR-240. "Propeller-induced Vibration in Hull Stnictural EBe- RECOMMENDATIONS

ments." It is published separately from the final report because it can serve as ThisissVlume of a twvume rport descrngthe reslts ofa Shp S c-
a ready reference to investigators in the field. This documnent is not meant to tum CcAurnttice study aimed at conducting a critical evaluation of low-cnergy
be an exhaustive bibliography of all references dealingl with propeller-inducied ship colision damage theories and design methodologies. Data sources on
vibrations. Emphasis has been placed on the current generation of large, high- ship collision damage ame identified including model expineris and full scale
powered Ships. irtoraion obtained fromn ship casualty records. The umaunpasun made by

existing theories for anslying low energy collisions ane assessed and the coli-
Burnsside. OH. Kama. DD, Reed. FE situs energy absorption fmechuins are nanked. A method is proposed for
Southwest Reseac Institute Litlieton Research & Engieering; Corporation extending Minorsky's original high-rgy analysis to the low-energy segime.

Recommendations for use of existing methods and for further rsearci are
SWRI -02-482 1. July 1978, 65p. made.

CG-61907-A Van Maier. PP, Jr Gigsotti. JG Jones, N Omnali. P

ORDER FROM: NTIS AD-A062996/4ST Giannati & Associates. Incorporated

Tech Report, July 1978. 91p
SSC-282
COMPARISON OF STRESSES CALCULATED USING THE DAISY DOT-CG-63738-A
SYSTEM TO THOSE MEASURED ON THE SL-7 CONTAINERSHIP
PROGRAM (SL-7-24) ORDER FROM: NTIS AD-A(170567
A comparison of stresses calculated using the ABS/DAISY system with those
measured on board the SL-7 Continership, is tundertakeni to verif the analyti-
cal procedures used in assessing the strength of ships in a seaway. The comn- S 28
parisons and evaluations are performed for four different and progressively CRITICAL EVALUATION OF LOW-ENERGY SHIP
more severe technical conditions: dockside calibration, RMS stresses in head COLLISION-DAMAGE THEORIES AND DESIGN
seas, instantaneous stresses in bead seas and instantaneous stresses in oblique METHODOLOGIES. VOLUME [I: LITERATURE SEARCH AND
seas. The overall comparison between calculated andl measured stresses for REVIEW
the dockside calibration is good where thermal effects were "n~ but ino- This report is Volumne I1 of a two-volumne report -rpae under Ship Structure,
clusive elsewhere The comparison of RMS stresses in head seas is generally Comittee Project SR-237. Oitical Evalutioni of Low Energy Collision
satisfactory, using both the spectrum analysis approach and the equivalent meg- Damnage Theories and Design Methodologies." The material contained herein
ular wave approach. and the cosmparison of instaritaneous stresses in head weas is the maish of one of the tasks of the Project which called for conducting a
and in oblique sas is also good for the wave conditions considered. The literature search and review of doctanents relvant to low-cas collision
results show that the existing analytical tools for predicting wave loads and damage. The vasious data resWees used were identified; the am of the arn
structural, responses are suitable to assess the overall strength of the hull-girder in ship, collision research was sarnanzed; us anotted bibliography of the
All the measured and calculated hull-girder stresses are of low magrsivude mW key documsents was prepaied and a list of references, wicih are considered to
no movdifications to the present hull-girder strength standard are deemed meoes- be relevant to the problem. was developed. Volume I contains th actutal
sury. assessment of the various low-energy ooiso dasmage theories anid design

methodologies along with reconsidasiats for their use and future research.
R~nal Report on Project SR-1236 "SL-7 Calculations Conspred With Full-
Scale Measured Values." Van Mater PR. Jr Giasnrtti, JO Jones, N Gensis, P

Giannotir A Anocases, Incosporated
Jan, HY, Chang. KT, Woinaroiwski, ME
American Bureau of Shipping Tech Report, July 1978. 38p

Ship Structure Committee, Fina Report, Jan. 1979. 102p.. 13 ref. DT.Cj.A73g-A

DOT-CG-63176 A ORDER FROM: NTIS AD-ACY70568

ORDER FROM: NTIS AD-A06903113ST
SSC-236

SSC 213RESULTS OF THE FIRST FIVE "DATA YEARS" OF EXTREME
ASIERTRSSREYO-HECLISO8ADGOUDN STRESS SCRATCH GAUGE DATA COLLECTED ABOARD
PROITECTON OF VE SHIPSOLIIN N GONDN SEA-LAND'S SL-7'S (SL-7-25)

aRTCTO lieatr survey onvrostpe fsi oliin n us report covers the installation of Extrene Stress Gauges snosested on each
This report contains altrtrsuvyovaiutyeofhpcliinsn- of SEA-LAND's SL-7's. Data collected from each ship over a fiye-yea pe-
cluding stranding and grounding. Comments are made on several asetso riod is presented in histogramn form.
the ship collision problem andl the report concludes with a suggested program
of resac. Fain. RA Booth. ET

Finatl Report on Project SR-1246 "Surveillance of Ship Collision/ Stranding Teledyne Engineering Services
Research Studies."

United States Coast Guard, Final Report, Mar. 1979, 42p.
Jones, N
Massachusetts Institute of Technology DOT-CG-61712-A

Ship Structure Commnittee Final Report, Aug. 1978. 60p., 101 ref. ORDER FROM: NTIS AD-AO72945
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SSC-287 Sponsored by the Naval Sea Systems (Command.
EXAMINATION OF SERVICE AND STRESS DATA OF THREE
SHIPS DEVELOPMENT OF HULL GIRDER LOAD CRITERIA Jordan. CR Montgomery. 11 Krumpen, RP, Jr Wooley. DJ
This is a follow-on project to SSC-240, "Load Critena for Ship Structural Newport News Shipbuilding and Dry Dock Company
Design". which proposed methods for the estimation and superposition of the
primary loads and performed sample calculations for one conventional dry Final Report. (Job Order 201 M. 1979. 13 5p., 26 ref.
cargo ship. It involved the following bending moments: Still-water due to
weight and buoyancy; Ship's own wave train; Quasi-static wave-induced, vet- ORDER FROM: NTIS AD-A075457
tical and lateral combined. Dynamic loads, including slamming, whipping and
springing; Thernal effects. Hene the service and full-scale stress data of three
larger and/or faster ships (Consainership SL-7, Bulk Carrier FOTINI-L and SSC-290
very large Crude Carrier UNIVERSE IRELAND) are examined for the pu- SIGNIFICANCE AND CONTROL OF LAMELLAR TEARING OF
pose of the eventual development of hull-girder criteria. The examination is STEEL PLATE IN THE SHIPBUILDING INDUSTRY
limited to extreme midship beiding moment loads, which amre lated to the Lamellar teaing is a separation in the parent or base metal caused by through-
ultimate strength. An assessment is made of the compatibility between the thickness strains. These strains ae usually induced by weld metal shrinkage
service and sress data of the distinctly different study ships and the analysis under conditions of high restraint. This manual provides specific recommen-
methods of SSC-240 and their assumptions for cargo ship type. Considerable dations for contuDling lamellar tearing in the types of steds used in the con-
insight is obtained into the probable coea mathematical approximations of stniction of ships and offshore platforms. A brief description of the charac-
the loads and their interrelationships. h appears that till-waLer bending mo- teristics and mechanism of lamellar tearing shows that for lamellar tearing to
mets cam be approached probatilisucally, however, considerable additional occur there must be a critical combination of material susceptibility, and weld-
information on experienced loading conditions must be gathered to determine ing procedures and joint design which permit the development of high
the statistical distributions. Additional effort is required to determine the sui- through-thickness stains. Tee (T) and comer joints, used extensively in ships
table probabilistic expression and a synthesis method for the contribution of and offshore structures, are the two basic joint configurations most susceptible
vibration to the extreme load. to lamellar tearing. However, the incidence of larnellar tearing has been ex-

tremely rar in shipbuilding. The problem of lanellar tearing is considerably
Dalzel, IF, Mariar, NM, Hsu, MW more significant in mobile and fixed offshore drilling platforms which use
Rosenblatt (M) and Son. Incorporated thick plates in highly restrained T-snd cruciform joints. The factors which

contrtbute to and influence lamellar tearing are grouped into three categories:
Naval Ship Engineering C e Ship Stuture Commi Final R , Apr. joint design, material selection and fabrication procedures. For each parameter
1979N 180p.. 40 enf rncommendations are presented for reducing the risk of lamellar tearing. In-

quiries made to the major ship classification societies indicate that the most
successful and cost-effective method of preventing lamnellar tearing is the use

N00024-75-C4324 of steels with improved through-thickness (Z-direction) properties at suscep-
tible connections. Methods for the post-welding detection and repair of lamel-

ORDER FROM: NTIS AD-A072910 lar tears are reviewed as are the test procedures developed to date for deter-
mining the susceptibility of steel plates to lamellar teaing.

SSC-29g
THE EFFECTS OF VARYING SHIP HULL PROPORTIONS AND Sommela, J

HULL MATERIALS ON HULL FLEXIBILITY, BENDING AND Gibbs and Cor, Incorporated
VIBRATORY STRESSES
The effect of varying ship proportions and hull materials on hull flexibility and  Ship Structure Committee . Final Report 18521 (1-146), May 1979. 7 0p. reds.
on the concomitant bending and vibratory stresses for an ore career, a tanker,
containership. and a general cargo ship is evaluated, With the flexibility of the DOT-CG-74355-A
ship's hull represented by the natural frequency of the ship associated with the
two-node shape, a potentially useful rlation between the flexibility and bend_ ORDER FROM: NTIS AD-A075473/9
ing moment has been established. An analysis indicates that forward speed
affects hydrodynamic damping and forces as well as hull flexibility, and there SSC-291
may exist an optimal flexibility for every ship, but there is not necessarily a A DESIGN PROCEDURE FOR MINIMIZING
limit to the flexibility. PROPELLER-INDUCED VIBRATION IN HULL STRUCTURAL

ELEMENTS
See also Report No. SSC-249 (June 1974), AD-AO08388. A design procedure for miniming propeller-induced vibration in hull stnc-

tural elements is recommended. This procedure begins when the ship's vibra-
Chang, PY tion specifications are defined and continues through the design and constuc-
Hydronatics, Incorporated tion process until the vibration levels measured during sea trials are compared

with the specifications. Consideration is given to the hydrodynamic excitation
Ship Structure Commine, Final Report 7715-1, Apr. 1979, 68p.. 21 ref. and stnctutral response of the propeller-induced vibration psobli, with both

analytical and experimental techniques being used in the design process. The
DOT-CG-61906-A recommended procedure is presented and discussed in the form of a flow dia-

gram with 27 separate design steps. The process also contains five evaluation

ORDER FROM: NTIS AD-A075477/0 milestones. At these poinu, the design is assessed, and, if deficencies are
found, corrective action can be taken before the design proceeds. The recom-
mended complete procedure is presented in this report for the fist time. Many

SSC-289 of the aspects of tis procedure are still being developed, in particular, the
A METHOD FOR ECONOMIC TRADE OFFS OF ALTERNATE influence of propeller cavitation on bull pressures and a simple but accurate
SHIP STRUCTURAL MATERIALS treatment of water inertia. These indefinite aspects have to be treated empin-
A method for evaluating the desirability of any proposed matenal in merchant cally using judgi. and experimental dat. The portions of the procedure
ship structure has been developed. This method compares a ship designed of which are available are illustrated in an example using a single-screw, contain-
the new material with a similar steel ship. Comparison includes a life-cycle erized and unitized cargo ship.
cos analysis and a quantified evaluation of non-economic factors. Formalized
techniques for establishing the material data bank, selecting the steel ship de- Burnside, 011, Kana, DD, Reed, IT,
sign, developing and optimizing the new material design, and conducting the Southwest Research Institute
economic and non-economic comparisons are described. A sample calcula-
tion, using 5456 aluminum in a bulk ore carrier, is included to illustrate the Ship Structure Committee, (SWRI 02-4821) Final Report, Sept. 1979, 16Op.,
method. 108 Ef.
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DOT-CG-61907-A Plots of percent failures versus ship t~pe allow an engineer/designer to esu~b-
lish failure trends for a specific ship type. A tota of 607,584 details were

ORDER FROM: N 1IS AD-AU79443/8 observ.ed with a Iu" of 6.856 failures. Failures were auribuzed to either one
or a ccznbtnauon of five categories -design, fabricationi, welding. maintassance

SSC-292and opration.

REPORT ON SHIP VIBRATION SYMPOSIUM '78 Jordan. CR. Knight. LT
Dunn& the intense two-day period. October 16-17, 1978, an international group of Newport News Shipbuilding
292 participants representing shspbelders. ship design-. ship owners, re-
searchers, classificaics and govemincrial organizations gathered and discussed Shptrcu omie,108MFnaRpr.My19917.
all aspects of shipboard vibration. raise and hullimachinery comnpatiblity. Th hPSrcue o1Wue IISM ia eot.My17.1
eightee technical papers preseted at Ship Vibration Symnposiun 78 are an- DTC-57-
tamed mn the printed proceedings andthe~ forma dicsso an authors-closure
am available as a set of two volumes from The Society of Naval Architects anad ODRFO :N11 DA& IMarine Engineers. Th pups ORfE FROM: thirS prite vlum i t sum7ke
conclusions and r mrnmendatios reached atthe sysnpoeswrn. Since the topics o
"vibtiorm and notse" are comnplex and not fully mastered, the reader wi note a SSC-29S

certsin amnsoa of canroversy and conflicting views and rcommerulatiorn ouii- NONDESTRUCTIVE INSPECTION OF LONG IT UDINAL
lined in the report. This situation is reflected as acuwey as posoble in the STIFF~ENER BLTT WELflS IN COMMERCIAL VESSELS
actual writen and verbal discussion that tock place at the two-day symnpoiums. In A study has been made of the bunt welds which join together the sections of
fact, in order to ensure as complete and acaurate a report as possible, the drift longituinal stiffeners in longitudinal framed ships. From a review of Coasn
version of the report was distited and reviewed by the four principal SNA.ME Guard casualty reports and a survey of majo shipbuildiers, it was detennine
panels involved wiih vibration and noie namely: Panel HS-7 (Vibrations). Panel tt there is very liole evidence of structural failure in servics and, thertfore,
11-8 (Unstemdy Propeller Hydrodynamics), Paniel M-20 (Machiney Vibrations), no need at this tine to expand nondestnictive inspection to inclde this type of
and Panel M-27 (Machinery Noise). Thus this report also reflects the comments weld joint.
of these four Technical & Research panels. Finally, it sicild be brought to the
readers attention that the tre primed dorvnents. mnmely: (1) the proceedings. Youshaw, RA
(2) the discission and authoirs' closure volume. and lastly. (3) this sunmary re- Naval Surface Weapons Custer
port collectively assess the state-of-the-art of the broad subject of 'vibrarion and
noise." The primaiy purpose and main objective of this report, hsowever, is United States Coast Guard. Final Report Feb. 1980. 6p..3 ref.
unique iii that it focuses on the question "where an we now and where should we
be headed?" Thus, this report is a key planning doctament that will serve as a N0099-&71375
basic reference for the next five to ten years.

ORDER FROM: NTIS AD-A08535213
Dillon, HS

SSC-296
Ship Stnuctuire Comnmiittee, (G-MArP24) Final Report., Sept. 1979, 60p. REVIEW OF FILLET WELD STRENGTH PARAMETERS FOR

SHIPBUILDING
ORDER FROM: NTIS AD-AU79291/1 Ths repast pitestet the rmsult of a review of the current fillet weld speciflcnn

of the vanius classification @sots and a devekipmnenial procedure far anialymig
SSCthese nde by a ratconal mietlsod far establishing required weld suze, and rmins-
SC23mendations for further reead. The retma indicated large devoiatn among

UNDERWATER NONDESTRUCTIVE TESTING OF SHIP HULL rules wich relate the fille weld size to the thickness of the base plate The
WELDS required fillet. weld size by the mast cusseivatave nile may be two times that
Techniques are presented whereby nondestructive testing of hull bits welds required by die most liberail rule. Thene appesr to be a need fr reviewing these
can be accomplished underwater. Radiography, ultrasonic inspection, and rules mome closely by anlytical means. A conputer programn, named "Atcnat
magnetic particle testing are diseussud including the modifications necessary Dynamic Incremnal Nonlinear Analysis (ADINAY' was used to detennine the
for underwater applications. In all cases, trained divers an required. stress distributions in the wrels of tee-jousts under simple tension acting along the

edges of the flange. This propunt could be used in detesnining the minimrwn
Youshaw, RA, Dyer, C weld sizes. A detailed ex planton of the rationale of wing -ADINA- Program or
Naval Surface Weapons Center similar FEM programn is presented in this report

Naval Ship Engineering Center Final Report, Sept. 1979, 32p. Tsai, CL, Itaga, K, Malliris, AP. McCabe, WC Masuibudii, K
Massachusetts Institute of Technology

N0099-67 1375
United States Coast Guard Final Report, Feb. 1980, 57p.

ORDER FROM: NTIS AD-A079445/3
DOT-CG-7 1455-A

SSC-294OREFRM TSA A8564FURTHER SURVEY OF IN-SERVICE PERFORMANCE OFORE FOMNTSA-056/
STRUCTURAL DETAILS
This project is an adjunct to the Ship Structure Committee report SSC-272- SSC-297
Using the same survey techniques and data analysis procedures described in EVALUATION OF LIQUID DYNAMIC LOADS IN SLACK LNG
that report, the midship/cargo areas of an additional twelve bilk carriers, CARGO TANKS
twelve containerahipe. and twelve general cargo ships were surveyed tinder This report provides an evaluation of dynamic sloshing loads in slack LNG
Project SR-1258. The goal of both projects is to provide design and repair cargo tanks. A comnprehiensive review of worldwide scale model sloshing data
personnel with structural service data and recommendations that can be used to is presented. The data an reduced to a commion format for the purposes of
significantly decrese the number of detail failures that occur on ships of all defining design load coefficients. LNG tank structural details an reviewed
types. The data from both surveys an combined and summarized for ready with emphasis placed on defining unique design features which muss be con-
use by design and repair offices. Structural detail failure data were collected sidered in designing LNG tanks to withstand dynamic sloshing loads. Addi-
for twelve detail families (beam brackets, ttopping brackets, non-tight collars, tionms scale model laboratory experiments an conducted to supplement the
tight collar,, gunwale connections, knife edge crossings, miscellaneous cutouts, avilable model sloshing data. Experiments ane conducted in combined s of
clearance cuts, deck cutouts, stanchion ends, itiffener ends, and panel stiff- freedom to eshlish the potential for multi- of fmreeom excitation for
eners) to provide guidance in the selection of structural detail configuratioris. augmenting dynamic sloshing loads. Experiments are also conducted to esiab-
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lish the slahing dynamic pressure-time histories which ame necssary for statc- ORDER FROM: N71S AD-91 154
tural reponse analysis. Experiments are also onducted on rpepaentauive seg-
ments of a MIl-scale LNG ship taik structure which is loaded with a typical
full-scale dynamic sloshinig Pressure as predicted fromt the model results. An&- SC30
lytical studies ame undertaken to provide techniques for determining wall suu. SUMMARY OF NONDESTRUCTIVE INSPECION STANDARDS
tara] response to dynamtic sloth loads. Finally, design methodology is pre- FOR HEAVY SECTION CASTINGS, FORGINGS, AND
sensed for a deans and aaimSae a sw lts, gavity tanks, and presswes WELDMENTS
tanks whereby the design procedure sequences fromt corr-aring resoat sosh- C odis ntaby ASMK have, hroduced procedura2l guidea. standard methods.
itg periods to shi periods. defining the design loads, and designing the Wan and recommeaided practices whua can be used to ans proper inspection for the
sructures affected by dynamtic slos loads by delineated procedures which vasiass methods of nondeisicve testisg. These guide and practices it private

varyWithW& tpe.inidustry have been reviewed for their applicability to quality owedo of heavy
selcatings. forgings. mid weldmns. Accepince: critri are not se forth, and

Cox. PA Bowles, EB Bass. RL mormenson am no sugotd. Iley do. howe-er. define levels of quality
Sothwest Research Instta and describe the pammteesus generally agreed to be ' significance which shoul

be a part of the contractsl agreemett The user inE quammfy these parastetes
United Swes Ciast Guard. (SWRI Project 02-5033) Final Report May 1980, according to servc metimmnts and other ceutaiderations.
183ps. Yshaw, RA

DOT-CG-71374-A Naval Surface Weaponts Canter

ORDE FRM: TIS D-9153 United States Coa Guard. Ship Structure Commttee, Final Report. 1981. 32p

NAVYZ 70099-6-71375

SSC-298
INVESTIGAION OF STEELS IMPROVED WELDADILITY IN SHIP ORDER FROM: NTIS AD-A0991 19
CONSTRUCTION-PHASE I
1This report coven ash first phase of a throc-year studly to select the opimum SSC-301

mateuials; and welding parmeters to improve resishtancet to radation of the beat- PROBABILISTIC STRUCTURAL ANALYSIS OF SHIP HULL
affected-mmt propeties in wekistents made wish highitpo-n-rate LONGITUDINAL STRENGTH
processes. Two production ntab~ and twenty 500-pouand lboratory hemt of Existing probabilistic itunsa design methods ate reviewed, their applica-
steals of varying chemical compyositions reflecting low carboi and sulfur can- bility to shi hull suctural design considered and the ams promising prob-
terg, silicon-aumninuim deoidation practice. globular sulfides. fine titium abilistic o- yis techniques are identified. The current state of knowledge
nuirides. aid treetmansa wish fare earth metals, boron and calcium have beeni concerning stnuctural modes of failure said load distribution is considered with

mwanesded for fusther examination. respect to its impauct on probabilistic structural analyses. The empthasis is an
longitudinal strength considerations. Factors influencing strength in terns of

Vanderbeck, RW uincertainties in ship strength diitnbl uon, am reviewed. Differust msethods sam
United Staesled Corporation proposed to obtain oefficients of variat for various types of data ean the

tacanW IesM . S5amlle calculations are performed for a nianbe of shipssug
United Stases Cast Guard. May 1980. 26p., 53 awL an approximate probabilitic method and yielding safety mnargins foaresh

This method sequires that only the coefficients of variation of the strength and
DOT-F-1700.7 load be known. A computer program is developed to performt this calculation

for my ship subjected to my load or mode of failure.
O3RDER FROM: NMI AD-91 106 Dadoa JC, Bawar NS

Rosenblatt (M) and Son. Incorporated
SSC.299
ULTIATE STRENGTH OF A SHIP'S HULL GIRDER IN PLASTIC United State Coast Guard. Ship Structure Conunitie, 1981, Up, 67 ref.
AND DUCKLING MODES
K~nowledge of toa limiing conditions beyond whch a dup's hll girder will fail DOTrCG4I19OSA
to perform as function is inipostant in assessmn Accurately the ue MArgW of
safety in doe design of ships. Such itfionmation is esam"a a"s for developing ORDER FROM: NTIS AD-AO991 18
design proceadmes, regitimentw. and srules which achimv umtfom stmals
asmong vessels of different na and types. I this raposs these kisi conda- SSC-302
amn were mab-ad with the objective of dtemiining the ultimate strength of a COMPUTER-AIDED PRELIMINARY SHIP STRUCTURAL DESIGN
bull gider. The dhip was cassicered to be subjected to a realistic loadetg con Undoubtedly, shi strctaral design and analysis is n sares that is receinsusing of vertical mid lateral bending momnts and torsoal momnt. Buddling some benefits fromt the rapid advances fcominputer technology. In this iwpast

and instbility f do hul stiffned plaes. thefully pantevaluamomeonisndmadeanofathetio rs madtrendsecinrenttrends naco ded stide cturaltu designidiakeclowi monema were fustier developed in a proredisse for esiain h systems and their possible inmpact on the preliminary structural design of shtips.
utirruate capacity of the hA New imienacticat relatons for the ultima~te strength The survey anid evaluation covers marine software systans as weL! as non-
of ship It*~c to combsined momntsa were developed in this stud. The fauc- maiestmsucashoesdinheerpcenistyndivls
ture (fatigue and britls) modes of failure were not included. An applicao to a maneg stemaucas the ed of n the ae"rorame idstryand for terw
200.OC0 ton displacent tanker was canied oust to show th deal of loumce inaeryn ..t.*ctl d e ofeships ofare "identile prid suithbe evaluationrof
dhir mid go eximine die effects of various factors on die ulthstaie capacity of tie available sotaresuitabl ospsr a e hen seeed ndori the vaaion of~c
hul. Lads of adequate formulations in zitain areas were pointed out particularly aalbesfwr.Sial rgasa hnslce o h aiu yia

whn h collpemd novdcuplingt btenseea mehnim of spects of ship preliminary structural design. An assesment of the potential
faita Aaltial udtsaswel a wops tstprgra wrer___ ne t&eCrica! and economioc benefits that might accruie farom using a computer-

falthenr Aaytca sdes rAs ela w-at~ saded design systemn is made. A recinuastadation is also made for the
wishthei obecties utlied.development of a software system with its various coniponents described in

Mansour, AE. Thay-nballi. A detai. An extensive list of existing programs is appended to this report.
Mansour Esigiiieeing hr~p~wated Marsour, AE. Thaysanbelli, A

United Stases Coast Guard Final Report, Jime 1980, 68p., 44 ref. MnorEgneigIcroae

United States Coast Guard, Ship Structure Comimittee, Final Report. 1981.
DOT-CC-74755-A 126ip, 278 ref.
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ORDER FROM: NMiS AD-A0991 13 mens steels, anid taruw steels witiKwt boron appear to show prorruse of pro-
viding inproved HAZ toughness in high I-ita welds.

SSC-303 Reisdor. bG, Donss WF
FATIGUE AND FRACTURE TOUGHNESS CHARACTER IZATION U.S. Steel Corporation
OF SAW AND SMA AS37 CLASS I SHIP STEEL WELDMEN'S
A study was conducted to assets the use of -ios toughness tsats and criteria DOT-CG-80588-A
to predict the fracture behavior of weldnents contamning a low-toughness heat
affected zone. Natural fatigue cracks were initiated and propagated to various ORDER FROM: KMI AD-Al 17053
sizes in I-inch A537 Class I steel submerged -arc -welded (SAW) and shielded-
metal-ar (SMA) bsst-weluid Tee joints having various weld reinforcement
heights (surface crackeJ specimnens). The most severe service temnperature and SSC-306
loading rate of secondary containment shells for LNG ships wus duplicated by EXPERIMENTAL PROGRAM FOR THE DETERMINATION OF
t etting the surface cracked specimens at -W(F at loading times of about a HULL STRUCTURAL DAMPING COEFFICIEN-B
- ;ond. Fracture mechanics procedures and existing enmpmnical correlations A program of full-scale and model expermens for the determination of hull
among tests were used to interpret dhe data. The fatigue crack initiation and damping codffiaents is outlined. A literature survey discusses available data
propagation beavior observed during preparation of these specimens was con- for ship vibration damping. ua assesses analytical and expesimiental tech-
sist wish published data. Fatigue crack initiation data were obtained at - niques used in the past. Exiating ship damping data have proven to be made-
60*F. Elastic plastic behavior was obaerved in 15 out of 16 tests of the surface quate for makding reliable vibraison predictions. A scheme is discussed for
cracked weldanents. The bristle fracture observed in the one test was analyzed expeuimentally isolatuig the damsping coeffloients associated with each inpor-
and predicted froms the lowest values of all the fracture toughness tsts except tant mode of vibration as well as the breakdowns of the toual damping into its
for she Kac (3 point besid) tst. Discussions and recommaendations ame given seiarate comiponents (structsraL, cargo, and bydrodymanuc), and the desenaa-
for assessing toughness results of weldments having a low-toughness zone tis of the distributio of she danping alung the sip. Excitation devices and
.masked" by adjacent high-toughness regions. analytical methods for seducing the experimental data awe discussed, along

with specific application to two ships (a 74,000 too Great Lakes ore carrier,
Sovak. IF, Caldwell, 3W. Shoemaker, AK anid a 30.000 t oitime ship).
U.S. Steel Research Laboratory Chng PY Carol,

DOT-CG-631 16-A Carroll Ass ae

ORDER FROM: NTIS AD-Al 17057 DTC-U6-

ORDER FROM: NTIS AD-AI17058
SSC-304
SL-7 EXTREME STRESS DATA COLLECTION AND REDUCTION SSC-307
This report covens the installation of extreme stress gauges on eight SL-7 Ves- EVALUATION OF FRACTURE CRITERIA FOR SHIP STEELS AND
adls. Data collected over. a sevens-year period is presented.DIE7

The puspose of this report is to review in the light of currenly existing data
Boot, ETthe fracture-tomsghness gssidelines for welded ship hull steels first proposed in

Teledyne Engineering Services 1974 by Rolfe and his coworkers anid published in Ship Structure: Conmittee
Report 244 "Fracture-Conrowl Guidelines for Welded Steel Ship Hulls." The

DOT CG-84433 I -A essence of the guidelines was an NDT temperatusre requizuna of 0rF for steel
used in primary load-carrying members and an NUT tesmpeasa requirement

ORDER FROM: NTIS AD-A 117055 of 2(TF for steels used in secondary load carrying members. A subsidiary
requiremnt for prinaery manbets was a dynamic sear energy in 5/8 in, speci-
mas, depending on steel strength, of 250 to 500 ft-lb. at 75*F. Crack-arrestSSC-305 materials; would be required to have a dynamic tea energy in 5/8 in- speci-

IN'v iSTIGATION OF STEELS FOR IMPROVED WELDABILITY IN mas, again depending an steel strength, of 600 to 800 ft-lb. at 32-- Sub-
9HIP CONSTRUCTION -PHASE 11 sequent to thsis report, a nmbnler of research investigationst were unidertaken by
The purpose of the present three-phase investigation is to develop economical she Ship Reeac Committee and otsers to deterinme what the disracessic
ship-plate stels with imsproved heat-affected zone toughness when welded at toughness of currently used ship plate were with respect to the poosd guide-
high heat inputs. The fist phase consisted oif a literature review aimed at lines. At the samte time, research on loads anid loading rates in ships and on
identifying econsonical conmpositions andt processing methods that were ex h- effect of strasin rates and on the fracture toughness of ship steels produced
pected o result in stels having good HAZ toughness when welded at high data that could be used to test some of the assumptions underlying the guide-
heat iputs. This review resulted in the selection of 20 stels to be melted and lines.
evaluated at the Research Laboratory. The present report suammarizes Phase IL~
During this phase, the 20 laboratory-melted steels were produced with corn- pense, AW
positional variatons in the content of titanissi nitroen, vanadiumn, boson cal- Lehigh Univesity
ciwn and rare-eartls metals. These steels were rolled to one-inds--thick plate
and normalized. Thermal cycles in HAZ near the fusion line of high-heat- AISI 304
input welds were simulated in sarnples of all these steels on the basis of the
toughness and microst.-ictuse of these simulated-weld samples, eight ot the ORDER FROM: NTIS AD-Al 117059
laboratofy-smelted steels were selected for welding along with three cominer-
cially produced ship steels. In addition to subs -ged-arc (SA) welding at a
typical heat input of 75 kich, two highheat-input welding processes were SSC-309
used: (1) electroslag welding (ES) at about 1000 Sd/inch and (2) two-pass SA CRITERIA FOR HULL-MACHINERY RIGIDITY COMPATIBILITY
welding at 180 k-inch per pass. Osarpy V-notch tests of the HAZ of these Recent trends in increased ship hull flexibiLty. pariclarty in large ships, have
stools showed that the steel with the best HAZ toughness for tie ES weld was given urgency to a host of problens which were not encountered before in
a calciumreased 0.08 percent vanadium steel with a low content of retidusl naval ardsitetsr. This repose J-Als with one of these problens, specifically
elements (Ni, Cu, Cr. and Mo). Several titanium steels without boron and also the compatibility between local hul! deflections and dis--orion limits imsposed
one with boron had good HAZ toughness %hen ES-welded. The HAZ tough- by the apenstional -qniretnents of the main proulsion machinery componenits.
nets of the 0.08 percent vanadiwis steel and s, , -ral of the titanium stels was The nee4 to conduct this study was felt because very often problems of shaft
aiso good when the steels were SA-welded at 180 KJQiO2. However, two of misalignment, gear wear, excessive vibration and others, were found to be
the three titanium iteelt that contained boront had poor HAZ toughness for a most probably a reswtr of intsufficient stiffness in machinery support systems.
normal heat input (" 11/Inch) SA weld. Overall, vanasdiwn, low-residual-ele- The evaluation of the relationship between minufacturer's requiremsents and

57
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the structural design of machinery foundations is the goal of this research ef- DOT-CG-WCi4937-A
fort. The overall objective of this paper is to derive a set of recommendaons
capable of helping the designer meet the requtred foundation stiffness and ORDLR FROM. N-I1S A)A 12442
which are necessary for the good performance macunery comxponents. The
design secommernsidasions to be derived essentially concern the structural ar-
rangenent of machinery spaces and support systems. Also included are a SSC-31 1
group of suggested methods and techniques of structural analysis and design EVALUATION OF SL-7 SCRATCH GALGE DATA
which can auist the designer in implementing these recommendations As a This report assesses the value and application potential of the SL-7 scratch
resultit is hoped that the gap between hull flexiaility requirenens and gauge data base. The principal advantage of mechanical exreme-stress re-
machinery operational requiemenU for a ship can be redutced, so that overall corders u large quantities of inexpensive data. Their drawbacks are that con-
design process and the shsp's performance ian be unproved. tributions from different load sources cannot be separated; contnbutions from

torsional, lateral and vertical bending cannot be separated; and there is no rea-

Budd, WI.H, Karve, SV, de Oliveira, JG Xiruuchakis, PC sonable way to distingth between hogging and sagging response. However,
Massachusetts Institute of Technology when scratch-gauge data and electrical strain-gauge data from a scond oper-

ational season aboard the MCLEAN were correlated, a comparison between

DOT-CG-912506-A the form curves showed good agreement. Several statistical models were
found to describe the data well enough to be used as a basis for stausucal
inference beyond the range of mr.asured values. Type-I Extreme-Value dis-

ORDER FROM: NTI7S AD-Al 17056 tribution, the Wesbull distbutiuon and a four-parameter distibution proposed
by M.K. Ochi sausfactonly represent the data in most cases.

SSC-309
A RATIONAL BASIS FOR THE SELECTION OF ICE Oliver, JC, Ocsi, MK
STRENGTHENING CRITERIA FOR SHIPS VOLUME I Giannotti & Associates, Inc.
A major consideration in the development of marine transportation for ice-
covered waters is the knowledge of the strength required for ship's hulls. DOT-CG-920932-A
Several classification societies and various government regulations provide
guidelines for strengthening of ice-tmsiting ships. However, there are incon- ORDER . l.TIS AD-AI20598
sistencies among these different guidelines, and ships have suffered hull dam-
age from ice while operating in zones for which they were supposedly SSC-312
strengthened adequately. This report presents the results of a study to develop INVEST, ^T? '- OF INTERNAL CORROSION AND CORROSION
the basis for rauonal selection of ice strengthening criteria for vessels. CONTROL . ,-.NATIVESINCOMMERCIALTANKSHIPS
Volume I describes sources and differences between ice strengthening criteria
in use by various classification societies, and Government regulations such as or t is the finl rou co a eatin o ba d crgo ank
Canadian Artic Pollution Prevention Regulations, and Swedish-Finnish corrosion and the use of corrosion control lernaves on board crude o and
Winter Navigation Board Regulations. A comparison of the different criteria ined petrolem product camera. To obtain data, a survey of ship operators,
is presented on the basis of a relative weight and mlative cost. Effectiveness coating and anode manufacturers, shipyards and contractors, consultants and
of the criteria is evaluated on the basis of staustical ice damage data and on a published literature was conducted. Key factors affecting corrosion and corro-
sample of iividual ice damage cases. In addition, a comparison of different sion protection costs ar identified. The relative effectiveness of coatings,mamprl ainditi tisacrificial anodjis and full scantlings is evaluated for different tank conditions.
materials and fabication techniques used for ice hr ersgthres ng is sresented. A method of life-cycle cost analysis for various tank conditions and the results
Deficincies in current ice stngthening procedures are identified mid a f sensitivity studies on two representative ship designs are presented. These
rational prcedum for selecting apprpiate ice stengthenng criteria is re analyses are useo to examine traditional corrosion-control philosophy in light

stented. In addit, recommendatons for research needed to iiprove current of modem day tanker developments. It was found that it is not normally
ie srengthening criteria are described, advantageous to reduce scantlings in fully protected cargo tanks and that a

partially coated crude oil tank will experience lower life cycle costs than one
Volume 1I contains the appendices to the report including maximum and aver- fully coated. The main intent of this report is to provide tanker ownet and
age ice conditions by month, tabular data, and a review of methods for damage designers with a rationale for selecting an optimum corrosion-control system
analysis. for a specific vessel by providing a better understanding of the factors , sich

Cobumn, Jl, DeBord, E/, Montgomery, lB. Nawwar, AM. Dm. KE influence both tank corrosion and the cost of corrosion protection.

ARCTEC. Incorporated Herring, Jr., LC, Titcomb, AN

DOT-CG-904937-A Newport News Shipbuilding

DOT-CG-912913-A
ORDER FROM: NTIS AD-A120601

ORDER FROM: NTIS AD-A120600

SSC-310
A RATIONAL BASIS FOR THE SELECTION OF ICE SSC-313
STRENGTHENING CRITERIA FOR SHIPS VOLUME il - SL-7 RESEARCH PROGRAM SUMMARY, CONCLUSIONS AND
APPENDICES RECOMMENDATIONS
This report, Volume I, contains the appendices, A.B, and C, to Volume I of From its first inception, the SL-7 containership program represented a mile-
the same title. Volume I describes sources and differences between the ice stone in mantine history. The SL-7s advanced the state-of-the-an in such
strengthening criteria in use by various classification societies, and government areas as design, classification, construcuton and ship operations. It was indeed
regulations such as Canadian Arctic Pollution Prevention Regulations, and fortunate when the opportunity presented itself for the Ship Structure Com-
Swedish-Finnish Winter Navigation Board Regulations. A comparison of the mittee to participate in a research program for the full-scale measurement of
different criteria is presented on the basis of a relative weight and relative cost. hull girder stresses on these vessels Like the SL-7 vessels themselves, the
Effectiveness of the criteria is evaluated on the basis of statistical ice damage full-scale measurement program has become a milestone itself. The report that
data and on a sample of individual ice damage cases. In addition, a compari- follows, "SL-7 Research Program. Summary, Conclusions and Recommends-
son of different materials and fabrication techniques used for ice strengthening tions," reflects mainly upon the technical content of the program. This report
is presented. Deficiencies in current ice strengthening procedures are iden contains an evaluatin of the SL-7 research program according to four main
tified and a rational procedure for selecting appropnate ice strengthening cn- elements, namely, Full-scale Instrimentation, Model Testing Techniques, Ana-
teria is presented. lytical Techniques and Hull Girder I.ad Criteria Analysis. Conclusions are

derived from the evaluation with emphasis on how the program results may
Cobum, IL. LBord, FW, Montgomery, 113, Nawwar, AM, Dane, KE benefit future programs of similar nature. The report contains appendices
ARCTEC. Incmorated summaniing the relevant S[-7 research program documentation and dscnh-
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ig the data recorded on the S.S. SFA.LAND McLEAN that should aid future stons, among than being:" .that the nation will benefit mot from structural
data users. At this time, it appears obvious that the SL-7 program has been a improvements to the Navy/iatioal defense, oil and gas. and truspurtauon
trnmendous success. The massive amounts of full-scale hull response data that systems." Secondly. "analyses revealed that the national value of structurl tn-
have been recorded will undoubtedly be a moa. valuable source of data for provemni will be greatest for improverents to mediwn-si.zed monohulls.
researchers, designers and students for many years to come. The program has samisubmersibles, large mcnohulls and botican-motnmted platforms, sn that
greatly increased our knowledge and understanding of the sea and the ships order."
that sad on it. As a program involving many disciplines within the marine
industry, it has fostered a spirit of cooperation and comnmwucauon within the MAsdcheon EM, Oakley. , Stout. RD, MacCutcheon, P.E., EM
indust-v. These long-term, benefits represent the real success of the SL-7 re- consultant
search program.

ABS Grant
Stamibsugh, KA, Wood, WA
Gumnoti & Associates, Inc. ORDER FROM: NTIS AD-AI40290

DTCG-23-80-C-20025
SSC-317

ORDER FROM: NTIS AD-A120599 DETERMINATION OF STRAIN RATES IN SHIP HULL
STRUCTURES: A FEASIBILITY STUDY
The material te"n wchniques tha are curnstly used to detertine the tough-

SSC-314 nets of ship structural steels load material specimens at various loading and
strain rates. Since the toughness. rulductility and the yield smtrgth chanc-

CONTAINERSHIP AND GREAT LAKES BULK CARRIER SJ. tenstics of ship structural steels vanes with strain rate, it has become necessary
CORT IN WAVES. to dctermne the extent to which the strai rates produced by materials sting
Scale models of the SL-7 Containership and Great lakes bulk carrier SJ. Con techniques am representative of ship service experience. A survey of existing
were tested in head seas for a variety of speeds and wave lengths. Both mod- shipb tro sstran data is presented and the data bases am evaluated to
els were free to heave and pitch. Pressures at various locations over the hull determime the feasibility of obtaning strain ates. The results of the survey
were measured and the results presented. The model of the SL-7 was also indicate that it is feasible to deermine strmn ratw fron ex tng ship data
tested in conditions which measured the separate components of pressure. The however, the stress/suin data reqtre additional data reduction and analysts
diffraction pressures were measured by restraining the model and the radiation before detailed straim rates may be obtained. Preliminary calcalatms of strain
pressures were measured by forcing the model to oscillate in heave and pitch. raes that ame comarale to the order o magnitude of strain rau given for

current material tougimess tests were obtadned from existing data. Two
Troesch. AW, Slocum, S methods are outlined to obtain ship stnuil strain rates from analytical pre-
Department of Naval Architecture and Marine Engineering dictions or in conjunction with future full-scale itnrnnaion, programs.

DOT-CG-913367-A Giarmotti. JG. Stambaugh. KA

ORDER FROM: NTIS AD-AI40290 Giati A Associates, Inc.

DTCG-81-C-20028
SSC.315
FATIGUE CONSIDERATIONS IN VIEW OF MEASURED LOAD ORDER FROM: NTIS AD-A162591
SPECTRA
Crack propagetion in HY-80 and CS ship steel under typical ship Io iing time-
histories was studied. The loading histories were selected from recorded s. SSC-318
ice stress data which were generated during voyages by the SL-7 container- FATIGUE CHARACTERIZATION OF FABRICATED SHIP
ship. Samples of the data were imposed on laboratory specimens as a t DETAILS FOR DESIGN
loop signa speeded up by a factor of 25. Analysis of the results indicated that Fatigue cracking has for many years responsible for extensve ad costly
the crack growth during this random loading compared closely with that of ship repar work- This investigation provides a ample fatigue design proce-
constant-amplitde - lie stress intensity range was expressed as the dum that will help to mssnniz such cracking is fmise ships. The desg
root-mean-square. It. determined that significant crack growth rmtas- procedure p-tide for (a) a large variety of ship details, (b) the basic fatigue
dation effects were present and that omission of low-amplitude high-frsequency rtstance of the various welded details, (c) a reliablity factor (factor of
components of the loading had little effect on the time rate of growth of asfety) that aouns for the many uncertainies that exist in the fatigue data,
cracks. The potentially large effects of environment on crack growth rate were the predicted loading history, and in the assoiated analyses and (d) the rsm-
recognized but were not included in the scope of this work. dom nature of the loading history to which a ship may be subjected during is

lifetime.
W.G. Dobson, WG, Brodrick, RF, Wheaton, JW. Giannoti, JG, Stambaugh,
KA Munw, WHt Wilbur, TW, Tellalian. ML, NicolL &. Wilson. K

Teledyne Engineering Services Deparmnen of Civil Engineering

DOT CG 80359-A DOT-CG-823889-A

ORDER FROM: NTIS AD-A140221 ORDER FROM: NTIS AD-A 140338

SSC-316 SSC-319
SHIP STRUCTURE COMMITTEE LONG.RANGE PLAN - DEVELOPMENT OF A PLAN TO OBTAIN IN-SERVICE STILL
GUIDELINES FOR PROGRAM DEVELOPMENT WATER BENDING MOMENT INFORMATION FOR STATISTICAL
This study constitutes a look at the long-range needs and opportunities to in- CHARACTERIZATION
prove ship structure through research and development initiated between now The pursut of a probabalistic based hull girder load criteria for ship structural
and A.D. 2000. Eight different types of trends were reviewed along with their design has lead to the development of a test plan to obtain still water bending
implications for mantime industry: Technological innovations, resource moment (SWBM) data for in-port an at-sea conditions. Several approaches for
availabslity, trends in ship/platform types and populations, political, legal, obtaming SWBM data are considered including estimation of SWBM fron
economic, military, and environmental. Eighty-five work parcels (a rrutually manual calculations, frmn loading computer, and fron instrumentauon which
supporting set of R & D tasks which are essential components for achieving a would be used to measure SWBM induced strain. Recommendations are pr-
specific goal) have been ranked in four groups- Top, Second. Third and sented to obtain the SWBM data from a combination of techkuqurs including
Fourth---on the basis of their judged importance. The report has seven conclu- loading coimputer and an instumentauon system. A preliminary plan de-
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scribes the data acquisition system, data reduction and data analysis requited to in predicting such failures. Proposed procedures for determining uncertainties
obtain and caacteize the SWBM data in a probabalitic formal. for such ship structures by use of computational efficient numerical computer

programs are descnbed.

Boylston. JW, Stanbaugs, KA
Giannotti & Associates. Inc. Kaplan, P, Benatar, M, Betson, J. Achandes, TA

Hydromechanics, Inc.
DTCG23-82-C-20002

DTCG-23-81-C-20006
ORDER FROM: NTIS AD-A162560

ORDER FROM: NTIS AD-AI62569

SSC-320
A STUDY OF EXTREME WAVES AND THEIR EFFECTS ON SHIP SSC-323
STRUCTURE UPDATING OF FILLET WELD STRENGTH PARAMETERS FOR
Tis report is the result of a project to determine the possibility of a ship COMMERCIAL SHIPBUILDING
encountering asme kinds of extreme waves and to undersand the significance .. new procedure for sizing fillet welds for commercial ship structures is
of such encounwters in ship stuctinl design. Previous studies indicated that developed in this report First the weld sizes required to develop the full
certain large waves meaaured during Huricane Camille might be characterized srength of tee type connections are developed including appropriate corrosion
as non-Gaussian. Waves of similar time-domain description had previously allowances. Service experience data is included by determining the joint effi-
been found to cause ship damages during winter strms. Interviews with ship ciencies in the current American Bureau o Shipping (ABS) weld tables. ABS
masters and officers furnished additional important characterizatioms o these welds are resized and put in a form which is easier to use in a design office.
waves, as well as indications of the synoptic weather conditions which were easier to compare to other rule weld sizes, and should help guide further weld
involved. A survey of heavy-weather damage information from U.S. Coast size reduction research althugh significant further reductions in commercial
Guard records was conducted to evaluate general trends o heavy weather ship fillet weld sizes are not anticipated. In general, the cunrent ABS fillet
damage to ships. A preponderance of damage is attributed to local wave load- weld sizes am not excessively conservative so the proposed reductions are
ings. Selected cases of ship damage and severe hull girder stressing am ex- relatively small. The new design critera is applied to three sample ships
amined in relation to the types o extreme waves reported to have been en- showing order of magnitude weld cost savings of 9 to 15 percent.
comtaered, or believed to have been encountered, based in part upon prevailing
synoptic weather conditions. Krumpen. Jr., RP, Jordan, CR

Newport News Shipbuilding
Buckley, W
DWTNSR&DC DTCG23-81-C-20030

MIPR Z 70099-1-07143 ORDER FROM: NTIS AD-A162485

ORDER FROM: NTIS AD-AI40317

ANALYTICAL TECHNIQUES FOR PREDICTING GROUNDED
SSC.321 SHIP RESPONSES
SURVEY OF EXPERIENCE USING REINFORCED CONCRETE IN This report dormaents the development of analytical techniques and conput-
FLOATING MARINE STRUCTURES ational capability for use by salvage response personnel in the case of a
This report traces the application of concrete in floating mmine structm from grounded ship. It has been concluded that the various analytical techniques
its first use in the 1800's to the present day. The various applications were can be accommodated within any number of existing portable computers with
discussed with respect to design, construction, materials, and service ex- self-contained sources of power and that other forms of portable or slipboard
penance. This report also reviews recent and current research programs, both computational devices am neither necessary nor particularly desirable. Al-
in the United States and abroad, which address the use of concree in fixed and though there am certain limitations to various aspects of the tedmiques, it is
floating mare structures. From the knowledge of applications and research concluded that they will provide salvage response personnel with a much
activities, certain techmology amres am identified a requi&g additional re- higher level of insight to the salvage situation than has been Previously avails-
search if advances are to be made in the use of concrete for floating marine ble and that certain of those limitations can be overcome in the near term
structirs. A plan is outlined for developing these identified needs into future future. The rport also suggests their use prior to arrival on-scene so that
Ship Structure Committee progrms, salvage assets can be marshalled and deployed at an earlier stage of the sal-

vage operation. It also recommends certain long-term goals in the case of
Burnside, OH, Pomerening , DI structural analyses when the ship is damaged and in the case of very complex
Southwest search Institute situations which may require shoreside engineering support. Finally, the report

stresses that while improved salvage engineering calculation aids will provide
DOT-CG-919837-A better insight to the nature of the problem and strengthen the development of a

salvage strategy, they are not a substitute for knowledge and experience in
ORDER FROM: NTIS AD-A162559 marine salvage.

Porricelli, JD. Boyd, JH
SSC-322 E.C 0. Inc.
ANALYSIS AND ASSESSMENT OF MAJOR UNCERTAINTIES
ASSOCIATED WITH SHIP HULL ULTIMATE FAILURE DTCG23-82-R-20058
The different uncertainties associated with ship longitudinal strength and exter-
nal loading are reviewed when considering probabilistic analysis and design. ORDER FROM: NTIS AD-A16221 1
The uncertainties am represented in the form of utieffiaenta of variation,
where that information can then be used in evaluation o the safety index
and/or related quantities used for determination of structral failure probability. SSC-325
The emphasis is directed toward longitudinal stsength. with the failure mode CORRELATION OF THEORETICAL AND MEASURED
due to ultimate compression failure as the major consideration. Nunerical HYDRODYNAMIC PRESSURES FOR THE SL-7 CONTAINERSHIP
values for coefficients of variation ae found by data analysis and computation AND THE GREAT LAKES BULK CARRIER SJ.CORT
for different types of loads (waveinduced, springing. alumning. etc.) together Calculated results from the ABSISHIPMOTION computer program are com-
with suggested meam o determining the uncertainty for the combined loads pared with pressures cttained by experimental testing on scaled-down models
acting on a ship. Methods for determining ship strength uncertainties are ex- of the SL-7 class containership and the S. J. CORT and with full-scale pres-
amined, with application to modern commercial ships illustrating the important sure measurements from the Great Lakes self-unloader, S. 1. CORT. The de-
prospective failure mechanisms and the limits of present mathematical models gree of closeness in the correlations is different between the model-test and
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full-scale data. The correlation is also different between the SL-7 contatner- ORDER FROM: YMI AD-A162507
04r and the SJ.CORT. In general, the theoretical prediction has the samne
trend as measured values either fromn the model test or fuI-scale trial, with the
model-test results showing a better correlation. It is not the intention ot this SSC-329
report to either identify factors in the theory which are responsible for the ICE LOADS AND SHIP RESPONSE TO ICE
discrepancies in correlation, nor to suggest what direction further research This paper presenu work toward developmnt of local ice load criumn for
must take. icebreaking shups. A bow panel of approximately 100) ft" (9-2 m") was insum-

metited to measure ice pressures by measuring comriessive strans in the webs
Chen, Hit, Shin, YS, Aulakh. IS of transverse frams. The panel was divided into 60 sub-iand areas, six rows
American Bureau of Shipping o( ten frames, over wich wsifonn pressures were calculated during an impact

with ice. Finite element models of the huall aructuse were used to develop a
ORDER FROM: NTIS AD-A162592 data reduction matrix relating the measured strains to uniform pressures. only

events over a preset threshold srtrain were recorded. Approximately 1400 isch
events were recorded an two deployments. ame to the Beauifcwt Sea in Sepsein-

SSC-326 ber-October 1932 recartdmI; sunmer muslsyear ice impaicts; and ate to the
LONG-TERM CORROSION FATIGUE OF WELDED MARINE Chiukdut Sea int March-April 1983 reorwding both first year and multiyear
STEELS winter ice impacts. Extreme prasure-area curves were developed for each
Corroion fatigue in welded marine steels and the effects of loading. en- event. Extreme envelopes of pressure verias arts were developed horn the
vironmnal material, and fabrication variables an fatigue resistance were re- data for eadh of five geogisiliical areas; sailh Bering Sea, north Bering Sea,
viewed. Mathematical models were formulated which quantified te importnt south Chuks Sea, north Qsukdsi Sea. anld Beaufort Sea. Trends sat peak
environmental and loading variables on fatigue crack intitiation and propaga- force and peak pressure are examined in terms of ship impact speed and ice
tion in the high- and low-cycle life mreies. The initiation model utilized the coniditions. Fseuenmcy of ociumsce tables for highest average Pressure ame
local stress-strain approach with a modified Neuber rule, The propagations developed as a function of impact area for each geographical Ans. A sta-
model was based upon fracture mechanics with the stress intensity factor coin- tstlical analysus of the extremes of the north Oiukdii Sea diata indicAted that
puted using an influence function approach and the uncracked strieu state at the peak pressure data followed a Gwnbel extreme value distribution. Finally.
the toe of the weld. It was concluded that crack initiation constitutes only a a non-dinssonal analyss was performed at selected data and an anpitrically
small portion of the fatigue life in a welded joint in the low-cycle regime. The based approach is Presented for developing extreme pressure-area curves as5a
analytical predictions for crack growth life generally gave good correlation funsction of ice conditions ship impact speeds,. and the mram period. Sugges-
with expeirients on welded planar and tubular joints at low load (R) ratios in ts are made for further data collection sand uiaislysis toward a ratia design
air anid seawsa environments. A probabilistic antalysis was also undertaken procedure based at ice conditions.
to quantify the importan variables in the high-cycle corrosion fatigue prs.L
Using the fracture mechanics model, the analysis indicated that the single most St. John, JW Daley, C. Blouis. H
important variable for reliability predictions is assocateed with the applied ARC'IEC, Inopos
loadings.

Bumside, OH. Hudak, Jr.. Si. Oelkera, E, Chan, K, Dexter, RI RTE AND iie

Southwest Research lInstitute MA-S l-SAC-10023

DTCG23-80-C-20025 ORDER FROM: NTIS AD-A224639

ORDER FROM: "TS AD-AI162484
SS-3

SSC-327 PRACTICAL GUIDE FOR SHIPBOARD VIBRATION CONTROL
INVESTIGATION OF STEELS FOR IMPROVED WELDABILITY IN AND ATTENUATION
SHIP CONSTRUCTION A practical guidle has been developed to provide opestbora **iyards, ship-

This is he thir arW fial phas of a muti-yesi effortairsd andnvostgatinw ononmustd dealr wiohmshideaviith sh onvibratineps.blms. butwoohave

those factors which influence the tricrostructure in the Heat Affectedi Zone lmts nweg n xeinei h ilwt nudrtnigo h
(HAZ ofecoomiall prducd sip late wih hgh iel anrighs hen nature of the moat comimon probilem frequently mcixsstered, how to assess

suHectdt hig econ milty prouced ashi lts wind hibmered strengthsdwhen and evaluate then, and whot alternatives are available for corrective ana A
subjected ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~eve oohg etipt usa lcrslgadsbegdstwlig f virtir fu tetals sand a dewiled explanatt of t snature said

The Ship Struictutre Committee has Published the first two phases as SSC-299 scope of shipnboard vibration are presented to assis in the understanding of the
and SSC 305. various problems typically enount~ered. Available istrutmentationt andi the

proper method of their use in shipboad studies is pressed along with secorn-

Cuddy. UJ, Lay. JS, Parter, LF mended vibration criteria and an appoach to their use in problem solving.

U. S. Steel Corporation Technology Center Examples of typical problems and their solutions are included.

DOT-CG-80588-A Noonan, EF. Amtonides. GP, Wood. WA
NKF Engineering Associats, Inc.

ORDER FROM: NTIS AD-AI64465
DTCG 23-83-C-2D031

SSC-328 ORDER FROM: NTIS PB91-105965
FRACTURE CONTROL FOR FIXED OFFSHORE STRUCTURES
literature and telephone surveys were conducted to determine the current sta-
tus of fracture control as practiced by U.S. designers, builders, and operators. SS-331
From this. reconmmendations are made for strengthenting indiustry practices: DESIGN GUIDE FOR SHIP STRUCTURAL DETAILS
promising areas for research are identified and prioritized4, as are areas where This report provides a designer with a guide to she selection of stuctural
cost-effective improvements could be made within existing technology. A details for both naval and coammercial ships. The details in the guide combine
fracture control checklist is also provided as an example of an ustructured, good service experience with reasonable construction costs. A simple method
yet responsive, fracture ontrol plan. for detertming approximate construction time for a wide rusg of detaild sizes

is presented. Detail which have not performed well are als discissed to
Besuner, PM. Ortiz, K. Thomsas. IM. Adams, SD illustrate problem areas to avod.
Failure Analysis Associates

Jordan. CR. Knanpen, Jr., RP
DTCG23-82-C-2001 S Newport News Shipbuilding
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SSC-332 SSC.335
GUIDE FOR SHIP STRUCTURAL INSPECTION PERFORMANCE OF UNDERWATER WELDMEN'S
Based on surveys and interviews conducted in several cornmerctal shipbuilding Data reported herein indicate that the wet and wet-backed metal arc welding
yards. a guide for ship itructural inspections is developed for use by manne (SMAW) promes can produce welds suitable for structural applicauons pro-
people involved in designing. building, accepting, and operating ships. A vided certain limitations of the welds are considered in design. Welding pro-
balanced and sufficient amount of inspection activities is prescribed for all cedure qualification tests and fracture toughness (Jic) tests were performed on
stages of a shp's Life from the onset of design process through constcton to wet, wet-backed, and dry fillet and groove welds made with 1) A-36 steel and
the final operational years in servce. E6013 electrodes, and 2) A-516 steel and rckel alloy electrodes. Despite hard-

nes measurnent exceeding 300 HVl.0 in femtic welds and 400 HVI.0 in
Basar, NS, Jovino, W austenstic welds, no hydrogen cracking or brittle behavior was observed.
M. Rosenblast & Son, Inc Generally, the Qsarpy tests indicated upper-shelf behavior at 28F and the

HAZ was found to be tougher than the weld metal. Statistical analysis reveals
DTCG-23-C-20036 the effect and interaction of water depth, plate thickness, restraint, material and

location of notch in the weld. A correlation between the toughness and
Charpy impact energy was developed. Design guidelines are formulated and

ORDER FROM: NTIS PB91-104943 illustrated by examples for the use of these welds in structural applications.

The fracture toughness of the welds is sufficient to be tolerant of flaws much
SSC-333 larger than those allowed under AWS specifications.

ADVANCED METHODS FOR SHIP MOTION AND WAVE LOAD
PREDICTION Dexter, RJ, Noms, EB, Schick, WR. Watson, D
A numerical method for the simulation of ship motions, hull girder loads and Southwest Research Institute
transient three-dimensional hydrodynamic pressure is developed. A time-step
integration of the equations of moton is performed with sectional hydrody- DTCG23-82-20017
namic forces computed using tip theory and buoyancy forms evalumed over
the instantaneous immersed hull. In addition to hydrostatic and dynamic buoy- ORDER FROM: NTIS PB91-129254
ancy forces, ship motion induced and wave diffraction forces, the method can
also accourt for "flare" force and quadratic damping forces. The ntwnerical SSC-336
model also has several features which may provide for more realistic simula- LIQUID SLOSH LOADING IN SLACK SHIP TANKS; FORCES ON
tions. Linear wave theory is assumed for the representation of the incident INTERNAL STRUCTURE & PRESSURES
wave field, and regular and irregular, tidirectional of multidirectional wave Based upon a srvey of 12 cases of sloshing damage on 7 tankers and other
systers can be generated. A method for the prediction of transient three- Ba-s po of 12 caes o sashi daaeso 5 tank ern ermenima hyrodnamc restm~ exendngthe technique developed by R. ships of dry cargo. 0B0, bilk and ore carer types, S structural members
mensionsl hydrodynamic pressures extending th. were chosen for model testing to measure sloshing forces. Oscillatmg table
B. Oiapnan is presented. Initial and boundary values for the pressure simula- tests were then run using partially filled tanks with realistic structure including
tion are simultaneously generated from the solution of the equations of motion the instrumented members. Sloshing force and moment coefficients are re-
using sectional force computations. An option exists in the program to stbsti- ported as well as sloshing pressure coefficients from pressure measurements on
tute the three-dimnensional pressures for the two-dimensional hydrodynamic the tanks. A linear superposition calculation for sloshing force on one member
forces. The work presented herein represents an initial level of investigation is
and development. The numerical methods and computer programs require
further testing, validation and improvement. Hamlin, NA
Oliver, JC Webb Institute of Naval Architecture

Giannotti & Associates Inc DTCG23-82-C-20016

DTCG23-80-C-20032 ORDER FROM: NTIS PB91-129262

ORDER FROM: NTIS PB91-104950 SSC.337 (Part 1)
SHIP FRACTURE MECHANISMS INVESTIGATION

SSC-334 This report presents the results of a three year investigation conducted to re-
STUDY TO DETERMINE THE INFLUENCE OF WELD POROSITY view past research on fractures and existing fracture case studies, and to in-
ON THE INTEGRITY OF MARINE STRUCTURES spect new ship fractures in an effort to determine the modes of serious frac-
This study examined the influence of porosity on the fatigue resistance of ship tures in ship structum; to evaluate existing approaches to fracture control, and
steel weldmntu. A literature review was conducted to deteirnine paraneters to suggest the applicable components of an approach to ship fracture control.
which have been found to control the fatigue life of welds containing porosity. Nunerous on-site examinations of fractures and laboratory analyses of fracture
A predictive model was developed incorporating those parameters to account samples were crnducted. Information presented in this report describes recent
for both crack initiation and propagation. Four types of porosity single pore, ship fractures oocuning in the hull girder with various levels of severity.
uniform porosity, co-linear porosity, and duster porosity, were examined using These include fatigue cracking and brittle fractures, and range from minor
the model. The model's sensitivity to the parameters (plate thickness, stress cracks to complete hull girder failures. These recent occurrnces indicate that
ratio, residual tess, pore size and porosity type) was studied and discussed, those who are concerned with ship structures cannot relegate brittle fracture to
A variable amplitude loading history was developed from SL-7 loading history the past but must exercise extreme diligence to avoid not oly major stunctura
data, and used to predict actual service lives. The main conclusion of the fractures but also the minor fatigue and nuisance cracks which often lead to
study was that porosity is of little concern in weld if the weld reinforcenet is major fractures if undetected or ignored. Furthermore, the authors concluded
left intact. If the reinforcement is removed, the type and size of porosity will that ship fracture control is the responsibility of those who design, classify,
control fatigue life. When subjected to the service history the welds were not build, operate, inspect and repair ship stuctures. Specific reconiendations
predicted to fail during any normal design life. Finally, the results ar related are directed to each of these groups and toward research required to develop a
to the American Bureau of Shipping's Rules for Nondestructive Inspection of comprehensive fracture otrl approach through the development and valida-
Hull Welds. The code was found to be conservative from a fatigue standpoint ton of fracture mechanics techniques.

Walsh, WJ, Leis, BN, Yung, JY Stambaugh. KA, Wood, WA
Battelle Giannotti & Associates, Inc.
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SSC.337 (Part 2)
SHIP FRACTURE MECHANISM - A NON-EXPERT'S GUIDE FOR
INSPECTING AND DETERMINING THE CAUSES OF SSC-340
SIGNIFICANT SHIP FRACTURES ICE LOAD; AND SHIP RESPONSE TO ICE • CONSOLIDATION
This document is the second part of a rcport on ship fracture mechanisms. It REPORT
is a guide for inspectors and surveyors who are not experts in metallurgy or This report presents tae results and final analysis of the local ice load measure-
fracture mechanics and is intended to assist them ir investigating and deter- ment conducesd on the four deployments aboard the USCG POLAR SEA be-
mining the causes of ship fractures. T is report includes methods fcs- carrying tween 1982-34. Data were collected in frst year and, multi-year level ice in
out an examination of fractures and guidance in documenting these failures. McMurdo Sound, AnLarctica. The first and second deployment results from
The full investigation of fracture mechanisms are found in Part I of this report. trips to the Alaskan Arctic as well as the instrumentation and data analysis

techniques were presented in "Ice Loads and Ship Response to Ice" (SSC-329)
Stambaugh, KA, Wood, WA (reference FI . The third deploment results from the Antarctic were presented

Giannotti & Associates, Inc. in a report to the maritime Administration (Reference 2). Results of the fourth
data collection program from the Beaufort Sea in the summer of 1984 are

DTCG-83-C-20040 presented in "Ice Loads and Ship Response to Ice - A Second Season" (SSC-
339) (Reference 4). This report summarizes the previous data collection pro-
grams and provides the final data analysis of all data as a whole. A statistical

ORDER FROM: NTIS PB91-133413 analysis of extreme pressures and forces was performed for the data collected

on all four deployments and is presented in this report. Pressures over one

SSC-338 subpanel, four subpanels, and forces on frames, stringers (as if the ship were
FATIGUE PREDICTION ANAL'.YSI.S VALIDATZ© F701%.4 SL-7 longitudinally framed), and the total load on the panel were fitted to 3 paramne-
HATCH CORNER STRAIN DATA ter extreme value distributions. The results of the extreme value statistics per-
The objective of this report is to provide a ccmparison of the hatch comer formed were then used to suggest ice load criteria in support of icebmaking
fatigue crac!sng experience of the SL-7 container ships with theoretical fatigue ship design and hull design regulations for icebreaking ships.
calculaions. The fatigue study was based on hatch comer strain gage data
collected from two of the vessels in transoceanic service, Strain histories for Daley, C. StJohn, JW, Brown, R, Glen, I
the hatch comers as originally designed and as modified are included. Fatigue ARCTEC Engineering, Inc.
damage evaluations were carried out using: a) deterministic fatigue life calcu- ARCTEC Canada, Limited

lations, b) probabilistic fatigue life calculations, and c) fracture mechanic cal-
culations. DTMA 91-84C-41032

Chiou, J-W, Yung-Kuang Chen, Y-K ORDER FROM: NTIS PB91-146191

American Bureau of Shipping

SSC-341
ORDER FROM: NTIS PB91-152330 GLOBAL ICE FORCES AND SHIP RESPONSE TO ICE

During September and October of 1985 the POLAR SEA conducted ice-im-

SSC-339 pact teats on heavily ridged ice features in the Alaskan portion of the Beafort

ICE LOADS AND SHIP RESPONSE TO ICE -A SECOND SEASON Sea. Bending strain gage measumments were used to estimate the longitudinal
This report presents the results and final analysis of the local ie load measure- bending moment distribution of the POLAR SEA during impacts with ice
mit conducted on four deployments aboard the USCG POLAR SEA between pressure ridges. Compressive strains along the stem and ship acceleration and
1982-nt condlcted onifourdeployntfst aard USCG POLR S teen velocity measurements were also recorded. This paper describes the
1982-4. Data were collected in first year and multi-year ice in the Being. methodology for determining the globall ice impact force from the measure-
Chukchi, and Beaufort Seas and first year level ice in McMurdo Sound, Ant- ments and presents the results of these tests. A consparison of the results with
arctica. The first and second deployment results from trips to the Alaskan other available data is also presented. Hull strain, and impact force time histo-
Arctic as well as the instrumentation and data analysis techniques were pre- nes are presented along with the longitudinal bending and shear distributions
sented in Ice Loads and Ship Response to Ice (SSC-329) (Reference 1). The during ice impact events. The results indicate that the methodology used in
third deployment results from the Antarctic were presented in a report to the estimating the impact force provided an excellent understanding of ship-ice
Maritime Administration (Reference 2). The intent of this report is to present interaction.
the data collected in the Beaufort Sea in the summer of 1984 (the fourth data
collection program presented in Volume I), to summarize the previous three Minnick, P, St John, J, Cowper, B, Edgecombe, M
data collection programs and to provide the final analysis of all data as a ARCTEC E eenngjc
whole (Volume II). The objective of the most recent data collection effort ARCIEC Cnada Liluted
(Beaufort Summer 84), was to gather additional data in heavy first year and
multi-year ice in the Beaufort and North Chukchi Seas, A total of 337 events ORDER FROM: NTIS PB91-153635
were analyzed of which 32 are known multi-year ice impacts. Level ice con-
ditions varied in thickness from 2 to 3 ft (.6 to .9 m) and pressure ridges were
transmitted with sail heights as high as 8 It (2.4 in). Speeds of advance during SSC-342
impacts var,-d from less than I kt to 7.5 kts (0.5 to 3.9 MPS). The highest GLOBAL ICE FORCES AND SHIP RESPONSE TO ICE - ANALYSIS
single subpanel pressure measured was 1041 psi (7.2. MPa) and the highest OF ICE RAMMING FORCES
peak force measured was 374 LT (380 MT). These values are a 25% During September and October of 1985 the POLAR SEA conducted ice-im-
smaller than the peak values for multi-year ice impacts measured on previous pact tests on heavily ridged ice features in the Alaskan portion of the Beaufort
deployments. A statistical analysis of extreme pressues and forces was per- Sea. Bending strain gage measurements were used to estimate the longitudinal
formed for the data collected on all four deployments and is presented in bending moment distribution of the POLAR SEA during impacts with ice
Volume I. Pressures over one s ibpanel, four subpanels, and total forces were pressure ndges Compressive strains along the stem and ship acceleration and
fited to 3 parameter extreme value distributions. The results of the staustical velocity measurements were also recorded. This paper describes the
analysis were then used to suggest ice load criteria in support of icebraking methodology for determining the global ice impact force from the measure-
ship design and hull design regulations for icebreaking ships. ments and presents the results of these tests. A comparison of the results with

other svailable data is also presented. Hull strain, and impact force time histo-
Daley, C, St John, JW, Brown, R, Meyer, J, Glen, I ties are presented along with the longitudinal bending and shear distributions
ARCTEC Lgineenng, Inc. during ice impact events. hlie results indicate that the methodology used in
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estimating the impact force provided an excellent understanding of ship-ice SSC-345 - Part 2
interaction. This supplement to the main report (Global Ice Forces and Ship ELASTIC-PLASTIC FRACTURE MECHANICS - MARINE
Response to Ice, SSC-341) contains a discussion of a finite element model that STRUCTURAL APPLICATIONS
was developed to predict ice ramming forces and Includes a comparison of the This document contains the results of experimental and analytical sudies of
model's results with selected ramming events. fracture in the ductile-brittle transition zone for two ship steels, EH36 and

HSLA 80. Tensile, Charpy and fracture toughness test results using different
Chen, Y-K, Tunik. AL. Chen, AP-Y strain rates are presented. Fracture toughness was quantified by the J integral
American Bureau of Shipping and the crack tip opening displacement (CTOD). Elastic-plastic finite elemem

analysis was combined with a local failure criterion to derive size limits for J
ORDER FROM: NTIS PB91-146209 and CTOD testing in the transition regions. Relationships between I and

CTOD were explored both experimentally and analytically. A theoretical
Charpy-fracture toughness relationship was used to predict CTOD transition

SSC-343 curves for the steels. Champy and CTOD transition tesperatures were coms-
GLOBAL ICE FORCES AND SHIP RESPONSE TO ICE - A SECOND pared for a number of steels.
SEASON
During September of 1986 the POLAR STAR conducted ice-impact tests on Anderson. TL
ice pressure ridges and ice flows in the Alaskan portion of the Beaufort Sea. Texas A & M Research Foundation
Strain gages were used to obtain measumments of the bending strain on the
hull girder of the POLAR STAR during impacts with ice features. These DTCG23-88-C-20037
measurements were then used to calculate the longitudinal bending moment
and shear force distributions to arrive at an estimate of the vertical bow force.
Compressive strains along the stem and ship acceleration and velocity ORDER FROM: NTIS PB91-146043

measurements were also recorded. This report describes the methodology for
determining the global ice impact force from the measurements and presents SSC-346
the results of these tests. Sample hull strain, and impact force time-histories FATIGUE CHARACTERIZATION OF FABRICATED SHIP
ase presented along with the longitudinal bending and shear disribuion from DETAILS FOR DESIGN - PHASE I1
several nmming events. A comparison of the results with other available data The available analytical models for predicting the fatigue behavior of weld-
is also presented and the observations are combined with global ice impact mets under variable amplitude load histories were compared using test results
loads measured on the POLAR SEA during the previous year. Results indi- for weldments subjected to the SAE bracket and transmission variable load
care that the methodology used in estimating the impact force contributes to anplitde histories. Models based on detail S-N diagrams such as the Munse
the overall understanding of the ship-ice interaction process. Fatigue Design Procedure (MFDP) were found to perform well except when

the history had a significant average mean stress. Models based an fatigue
Minnick, P, SL John, J crack propagation alone were generally conservative, while a model based
ARCIEC Engineering. Inc. upon estimates of both fatigue crack initiation and propagation (the I-P Model)

performed the best. An extensive series of fatigue tests was carried out on
DTMA-91-84-C-41032 welded structural details commonly encountered in ship construction using a

variable load history whih simulated the service history of a ship. The reaults
ORDER FROM: NTIS PB91-152124 from this study showed that linear cumnlative damage concepts predicted the

test results, but the importance of ssail stress range events was m stuied
because events smaller than 68 MPa (10 ksi) sess range were deleted from

SSC.344 the developed ship history to reduce the time required for testing. An apprect-
DEVELOPMENT OF AN ONIOARD STRAIN RECORDER able effect of mean sess was observed, but the rsl did not verify the
The data requirements for a standard strain recorder are developed to obtain existence of a specimen-size effect. Baseline constant-amplitude S-N diagrams
ship structural response data for a number of applications. A review of the were developed for five complex ship details not cmnmonly studied in the
state-of-the-art in strain recording instmentation is presented and compared past.
to the ideal inatrmentation. A specific standard strain recorder is reeom-
mended that is flexible in operation and capabilities. The standard Strain re- Park SK, Lawrence, FV
corder is capable of recording ship stnuctural response data resulting from D of Civil Engineer
severe environments facilitating validation of load criteria and analysis for ship University of Ilm at Urbmna-Csanspaign
structural response.

Greene, E, Wood, WA DTCG 23-84-C-20018

Giannoti and Asociates, Inc. ORDER FROM: NTIS PB91-146043

DTCG23-85-C-20071
SSC-347

ORDER FROM: NTIS PB91-153262 STRATEGIES FOR NONLINEAR ANALYSIS OF MARINE
STRUCTURES
This report extensively reviews the state-of-the-art of available and emerging

SSC-345 Part 1 tedmiques for detemining extreme responses of nonlinear marine structures
ELASTIC-PLASTIC FRACTURE MECHANICS - A CRITICAL and systems. The contents may be categorized into two parts. The first pe-
REVIEW sents the nonlinear characteristics of wave induced forces and corresponding
This document reviews the history and currnt stmae-of-the-art in elastic-plastic structural resnses. The other discusses the extrene value analysis of non-
frctumre mechanics as applied to welded steel structures. Fundamental con- linear systas relevant to offshore and marine structural design. Genesic pr-
cepts and underlying assmpions are described. Standardized test methods cedures for the nonlinear analysis of marine structures were reviewed. Discus-
and recent developments are reviewed. The results of a paramnetric study corn- sions of non-Gaussian random processes and the use of extreme value statsics
paring several elastic-plastic design analyses are presented. are included. Methods that may be applied to the probability analysis of ex-

trene events were investigated. Different types of nonlinear behavior of inter-
Anderson, TL est for various classes of offshore structures were studied. Various statistical
Texas A & M Research Foundation analysis methods ae sunmarized and their applicability. assmnptions and limi-

tations are discussed.
DTLG23-88-C-20037

Chakrabar, SK

ORDER FROM: NTIS PB91-149476 CBI Research Corporation
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DTCG23-85-C-20069
Noonan, EF

ORDER FROM: NTIS PB91-173070 Edward F. N ,Jan

ORDER FROM: NTIS ADA-232630
SSC-348
CORROSION EXPERIENCE DATA REQUIREMENTS
A corrosion survey methodology is presented to obtain corrosion data from SSC-351
ships. The corrosion data will be used to develop a rational method for assess- AN INTRODUCTION TO STRUCTURAL RELIABILITY THEORY
ing corrosion margins. The project included a survey of ship operators for This report provides an introduction to the state-of-the-an in structural reliabil-
corrosion data to define data collection and analysis requirements to charac- ity theory directed specifically toward the marine industry. Comprehensive
terize the corrosion rates that affect structural integrity of ships. The tech- probabilistic models are described for the environment, wave loads acting on a
niques used to predict corrosion rates and assess the strength of corroded struc- marine structure, its failure modes, reliability under extreme load, system relia-
ture were also reviewed to determine data requirements. The methodology bility, and fatigue reliability. Application examples of various models are pre-
consists of a data collection procedure, with recommended instrumentation. sented including the necessary information required to perform such reliability
Formas were developed for documenting the measurements. Finally, an outline analyses. A description of a computer program for calculating the reliability
of the database was developed that includes an Expert System interface for level of a marine structure is provided as an appendix.
data input, analysis and retrieval.

Mansour, AE
Stambaugh, KA, Knecht, IC Mansour Engineering, Inc
Giasnotti & Associates, Inc.

DTCG23-86-C-20054
DTCG23-86-C-20064

ORDER FROM: NTIS PB91-153304
ORDER FROM: NTIS PB91-169748

SSC-352
SSC-349 MARINE STRUCTURAL STEEL TOUGHNESS DATA BANK
DEVELOPMENT OF A GENERALIZED ONBOARD RESPONSE The Ship Structure Committee has sponsored the development of a data bank
MONITORING SYSTEM -PHASE I covering the toughness of steels for marine applications. Effort focused on the
Design specifications for a standard Ship Response Monitor (SRM) are identification and procurement of sources of data containing quantitative
developed on the basis of an analysis of performance requirements. Issues toughness data, and the development from those data of a well documented
addressed in the analysis of performance requirenments include major and op- computerized data bank available to a wide range of engineers and material
tional system functions, sensors and interfacing, packaging, displays and con- scientists. Included were raw data from material suppliers and data from
trols, and selection of an appropriate controller. Cost implications for the op- papers and technical reports published by a variety of organizations. The
tions reviewed are discussed and reconunendations for the basic SRM are principal focus was on Tensile, Charpy V notched bar impact values, fracture
developed. It is concluded that to insure acceptsance by operating companies, toughness (c), NDTr. and DT energies; other toughness parameters were
the SRM should be designed as a single function bridge instrument which can induced if available for the same lots of material. The materials include steels
be purchased and installed for between $30,000 and $40,000. Based on these identified by the Project Technical Cosmnittee representing the sponsoring
conclusions a design is developed and specifications are given for the uit to agencies. About 1000 records representing approximately 10,000 tests of
be evaluated during Phase HI of the project. The recomnended design consists eleven steels are included in this prototype version of the data bank. Standard
of standard industrial measurement and control hardware operating under con- procedures now exist for efficient addition of data for other alloys and proper-
trol of software written in a high level language. This will provide transporta- ties.
bility to alternate hardware if so desired in the futur The evaluation unit
should be provided with two standard accelerometers and two to four addi- Kaufman, JG, Prager, M
tional sensors to be selected by the operating company. The unit should be National Materials Property Data Network and The Materials Properties Coun-
configured such that variations in packaging, displays and controls are eval- ci]
uated.

DTCG23-86-C-20062
DeBord, Jr., FW, Hennessy, B
Offshore Technology Corporation ORDER FROM: NTIS PB92-163294 (abridged version)

PB92-176296 (4 volume set)
DTCG23-85-C-20080

ORDER FROM: NTIS PB91-160325 SSC-353
ANALYSIS OF WAVE CHARACTERISTICS IN EXTREME SEAS
The results from three studies concerning identification and characterization of

SSC.350 extreme waves in storm driven seaways are presented. Methods and resuls
SHIP VIBRATION DESIGN GUIDE using time series wave height data from humcane Camille are illuqrated.
It is the purpose of this design guide to integrate existing technology into the Task I demonstrated the utility of the half-cycle matrix (HACYM) method in
ship development program in a manner consistent with commerxial ship design analyzing nonlinear tie series data. Task 2 involved wave making expert-
philosophies. The approach is based on experience and relies on empirical ments where the Camille nonlinear wive spectrum was replicated. Task 3,
factors, where necessary. Weaknesses in the procedures are identified and rec- using second order wave-wase interaction theory, provided a nonlinear timc
ommendations for further development are indicated. This guide addresses the domain wave height model conforming to the Camille nonlinear wave spcc-
major compionents over which we have the ability to exercise control in the trun. In Task 1, the HACYM analysis of input and output realizations from
design phase, and which will generally minimize most local vibration prob- Dalzell's nonlinear simulation model showed that this analysis method pro-
lems. These components include the hull girder, major structural elements, vides a clear indication of the nonlinearity of a tine series random variable. In
main propulsion systems including propeller selection, stem design and under- Task 2, the nonlinearity of waves generated in two different towing tanks ap-
water appendages. Excitation forces, including those generated by propulsion proached that of the original Camille seaway when the wave spectnum was
systems and the operational environment that a ship's propeller and hull girder approximated by mechanically generated waves. In Task 3, while numerically
experience, are addressed in this guide. Transient excitation resulting from modeled hurricane Camille time series waves showed somewhat less non-
heavy seas and collision impact are not addressed in this document. A proce- linearity than the original time series data, the flattening of wave troughs and
dure to determine the natural frequencies of major shipboard elements at the elevations of crests due to nonlinear wave-wave interaction was realistic.
preliminary design stage is presented to predict anticipated problems and facil-
itate selection of propulsion system components, stem configuration and hull Buckley. % I I
structure. David Taylor Research Center
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DTCG23-87-F-10030 Columbia Research Corporation

ORDER FROM: NTIS PB91-173328 DTCG23-88-C-20021

SSC-354 ORDER FROM: NIS PB91-153288

STRUCTURAL REDUNDANCY FOR CONTINUOUS AND
DISCRETE SYSTEMS SSC.357
The design, inspection and structural redundancy interactions (DIRT) concept CARBON EQUIVALENCE AND WELDABILITY OF
was first introduced at a Ship Structure Committe sponsored symposium in MICROALLOYED STEELS
Williamsburg, Virginia, USA in 1983. In order to produce stiuctures that am This is a final report of the effort to determine the validity of carbon equiv-
safer and more efficient in performance throughout their lifetime and in which alent formulae to predict weldability of low carbon microalloyed steels. The
a degre of damage tolerance can be planned, it is important that the full ef- HAZ of a range of steels was characterized (HSLA 80-130, HY 130. DQ and
fects of redundancy are allowed for in the design validation process. The pur- AC types) and the formula of Yurioka was found to be most accurate in pre-
pose of this study is to assess the role of redundancy in marine structures in dicting HAZ hardness. The CEI carbon equivalent formula was also found to
the ontext of reserve and residual strength. The study has included a review most accurately predict hardenability except that the effect of Copper is not
of the basic terms and definitions of redundancy and reserve and residual linear above 0.5%. The Hydrogen sensitivity was evaluated by the Implant,
strength in the context of both discrete and continuous structural topologies Battelle and UT-Mod Hydrogen Sensitivity tests at two hydrogen levels. The
and has then examined criteria for defining overall stability in such topologies. Lower critical stress in the Implant test was utilized to define the critical pre-
A series of numerical studies on simple structural forms, representative of both heat temperatures for the steels evaluated. The HSLA 80 type materials may
discrete and continuous structures, has been undertaken and used to illustrate require a preheat of 150"F under highly restrained conditions with hydrogen
the major aspects and problems involved. The study concludes with recom- present. HSLA 130 was found to be superior to HY 130 in regard to hydrogen
mendations for a range of future projects with the gods to examine and quan- cracking sensitivity. The high strength steels can be ranked in the order of
tify mote rigorously the role of redundancy on the reserve and residual increasing preheat required to prevent cracking as: HSLA 100-HSLA 130--
strength ch..racterstics in ranges of marine structures. DQ 125-HY 130 DQ 80 and AC-50 steels responded well to testing at high

hydrogen levels (20ppm) and ambient temperature preheat. A soft zone was
Das, PK, Garside, IF found in the HAZ of the HSLA, DQ and AC steels which was a function of
BMT CORTEC, Li. weld heat input. The soft zone in the copper hearing HSLA steels could be

eliminated by PWHT. A probe study showed that the HSLA 80 steels are
DTCG23-86-C-20050 similar to A 710 grades with regard to PWHT/Reheat cracking and that the

HAZ toughn-ss decrease is also similar to the A 710 grades.
ORDER FROM: NTIS ADA-247671

Lndin, CD, Gill, TPS, Qiao, CYP, Wang, Y, Khan, KK
SSC-355 Welding Research and Engineering Group

RELATION OF INSPECTION FINDINGS TO FATIGUE DTCG-23-87-C-20035
RELIABILITY
The main objective of this work was to develop an speniodic inspection peoce- ORDER FROM: NTIS PB91-169730
dure for marine structres so as to maintain their reliability at a predetermined
design level thotghot the design life. A summary of mmat inapectim prooe-
dures for a variety of mrine structures is provided. Limited information makes SSC.358
it very difficult to assess the liability of inspection tedmiques. Prolsblity of INFLUENCE OF PRIOR DAMAGE BY CYCLIC LOADING BELOW
detection (POD) curves used in the aerospace industry for flaw detection were THE YIELD STRENGTH ON SHIP STEELS IN MARINE
reviewed and provided a guide for establishing POD crves for the marine in- ENVIRONMENTS
dusmy. Aperiodic inspection procedures based on Baysw upgrading and POD This study examines the extent to which prior cyclic histoty, which causes a
curves, conponent stress levels, and structural inspection and repair hifsres are change in mechanical properties through cyclic softening, influences the
developed. Validity and effectiveness of the Baysian sarelysis is demonstrated fatigue crack propagation (FCP) and fracture toughness behavior of ABS
by numerical example. Current inspection procedures are generally incompat- EH36 and HY80. The effect of predamage was determined mpirically by
ible with the proballstic approac this work intends to develop conparing fracture toughness and F-P behavior developed for virgin materials

with that found for predamged materials. The scope of the study included
shino"k, M testing under ambient conditions as well as in seawater at frequencies as low
Modem Analysis Incorporated as 0.2 Hz. The data developed have been analyzed to assess whether apparent

predarage effects am due to inherent changes in the material or are a conse-
DTCG23-86-C-20057 quence of the effects of cyclic softening on the validity and uniqueness of the

test methods as applied in past studies. The main conclusion of the study was
ORDER FROM: NTIS PB91-153270 that apparent predarage effects am due to the influence of cyclic softening on

the test methods and related data interpretation. When JIN is used as the basis
to assess fracture toughness, the difference between virgin and predamaged

SSC.356 toughneses was negligible. Likewise, fatigue crack growth rates were similar
FATIGUE PERFORMANCE UNDER MULTIAXIAL LOADING IN for virgin and predamaged materials provided that crack closure was accounted
MARINE STRUCTURES for by using the range of the effective stress intensity factor to correlate
The environmental loading and structural geometry associated with welded growth rates.
marine structures often produces multiaxial stessu. Large scale welded
details have been used to characterize multiaxial fatigue response in marine Leis. BN
structures; however, cost of these tests is often prohibitive. A review of multi- Battelle, Columbus Division
axial faiue literature was performed to identify analytical techniques that
might be used to predict multiaxial fatigue response. Varions approaches are DTCG23-84-C-20083
identified and summarized. Supporting literature is referenced. The reliability
(bis and scatter) of the multiaxial appiowhes is presented where available. ORDER FROM: NTIS PB91-193458
Various factors influencing multixial fatigue response are identified. A
welded detail is used as an example to show how multiaxial fatigue life pre-
dictices are obtained from uniaxial fatigue test data. Finally, research is mc- SSC-359
onmsended to facilitate the technology transfer of multiaxial fatigue research to HYDRODYNAMIC HULL DAMPING (PHASE I)
marine structures. Hull girder vibrations are a major concern for ship designers and operators and

am a priority in the ship design process. Significant efforts are made to
Stambaugh, KA, Van Mater, Jr., PR decrease vibratioi i levels and to reduce damage and noise attributed to vibra-
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Lions. Attenuation of ship vihraucm is an important aspect of ship design. SSC-362
This report ontais a research plan for ship vibration damsping. including ana- SHIPBOARD WAVE HEIGHT SENSOR
lytical calculations. model testing, and full scale measuremenus The major This report summatrizes the resuli of an effort to develop. seas and evaluate a
elements of this effort included: a) collection and analysis of vibration damp- Pulsed L-aser Based, Shipboard Mosmsed, Ship Motion Ckinspensaied Wave
usg information, b) preparation of a model testing and dais analysis plan, and Height Sensor. This system was used in a North Atlantc rin to measure sea
c) preparation of a full-scale testing and data analysis plan. Dicussions of surface waves at normal sea speed. The wave height sensor uulizs an in-
specific techniques and recunmended procedures are presented in summary frared wave surface range sensmorcuapled wailh a vertical accelcmneie and
formn wish appropriate references cited. Recomrmendationss represent she state- pitch and roll sensors. The prototype systen was evaluated for meaurernent
of-the-art in vibraton technology at the time the report was fn~alized. accuracy and reliability as well as niggeshiess and survivability is elevated sea

state conditions. Lack of ground tuth precludled a comnprehenssive qualiatve
Ankudiniov, V evaluations of overall performanice. Data drop owe wem experienced when
Tracor Hydronautica. Inc. operating in elevated seas thereby makusig further work necessary an the sersso

and an the data processing soflwarL Prototype system chtancensticz. signal
DTCGprocessing7 P0 flow chars an iaye dais are presented As an adjunict to sheDT)G2385--2O74developmenst of she wave heiaht sensor. she Ship Structurse Comsmittee and she

Society of Naval Archsitects and Marine Enginseers csponsored a project a the
ORDER FROM: "TS PB91-193458 Universty of Michigan to investigate through model seating the influence of

ship generated waves in from of she bow. The report. of this sudy is included

SSC-36 as Appendix D.
INVESTIGATION OF FIBERJ LASS REINFORCED PLASTICS IN Atwater, R
MARINE STRUCTURESScetfcApiainInentolCroain
The use of Fiberglass Reusforoed Plastic (FRP) has increased recently in ScetfcApcaonllenim5Coortn
marine structures wish a minum of enginerng analysis and design evolu-
tion. Althogh fiberglass has beus used for many years in smal] recreational DTCG23-97-20033
and higis-perforaanct: boats. a range of new csmiposite materials are now
being used for various applications. The objective of this document is so ex- ORDER FROM: NTIS PB91-170241
amine the use of FRP and otlier composite materials in marine cxmsussction;
determine important considerations in past design; review developments in re- SC-6
lated industries; predict areas for future marine applications; and recommuend UNCERTAINTIES IN STRESS ANALYSES ON MARINE
future researds needs. STRUCTURES

A survey of the state of knowledge on uncertintisses in sems analyses on
Reference information for this project included investigations of previous marine: strictures is presented. Usicertainsie are classified and methods for
users, materials manufacturers' data and marine industry survey results. The modeling thenm am presented. Modeling uncertainies anid sheir effects on ex-
publication is organized into the following chapters: srme design loads ame emphasized& Ursoenairstses in the following steps of

Applcatonsstress analysts are quanitifie aid ranked in tones of relative inportianc:

M~patiss Desciiow of loading environmsent
*Design *Evaluation of loads
*Performance Cobiato of od
*Fabrication *Structural analysis
*Testing *Fatigue
*Reference

A 5 year researchs program is proposed for reducing uscemtaiie. This pro-
Greene, h gram consists of 14 tasks wih have been pnorszized in terms of expected
Eric Greene Associates. Inc. benefits. risk and cost.

DTCG23-89-C-20015 Nikolaidis. E. Kaplan. P
Aerospace and Ocean Engineering Dept.

ORDER FROM: NTIS PB91-129270
DTCG23-3I-R-20020

SSC 361 ORDER FROM: NTIS PH91 -193441
HULL STRAPPING OF SHIPS
A survey was conducted of U.S. and worldwide shipownsers, ship operators.
shipyards, and major intemnational classification societies by means of a survey SC-6
questionnaire and follow-up correspondence. Detailed informnation was re- INELASTIC DEFORMATION OF PLATE PANELS
quested and obtained for fourteen ship classes which have had hull sraping Ship plate panels oftens experience inelastic defossnassoi due so lends normal so
installed to surengthen the hull girder due so lengthening. Data was collected their airtface such us ice prassure. green water, slamming. dockin%. wheel loads
on the location and exient, the geometry and dimensions andJ she method of arid low energy collision, However crieria for assessing the tseed so rpi
attachment of strapping plates to she hull as well as end tapering details and panels deformed in-service are not readily available. Design guidelines are
laying surface tightness provisions. In addition, in-service perfosnainc dais available that restrict she allowable levels of inelastic defosriau~m in new can-
were obtained for past strappmsgs fromrr the U.S. Coast Guard inspection struction. This report presmut the results of an experimenal and analytical
database. The results were sorted, reviewed and analyzed wish regard to the investigation related so establishing asstersa for aasesssng the ar-sousa of plastic
successfulness of the strapping designs and a practical and coot effective strap- deformnation that ay be permined on existing ship sturuts withot coss-
psng design methodology was developed so provide guidance to designers in promnising structural integrity. The work included the review of exiting as-
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