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EVALUATION OF SHOCK PROPERTIES OF 

WELDED ARI-10R JOINTS AT SUBNORMAL TEIgERATURES 

Examination of Samples from 3I Commercially Welded "H11 Plates 
Ballistically Shock Tested as Part of the 

1942 - 1943 Canadian Cold Test Program 

OBJECT 

To establish conditions which contributed to inferior ballistic /«* 

shock performance of subject plates. , J j ] 

' C Î . c. 

SUMMARY OF RESULTS .., [£Q 3 
.,. \ 

1. It appears that a low temperature ballistic test of an armor 

weldment is more severe than the same test at normal temperature, but 

similar conditions lead to failure at low temperature as those causing 

poor or borderline performance at normal temperatures. 

ífc 

2. Geometry of the weld joint and location together with extent of 

macro defects must be regarded as having considerable influence on both 

ballistic and laboratory test results. Inconsistencies in the ballistic 

test prevent strict comparisons between the various plates,and consider¬ 

able caution must be exercised in drawing too definite conclusions on 

the basis of passing or failing of plates under these ballistic tests. 

3. Nick-break and bend fracture tests (Figures 1 and 2) supple¬ 
mented by notched bar impact tests and microscopic examination revealed 

the following as probable types of ballistic failure in the subject plates: 

a- I-I/2 inch thJck austenitic hand welded rolled armor - 

predominantly fusion zone at bond line or in base metal immediately 

adjacent to bond line. 

b. I-I/2 inch thick austenitic hand welded cast armor - fusion 

zone at bond line o:: in base metal adjacent to bond line, fusion zone in 

weld metal adjacent to bond lino, shock-deficient unaffected base metal, 

or shock-deficient austenitic wald metal. 

c. IzlÚL inch thief : austenitic Unionmelt welded rolled armor 

shock-deficient heat-affected zone or shock-deficient weld metal. 

d. I-I/2 inch thick austenitic Unionmelt welded cast armor - 

shock-deficient heat-afft,ccod zone or shock-deficient unaffected base 



e. 1 inch thick austenitic hand welded rolled armor - poor steel 

quality unaffected base metal and heat-affected zone, fusion zone at bond 

line or in base metal adjacent to bond line, fusion zone in weld metal 

adjacent to bond line, or shock-deficient a’astenitic weld metal. 

f. l/g inch thick austenitic hand welded rolled armor - 

predominantly shock-deficient heat-affected zone near fusion line. 

g. l/2 inch thick austenitic Unlonmelt welded rolled armor - 

shock-deficient austenitic weld metal or shock-deficient heat-affected 

zone. 

h. 1/2 inch thick ferritic Unlonmelt welded rolled armor - 
shock-deficient heat-affected zone, or shock-deficient ferritic weld 

metal. * 

4. The following conditions appear to have caused the above types 

of failure: 

a. Fusion zone failure at bond line or in base metal immediately 

adjacent to bond line - associated with a precipitation of stable chromium 

carbides at bond line with resultant decarburization and deterioration of 

base metal properties for a distance usually not exceeding two-thousandths 

of an inch from weld metal bond line. The predominance of this type of 

failure is believed to be a result of the high interpass temperature used 

in welding certain of the plates. 

b. Fusion zone failure in weld metal adjacent to the bond line - 

the usual type of fusion zone failure observed in austenitic hand welded 

plates previously examined. Believed to be associated with a linear pre¬ 

cipitation of nonmetallics in weld metal adjacent to bond line. 

c• Failure through shock-deficient unaffected base metal - 

believed to be a result of incomplete quench hardening (poor quenching 

practice, insufficient hardenability, or a combination of the two) as 

established by previous investigations (by the Armor Section of this 

Laboratory) of unwelded armor plate involved in the Canadian Cold Test 

Program. 

d. Failure through shock-deficient austenitic weld metal - 

believed to be a result of dendritic metallic segregation in weld metal 

composition which was not properly balanced to remain wholly austenitic 

after dilution with base metal. 

e. Failure through shock-deficient heat-affected zone - 

associated with heterogeneous microstructure caused by incomplete quench 

hardening-of heat-affected base metal slowly cooled during the welding 

cycle. Avoided only by use of higher alloy armor plate or a v?elding pro¬ 

cedure involving lower heat input in relation to the plate thickneos. 



f. Failure through heat-affected zone or unaffected base metal 

of poor steel quality armor - associated with severe laminations or con¬ 

centration of nonmetallic inclusions into planes of weakness. 

g. Failure through shock-deficient ferritic weld metal - 
associated with heterogeneous microstructure developed when weld metal has 

insufficient alloy to quench harden during the welding cycle. 

5. These conditions, particularly the use of poor quality and in¬ 

adequately quench-hardened armor and the \ise of electrodes and welding 

procedures which produced shock-deficient structures in the weld metal, 

at the fusion zone, or in the heat-affected hase metal, are sufficient 

cause for the relatively very poor ballistic performance of the subject 

plates. 

J,Q, 
S. A. Herres 

1st Lt., Ord. Dept. 

0. yy), / 

Anna M. Turkalo 

Physical Science Aide 
APPROVED: 

¿i. H. ZORNIG 

Colonel, Ord. Dept. 

Director of Laboratory 

$ Ü 



INTRODUCTION 

Samples from thirty-one H plates commercially welded and hallistically 

tested as part of the 19^2 - 19^3 Program were received at this 

laboratory during February 19^4. Previously, all of the approximately 

150 plates tested in the Cold Test Program were divided into three groups'. 
(l) H plates welded by Unionmelt process; (2) H plates manually welded 

with Mn-modified austenitic electrodes; (3) H plates manually welded with 
Mo-modified austenitic electrodes; and representative plates selected from 

each group were apportioned to three industrial laboratories for investi¬ 

gation in conjunction with the NDHC project on Weldability of Commercial 

Armor Plate. NDRC reports^*2) covering investigations of the fir t two 

groups have been issued and the third is expected shortly. 7^ 

The subject samples include representative plates from each of the 

above three groups. The purpose of this report is to apply the nick-break 

weld joint fracture and bend fracture tests, as developed In connection 

with a recent examination of thirty-three commercially welded H plates bal- 

llstically tested at normal temperatures^/» as a means of clarifying the 

principal conditions which contributed to inferior ballistic performance of 

the subject plates. It was desired to hold metallographic work to a mini¬ 

mum, avoiding duplication of work carried out in the previous investiga¬ 

tions, but investigating by means of notched bar impact tests and micro¬ 

scopic examination any deleterious metallurgical conditions not previously 

observed. 

TEST MATERIALS AND TEST PROCEDURE 

Samples, 12 inches x 12 inches x thickness of plate were flame-cut 
from a portion of undamaged leg weld of the following groups of H welded 

ballistic test plates: 

Plate Location of Sample 

I-I/2 inch Thick Austenitic Hand Welded Rolled Plates 

Upper right leg Fisher CTF3A 
" CTF6 
" CTF11 

" ctfi4 

11 CTF16 
" CTF21 

Lower left 
li ti 

" right 

t%>per left 

Lower right 

1 "Weldability of Commercial Armor Plate (OD-82): Investigation of Welded 

H-Platee from the 1942-1943 Canadian Cold Test. Part I. H-Plates Welded 

by the Unionmelt Process," U.S.Steel Corp., Research Laboratory, 

April 30, 1944. 

2 "Weldability of Commercial Armor Plate (0D--82): Investigation of Welded 

H-Plates from the 1942-1943 Canadian Cold Test. Part II. H-Plates Manually 

Welded with Austenitic Cr-Ni-Mn Electrodes," The International Nickel Co. 

Researcli Laboratory, June l4, 1944. 

3 Report No. WAL 648/5» "Evaluation of Shock Properties of Welded Armor 

Joints - Examination of Samples from 33 Commercially Welded, Ballistically 
Shock Tested ’H’ Plates," 10 June 1944, S. A. Herren and A. M. Turkalo. 
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Plate Location of Sample 

I-I/2 inch Thick Austenitic Hand Welded Cast Plates 

Baldwin 4o 
Briggs M34 

Chrysler CP47 
Chrysler CP51 

Fisher CTP22 
Fisher CTF28 
Ford W5I 

International 39 

I-I/2 inch Thick Austenitic 

Briggs UM30 

Fisher UCTFlA 

" UCTF5 
11 UCTFg 

il 

h h h 

Upper right 11 

Lower ,I " 

Upper " " 

Lower " " 

" left " 

Unionraelt Welded Rolled Plates 

Upper right leg 

Lower " 11 
h h it 

h il h 

Upper left leg 

Lower 11 

I-I/2 inch Thick Austenitic Unionrnelt Welded Cast Plates 

Midland CO3 Lower left leg 

1 inch Thick Austenitic Hand Welded Rolled Plates 

Cadillac 94 Lower left leg 
h » » » 

h c)7 » » » 

Ternstedt TH68 " " " 

1/2 inch Thick Austenitic Hand Welded Rolled Plates 

Gen. Motors Truck 
11 ti ti 

Cll 
ci4 
Ö17 

C21 

Lower left leg 

Upper right " 

" left " 

11 right 11 

1/2 inch Thick Austenitic Unionrnelt Welded Rolled Plates 

Gen. Motors Truck C7 Lower left leg 

" 11 " CIO Upper right 11 

1/2 inch Thick Ferritic Unionrnelt Welded Rolled Plates 

Gen. Motors Truck C3 Upper left leg 

International D5-45-22 " right 11 

Firing record data including fabricator, armor type, composition, and 

manufacturer; electrode type, composition, and manufacturer; joint prep¬ 

aration; welding procedure; and ballistic test results have been tabulated 

on Charts 1 thi-ough I3 of Appendix A. 

Samples were notched and broken as indicated in Figure 1 to develop 
fibre characteristics of plate metal, heat-affected zone and weld metal 

on fractured surface through weld joint. 

- 5 - 



Two bend bars, one for testing at room temperature and another for 
testing at ~4o° F., were taken transversely through weld joint on one-half 
of broken fracture sample. Bars from 1 inch and 1-1/2 inch plates were 
broken in a stearn press and bars from l/2 inch thick plates by a single 
drop of a 110-lb. weight from a height of 15 feet. Bars broken at the 
cold temperature were immersed in an acetone dry ice bath at -4o° F. for 
one-half hour prior to testing. 

To supplement fracture and bend test data Charpy bars and samples for 
microscopic examination were taken from some of the test plates. Standard 
Charpy bars with V-notch located in center of weld metal were token at 
midwall transversely through weld joint of plates Fisher CTF3A, CTFll, 
UCTF5, and CTF22. Two bars from each plate were broken at 7Õ0 F. and one 
at each of the following temperatures: 0°, -20°, -4o°, and -100° F. All¬ 
plate metal Charpy bars, midwall and perpendicular to the weld, were taken 
from plates Fisher CTF3A, Chrysler CP51, General Motors and 96, and 
Tennstedt MGS. Tito bars from each plate were broken at JO0 F. and one at 
each of the following temperatures: 0°, -20°, and -4o° F. Charpy bars 
broken at subnormal temperatures were held in an acetone dry ice bath for 
fifteen minutes at the testing temperature prior to breaking. 

Samples for microscopic examination were taken transversely through 
weld joints of platen Fisher CTF3A, CTFll, CTFl4, CTF21, CFF22, UCTF5, 
Chrysler CP47, and General Motors plates Oil and C17. In addition, samples 
for microexamination wore taken from some of the broken weld Charpy bars. 

GFlfERAL COMMENTS 

1. Ballistic Shock Tests 

Results of ballistic tests of subject plates are given in Charts 1 
through 13 (Appendix A) which are abstracts of the original firing records. 
A summary of the ballistic shock test specification requirements in force 
at the present time and those in force at the time of the Camp Shilo cold 
tests is also included in Appendix A. Ballistic shock test results of the 
subject plates are further summarized in Table I. 

In order to provide a proper perspective of the ballistic performance 
of the H plates from which the subject samples were selected, eight tables 
summarizing the ballistic tests of all welded H plates for the Canadian 
Cold Test Program are included in Appendix B. These tables were abstracted 
from Report No. WAL 642/117(^). Plate groups for International D5-45-22, 
welded in Canada, and Fisher CTF22, welded with special 12# Cr, 6# Ni, 6# Mr 
electrode are not included in these general summary tables. 

Report No. WAL 642/117, "Arc Welding of Armor r Summary of Ballistic 
Tests of Welded 'H* Plates in Rolled and Cast Homogeneous Armor Plate 
at Sub-Zero Temperatures at Camp Shilo, Canada, during the Winter of 
1942-1943," W. L. Warner. 



It is readily apparent that inconsistencies of velocity, eccentricity, 
and number of ballistic impacts prevent strict comparison of the shock 
properties of the various plates. Many plates which were judged passing 
or failing on the basis of one round wore neither good nor bad but border¬ 
line, as often shown by inconsistent performance on later impacts. Con¬ 
siderable caution should be exercised in drawing too definite conclusions 
on the basis of passing or failing of ballistic shock test. 

Location of ballistic cracking as reported in firing records is based 
on surface appearance only, b'e are indebted to Dr. Aborn for a summary of 
his investigation of the actual path of ballistic failure for a number of 
the cold test K plates (Table IX, Appendix B). 

2. Low Temperature ohod:: Resistance of Armor Plate 

It has been known for many years that "Steel is far more brittle under 
shock wl^en very cold (say 0° F. ) than at ordinary températures"^). 
Gillette) in a review "On Properties of Metals at Subatnospheric Tempera¬ 
tures," says, "The correlation of deoxidation practice, heat-treatment and 
the resulting grain sine with low-temperaturo inpact resistance was clearly 
brought out in the classical work of Hetty and McBride published in I934. 
Since that time there has been no excuse for neglecting to consider these 
factors in relation to low-temperature behavior." 

Tito Watertown Arsenal Reports'?’^/ correlate low temperature ballistic 
shock performance with metallurgical properties of 1 to 2-inch unwelded, 
rolled and cast armor tested at Camp Shilo. The general conclusions of 
these investigations are: 

(1) Low temperature (--10° to -40c F. ) ballistic shock tests are more 
severe than the same test conducted at normal temperature and may reveal 
the poor shock characteristics of borderline quality armor. 

(2) The most important cause of poor performance was the heterogeneous 
microstructure resulting from incomplete quench hardening (poor quenching 
practice, insufficient hard .inability, or a combination of the two). 

(5) "The Metallurgy of Steel," K. 
Journal, Few York and London, 

•i. Howe, The Engineering and Mining 
].?04, Vol. 1, p.70. 

(6) 
"Impact Resistance and. Tensile Properties of Metals at Subatmospheric 
Temperatures," E.W. Gillc tt, American Society for Testing Materials, 
1941, p.26. 

(?) Report Ho. VIAL 710/93“b "Correlation of Metallurgical Properties with 
the Low Temperature Ballistic Shock Characteristics of 1 in. to 2-in. 
Low Alloy Cast Armor Tested at Camp Shilo," ?.V. Riffin. 

Report Ho. WAL 710/662, "Correlation of Metallurgical Properties with 
Low Temperature Ballistic Performance of 1 in., 1-1/2 in., and 2-in. 
Rolled Armor Tested at Camp Shilo, Canada," M, Bolotsky. 



testing, and the constraint due to thickness of plate, weld joint geometry, 

and presence of macrodefects. Experience has shown that a slowly applied 

load at room temperature provides a suitable test for 1-1/2 inch thick bars 
but for bars of less than 1 inch thickness the situation is not so clear. 
The rate of loading can be advanced to that of a freely falling weight 

dropped from a height of approximately I5 feet and the temperature of test¬ 

ing lowered to approximately -100° P. by immersing in a bath of dry ice 
and acetone. However, even at -IOC'' F. it may not be possible with the 

drop weight to produce a brittle fracture in an unnotched bend bar of 
1/2 inch thick slack-quenched armor plate. 

MTA. AÎTO DISCUSSION 

I-I/2 inch Thick Austenitic Kami Welded Rolled Plates 

Tables III, IY, and VIII (Appendix 3) Indicate generally very poor 
ballistic shock performance of this group. Thirty-two plates were tested 

cold and one at normal témporature (after return to Aberdeen Proving 

Ground). Although l4 0^ the plates withstood one impact at velocity of 
specification in force at the tins of testing without excessive cracking, 

the narrow margins of success and the inconsistent performance op addi¬ 

tional impacts indicate borderline performance for the passing plates 

without exception. Table IX (Appendix 3) indicates that about 75$ of the 
ballistic fracture was in the fusion zone. 

Nick-break test results for the six samples from these plates (Table 
II) reveal no tendency for low impact energy failure of weld metal, weld 

heat-affected zone, or unaffected plate. The path of failure in the bend 

fracture tests (Table III) is predominantly in the fusion zone. Typical 

fractured specimens are shown in Figure 3. 

Three conditions which may lead to fusion zone failure in austenitic 

hand welded plates have been recognized: (l) Incomplete fusion and fusion 

zone cracks; (2) Linear precipitation of nonmetallics in weld metal ad¬ 

jacent to fusion line; (3) Precipitation of carbides at weld-plate inter¬ 
face. 

Examples of the latter two types of fracture are shown in Figure 4. 
The upper left photograph shows the fractured surface of a bend bar from 

a butt weld made in 1-1/2 inch thick Carnegie-Illinois armor plate with a 

typical austenitic electrode welding procedure. The characteristic scaled 
appearance of the fracture surface is representative of the majority of the 

failures observed in austenitic hand welded plates previously examined^^'. 
The center left photomicrograph is a typical view of an unbroken section 

of the plate-weld junction showing the precipitation of nonmetallic in¬ 

clusions lined up parallel to the fusion line. The lower left photomicro¬ 

graph is a Section through a nickel-plated fracture edge showing the path 

of failure in the bend fracture bar. The type of fracture represented by 

these three pictures is predominantly through the weld metal at a distance 

from the fusion line which coincides with the usual location of the in¬ 
clusions. 

(10) 
See footnote 3, page 3. 
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The upper right photograph of Figure 4 shows the fractured surface of 
a hend har taîcen from the same weld and given a heat treatment of 1100° F. 
for 1 hour. The heat treatment caused a change in the appearance and path 
of fracture. Instead of having a dull scale of weld metal, the fracture 
surface now has a bright crystalline appearance. The center right and 
lower right photomicrographs are sections through nickel-plated fracture 
edges showing the peth of failure in reheated bend fracture bars. The 
fracture represented by these last pictures is for the most part either 
along the carbides precipitated in the plate-weld bond line or in the 
plate metal adjacent to this line. Apparently, upon reheating, carbon 
diffuses from the base metal to the weld interface where a stable chromium 
carbide is formed, a phenomenon very similar to intergranular carbide pre¬ 
cipitation in stainless steels. Thin results in decarburization with 
consequent softening and loss of strength of the base metal adjacent to 
the fusion line.' 

The softening is demonstrated in the upper left photomicrograph of 
Figure 5 which shows Knoop microhardness indentations in the Carnegie 
armor plate weld reheated to 1100° F. for 1 hour. Relative hardnesses 
viere 308* for austenitic weld metal, 275 for decarburized base metal, and 
347 for tempered heat-affected zone. 

The type of failuro observed in the bond fracture of the austenitic 
hand welded 1-1/2 inch rolled plates (Table III and Figure 3) is similar 
to that observed in the reheated bend bars. While the cold test H plates 
were not tempered after welding, the interpass temperature was permitted 
on a number of the plates to exceed by several hundred degrees the present 
specification limit of 100° F. above the initial plate tomporature (see 
welding data, Appendix A). The upper right and center left photomicro¬ 
graphs of Figure 5 show that the interpass heat has been sufficient to 
cause carbide precipitation with adjacent base metal decarburization in 
cold test plates. The center right photomicrograph shows the carbides 
etched with Murakami reagent. The lower left photomicrograph shows a 
typical section of the fractured edge of a bond bar from a cold test plate. 

Occasionally the path of fracture in these plates extends into the 
heat-affected base metal beyond the decarburized zone, often at a lamina¬ 
tion. If the interpass temperature is very high the rate of cooling will 
be retarded and a shock--deficient slack-quenched structure (see discussion 
of Unionmelt wolds) is observed. The extent of such a structure is 
limited in the I-1/2 inch plates, but is more prevalent in lighter gage 
plates. The lower right photomicrograph of Figure 5 shows the path of a 
bend bar fracture through a slack-quenched area in a l/2 inch thick plate 
at a location which has not been reheated sufficiently to precipitate 
carbides. Very little intergranular failure was observed. 

There appears to be a greater tendency for failure through the de¬ 
carburized zone in bars from the cold test plates when broken at cold 
temperature. Geometry of the weld may be demonstrated to influence amount 

(Tl) See also, "Welding Handbook," American Welding Society, 1942 edition, 
page 795* 

* Average Knoop hardness number. Values are erratic and higher where 
slight amount of tempered "artonsite is present. 
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of fusion zone failure in 1)011(1 fracture tests. Lili eral root gaps and 
included angles and the use of heavy "beads at the side of the crown 
(so-called annealing heads) tend to throw fracture into ductile weld metal 
where its propagation may "be somewhat more difficult. In this connection 
it should "be noted that the location of the ballistic impact or the point 
of application of load in the bend-fracture test will have a very im¬ 
portant effect on the path, and hence the extent of fracture. In the 
present bend tests the load was applied at the center of the weld, but it 
has been demonstrated that there is a tendency for fusion zone failure if 
the load is applied at the edge of the weld. The variation of location 
of ballistic impacto with respect to weld geometry and location of macro¬ 
defects very easily accounts for the inconsistencies of ballistic shock 
testing. 

Plate OTFll showed a large proportion of bend fracture in weld metal 
which had a peculiar brittle dendritic appearance. This type of failure 
will be discussed in connection with similar fractures obsexved in the 
next group of plates. 

1-l/g inch Thick Austenitic Hand Welded Cast Plates 

Tables V, VI and VIII (Appendix B) indicate that six of the thirty- 
three plates in this group passed ballistics. However, comparison of the 
results with either the current or the old specification requirements shows 
that none of the plates showed satisfactory ballistic performance and that 
probably twenty-four plates should be regai’ded as "no test" of the weld 
because of excessive cracking of the unaffected base metal. 

Hick-break test results (Table 11) reveal crystallinity in unaffected 
plate for all of the ei^ht cast armor samples. Table IX (Appendix B) 
indicates that about 28¾ of the ballistic fracture was in unaffected base 
metal and 46$ in fusion zone. Band fracture tents of the eight samples 
showed similar tendencies except for plates 01^22 and CTP28 which broke 
brittlely through center of weld metal. Pigures 6 and 7 show typical nick- 
break and bend fractures including the two plates which developed brittle 
failure in the weld metal. 

Failure through the unaffected base metal appears to be a result of 
incomplete quench .hardening as established in previous investigations by 
the armor section (see General Comments - low temperature shock resistance 
of armor plate). Fusion zone failure is believed to be caused by the same 
conditions discussed in the section on 1-1/2 inch thick hand welded rolled 
plates. 

Since austenitic weld metal generally remains ductile and tough oven 
at extremely low testing temperatures, the brittle austenitic weld metal 
condition, which was also observed to some extent in 1-1/2 inch austenitic 
hand welded rolled armor plate Ho. CTF11 and Unionmelt welded plate UCTF5, 
was investigated. Plate CTF22 was welded with an electrode of the 12$ Cr, 
6$ Hi, 6$ Mn type. V--notch Charpy impact tests of this weld metal (bar 



transverse to weld with notch located at center and midwall of weld) showeu 

49-69 ft.lhs. at room temperature vdth a drop to 21 ft.lhs. at 0° Î1. and 

lower testing temperatures. Wold metal specimens from plates CTFll and 

UCTF5 showed similar, hut less severe decrease (76-88 ft.lhs. at room, 

temperature to 45~4q ft.lhs. at -100° F. - most of the loss in impact 

energy helow -4()0 F. ). Specimens from 1-1/2 inch thido austenitic rolled 

armor H plate CTF3A which showed no tendency to develop brittle weld metal 
failure maintained a V-notch Charpy impact level of 73 ft.lhs. to -100° F. 

testing temperature. 

Photomicrographs (Figure 8) of these four weld metals (taken on 

polished section from Charpy bars midwall and center of weld) showed no 

significant results upon etching with aqua regia glycerol. Nor were there 

any large differences in weld metal hardnesses as measured by Vickers- 

Brinell indentations. But, a pronounced dendritic pattern was revealed 

by use of an alkaline ferricyanide etch. It is believed that the dark 

constituent is high Cr ferrite which formed as a result of dendritic 

metallic segregation in weld metal composition which was not properly 

balanced in alloy elements to remain wholly austenitic after dilution 

with base metal. This distribution of ferrite would tend to promote 

brittle failure of the type observed, lory little of this constituent was 

observed in the midwall of plato CTFAft-» however, the root passes of all 

18/8 austenitic welds, which are heavily diluted with base metal, tend to 

develop this structure. In some limited application the use of higher 

alloy (25$ Cr, 20# Ni) might be advantageous for root passes, but there 
is no evidence to indicate that this would overcome the tendency for fusion 

zone failures in 1-1/2 inch thick hand welded plates. 

1-1/2 inch Thick Austenitic Unionmelt Welded Boiled Plates 

Table VII (Appendix indicates that all twelve plates in this group 

failed ballistic shock tost by large margins. Table IX (Appendix B) in¬ 

dicates that 85# of ballistic fracture was in heat-affected base metal. 

Nick-break test results (Table II) reveal crystalline heat-affected 

zone fracture for all samples. Bend fracture tests (Table III and Figure1 
show preponderance of failure to be in heat-affected base metal. As dis¬ 

cussed in a previous report(l2), this condition is brought about by the hi 

heat input of the Unionmelt process. The base metal adjacent to the weld 

is heated to a high temperature and slowly cooled. The result is a slack- 

quinched heat-affocted zone which can be avoided only by use of very high 

alloy armor plate or by use of a procedure involving much lower weld heat 

input. 

The brittle failure through a portion of the weld metal of plate 

UCTF5 was discussed in the preceding section. 

(12) See footnote 3, page 3* 



1-1/2 inch IMck Austenitic Unionmelt Welded Cast Plates 

These plates combined the had features of slack-quenched cast armor 

plate and Unionmelt heat-affected zones. As indicated oy Tahle VII 

(Appendix 3) all three plates of this group failed "ballistic shock test 

very "badly. 

Nick-break fracture test of sample plate (Table II) showed crystal¬ 

linity of both unaffected and heat-affected ba.se metal. Bend tests 

(Table III) indicate failure through plate and heat-affected zone at room 

temperature, with some fusion zone failures at -4o° F. 

1 inch Thick Austenitic Hand Welded Boiled Plates 

Tables II and VIII (Appendix B) show that all of the thirteen plates 

in this group which were tested at cold temperature failed to meet the 

ballistic shock specification in force at the time. Of seven plates 

tested at normal temperature (after return to Aberdeen), four foiled bal¬ 

listics and three passed by a narrow margin. Table IX (Appendix B, in¬ 

dicates that about bjfi of ballistic failure was in weld metal, in bond 

zone, and 17$ in heat-affected base metal. 

Nick-bn J ists (Table II) revealed fibrous fractures, but three of 

the four samples are severely laminated. Bend tests (Table III and 

Figures 10 and 11 ) showed fractures through weld metal (associated with 

weld metal cracks and incomplète fusion - Plate THÉS), fusion zone, heat- 

affected and unaffected base metal. The poor steel quality of plates 94» 

96, and 97 lead to the belief that the plate and heat-affected zone bal¬ 
listic cracking of these plates might be associated with directional 

properties in the fairly dirty steels. V-notch Charpy impact bars, there¬ 

fore, were taken in unaffected plate metal midwall and perpendicular to 

weld. Impact values were as follows: 

Plate No. 

Temperatiue of Testing 

70°F, ' 0?_Fj -20°F. -40° F. 

94 
96 
th6s 

IS, 20 20 IS 

19, IS l4 15 
32» 33 31 32 

17 
15 
30 

The very low Charpy impact values for plates 94 and 9^ are the efiect 

of nonmetallic inclusions elongated in the principal rolling direction 

which is always supposed to be parallel to the leg welds in an K plate. 

The impact values for these same plates would have been very high if the 

Charpy bars had been taken parallel to the principal rolling direction. 

Plate THÉS while fairly dirty has apparently boon cross-rolled to a greate 

extent, and has impact values of almost twice those of plates 94 and 96t 
but some 10 to 15 ft.lbs. lower than good quality current armor at the 
same hardness level (3OO Brinell). The absence of crystallinity in the 

fractured specimens (Figures 10 and ll) and the fact that there vas no 



real decrease in the Charpy impact ener;jy vith temperature lead to the 

conclusion that the proportion of heat-affected and unaffected hase metal 

failure in this group of plates was dre to dirty steel and poor rolling 

mill practice rather than to inadoqnate heat treatment or poor welding 

procedure. 

The Innd zone failure of plate 97 and the weld metal failure of plate 

TUGS (figure 11 ) prohahly are caused hy precipitation of carbides at bond 

zone (see section on l~l/2 inch Thick Austenitic Hand Welded Rolled Plates) 

and weld defects (root head cracking and incomplete fusion) respectively. 

l/g inch Thick Austenitic Hand Welded Rolled Plates 

Tables I and VIII (Appendix B) show that six plates were tested cold 

and one at normal temperature (after return to Aberdeen). These plates 

were tested with a 37 mm. high explosive test projectile at a velocity 
75 f/s above that of the current specification. A large proportion of 

the rounds struck outside the 2-inch limit for fair hits and it is very 
difficult to judge the ballistic quality of thi'1 group of plates. However, 

the plates welded with Jones and Laughlin armor and either Mn or Mo modi¬ 

fied electrodes appear to be ballistically acceptable, and the plates 

welded from two other armor types unsatisfactory. The large amount of 

ballistic cracking in the unaffected plate metal with the latter two armor 

types suggests poor steel quality. 

Hick-break tests (Table II) indicate fibrous fractures, but Wo of 

the four samples (CI7 and C2l) were severely laminated. Bend tests 

(Table III and Figure 12) show a high proportion of fusion zone failure 

in plates CI7 and C21 which were very poor ballistically. There was less 

of this type failure in plates Cil and Cl4 probably because of a more 

favorable weld geometry (see section from plate Cll - Figure 12 - which 

did not break in the room temperature drop weight test). 

Microscopic examination of specimens from plates CI7 and Cll revealed 
some precipitation of carbides at the fusion line and a considerable amount 

of high temperature transformation carbides in the heat-affected base meta] 

bordering the weld, as illustrated in Figure 5 discussed in connection 

with the I-I/2 inch thick austenitic hand welded rolled armor plates. 
These conditions are caused by reheating and slow cooling of this zone 

during welding and made worse by the high interpass temperature. 

1/2 inch Thick Austenitic Unionmelt Welded Rolled Plates 

Tables VII and VIII (Appendix B) show tlu't of six plates tested, four 

failed ballistic shock test at subnormal temperature, while two passed the 

test at normal temperature (after return to Aberdeen). Table IX (Appendix 

B) lists SO^ of ballistic failure as oceun-ing in heat-affected base metal. 

ITick-break tests of the two samples examined (Table II) reveal crystal¬ 

line slack-quenched, heat-affoctod base metal fractures and brittle columnar 



% 

dendritic fractures through austenitic weld metal. Bend fractures (Table 

III anc1 Figure I3) show fracture with little or no deformation through 
weld mttal and heat-affected hase metal. These tests indicate that the 

1/2 inch thick austenitic Unionmelt welded plates have very poor shock 

properties. Cold temperature ballistic shock tests produce severe fail¬ 

ures, but the plates may pass the normal temperature shock tes-*;. 

It is interesting to note that in the absence of cracks or notches, 

an amount of brittle, low energy of impact, constituent which would pro¬ 

duce severe failure in welded plates of heavier gages, is acceptable under 

the present normal temperature ballistic shock test for l/2 inch thick or 

lighter gage plates. However, at low temperatures of testing these con¬ 

stituents, which break with little or no deformation in the fracture test, 

may lead to severe ballistic failure. 

1/2 inch Thick Fen-Itic Uniormelt b’elded Boiled Plates 

Tables VII and VIII ( lnr..endir. 3) show ballistic failure of all seven 
plates tested cold and on;.1 failure in two plates listed at normal tempera¬ 

ture (after return to Abend on;. Table IX (Appendix B) lists JOfi of 

failure ns occurring in the heat-affected base metal. 

One sample of a plate which failed the ballistic test at cold tempera¬ 

ture was received. The second sample, International Harvester of Canada 

(plate D5-U5-22), was not included in the Cold Test Program but was a 

duplicate of plates tested cold. It was tested at normal temperature at 

Aberdeen and passed the ballistic shock test. Weld reinforcements were 

ground flush with plate surface on back face prior to ballistic testing 

of both these plates. As previously discuseedU?'. this practice removes 

notch at junction of plate surface and weld metal, considerably improving 

shock resistance in ballistic or bend fracture tests, but is not regarded 

as representative of fabrication armor weldments. 

Hick-break tests of the two samples (Table II reveal crystalline, 

slack-quenched, fracture of heat-affected base metal. Weld metal fracture 

of plate C3 of the low alloy Unionmelt ferritic type previously found to 

have Charpy impact values of approximately 15 ft.lbs. at room temperature 
and 7 ft.lbs. at 0° P. showed large crystalline patches. Hick-break weld 

fracture of plate D5-^5~22 (Figure I3), of a higher alloy analyses, showed 
only slight amount of crystallinity. 

In the absence of notches or weld defects it is not usually possible 

to fracture l/2 inch thick bend bars with the drop weight test. When bend 

fracture tests were made on four bars from these two.plates (Table III and 

Figure 13) with the face of the weld,which had been ground flush, on the 

tension side of the bend bar, only one failure through the slack-quenched 

heat-affected zone was obtained. However, when additional bars were tested 

with the unground face dot, ï, theg all fractured brittlely through the 

slack-quenched heat-affected zone. 

(13) 
See footnote 3, page 3* 

- !5 - 



It appears that the same situation applies in ballistic testing of 
these plates. If the weld is free of defects and notches Eire carefully 
removed from ballistic back face, the plate may pass (plate D5-45-22 at 
normal temperature - see Table I). If failure is started at a notch, 
weld defect, or by sufficient increase in velocity of testing,very severe 
failure may occur, particularly at low temperature, through the slack- 
quenched, low impact energy level, heat-affected base metal (plate C3 at 
cold temperature - see Table I). Unless there is assurance that notches 
can be avoided in fabrication welding, qualification testing of plates 
with reinforcement removed does not appear justified. 

UEUERAL COMMENTS 

The results of nick-break and bend fracture tests supplemented by 
notched bar impact tests and microenamination revealed various conditions 
which contributed to inferior ballistic performance of certain of the H 
welded plates which were ballistically shock tested as part of the 1942 - 
194-3 Canadian Cold Test Program. The various types of failure and the 
conditions which appear to have caused them are tabulated in the Summary 
of Results at the beginning of this report. 

The relatively very poor ballistic performance of the majority of the 
subject plates appears to be a result of the use of electrodes or welding 
procedures which produced shock-deficient structures in the weld metal, at 
the fusion line, or in the heat-affected base metal,or the use cf poor 
quality or inadequately quench-hardened armor plate. The futility of 
welding H plates from poorly made or improperly heat-treated armor plate 
has been repeatedly demonstrated^). 

The geometry of the weld joint, particularly i4th respect to its in¬ 
fluence on the initiation and ease of propagation of fusion zone failures, 
must be regarded as a major factor affecting results of both ballistic and 
laboratory tests. 

It appears that a low temperature ballistic test of an armor weldment 
is more severe than the same teat at norma1, temperature, but that similar' 
conditions lead to failure at low temperature as those causing poor or 
borderline performance at normal température. 

(l4) 
Report No. UAL 64-0/89. "Welding of Armor - Summary of Ballistic Shock 
Test Results on 1 Inch and 3/4- Inch Homogeneous Armor 1H' Plates 
Welded with Austenitic Electrodes and Tested at Aberdeen Proving 
Ground during the Period from 1 October 104-2 through 3I March 1943." 
A, M. Turkalo and S. A. Herres. 
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TABLE II 

Hick-Break fracture Test Results 

Heat- 
Plate Affected 
Ho._Plate_Zone_Veld_Remarks 

I-I/2 inch Thick Austenitic Hand Welded Rolled Plates 

fisher OTP3A f 
" CTP6 f 
" CTP11 f 
" CTflU f 
" CTfl6 f 
" CTf21 f 

f 
f 
f 
f 
f 
f 

f Incomplete fusion at root 
f 
f Incomplete fusion at root 
f 
f Laminated plate 
f Laminated plate 

I-I/2 inch Thick Austenitic Hand Welded Cast Plates 

Baldwin 4o C f 
Briggs M34 Cf fc 
Chrysler CP47 C f 
Chrysler CP51 0 fc 
fisher CTf22 fC fc 
Pishor CTP28 C fc 
ford W51 C fc 
Interna- C f 
tional 39 

f Incomplete fusion at 
f Incomplete fusion at 
f Incomplete fusion at 
f Incomplete fusion at 
D 
fd 
f 
f 

root 
root; gas holet 
root 
root 

I-I/2 inch Thick Austenitic Unlonmelt Welded Rolled Plates 

Briggs UM30 f 
fisher UCTP1A P 

" UCTP5 f 
" UCTfg f 

C F 
C f 
C FD 
C PL 

I-I/2 inch Thick Austenitic Unlonmelt Welded Cast Plates 

Midland CO3 C C f 

1 inch Thick Austenitic Hand Welded Rolled Plates 

Cadillac 94 fc P 
Badly laminated 

" 96 fc fc 
Badly laminated 

n 97 Fc fc 
Badly laminated 

Ternstedt f f 
TH6g 

p 

f Incomplete fusion at root 

f Incomplete fusion at root 

fd 

NOTES: 
f = fiBrous fracture 
C = crystalline fracture 

PC = mixed fiBrous and crystalline 
fc = mixed fracture, mostly fiBrous 
Cf = mixed fracture, mostly crystalline 
D = Brittle dendritic weld metal fracture 

fd = mixed fiBrous and Brittle dendritic fracture 



TABLE II (Pont, - p.2) 

Heat- 
Plate Affected 

Ho._Plate Zone Veld_Remarks 

l/g Inch Thick Austenitic Hand Welded Rolled Plates 

&en.Motors 
Truck Cil P II 

« " 11 Cl4 P P P 
11 it h 017 P P P 

laminated 
" " ” C21 P F P 

laminated 

1/2 inch Thick Austenitic Unlonmelt Welded Rolled Plates 

Gen. Motors 
Truck C7 F CD 

" 11 N CIO F C D 

1/2 inch Thick Ferritic Unlonmelt Welded Rolled Plates 

Gen.Motors 
Truck C3 
Interna¬ 
tional 
D5-45-22 

P 

P 

C Pc Crystalline patches in weld 

C Pc Slight crystallinity in weld 



03 
¿4 

iS 

4» 
a 

I ri 
O 
o] o 

<M ' 
O 

XJ 
+3 
Cfl 

fl« 

■p 
d 

U B 
•P d 
u u 
d u 

o 
B «H 

O 

J4 
P 
_d 
Pi 

í§ 

« 
p 
d 

o 
o 

O 

& 
o 
p 

m 
44 (D 
o &■ 
g » 
p d 
d 

tí « 
o o 

•H T¡ 

3 tí 
<H ‘tH 

«H 'H 
O O 

P 
O 
O 
I-. 

p 
d 

tí 
o 

*H 
CO 
tí 

Vi 

as 
,o a) 

B i1 
« œ 

p 
«H 
O 0 

O 

o 
p <H O 
u 
© p 
> o 
o o 
r-t f4 

fl P 
•rl ri 

tí tí 
O ^ 

M m 
tí tí 

tn 
V 
p 
tá 

p 

d 

p 
o 
o 
tí 
p 
d 
tí 
o 

•H 
tí 
tí 

•s 
,3á M 

U © O 

. . tfl «H 
<H <H P O 

. . © >¡ 
U O tí O 
tí tí tí d 

hH HH 4* 1-4 

n ß 
m jfc 

ß 
fa 

ßß ß ßß ß 
1*1 |i| Pi Pi Fn Pi 

ge ieee i M N M ß 
NN 3E N N N N 

N P 

¿ N p O P P 
- i N i bä N 

>5« ÿe N > N N 

> 5* 

iS) 
N O 

> * ¿ 

M ? 
>: N W ÿ: 

N 
^ b3 P 

tSJ ISJ «d ! 
N N W > 

<- E- 

2 
Ne 

ß 
N 5» 

!* > 

P 
tsi j 
N 3= 

ß 
N 
Sb 

ß 
Pi 

N 
N Pi p j - E5 
î* 3e N N 

ß 
N 

Sb N 9t’ 

tsi 
Pi 

ß 
N 

3b > Sb’ 

P-vP 

© 
P 
d 

u 
© 
p 
o 
p 

p 
o 
o 
tí 
p 
d 

ö 
o 

*H 
CO 

ü 
tí 

N 

á 

p 
o 
o 
tí 

& 
o 
p 

fe 
ft 
&1 

d 
o 
p m 
£ 
o 
tí 

9> 3b 

u 

U bS P p 

OOP 
i i R 

N N N 

o o 
I I 

M p IS) p 

55 S3 Í3 W N W Pi 

g 

&e 

O 
ION 

N N N 

3 FM 9c" 

fl 

I 

N 
N 

rit 

£ 

p 
w 

p 
o 
o 
tí 

■d 

5 é 
6 
o 

p p 
o 
o 
tí 
p 
d 

fl 
o 

N 
N 

N 
N 

O 

3 3 
Vi Vi 

ü o 
fl fl 

p 

3b 5* 

•d 
fl P 
d o 

o 
p tí 
o 
O P 
tí d 

fl fl 
o o 

•H «H 

•w <H 

o o 

as 

N 
N 

R P R R p O 

3b N ¿ ¿ N ¿ 

P P P P O 

¿ 3l=2¿g¿ 

ßO £3l Pi 
J I I 

fa di&fr 

M ß N J 
Pi N N 3b Se 

S P 

>T ¿ > 

,, P R 
N ¿ ¿ 

N 

P P 

3b ¿ 
N 
N 

N 
N 

N 
N 

P P 

3b ¿ 

N N 

ß 
N 

^ N 3b n 

¿g 

o 
N I 
N N 

N N 
N N 

N 
N 

1 ■ 

CPi 
KN 

■ti © d 
tí p o 
p fl p 
N *-* P 

© 

P B 
fl 

p o 
fl p 
© m 
o fl 
d <h •«-j 

1 
© 
p 
d 
p 
N 

tí 
O 

o 
d 
tí 

© 
fl 

•H 
H 

>d 
fl 
o 
P 

d 

© © 

SES 
O tí w 

•H «M O 
«H 
_t P» î>» 
■d H rH 
fl P P 

W W 

ligSi 
d d *h « . 
tí tí |H © © 

«M «N H tí tí 
© ® p p is a fl a o o o -h P» d d 
N H tí tí tí 
^ ü «H «H 

o p -d -d -d 
•H © © © © 

s 
<H U S 0 0 

Il II II II 

N 
N 

P ©X 

U <H © 
©Me 

P p p p < 
tí tí tí P 4 
p x> P p c 
•H -ri -H tí ï 
<H «¡H «M P 4 

Il II II II I 

N N > o b 

a al11 



iiiiR^inv^uiVi!f ippiiif lililí uni pjy i!^iii!in|y!i iiii^i ... 

« 
t 

f 

r 
J 

u» 

I 

to 
(D 
•P 

t) 
0) 
H 
H 

â 

•d 
H 

£ 

ü 
•H 
■P 
•r 
d 
(0 
•p 
«I 

-¾ 
T" 

Ä 
EH 

ß 
>•• Ph 

£k o 

o 

P* Pt 

o 

tjj 

p< á ¡i 

ß 
5* m 

S * 
> P4 

O 
(3 

•H 

W 

St o ¿ 

■p 
•d o 
S2 
■p « 
O *H 
O 

■P (4 
«4 ö 
fl 
O H 

cd 
09 -P 
J) <B 

<H fl 

• ■d 
ü H 
ö ,® 

M !» 

N . 

es 
pH S* 

ß R 

N 

li 

(19 
m o 

«5 •d <h 

o 
P 

> 5» 

N 
Pt 

!» * 

S Pt 

, R 

S st 
Pt 

ßj 
Pt Pt Pt > 

ISJ - 
Pt »e 

M 
Pt 

R 

Pt !» 

N 
|*4 

BQ 
<0 
-P 

OS 

ö 
'S 
rH 
rH 

(§ 

t9 
09 
-ti 
rH 

CD 
» 

o 
•H 
-P 

P 
n 

•s 

o 

CVJ 

ß 
Pt 

m 
> 

ß 
Pt 

S ß 
Pt 

p 
(0 
(D 
P 

O 
o 

•fl 

to 
«4 
ttD 

<0 
«) 

ßß 
Pt Pt 

p tsi P X) 
M M N 
Pi W Pt Pc 

êë pt pt 

09 
© 

d 

Ö 
% 
H 
H 

S 
'S 
d 
td 

© 
p 
w 

4 
34 
o 

ï 
Eh 

xd 
o 

w 

u 
jo 

p 

fl 
■d 

&t Sr !» »s 

ß ß 
Pt Pt 

es 
> Pt Pt 

R 

« 

R 

o 
o 
u 

p 
cd 

fl 
o 

o 
fl 

R 

¿ 

R 

¿ 

R 

>tí 
© 
H 
rH 

â 
"d 

•§ 
R H 

¿ !» 

O H 

Éi 

R 

R o 
!» p 

P 
u 
u 

r® Ñ 

3! 
O 
•r 
J¿ 
6t 

£• 
O 

w 

r"h 

tn 

£¡ cd 
P /3 
o 

£> O 
•rt e p o m 

IH T-i 
^ iH 

O H 
a o 
© u 
U tw 
p ftí 
fl © 
© 

g S tí © 
fl fl 
O 

^ fl 
•H *H 

o 
ti 

fl 

PtS) 
Qr 

•d 
•HO 

$ 

R 

!» 

fl 
P 

P 

§B 

•d 
•rlm 
•d 

CTc CT\ cr» 

8 
p 
o 
fl W) 

EH 

fl H rH 

SöG 
Q 8t 

ÇÎ 

h- rH 03 O ® 

e§ o&í3 síhíí 

« din 

(S etfí» 



( 

I 

fi 

1/2 X 1/2 X 4 lach bar a»ed a« striking 
block. 1x6x6 Inch plat* placad on 
top of bar to provint d&Bag* to «t*aa 
hammer or drop weight. 

8" 

f 
T 

i 

Shipper ted on * lx-inch «pan; broken with one 
blow of drop weight or otea» hammer 

Figure 1. Hick-Break Fracture Te«t of Weld Joint 

« 



« 

Load applltd to eentar of wold 

Supported on a Lx-Inch apandara of 1 Inch 
on.d 1 I/? Inch thicknoop broken In a otean 
preeajbars of letteer thick neon broken with 
one blow of drop weight 

ïtgur-e 2. Bend fracture Teot of Weld Joint 

I 
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1 l/? inch thick nuatenitic hand welded rolled pi**o ?*''er 

il..to Fiahor CTF l4 Wf.to Fiaher CTF ?1 
III CK-BKEAK FRA "TURKS 

FR-n-e 1 



ff 

RFPRODUCED AT GOVERNMENT EXPENSE 

-A- 

Fusion zone ftillure In bend bar from 

as-welded joint in Carneglo-IlllnolB 

armor. 

-B- 

plate me tal 'Vÿ: 

mvy :'-;,-Vv 
¿'V/; ■ x \ 

T*\ V 

V'A 

-IV 

ISioion zone failure in bend bar from 

same weld Joint as "A" after 1100“ F 

draw for on® hour. 

-IV 

nickel plate 

weld metal weld metal 

X500 Fierai 

linear precipitation of non-metalliee 

in austenitic weld metal near fusion 

line of weld Joint. 

«•Qm» 

weld metal 

X500 Fierai 

Path of failure through precipitated 

carbides along fusion line in re¬ 

heated bend bar. 

-T- 

f 
nickel plate 

plat# metal (" > 

weld metal 

% 

• nickel plate ■ ■ 
X500 Fierai 
Bend bar fracture path through area 
of non-metallice in as-welded Joint* 

üJíâiv: 
XÇ00 Pioral 
Path of failure through decarburlzed 
area in fusion cone in reheated bend 
bar. 

WTN.63Ö-7U84 Figure 4 



RFPROmiCFD AT GOVERNMENT EXPENSE 

plate metal 

weld metal 

X100 Plcral 

Knoop ralcrohardneea indentations in 

fusion zone of reheated bend bar Fig¬ 

ure 4-D* 

plate me 

MP 
te 

plate metal 

/ 
\ • i 

weld metal veld metal 

X500 Etched in Fierai X500 Etched in Murakami's Reagent 

Precipitated carbides and decarburized area at fusion line in 1 1/2 inch 

thick austenitic hand welded rolled plate Fisher CIF 21. 

nickel plate 

*. 
plate metal 

-t-v*»•»>,A,' \ --Sr?? 

nickel plate 

.'V, - 
*' J ' .« * i 

weld metal 

X50O Plcral 
PusIon zone bend bar failure through 
deoarburlzed area at fusion line In 
ll/s inch thick austenitic hand 
welded plate Hoher CTÎ 11. 

'"V 1 

veld metal 

X500 Plcral 
Failure through slack quenched struc¬ 
ture near fusion line in l/2 inch 
thick austenitic hand velded plate 
Oen. Motors Truck C 11. 

WfJ.630-7065 
Figure 5 



■tinte Brings M34 - Broken nt -llO° F. 

I, 1/2 lac thick auetenitlc hand welded cant pinte Chrynler CP PI - broken at 

NICK-BKE/UC FMCTimSS 
Fignro 6 
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Plate Fisher CTF 2?. - broken at -lK)0 F. 

ii ch thick austenitic hand welded cast plate Fl eher CTF 2.2 - broken at 
room temperature 

> Inch thick austenitic lucid welded cast plate Fisher CTF 28 - broken at 
room temperature 

Plato Fisher CTF 28 - broker, at -4o° F. 

BEND BAS FRACTURES 

Plato Fisher CTF 22 Plate Fisher CTF 28 
NICK-BREAK FRACTURES 

Fipire 7 
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RFPROnUCFD AT GOVERNMENT EXPENSE 

Ktchod ln Rqu« rugía glycerol Etched In modified Murekojcl'b reagent 

■\ »• 

F 
iJ 

m 
' z . 

£ È 

/ 

/ » ■ :--, 

' 1 V 
1 ■ . / - ■ 

/ - - .,: V ,-, ’ 

Hand weld — 1S£ Cr - 85È HI electrode — Plate Fleher CTT U 

V "sJv ■ \'.V,S 

^ V‘"1 

-efe,/J , 4 

• • / V.V ,.. v.HU>.msuPN^ ; 
.. ‘u/ViM t »rNiMi*.'** & 

Hand weld — 1851 Cr - 8* Hi electrode — Plate Fleher CTF 11 

7' 

- > - / ■ >'C •;, 
, . ï ■i" " "i!" Í . f> ‘ ‘ 7: 01*;'.«,£**. * ' o;»'. , ,¾¾ < jl; ,Äjnr»! ‘j 

.Ä'f« 

■g t-. ■ 
/ V „v A-: V' - - y • /■« rt -. . 

y ^ ^\: 4.' 
*"<: ¿V. - • 4 - T. A' 

v’.‘. V* V- •> • ••; 

!;i J\I 
1 \ -.- .-.. •• W; -■ ■■ 

^ --7 , / : ■<% -¾ 
// - • \\ , yV" h , ,,4;' i'-' H. f ‘s \ \wr :< . - • V ■ ■ .jt.J 

y ^ r* ^ i /iß \ 

\ ’’j y. > ^ V- ’ ^ 

; . ' 4Yv//-//.^ 'r ■ 

\ ■ '* 
' -.: .V 

, \ 

\ V ■'■. 

Unlonmelt weld — Plate Fisher UCTF 5 

Hand weld ~ 125l Cr - 6£ Hi - 6$ Kn electrode — Plate fleher CTT 22 

MICBOSTBUCTUKE OF VARIOUS STAINLESS WILD METALS 
(Photomicrographs taken at midwall center of weld - JQ.OO) 

Figure 8 



rtproducfo at governmfmt expense 

1 1/2 Inch thick austenitic Unionmelt welded relied plate Hoher UCTF U - 
' ” broken at room temperature 

1 1/2 Inch thick wtitenltlc Dbionmelt welded rolled platiHWeher UCTF 5 - 
broken at room temperature 

Plate Fioher UCTF 5 - broken at -4o° F 
BIRD BAB FRACTUMS 

O 
CO 
o 
r- 

Piute Hoher UCTF U Plate Fleher UCTF 5 
HICK-BREAK FRACTURES Figure 9 
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1 inch thick austenitic hand welded rolled plate Cadillac “ broken at 
room temperature 

Plate Cadillac 9^ “ broken at 

1 Inch thick austenitic hand welded rolled plate Cadillac 96 - broken at 
room temperature 

Plat e Cadillac 96 ** broken at -40° ï 

BMD BAR FRACTURES 

Plate Cadillac 94 Plate Cadillac 96 
NICK-BREAJ FRACTURES 

Figure 10 



Rf PRODUCED AT GOVERNMENT EXPENSE 

1 Inch thick austenitic hand weldad rollad plate Terne tad t TH 68 - broken 
at room temperature 

BJWD BAB FRACTURES 

Plate Cadillac 97 *«*»t«4* ra 68 
NICK-BREAK FRACTURES 

Figure 11 



RR’ROnUCED AT GOVERNMENT EXPENSE 

1/2 Inch thick austenitic hand welded rolled plate 
General Motors Truck C 11 - tested at room temperature 

1/2 Inch thick austenitic hand welded rolled plate 
General Motors Truck 0 17 - broken at room temperature 

Plate General Motors Truck 0 17 - broken at -Uo* f. 

1/2 Inch thick austenitic hand welded rolled plate 
General Motors Truck G 21 - broken at room temperature 

Plate General Motors Truck 0 21 - broken at -4o* I. 

BffiTD BAB FRACTURES 

Plate Gen. Motors Truck C 11 Piste Gen. Motors Truck 0 17 

WTN.fcS /-709 

Plate Gen. Motors Trade 0 21 

NICK-BREAK FRACTURES 
Figure 12 



rfproouced at government expense 

1/2 Inch thick austenitic Unlonmelt welded rolled plate 
General ko tore Truck C 10 - broken at roo« temperature 

Plate General Motors Truck C 10 - broken at 

1/2 inch thick ferritic Unlonmelt welded rolled plate 
General Motora Truck C 3 - tested at room temperature 

International DJ-UÇ-Us - broken at -4o* I* 

BIND BA! ÏHA0TUHE8 

Plate Gen. Motora Truck C 10 . Plate Gen. Motors Truck G 3 

WTN.639-7093 

Plate International IÇ-UÇ-Ug 

NICK-BREAK JBACTURÏ8 
figure 13 



APPENDIX A 

1. Key to tabulation method and symbols. 

2. Specification requirements for H plates 

«relded with austenitic electrodes. 

3» Tabulation of firing record data for 

subject H plates. 



KEY TO TABULATION METHOD AND SYMBOLS 

1. Identification of Test 

Information in the first column identifies the test. 

2. Armor Data 

A. Plate Thickneas 

Subject plates vary fron l/2 inch to 1-1/2 inches. 

B. Type Armor 

Armor compositions are typed as follows*. 

B (Rolled) 

I 
II 
III 
IV 
V 

TVpe 
Mn-Ni-Cr-Mo 
Mn-Cr-Mo 
l'in-Mo 
Mn-Cr-Mo-Si 
Special 

Typical Analyses 

C 

.26 

.27 

.25 
2? 

Mn 

1.15 
I.30 
I.60 
.86 

Si 

.20 

.25 

.22 
• 79 

Or 

.60 
•55 

.62 
(noted in tabulation) 

Mo 

.20 

.42 
•37 
.17 

Ni 

1.00 

Zr 

.09 

.002 B added 

.002 B added 

C (Cast) 

I Mn-Ni-Cr-Mo 
II Mn-Cr-Mo 
III Mn-Mo 
IV Special 

.32 .80 .35 .55 .40 .45 

.28 1.55 .45 .40 .12 

.30 1.58 .40 -- .30 
(noted in tabulation) 

C. Carbon Content 

Carbon content Is listed as given. 

D. Brinell Hardness Number (BHN) 

The Brinell hardness numbers on both the front and back of plate 
are tabulated. 

E. Process 

This refers to the melting practice and is given as basic open 
hearth (3.O.H.), acid open hearth (A.O.H.), basic electric B. Elec.), and 
acid electric (A. Elec.). 

E1* Heat Treatment 

The temperature, time of hold, and type of quench and draw are 
recorded as given in the firing record. 



3* Electrode Data 

These data are listed as given in each firing record. 

A. T^e 

Since alleys are sometimes added in the coating, electrodes are 
typed according to the chemical analysis of the weld metal when given. 
The types are as follows: 

A (Austenitic) 

I Mn-Mo Modified IS/8 (Cr-lÜ-Fe alloy) 
Weld Analysis - at least 1$ Mn and .3$ Mo. 

II Mn Modified 18/8 (Cr-Ni-Fe alloy) 
Weld Analysis - at least 1$ Mn and less than .3# Mo. 

III Mo Modified 18/8 (Cr-Ni-Fe alloy) 
Weld Analysis - at least .3$ Mo and less than 1$ Mn. 

F (Ferritic) 

B. and C. Trade Name and Coating 

Trade names and type coating (lime or titania) are listed. 

D. Ourrent and Polarity 

These are to he tabulated as DC straight (str.), DC reversed (rev. 
or AC. 

4. Joint Design 

A. Groove, etc. 

This item notes the type of groove - single vee (SY) bevel or 
double vee (DV) bevel - the included angle, and the width of the root 
face (El 

B. V .i t Gap 

This is the distance in inches between the plates as set up for 
welding. 

C. Plate Preparation 

This indicates whether the plate edges to be welded together were 
flame cut, ground, machined, buttered, etc. 

5* Welding Procedure 

A. Backing 

Backing if used, i.e. back-up bar, chill, filler, and spacer strip 
is noted. 

- ii 



B. Deposition 

ïigure i shows how the weld is "broken up into root, body, and 

crown types. The size electrode is noted with the number of passes, type 

of passes, and the current and voltage. Passes are divided into two kinds' 

(a) layer, if the pass bridges the gap; and (b) bead, if the pass does not 

bridge the gap. SB designates seal bead. 

C. Total Welding Time and Interpass Temperature 

These are listed as given. 

D. Remarks 

Any comments on chipping, grinding, and other special techniques 

used, not noted above but which might affect ballistic properties of welded 

armor plate, are noted under "remarks." 

6. Heat 

Preheat and postbeat of weldment aro tabulated. 

7. Ballistic Results 

The type projectile used in testing is noted for each plate. Hits, 
velocity, and location of each, cracking and remarks on cracking, are 

recorded. Symbols used are as follows: 

H. - hit 

P/S - feet pei r jcond 

L.L. - left leg 

R.L. - right leg 

CB. - crossbar 

LOG. - location 

R - right of 

I - left of 

X - on weld 

U - above 

D - below 

IMP - running from or through impact 

0 - not running from or through impact 

Types of cracking: 

I - Weld (includes weld, fusion zone, and heat-affected zone 

cracking within l/S inch from weld) 

IV - Star plate cracking 

V - Linear plate cracks 

Cracking is measured on the back of the plate. 

8. The remarks on cracking and results of radiographic examination are 

recorded in the last column. F signifies the welded plate passed radio- 

graphic inspection, and F that it failed. 



SPECIFICATION BBQUIREMMTS TOR "H11 PUTES 
WELDED WITH AUSTENITIC ELECTRODES 

Figure ii shows the construction and intended aiming points for the 
■ballistic shock test plate. 

The requirements for the shock test at normal temperature as given 
by Specification AXS-U97» Rev. 3, August, 19^+2, were as follows: 

Armor Pro.lectlle 

1-1/2" rolled 75 mm. T21 
I-I/2" cast 11 
1" rolled " 

Striking Maximum Allowable Cracking 
Velocity Weld Plate 

(±25 f/s) _(inches)_ 

1100 15 8 
IO50 15 8 

775 18 8 

There were no requirements specified for 1/2 inch plate, but for 
these cold tests the 37 mm. M5U H.E. projectile at 26OO f/s velocity was 
used. A limit of 12 inches of weld cracking was used as a criterion of 
acceptability of the welded joint. The limit on plate cracking was S inche 

From 3 May 1944 to the present the following requirements have been in 
effect (as abstracted from Specification AXS-497, Rev. 5. 15 December 1943' 

"F-3. Ballistic tests. Test plates required hy paragraph F-2a(l)a 
shall be supported solidly on each of the two sides parallel to the long¬ 
est welds and with these welds upright. The plate shall be tested for 
compliance with the requirements of Table II. 

Thickness of 
shock test 

plate, inches 

Type of 
homogeneous 

armor 

TABLE II 

Striking 
velocity f/e, 
plus or minus 

Projectile 23 f/s 

Allowable 
weld crack¬ 
ing, inches, 

marimum 

1-1/2 rolled 75 mm. T21 1200 
1-1/2 cast " 1050 
1 rolled " 725 
1 cast 57 mm. T1 975 
3/4 rolled " 800 
1/2 rolled 37 mm. H.E. M54 2525 

15 
10 
17 

6 
12 
15 

"P-3a. Cracks in the armor parallel to the weld and within l/g inch 
of the edge of the weld shall be consideied in the total weld cracking. 

"F-3b. All impact velocities specified for cast homogeneous armor are 
subject to variation depending on the actual armor thickness. This varia¬ 
tion shall be based on the velocities specified for testing primary armor 
and results in velocity of 6 f/s for each increase of 0.01 inch in armor 
thickness. 



"]?-3c. Cracking of the plate otitside a circle of 6 inches radius, the 
center of which is the center of Impact, or plate cracks greater than 6 
inches in length not passing through the point of impact shall he consider¬ 
ed cause for reporting ’no test.’ Other types of armor cracking which in¬ 
dicate that the test of the welding procedure is insufficient may also be 
cause for reporting 'no test.' The phrase 'no test1 is defined as that 
condition existing when the results of the ballistic test are such that it 
is impossible to arrive at a decision as to the acceptability of the weld¬ 
ing procedure. 

"F-3d. The impact of the 75 n“11* proof projectile T21 or the 57 d1®- 
proof projectile T1 shall touch the edge of the weld to be considered as 
conforming to the requirements of the test. 

"P-3e. The impact of the 37 H.E. projectile M54 shall be within 
I-3/4 inches of the weld as measured from the center of the impact to the 
center of the weld to be considered as conforming to the requirements of 
the test. 

"F-3f. Impacts, the edges of which are more than 2 inches from the 
edge of the crossbar weld, which cause cracking in the crossbar either on 
the front or back of the plate, which is not an extension of cracking a 
leg weld, shall be cause for rejection of the welding procedure. 

"F“3g. Any inconsistency in the quality of the welding procedure 
revealed by impact on a ballistic test plate may be considered cause for 
reporting 'no test' at the discretion of the proof officer. 

"F-3h. Any length of weld cracking revealed as a result of an impact 
outside the acceptable limits for intacts shall be cause for rejection of 
the welding procedure. 

"F-3i. Impacts less than 6 inches from the top or bottom edge of the 
plate, which cause excessive weld cracking, shall be considered as not 
conforming to the requirements of the test. If, however, the cracking is 
not excessive and the requirements referred to in paragraph F~3d are met, 
the inpact will be considered acceptable.” 
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APPENDIX B 

I- Tablee I through VIII - 
Summary of Ballistic Teste of "H" Plates 
for the Canadian Cold Test Program 
(WAL Report No. 642/117). 

2. Table IX - Average Distribution of Structure 
Zones on Ballistic Fracture Surface (courtesy 
U. S. Steel Research Laboratory). 



com tesis oi mPEP asm - amr SUM - VfilvM 

i/a” mum gaiaMnBciiJs run 

Moiy. moa, ¿¡aiatas, üüutoteâi 

T»Bt 
Armor Joint V«ld Dspoalt Shock Test Plate X- Plrlni; Plate 

T»Hrt<»t°r Mfr. C Ucctrod» BW<>1_Qa£_lsk-ggî85a., ffl». ■ JUkilix MiSíí,.Sail rV -M:.StSM- ijumJuL 

I.110W JAL 0.22 Harn. 1Ç°S7 3/16’ L B 
Trunk Atí-J 1® 

Ona plata held for A. P. 0. taat 

Tallo» 
Trunk 

Great 0.2H Barn. UÇ'ST 3/16" L B 
Lakee AK-J 1SB 

Hamilton Bom. 0.25 Harn. éO^ST 1/lé" L L 
Bridge Tdry. AV-3 1SB 

1* 2é00 — 
2* 2é00 - 

4 rda. at 2é00 

1* 2600 — 
2 rda. at 2é00 

4 2éOO 9-1/2 
2 rda. at 2Ë00 

2 rda. at 2éOO 
3 2600 25 

1' 2é00 20 
2 rda. at 2é00 

2600 — 
2600 25-1/2 

2600 1« 
2600 — 

1* 2600 
2 2600 46 

1* 2600 12 

-19° T AB2145 012 

P None fair, no crack« 

-17e P " Cil 

P 
Hone fair, no crack« 

Hot fair, no further crack« 

-a0 P A.D01M) Cl? Hot fair. 4" weld orack 
F PlaU craclred 12* 

-20° P t 

-15e 
C19 

-y JH F AIC138 2 

-13o 

-l6° P F 

Bot fair, no further craoklx;g 

Píate eraclrod 18“ 

Plate cracked 12" 
Plate cracked iy}ß* «»re 

Broke ln 2 plecee 

Plate cracked l6" 

ütMBiB aa* Anatanltle IB/8 »«trod. 

Teet 
Arror Joint Held Deceit Shook Teet Plate X- Flrln* Plate 

fabricator Mfr. C HUptroda BOT¿L 0«, Body Surface HP, Tal.f/a «Id.»,.,..¾¾. gM2ia„.,.,.JS.L, 

Tallo» JAL 0.22 Hoïay 45*87 3/l6> L 
Truck 

ï 
i» 

1* 2600 - 
2 2600 13 
3 2600 2-1/2 
4* 2600 4 

1 2600 4-1/2 
2* 2600 — 
J 2600 — 
4 2600 19-1/2 

2600 
5 2600 26-3/4 

» t H 1,1,,,It.«. 

-15* P AKa45 (a4 
P 

-19" 015 

-18“ (Hé 4 rda., none fair, u oraiie 

Tallo» Great 0.28 Hclay 45*87 3/16" L * 
Trunk Lakee 1® 

1* 2600 17 
2* 2600 13 

2 rda. at 2600 

-17» P F Afia46 020 

1 2600 12-1/2 
2* 2600 40-1/2 

1 26OO I3-I/2 
2 rda.at 2600 11 

-20“ P I 

-14“ P (P) 

021 

022 

Plat# 0 ranked 3" 
lot fair. Plate oiaaknd 3" mm 

Broke lu 2 planea 

lot fair. Plate cranked 2" 

Int. Har-r. Bon. 0.25 Lincoln 34“S7 1/16* L 

f4if- . . ... 

1 2600 50-3/4 

2600 22 
2600 30-1/2 

-14“ F F ABEl4o 7 

I13«’ F F • 8 

Broke In 2 pleoee 

• - HOT FAIR HIT - OÜTSI» 2" LIMIT 
Œ 



TABU 31 

COLE TESTS 01' «M3D AHMOB - CAlg BHILO - I<i4g/MM 

!" aoLUD HOMOOMPU5 FUTI 

Hol^Mc Jum Hot^. AufltanUlc 18/8 Hlectrod» 

fabricator Kfr. 
Joint Weid Depoalt 

llBCtroiiA Barel Qi« Bote Surfac» m, 
Shock Teat 
laiãlt HlâA, 

Teat 
Plate I- 

JSä_ Bal. 
Firing Plate 
Record Ho. 

Tematodt J A 1 0.27 AlloT KaA" 6°°117 3/16" 1 

B ■ » 

Two plate» held for A. P. 0. te»t 

Cadillac Or eat 0.2« Pa*e 600D7 3/16" 
Lake» 

One plate held for A. P. 0. teat 

Cadillac Ba- 0.2* ft«« 6o“OT 3/l6' 
puhllo 

One plate held for A. P. 0. teat 

778 29-1/2 

697 

6-1/2 
17-1A 

1* 77¾ 
2« 775 8-1/2 
3 7*2 9-3/¾ 

1* 775 
2* 775 
3* 775 

11-1/2 

S09 

775 

.30-1/2 

36 

üaaaam M títíuiSta 

-15° 

-16°' 

I A02143 TH-67 Plate cracAed l-l/¾" 

TK-69 Fan.ad X-ray after CB wen r 
Crk. In CB before teat. Pinto 

cracked 5“ 

-17* A02142 97 

-16 

failed I-ray after repaiu 
Plate cradted 8-1/2" 
Broke In 2 pieces 

Passed X-ray af ter repairs 
Plate cradled lb" 

-17* 

-11“ 

AD21B2 91 

95 

felled X-ray after repairs 

fallad X-ray after repairs 
Broke In 2 pieces 

IS/8 Electrode 

Armor 7»lnt 
fabricator Mfr. C llectrode Betel-Sbl 

Test 
Weld Deposit Shodc Test Plate X- firing Plate 
Body Snrfaoe BB. MsX¿UMaflh IMB. PW M» . täSOi..fea. 

Tornetedt J » l 0.27 Alloy Bode 6o“DT 3/1É" 

■ • » " B » 

Two putee bald for A. B. 0. test 

7*2 

797 

22-1/2 

^3 ’ ’ 

-150 p r Aieib3 TH-6* 

-15* P f * TH-72 Broka In 2 plaoaa 

, A » EJlXAJ- 

Cadlllao Or eat 0.2* May 6o*W 3/16" 
Lakaa 

1 B 7*4 32 -17« P f AD2142 96 

1 764 11 

2 7fc 13-1/2 

-18® 9* 

Passed X-ray after repairs 
Broke In 2 places 

Palled X-ray after repaire 
Plate cracked 15* 
Píete oraoked *-3/4* «ora 

1 775 1¾ 

2 775 20-1/4 

-18° 

nrr 

100 Paitad X-ray aftar rapaira 
Back vpall in plata 
Place punchad out 

Cadillac Republic 0.28 Malay 6o°W 3/l6B 

» . » ■ » ■ 

One plate held for A. P. 0. teat 

L ï 1 T73 26 

1 *04 24 

-19° 

-19” 

f Aieite 92 

f * 9¾ 

Passed X-ray after ravira 

Paliad X-iay aftar »pairs 

• - BOT ÎAIE BIT - Otmsna 2* U1CT 
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TABLE HE 

COLD TESTS OT WELDED ABHOR - CAMP SHILO - 

1-1/211 ROLLED HOMOGENEOUS PLATE 

Molytd^up Hod. Auatenltto lg/8 Elactrodo 

Armor Joint 
IWbrlontor Mfr. C Elaotrodg Pavel flap 

Void DopoBlt Shock Toot 
Body Surface RD. Vol.f/a Vld.Qc. 

Flihor JAL 0.27 Baco 450D7 5/l6fl 1100 

1101 17 

Tlihor Ra- 0.27 Raoo 45°DV 5/16" 
public 

L L 

Great 
Um> 0.29 »»00 l*5"OT 5/1É1 

Ford 0.26 Cruoltl. ^'DF 3/16* 

Ford (Coat. )Tort 0.26 Oruolilo 3/I6" 

Midland Carnaffi« 0.27 CrucHjla ^‘W 5/16" L*ï B 

O.M.C. Dominion 
Canada Foundry 

Bmh. W I/'t" 
tXik 

L d I B 

1 109lt 
2. _ 1121 3O-I/2 

1 1110 36 

1100 
109! 

23 
10 

1 HOB 
2* 1107 
3 1095 

IO94 
1102 

9 

'lit ’ ' 
16-1/2 

1085 

1098 

6 
57-1/2 

806 
910 

36 

'lit 
23 

1 1085 

e. . 11Ç5. 
1 1104 
2 1093 

12 
21 

13-1/4 
3-3/4 

725 
868 
994 

1113 
1149 
1154 

11-1/2 

29 

IO99 
1099 

11-1/4 
10 

Teat 
Plate X- 
Temp. ray Bal. 

Firing Plate 
Rpqord Bo. R e m a r jc e _ 

27° P P 

•19° P P 

AB2135 OTF-13 

-15" 

CTÎ-15 Paeeed X-rey after rep&lio 
Plate cracked 7" 

CTF-14 Broke in 2 piecee 

•30° 

•19° 

P F 

P T 

AEC128 CT7-6 

" OTT-4 

Plate cracked 4" 
Plate cracked 2-1/411 moro 

Plate cracked 2" 
Plate cracked 2" more 

CIF-5 Plate cracked 5-1/2* 

+24° 

-15e 

P F 

P F 

ADei26 CT7-19 

-15" 

arf-21 

0TF-20 

Crack in CB before taet 

Broke in 2 piece* 

P P 

P P 

AD2123 V-65 

' » ’ ’ Vfii 

Plate cracked l/2* 
Plate cracked 5* more 

Plate cracked 7-1/2" 

-16° AD2123 V-é3 

1109 

1093 

1093 
1123 

16-1/2 

l 
18-1/2 

1100 
1084 

-24° 

-19° 

AD2124 CR-38 

" CR-39 

(F) 

Plate cracked 2-3/4* 
Plate cracked 3-1/**" ®or* 

Hit 2-1/2" from laft leg weld 
Ho cracks 
Hit on right leg weld 
Crack in right leg weld 

Plate in 2 piecee 

-25° CR-4i 

1090 11 P HWT ADei25 OMC-6 Broke in 2 piece« 

1 79? 5-1/** 
2 814 I-3/8 
3 902 B-l/2 

1089 16-1/2 

-19° P mfr " OMO-5 11-3/4" plate craca 

Broke in 2 placee 

ÖMC-7 
Crack in CB before test 
24" plat 4 crack 

HOT FAIR HIT - OOTSIDE 2" LDÍIT 

IE 



cold mis or maa asmob - aug shim - 

i-i/a" RgjjB HOMOomaous Fum 

.¿¡aima¿i&¿g¿L&is&sái 
Teat 

Armor Joint Wold Deposit Shock Test Plate X- Firing Plate 
Fabricator Hfr._C Electrode Bevel Grp Body Surface HD, Vel.f/s Weld.Ck. Tamp, ray Bal. Record No._ H e m a r k e 

PI .her .Til 0.27 Uloy 5/16" 1 1 
Rode 

n N n „ B n « n 

One plate held for A.P.O. tost 

1 1097 27-1/2 

1 793 24 

-19° P $ AD2135 CTF-11 Passed X-ray after repairs 

-1^° F F " CTF-12 

Plshar K»- 0.25 Alloy te'W 5/l6" l B 
public Rodo 

B en « bbib 

j un H It IRK 

1 1097 9-1/2 
2* 1097 21 

1 1110 23 
.2. 10ÇS 1-1/2 

1 1091 io 
2* 1089 29 

-18° F P ADE128 CTF-lA 
Back epall 

-25° P F " CTF-2A Passed X-ray after repaire 
Plate cracked 3-1/4" 

-19° PP " CTF-JÀ Passed X-rejr after repairs 

PlBher Great 0.29 Alloy 95“W 5/1611 1 1 

* fliin «•*" 

n nu R b n n ■ 

1 1102 22-1/4 

1 1094 37 
2* 1095 31 

1 817 48 

424° P P AD2126 CTT-18 

-18' P P " CTÏ-16 

-150 FF " CTF-17 Broke In 2 piece* 

Pord Pord 3.26 McKay 45-137 3/16" L ï 

B BB" tlRBB 

• H B B * b n B 

1 1091 32-3/1* 
2 TT94 16 

12 

1 891 10-1/2 
2 928 20 

-17« P F AD2123 W-53 
Broke In 2 placee 

p ■ ¥-66 Crack In CB before teat 

'16° ' e . . 0 

P " *-6l 
-16» P 

Midland Car- 0.2? McKay 45'OT 5/16" l 4 B 3 
negle 

B B B B BB B fl 

B BS B BB BB 

1 1098 
2 1093 17-1/2 
3 1095 1/2 
4 1097 36-1/4 

1 1111 
2 1113 5-3/4 
?* 1099 
4 1095 9-1/4 
5 1105 29 

1* 1092 
2 1121 7 
3 1156 27-1/4 

-24° P P ADB124 CB-40 

Broke In 2 pieces 

-18° P P " CR-42 
Plate cracked 2-3/4" 
Plate cracked 1-7/8" »ore 
Plate cracked 9" more 

-18" P “ CB-43 
P Plata cracked 1-1/2* 

Plata cracked 4-1/4* acra 

rmiTic WILDS 

1-1/2' BOL UP HCHOGZKJOUS FLAT! 

Test 
Armor Joint Weld Deposit Shock Test Plate I- Tiring Plate 

Fabricator Hfr. 0 Hectrode Berel Gap Body Surface RD. Vel.f/s Weld.Ck. Tesrp. ray Bel. Record Wo. 

A. 0. Smith Car- 0.2U SÏ101 13/l6"DF 3/8' L 
nagle 

Two plates held for A. P. G. test 

1 IO97 I3-I/1* 
2 IO94 9-1/4 

1100 
1100 

1149 
1199 1-3/1* 
1251 U9 

-20“ p p AH2139 29391 

-19“ 29393 

-£-UJUüt »_ 

Ho postheat treatment 
Two gape in crossbar welded 

with austenitic electrode 
Ho postheat treatment 
Two gaps In crossbar wsldsd 

with sustanltlc alectrods 

Broke In 2 placee 

• - NOT FAIB HIT - OUTBID« 2" LIMIT 
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tgaJgr 
COM TBST3 011 WU«D ÜMOB - OMP SHILO - iq4a/iqUl 

i-i/a* a st HOMoagnocs futí 

SSMfiSM Mod- 1S/8 ¡fl.c-.roda 

Armor Joint Weld Depoolt Shock Tent 
Test 
Plate X- Flrin« Plate 

Baldwin Sy». 0.25 Alloy Hoi« DJ 3/16" 1 B 
Gould 

N n n a • «ni 

n unan ann 

1 900 4 
2 950 4-1/2 
3 1000 6 
4 1050 5-1/2 

-21° Hone P AD2134 39 
Plate cracked 
Plate cracked 10" more 
Plate cracked l?" »ore 

1 818 — 
2 896 — 
3* 1002 — 
4 io4« 9 

-190 P P " 4o 

Plate cracked l6" 

1 SOS - 
2 815 1-1/2 
3 811 

-20e P HWT " 38 Plate cracked 12" 

Piece broke out 

Brlgga American 0.2« McKay . 45°DV 5/l6" L L 

a a a e • a a a 

1 912 - 
2* 908 - 
3 902 — 

-28° P P AD213I M-36 
Plate cracked 28-3/4" 
Plate cracked 11-3/4* more 

1 907 5-1/2 
2 1000 4-1/2 

-290 P * M-35 Plate cracked 6* 
HWT Plate cracked 34-1/2* more 

1* 822 - 
2* 823 - 
3 920 - 
4 1001 18-1/4 

-20° P " M-34 

P 
Plate cracked 25-1/2" 

Fisher Sen. Alloy Bode U50W 5/16* 1 L 
Steel 

a a a a a a a 

1 1094 17-1/4 
2 1117 16-3/4 

+24” P F ABEI3O CTF26 

1* SO5 12 
2 903 8 

.5. . P?1. .39 

-29° P F * CTF28 
Plate cracked I-3/8" 

PiaheriCont.) Gan. Alloy Bods 1+5°OT 5/16* ^ ^ 
Steel 

1* 819 11 
2 909 21 

-20° P F AD2130 0TT2T 
Plate cracked 2* 

arysler Oontln- 0.27 Wclay ^“W 3/16* LAB B 
entai 

a a a a a a a a 

a a a a aaaa 

6 
1 8O9 14 
2 9II 2 

Loft lac crank 4«for. tut 
-20“ F F /112136 CP-47 Pastad X-ray ofttr rtftlrt 

Put. cruktd 44-3/4* 

1 810 23 
2 905 13 

-25° P T * CP-4g Peseed »-rey after repair» 
Plate cracked 8-1/4*. Broke 

1 1101 20-1/2 
2 1059 — 

+24° PI " CP-46 Pasead X-ray after repaire 
Plate cracked 26-1/4* 

Int. Bore. Ord. St.0.28 McKay 45"OT 5/16* LAB B 
Fdry. 

a a a a a a a n 

a a a a a a « n 

1 1025 4-1/4 
2 10Ç0 — 

1* 909 — 
2 1017 1-3/4 
3 1040 - 
4 1045 12-1/4 

-20” P BUT AB2137 4o Plat, cractad badly 
Plate broke 5 pieces 

-20” P * 4l 

P Plat, crack»! 7* 
Plat. crackBd 15-1/2' *>r. 

1* 779 — 
2 899 7-1/2 

-22° P * 39 
P Plate cracked 11-1/2* 

Ford Ford 0.26 Mcloy Uç'W 3/I6* L B 

a a a a w h it n 

a a a a naan 

1 1049 12-1/2 
2* 1053 1-1/2 

9-1/2 
1 786 3 „ 
2 898 11-3/4 

7-3/8 
1* 812 4 
2 9OO 16-I/2 

P Crock ln CB btfor. tut 
♦ 24” AD2132 Ï-49 

F Pl.t, crock»! 19-1/2' 

Crack In OB before tut 
-20” * »-67 Plat, cracked 2-5/8' 

P Plat, crack»! 30-3/1*" ■»»• 

P Orack ln C® before teat 
-20° * W-51 

f 

-S7T 
MlW ' I 

• - BOT FAIR HIT - OOTSII» 2" LIMIT 



uma int 

cou raro o? mno abhor - eat? sbilo - igte/iqi» 

i/g« BOLLE) KOKwamcus mg 

Armor IJLootrode Joint 
flod, Kelt Benrcl Qap 

Monmclt inSii.C.i.TI-g _ 
Tent 

Weld Depoait Shock Teat Plate I- 
.a-S-.jfsco ÍC. T.l.f/, Walt.at. Temp, rajr 

ïlrlofi Plate 
Record Ho, "«»»»•*» 

Yellow J 4 i 0.22 36 20 ^'SV 1/16« 
Truck ïerrltle 

Two platee held for 4. F. 0. teet 

IL 13S 1* 2600 — 
2 2600 10 
y 2É00 — 
4* 2600 22-1/2 

1* 2600 17 
2* 2600 — 
3 2600 2} 

-17° P 
(T) 

AKa4ç 0-2 

-ir p p 0-3 

Plate cracked 10« 

Plate cracked 8-1/2" 

Yellow J à L 0.22 42 80 4Ç'SY 1/16* 
Truck 

One plate held for A. P. 0. teat 

U 1SB 1 2600 l6 
2* 2600 — 
3* 2600 

-20“ 

1“ 2600 — 
2* 2600 14-1/2 
3* 2600 6-1/2 

-17“ 

U2l4>5 0-5 

" 0-7 

Plate cracked 13" 
Plate cracked 6" »ore 
Plate cracked 12" more 

Plate cracked 1-3/4" 
Plate cracked 2" more 

Yellow Or eat 0.2* 42 80 4ç“SY I/I6" 
Truck Ukea 

One plate held for A. P. 0. teet 

11 1SB 1 26OO 52-I/2 

1* 2600 
2" 26OO 
3* 2600 13-1/2 

.4. . 26()0. .46-1/2 

AB2146 0-8 

• 0-9 

Ho crecke 
Ho oracke 

Broke 1m 2 placea 

lot. Harr. Dorn. 
Canada Pdry- 

Terrltlo 34»BY 0 11 1SB l 2600 21 
1 2600 27-I/2 
1 2636 31 
1 2632 34-I/2 

-18” I 
-15” » 
-11? T 
-13° P 

AD2140 13 

I! 15r ■ l6 
" 18 

Pint® cracked badly 
n « i 

Brok« In 2 piec®« 

1-1/2" ROLLE) HCMOOIimOtlS PUH 

Armor H tetrode Joint 
Petrlcator Mfr. 0_5a4_Mlü Jtofl_SSL 

Hand 
iâüm. 

Teat 
Shock T««t Plate 

HD, T,Uf/, Held. 3c. Temp, 
%■ PlrlD* Plate 

.m, -Mu.2am&.Jsa -ä-ä-aJLXjLl- 
PlBher J 4 1 0.27 #42 8020XD 45"W 5/16" 1 1087 36 

1" 651 35 
1 10*6 36 

•ir 
-13” 
+20° 

JLD2135 ÏÏ0TÎ-4 Broke in 2 pieces 
" U0TÎ-5 

UOTT-6 Broke in 2 piece* 

ïiaher Republic 0.25 #42 8020XD 45COT 5/16" 823 
1089 

1082 

S56 

36 

-15” 
-19” 

+24” 

I X 402128 OOTT-U Broke In 2 placee 
IP " 0(70)-24 Palled I-ray after repaire 

Broke In 2 placee 
P P " UOTP-34 Paeeed X-rny after repaire 
_Broke In 2 pieces 

PI eher Or. Lakes 0.29 #42 8020XÏ 45”OT 5/16" 3 

» it * a r a ft 2 
h n r ti > a « « 

704 36 

772 
1098 

36 

36 

-13“ P P AOEI26 OTP-7 Paeeed X-rey after reptlre 
Broke In 2 piece* 

-13” P P * OTP-8 Broke In 2 piece. 
-17” P P ■ UCTP-9 Broke In 2 placee 

Brlgge Oamegle 0.27 #42 45" W 1/4" 1098 36 P P 4D2'.27 '044: Broke In 2 placee 

1096 
1128 

12 
30 

-18” (P) OH-31 Plate cracked 5/8* 
Broke In 2 pieces 

1" 1110 — +20” 
2 IO83 36 

W.30 
Broke In 2 piece* 

Oontln- 
Mldland entai 

1-1/2’ C43T HOHOaiMODS PUU 

O.27 #42 #60 45® OT 1/4’ 4 
en. ■ " h 
... n . h 

1 865 36 
1 1057 9-1/2 
1 800 36 

-22” 

+24” 
-20? 

P P ÀOE133 CO-1 Broke 1c 2 pieces 
P HlfT " CO-2 Broke In 4 placee 
P P * CO-3 Broke In 2 plecee 

* V WWW 

• - HOT JAIR HIT - OUTSIM 2" LIMIT 
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ICT.ID ,'I'rOB B PUTES FROM CAMP SHIIO (8e> ïatl.i 1- U) 

Shock Teat 
Vel.f/e 

Tent Plate Firing 
Temp, _X-ray Bal. Record 

Tellow Truck 260O 

10 
2 

2600 

Tellow Truck 

Tellow Truck 

2600 

2600 

7-3/4 

12 

11-1/2 

4 * * * 

Great Lakes ! 1 
I 2 

26OO 8 

9-1/2 
26-1/2 

1/2" Boiled HomoganeouB Plate 

+70° JU>-507 

+700 AD-507 

+70° F AJ&-507 

+70° P AD-507 

+70° AH-507 

Ternatedt 

Ternetedt 

Ternatedt 

Ternetedt 

Cadillac 

Cadillac 

Cadlllar 

7te 

1G 

6-1/4 
20-3/4 

JAL 11 

Groat Lake« 1 

7¾ 
772 
775 

13-3/1* 
15-1/2 
30-3/1* 

789 

785 

20-1/2 

21 

Hepuhlic 

Republic 

772 
.714. ?3. 

772 

773 

11-1/2 

S-l/U 

I". JfijMJ2SS£aa55M 
+70° I P AD-507 

♦700 

+700 

AD-507 

AD-507 

♦70° 

♦70° 

I I AD-507 

I T AD-507 

+700 AD-507 

+70° AD-507 

953 7-1/2 
1095 4 
1101 21-1/2 

1-1/g" Rolled Hoaogeneoue Plate 

♦65e J AD-507 

A. 0. Smith Carnegie 

A. 0. Smith Carnegie 

1105 
1094 
II3I 
1201 18 

3/4 
*65° AD-507 

5ym.-Qculd 

11(¾ *-1/2 

1135 16 I 
1152 1-1/2 ! 
1179 33 I 

+650 AD-507 

1077 12-1/2 
1079 4 
1096 19 

1-1/211 Cast Homotttneoue Plate 

+70® P P AD-507 

Plate 
Ko. Electrode_R e m a r k e 

O-I3 Mo Mod. Originally acceptable. 

0-1 Unionmelt ibtceeelTe cracke In croaebar. 
Ferritic Originally acceptable- 

C-4 Unionmelt 
Ferritic 

Hxceselve cracke and porosity In croei1 
bar. Originally unacceptable. 

0-6 Unionmelt ExceMlre amount of Incomplete 
Austenitic penetration. Originally unacceptable. 

0-10 Unionmelt Excessive amount of Incomplete penetra 
Austenitic tlon. Originally unacceptable due to 

lack of penetration. 

TH-71 Mo Mod. 

TH-73 Mo Mod. 

TH-66 Mn Mod. 

TH-70 Mn Mod. 

101 Mo Mod. 

93 «0 Mod. 

90 Mn Hod. 

fccesslye cracke In crossbar. Original¬ 
ly acceptable with small cracks In 
crossbar. 

Ixcesiiye cracke In oroeebar. Original¬ 
ly acceptable. Repaire are evident. 

Access lye cracks in oroeebar. Original¬ 
ly rejectable. 
3" plate crack. 

Acoestlre cracks in oroeebar. Original¬ 
ly rejectable. 

Iccesslye cracks in crossbar. Original¬ 
ly rejectable because of cracks. 2* 
plate crack. 
AxesssIts cracke In oroeebar. Original¬ 
ly rejectable. 

Unsoundness. Scattered cracks. Original¬ 
ly acceptable. 3-1/2* plate crack. 
3* plate crack. 

OTILIO Kn Mod. Acoesslye cracks In crossbar. OriglnadL- 
ly acceptable. 

29390 IV-101 
Ferrltlo 

Originally acceptable after repairs 
of cracks. 

29392 BW-101 Uxoesslye crac*.* In crossbar. Original 
Ferritic ly acceptée. The firing record 

refera to the shock performance ae 
unsoU«factory. 

37 Mo Mod. Originally aceeptabl*. 

SS 
- ROT FAIR HIT - OOTSini 2" LIMIT 



TABLE IX 

Average Distribution of Structure Zones on 
Ballistic Fracture Surface* 

Visual Estimate of 
Structure 7ones 

No. of Weld Fusion Base Metal 
Plates Metal Zone HAZ UBM 

Armor Examined $ % jo $ 

1/2" R 
1» R 
1-1/2" R 
1-1/2" C 

5 
7 
7 

Manual, Mn-Modified. Austenitic 

15 10 73 2 
4g 36 16 0 
20 73 6 1 
13 45 13 29 

Predominant 
Path of Frac¬ 
ture under or 
near Impact 

Causing Failure 

HAZ 
WM 
FZ 
FZ 

1" R 
1-1/2» R 
1-1/2» C 

3 
3 
2 

Manual, Mo-Modified, Austenitic 

38 42 20 
28 72 
28 52 20 

WM, FZ 
FZ 
FZ, WM 

1/2» R 4 

Unlonmelt, Ferritic 

22 0 66 12 HAZ 

1/2» R 3 
I-I/2» R g 
1-1/2» C 1 

ïïnionmelt. Austenitic 

15 0 78 7 
6 5 86 3 
5 0 85 10 

HAZ 
HAZ 
HAZ 

* Data obtained from U. S. Steel Corporation, Research Laboratory, 
Kearny, New Jersey. 

R = Rolled 
C = Cast 

HAZ = Heat-affected zone 
UBM * Unaffected base metal 
FZ = Fusion zone 
WM = Weld metal 


