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Arnor Pinto - Hollod 

Ccrrelatlon between HotcheA Tnr.ello lapact Propertlop and 

Static IcobIIo Fropertloo acrotie the Qm^tc and Back Spolllnic 

lonaonclea In Hoaoaenooua Boiled Araor 

3BJÜCI 

To actormino the relation between the notched tensile impact 
properticB in conjunction with the static tensile properties across the 
gouge of l|” thick rolled homogeneous armor plate and its {spoiling 
character!otic under the standard proJectila-through-plat0 test. 
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caiCLUsicws 

1. In general, the notched tensile impact properties and the 
ductility as measured by tue static tensile test across the gauge of 
1¿* thick rolled armor plate correlated with the spalling characteristics 
under the standard projectile-through-plate test. However, the dlffersnoes 
in these properties as determined on satisfactory and poor quality plata 
wore not pronounced. 

2. Back spalling characteristics in armor have been more effectively 
revealed by tne fracture teat for steel aoundnoss than the physioal testa 
•ode aerees the gauge of plate. The advantages of the fracture test for 
ateel soundness ere its low cost, simplicity, lack of eoapllcated apparat 
and its ability to determine the présanos of laminations ever a suitable 

\ 

3. Directional properties of the *stralfht~auay" rolled plates were 
revealed by the notched tensile Impact properties determined In the 
longitudinal and transverse directions of the 

4. Directional properties of 1 
were not correlated with static tern 



5. The otatic tan all« testa made In the longitudinal and transvaree 
direct lona of the platea were not correlated with «palling characteristics 

6. Sliock failuroo which were correlated with crystallinity in the 
fracturée were not correlated with the physical teats described herein. 
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Thin invoatififttion is a continuation of tho project Initiated at 
this arsenal several y oars a<;o on the corrolatio;: of physical properties 
and ballistic properties of armor plate. 

In this connection, recent investigations have shown that a satis¬ 
factory correlation exists between the ballistic shock properties and 

V-r.otch Charpy^1^ values and also between the steel quality and ductility 
as measured on e. special typo of tensile bar machined fron across the 

èinaige of the ornor.(2)(3) The present study was made in order to deter¬ 
mine if the notched tensile inpact toot nado across tho gauge of plate 
shewed possibilities as an indicator of the ballistic quality of rolled 
plate. Additional tests were nade in the course of this investigation 
for the purpose of establishing any correlation which night exist between 
static and dynamic properties and ballistic properties. 

Xhcoc tests included static tensile tests aercss the gauge, etatle 
tensile tests la tho longitudinal and transverse dlroctlone and notched 
toncili impact taste in the longitudinal and transverse diroctione. the 
latter ists were made especially since it was determined that the 
unnotched'4' tensile intact tests were inadequate as an indicator of the 
ballistic quality of rolled arnor. 

Hiring the past several years cooperative programs have been conducted 
between this arsenal and industry on tho improvement of the quality of 
rolled arnor. As already indicated, certain physical tests have ehovn 
a good relationship between steel quality and ballistic properties, but 
it is evident that theeo toots are tedioue and costly to conduct. VIthin 
the pact year the fracture tost for stool soundness has been developed 
and rocomnended by this arsenal for controlling the steel quality of 
rolled arnor. Standards for rating steel quality aro given in 
Specification AXS-^JS, Kevision 2. 

The advantages of tho fracture teat aro aiaçlicity and sensitivity 
of test, low cost, tue use of uo special equipment; and the ability to 
reveal tho quality of the ateel in the whole section under Investigation^ 

^Watertown aresnal Beport ii0 . 710/500, 17 May 19^3. 
to) 

'first garterly Progresa heprrt, NXBC Project UaC-6. Hon-ballistlc 
leet for Arnor Plate totality, 18 July 1942, 1. I. Wohl, M. Oenearner, 
C. 3, Harrett. 
■'i*1 * * ,, 

(3) Progress Beport on Bon-ballietic Test for Arnor Plate, BBC Beaearch 
Project 120-6, 7 Jprll 1943, M. Osnsaner, C. 8. Barrett, B. P. Kahl. 



Samples m•»■uring 6»xlO"xl|» w«r« obtained trom »I« ?roTlng 
Oround for this inrsitigation and are listed belovt 

No. 

200- A 

201- A 

aoa-A 

203-a 

SOW 

205- A 

206- A 

207- A 

208- A 

209- A 

ao-# 
aw 

aw 

21W 

aw 

aw 

aW 

a7-J 

aw 

aw 

Satisfactory Plates 

Kanu facturer_fíate Ho. 

Carnegie-Far reli 3037B-4-60 

Jones & Laug hi in - S.8.G. J6O8-IUI 

fiepublic 

lepubllc 

Carnegla-Oary 

Carnegie-Cary 

fiepublic 

fiepublic 

Bj4ao-i 

fiii678-9 

GAP-I99 
GAP-19g 

ÍU429-9 

HHS86-9 

Jones A Laughlin - S.S.S. J606-ITI 

Jones A Laug hi in - S.S.S. JbO&rlTl 

fiejected Platys 

fiepublic 

Croat Lakes - 3,8. S. 

Croat Lakes - 8.S.S. 

Croat Lakee - S.S.S. 

Croat Lakes - S.S.S. 

Can» agio-Cary 

Qaraagia-Oary 

Camsgla-Oary 

Cam egi e-Farr all 

Croat Lakee - 8.8.8. 

Type of 

2C-01L-9-2 

O-lOGWfil 

Ö-IO6U-IKL 

0-684-132 

Û-788-UC3 

aUF-109-fi 

CAP-240 

GAP-110-fi 

3OI9-I-IO-6O 75 "** ***** 

C-1087-U1 75 

75 
crenlrlnA-le*« 

U»a type of notohod tension Oharpy bar and also tha tonsils tsat 
^«cinsn are illustratsd in Figura 1 - Inclosure A. VotoW neil* 
and static tonsils tost ¿atn ara giran in Inolosure A, 

Corrsspondoncs partaluing to this investigation is inclosed in 
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im raoognti 
1. f^ysiol last« 

». aotchoA Tqn6l.Ig Teat» »ad g-atlc Tensile Te>t» K»do »oroM 
&«a<îe 

Throe .312 diameter notched tension inpaot bars and threa 
.II3" dianoter ter.oilo bars were machined, aero an the gau&o of each plate, 
core being taken act to include areas which bordered the rolled edee. 

-* 4-otohed Tensile Teats and Static Tensile Teste Made 
Halfway between the Center and Surface, Both in the 
Lcngitudinal and Transrerse 33lrectionn 

Ihree boro of each type ae described above were machined 
from the plates. The notched tensile bars were broken at I6.5 feet per 
second, all teste were made at +70°?. 

2. fracture Tests 

fracture tests were made on each plate, Sectione approximately 
2a * square and 6 inches in length were out through the thickness of the 
plates, both In ths longitudinal and transversa directions, nicked in the 
middle to a depth of approximately 3/8 inch aad broken slowly under the 
press. 

3. Ballistic Tests 

3he ballistic tests are recorded in 2rio Proving Ground firing 
records to which reference is made in Table I. 

hèSULTS auD JlSCUSdIOM 

1. Metallurgical lamination 

1. Çfiglcal Analyoss 

The chomloal analyses of the plates as reported by the 
amnafacturere are given in Table I. 

b. fay^oal lull 

a suauary of the correlation of the tensile iqpaot values 
and also tne ductility as mMMred by the static tensile test with the. 
ballistic properties and fracture test is given in Table I aad gr«hioally 
presented in figur. 1. In addition, a summary i. given in fcblilX of% 
tha notched tensile impact data and tensile tests determined halfway 
between tha cantar and «irfaee of tha platas bath in ths longitudinal 
and transrarsa directions, and alee tha teaaile tests across ths gnu»» 
Sablas A, J, 0, and B la Jppsadlx 1 contain ths individual teat result! 

■ 
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■ 



rnmmmmm 
iaBBrLTrTii StMSBBm 

(D iaagl^iiii ÊSSS31th<> 9fP£* 

In c on oral, those ▼•lues «re rola* V lover in plhtea 
which failed, the PIP test by opallin« as con^ared to tae plhtes which 
passed the PIP test. Vith the exception of plate Jo. am, plates which 
satisfactorily passed the PIP test had impact Talaos vary in« from 18 to 
26.8 foot pounds. The notched tensile impact values of platea »Aid 
spalled under the PIP test varied from 6 to 18 foot pounds. The relatively 
low impact values of satisfactory platos líos. 20iU and 205* are probably 
due to the high hardness reported for these plates, namely 303-3^ Brin all* 

The two plates 218P and 219Ï, which wore only subjected 
to the shook test and showed evidence of crackin«, liad relatively hl«h 
notched tensile lap act values. It eppears from these few teste condicted. 
that there is no correlation bat wean the notched ten elle i%act valúas 
and erackln« under the shock test. 

(2) Static Tend Is Tssts across the fiffifii 

The percenta«e elongation of the satisfactory platas 
varied from 5.8> to 15.8> while the percentage redaction of area variad 
from 10.^ to 34,0>. The percentage elongation of the poor qjuality platea 
varied from 0> to IJ.Ji* while the percentage reduotion of area variad 
fron 0> to 26.5>. There was only a slight trend for correlation between 
these ductility values and the spalling characteristics. The lew per¬ 
centage of elongation obtained on the satisfactory plates, Mos. 20Ud and 
205a, is undoubtedly due to tas relatively high hardness of thase platas. 
Vo correlation was made between the ductility as determined by the statlo 
ton elle test and cracking promoted by the shock tost. 

There was a slight trend for a correlation between the 
ballistic limit, hardness and tensile and yield strengths of good quality 
plate. This relationship was not so apparent In the case of poor quality 
plats. In the oases of plates, Vos. 2XXi, ZLZJ and 213?, which wars 
■straig^t-away* rolled dreat Lakes plates, the tensile strength was 
relatively low. These low values are correlated with the poor steal 
quality revealed by the fracture teat, aaa Table I. 

(3) etched TtttyUe Impact Test* lu the Lcsgl»q<antLm& 
mm. mxslk Mi 

■s: 

í 

la general, no definite correlation wa made between 
these determinations and the FDP fallurea. In the ease of the Great Lake* 
"straight-awsgr" rollad platea, however, the directional properties were 
revealed by the noticeable différences between the longitudinal and 
transverse values, see Table IZ. 

tiiilw lüiü: 
I -• ' ! 



MiaraiCTaD 

(4) pMtí&lsiaikM. lull In ^a.,LgngHMlJMa «4 
iliailgm PlrMtlon. 

Ho particular correlation wae definitely eatabllehed 
between thee* teete and the baliletlc propertiee. The yield and tensile 
strengths varied according to the hardness of the plates es noted In 
Table II. 

£. l&smi. l2£ Quality 

T e fracture t- at stn darur ■‘’or soundre-*», of rolled hoao- 
(çeneous araor plots &d fflven n Sj if It: , on /-.l-Ufo Revision 2 - 
Appendix I ere attached In Ircloauro A. Tho photoRmhlc standard« 
are ehown In Inclosure A, Ilfuree 2 and 3 for araor oíate l/W" to 1-l/B* 
thick and for i naor plate fron L-l/4" to 4" thick inclueive. Thee# 
standard* cover B, C, D, and 1 types of fractures, the path of fracture 
? elng broken In the final direction of rolling. The B and C fractures 
are Indicative of «ood ouallty plate while D and Z fracture* show exceesiw* 
laalnatlone and reveal a poor ouallty material. 

The plate* which satisfactorily passed the FTP teat had 
free tur»*# which were typical of fond quality, namely, C or B ratings. 
With the exception of two poor ballistic plates, Nos. 210F and 217?, 
which had a passable C fracture, the balance of this series of poor 
quality dato* wus of poor eteel ouallty, exhibiting K and 1 fracture*. 
These result* are summarised in Table I, 

In »oat cases, the notched tensile impact propertiee 
across the *au*e correlated with poor eteel ouallty. In figure 2, 
several broken notched tensile impact bars aro shown Illustrating the 
Ismsct values and the type of fracture of the bar*. It Is noted that 
in the fracture of bar Ho. Sljf which »*aa »ficen from a poor ballistic 
plate, laminations w«r# evident. The frretur# of this bar w*s typical 
of the S fracture noted In the steel quality test referred to in Tabic X. 
A low notched tensile imp»ct value in thle cace was correlated with poor 
eteel quality and spall inf tondenoiss. 

The fractures of samples 21JI and 2141 showed the presence 
of etreake of crystallinity associated with a partially ductile fracture. 
Sample Ho, 218f had a totally oryetalline fracture. It la difficult to 
estimate eteel quality when the fracture is totally orystaliinei since, 
lamlnatlona, if preeent in the eteel, are Backed due to the aecha, urn 
of rupture in this type of material. K*no* no steel quality rating wae 
given thie sample, *** Table I and figure 1. 

Shock failures are eesoclated with crystallinity which ia 
turn ladioatee that the raterial is i-rjrcperly quanohed hardened. It 
le noted that •emplee, Ice. njf, 214J * d 21ST which show crystallinity , 
41% tW* A t a._a. _^ • & 
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in th**« fractura« und»>r the «low a ' lication of hy t*ia prat*« Iha 
t«Kt for rovoalini- w^atb^r n d>:ctilo ("itrou«) or brlttla (cryn tal line) 
fracturo 1« obtained l§ knov« an tha fibre teat vvicv demanda that tha 
aan-lp« be broken t" a "'art bio*'. Due to tb« lack of material tha 
fibre teat vaa not made on tbla aerlea of aamnlea, 

? • Iai.Uj.tlc Tea ta 

?al1letic teat« were mode at 3rle ProTinj Ground in acctrdanca 
with Specification AXS-Uge, the resulta of which are summarised in 
Table I. 

Platee, r-.a. 2001 - 20^1 incluaive ^aa-ed aatiafactorlly the 
reaiita-.ee tr renetratlon teat and pro.)octila-throujh-r.lata uaio*; 
)7 no. IP .%*! ITC ahet. Thle aerlea of platee had aatiaffctory realstanoe 
to shock when subjected to ?5 ma. T21 projectilea. 

The balllet 1c properties of platee. Sos. 210T - 2igf were 
•meatlafectcry. Plata • o. 21U failed mder the ehock test end there¬ 
fore was not aubjected to the resistance to penetration test and the 
orojectlle-throu*h-r,lato test. Plate -o, PIJT failed due to a low 
ballietlc limit. Platee, 'os. 210?. 211Í, 2121, 215F, 215F. 21Ï. 217T 
apalled bedly under the projectlle-throu^h-plate teat. Plate«, oe. 
213/, 21UP, 2181 and 2iyt cracked under the shock test. 

ià-ÆL 

A survey of the requite of this iavestirmtlon ahowt that there Is 
evidence of e corrélation between the notched tensile Impact values end 
the ductility as measured by the tensile tost across the flauta of l4* 
thick plate and epallin#: charecterlatlcs. the lew yield end tensile 
•trencths aeróse the **u«e of eoveral of the "strelghWaway” rolled 
plates were correlated with the poor steel quality revealed bv the 
fracture teet. Directional proper tie. vare^rív by\ho not oh Id 
tenelle Insect propertlee In the longitudinal and traneverae direction». 
On the other hand, directional properties were not correlated with th» 
atetic tensile teste made in these same directions of rollln«. 

e 

It is apparent th*t if a sufficient number of nhyaleal teats of 

ï"*1“ >r* WroM th* ^ ^ thlok P1*** in order to obtain the avers#:« nrooertiee of the steel, thle aethod 
*•*7, y* value in eetabliehlnr a corrélation between steel cuality and 
ballietlc propertlee. On the ether hand, it ia evident tfet the 
preparation of a sufficient nuaber of test «amples and tha narfomlM 

ÎT*1*.1* both » ouaberaona and ooatly procedure, fttrthemoi 
phyaioal teste muat be applied after heat treatment thereby inti 
variables in the teet result«. 
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In thi(* connection, the fracture teat for eteel aoundreta which 
haa recently oeen Incorporated In 3n*cificetion AXS-U88 Hev^lon 2 and 
accented by the aauiufecturere of rolled eroor, haa been found • 
* lar, le end aenaltlv« aethod for determlnlnfr the steel cuality. The 
advantage of the fracture teet are enanerated ne followal elimination 
(,f voat tr»*etoer.t verlablee, the aimpllcity and low coat of the teetj 
th** Mae of no eoeclal ermlpaent; and finally the ability of the 
investigator to stud)' the whole BiCtion of the sample under observation* 

The fracture teat la now need effectively by industry in e«t£.bliahln« 
the ouallty rt eac^ veat at each respective plant. 

The fracture teat le applied to armor of l/U* to 3" in thldmoee, 
Physical teste across the «au«* ore limited to platee about 1& and 
«rester In thickness* 

I f 
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fracture Staiiclardu 

Jj Jrimtarc ~ Accoptablo 

1. D«voià of visible laainatione. 

3 Fractura - aceptable 

1. Snail la.unations preaent but well distributed and not 
concentrated in any one plane. 

2. lamination axeeeding 1/2 T in length. 

1.graotur« - Borderline Aectmtabliy 

1. «o continuou» lamination in any on© plane. 

2. Ho single lamination oacooding 2 I in length. 

3« * 0 single loalnation exceeding T in length in conjunction 
with another disconnected lamination in the aaae plane. 

U. Ho laalnationa in any one plane the sum of whose lengthe 
exceeds 7b> of the length of the fracture. 

3 fracture - Borderline ¿o.loctablo 

1. Continuous liuslnntionc in one to three planee. 

2. Laminations in any one plane whose combinad lengths exceed 
75> of the length of the fracture. 

3. L*iaation in any one plane whose length axoeeds 2 ï. 

4. Lamination in any one plane whooe length exceeds 1-1/2 T in 
conjunction with another disconnected lamination in the same 
plane. 

UfeagUa* - Injectable 

1. Continuou» or essentially continuous (orer 75jt of length of 
fracturo) lamination» in moro than three planet. 
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WA-470.5/60»j8 
®>GJa70.5/6957 lut Ind ABSAM/vor 

Iric Proving Ground, LnCprne, Chio, 1 «•«arch 19^3» ’"«r Department 
Watertown Artienait Watertown, Mano. 

1, The twenty (20) saiu les rnqu^fted ln naregraph 1 of baelc 
letter vero «hinped to your etatlon from 2rie Proving Ground, 
26 P»hnary 19^3* 

2. Attached theet of data lista the infcraation requeeted In. 
nararraph 1 of h^alc letter. 

Por the Comanding Officer I 

(S/T) L35VI C. 2DDY 
Lt.Ccl,, Crd. Dept, 

Assistant 

Incls, - 1 
List of Samples of Good and Poor Ballistic 1-1/2" Hollad 
Homogeneous Armor Plat# 



f 

Attention of 
Lube ratorjKKAi'i) 

COPY uJjgJjEJrVjyjljg, 

WAR D^Aai.X^r 

WAT2RT0W AÂS3EÍAL 

WATÏRTDW 72. *’iASS. 

. ■ ' 

ZLR/aav 

Dpc«mb»r 3®. 19**2 

Subject! SftrnploB of 0-ood rr.d Poor Ballistic Boiled 
Kmofenooru* Araor Plate 

Ini The Corojendinic Officer 
Srie Proving Ground 
Ircerne, Ohio 

1. It 1« reru^ated that ten (lO) ea-^l*« each of rood end poor 
ballistic rolled hcm^rrnmun production ern^r elete cieprarlor approxl- 
•cptely be eent this ariena' f-r ex^eri-sentel mirooees by 
^reirbt collect. 

?. It Ip purroeted tuet tb.«ae ’arolep bo fln*ae cut from tho t®«t 
’-Inten and accncralatod at ^i* *t*tt n rr.d ^en the nufftclent number of 
teat piecoe are obtained the ahir-ne-.t be !c«de. It ia particularly de¬ 
sired that aar.olea ve cubnitted vhic* heve failed tve PTF taat becaus« 
of back auallinr. 

3. Please identify the nlrtee and in the letter of tranamittal 
indicate wheth,?r the plate parted or failed and the type of failure 
involved. 

?or the Coainndini Offleert 

H. d. Z01LÍIS 
Colonel. Ordnance Dept. 
Director of Laboratory 

■ 

11 
1 ! ! 
.. ' 



SUBJECT j Slií IIS CF GOOD AV'D ^OCS BALI IST IC 1-l/P" aoLISD HGHOGttlGÜS 
ARMOR RIA 2 FOR H. H. ZCRÍTIO 

2.P.G. NÇ. 

ROO-A 
2C1-A 
?0?.A 
20] 
;>c 
205-A 
RWí-A 
2 ()?-A 
202-A 
20'9-A 

210-* 

211-* 

212-1 
21V* 
2lk-f 

215-J 
2lfUr 
217- 7 
218- 7 

H2aT TRIAI TR 
ACCIPTâD FLATOS 

Cpme^lo, 
Stand«rd, 
Rppublle 
Republic 
C«rn»^l«, 
Cprne^lo, 
Republie 
Republic 
Mend a rd, 
Standard, 

farrell 
Coraopoll« 

Gary 
Gary 

Coraopolla 
CcraoDoll» 

PLATO NO. 

10V3~U-É0 
J^Ófí-lIfl 
PX-U20-1 
HR-678-9 
GAP-199 
GaP-198 
RE.42q-9 
RH-fiß4-9 
J-606-1T1 
J-60S-1T1 

HgJIC^S PLjggB 

Rapubllc 
standard, Coraepoll« 
Standard, Coraopolla 
Standard, Coraopolla 
Standard, Coraopolla 

Cernedla, Gary 
Carneóla, Gary 
Carnearla. G»ry 
Cam aria, far rail 
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I 

Plato ifo» 

20GJL 
30373-4-6° 
"" 3D lã 
J608-Ikl 

TairJî:- 
ncr.s 

KatriU- 
facturor 

202a" 

1.^1" 

1.46“ 

1.30" 

Corno»': i e 
Parrell 

J<SaL 
ass 

lupublic 

203^ 
a¡fc?i-9 
aftüT“ 

1.51' Hüpublic 

Gap-1^9 1.53' 

205a 
QsáP-19« 

206* 

Carne*;!« 
Cary 

1.54» Cam «ei« 
Gary 

1.51" äopublic 

207* 
aH6¿6-9 

1 

IABL¿ A - Append],x_j? 

Piyclcal Proportion acrom Sau,;e 

Botched Ton Bile Impact Tqatji 

_ Chota leal Pompo sitien_ 
it- -iíL. Si Cr Ni lio * Zr 

Nctchod 'i 
Impact R¡ 

.27 1.33 .21 .80 .90 .17 

Brlnell _ ¿cç6 Pc 
HarcUiesa TU TííT" .  Tl 1 '■•'"i,, ....»*111- 

269 

.28 I.7I .22 - .30 

.205 .53 .32 .75 .95 .39 - 

26«3*2v ~í 

246 

23.C 24.7 

19.1 18.1 

18.1 18.1 

.264 1.17 .29 ,6g .92 .35 269 19.4 23.3 

.30 1.25 .22 .85 1.01 ,44 - 311 14.C 12.7 

.30 1.25 .22 .65 1.01 .44 - 302 21.5 23.2 

.»4 .65 .27 .96 .9* .45 - 269 24.6 25.3 

1.5G1 Hupublic 

208* 
J606-IH 

.286 1.24 .31 .73 .89 . 34 - 

1.49' 

269 24.3 19.7 

209* 
J6o8-m 

JéL 
sss .27 1.62 .21 .20 

1.46" 

ao? 
HC-QUr-9-2 

mf 
a-1064-m 

-■—■n mmm 

B.0 

JAL 
SSS 

263-269 26.2 23.6 

.28 I.7I .22 .30 26^.269 14.8 23.6 

Sopublic 

Groat Lakoa 

1.10 .22 .73 .75 .22 11.8 15.9 

1—' - ..........  .... j 

..: 
'MidMU Jh. i i 1 I. n ¡|l¡iiiiiiHi,i!li¡¡i¡M¡i4U,ii.jl¡Mh¡llflii ^ 



ta».* IISPbwI 

ait, or. à í a. 

rrpurt, 

* an ai 1 

. t! I ::t a • t rVJ^_ o 

• act a o a 11* 

■ tir r.__ 

'.Í,, Ko Zr 

,% .17 - 

- .3C - 

,'jS .39 

^ . y 

Cl ,44 

^ .22 

B r in el 1 
Himlnusr 

'"ifl r C.V .J 

262-269 

24g 

Cl .44 - 

9« .49 - 

89 .34 - 

,3t - 

269 

311 

3C2 

269 

269 

Hctchod Timeilô 
.r ac t H e oui ta 

i’oct Kc or.In 
:3±rj2Tjir^L 
<?*'.r 24.7 29.g a6,g 

19.1 18.1 2C.0 13.1 

18.1 18.1 20.9 Iß.9 

Ballistic Prcncr* î«t 

a.9 23.2 12.0 i*.9 

299 

•3° .09 &s-zn a.c 7.u i;.» «o 

.17 .08 277-285 7.0 8.0 9.1 8.0 

Sati tfinetc: ry - P TF 

Satiufactory - FTP 

Satiofactcry - PZP 

I9.4 23.3 21.1 a.3 Satittfactrry - PTP 

14.C 12.7 11.9 12.9 Sati«fac»cry - PI? 

Saticfactory - PIF 

24.6 29.3 I9.4 23.1 Sati ofactcry - PTP 

24.3 19«7 29*5 24.5 Eatlofactory - PTP 

.20 - 263-269 26.2 23.6 23.0 24.3 Satisfactory - PTP 

263-269 14.8 23.6 I5.5 18.0 Catlcfactcry - PTP 

11.8 15»9 I5.5 14.4 Pallod - PB* - B.8. 

.30 .09 277-385 29.0 13.0 7.5 15.2 Pallad-PTP 3.8. 

Palled - PTP - B.S. 

¡ilíliilttljlÚMlAiiiMitoM 
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H&BLjj A - Appendix B (Ccattù) 

Plate Jo. 
~"W 

a7S6-lK3 
ais? 

&AP-io9a 
ÂÙ 

GAF~2kü 

2177 
qjtp-iioa _ 

219/ 
^l&g7-l?l 

21«/ 
30ií)-a-iG-6c 

Tbíck- 

l.Uy« 

i í«- 

1.4«" 

l.t>2" 

1.49" 

1.5 * 

Mar.u-- 
íftcturer 

¿roa* Lakea 
_S33 

Carnegie 
Oary ___ 

Carr.<vrie 
Gary 

Carmelo 
Cary_ 

Croat liakoa 
Sgg 

0 amodie 
/arrall • 

_ Chonlcal CompcBltlcn_ 
ZU JÄ.. Jí Jr J[l_ jto _Zr 

.29 .86 .85 .62 - .16 .09 

.25 1.C5 .26 ,6o 1.02 .37 - 

.36 .95 .25 .44 1.02 .39 - 

.25 1.05 .36 .60 1.C2 .37 - 

.29 .94 ,gi .61 - .23 .07 

.245 .32 .25 . 87 . 93 .19 - 

Hctchod Tan ii. 
_Iir.pact Result 

Br i nail Foot Pound.. 
MfiFJkmn jnrnÈrznï 

385 5.8 7.2 5.5 

302 7.7 7.7 7.2 

285-293 7.2 7.0 8.3 

293-3C2 8.6 7.4 8.1 

262-269 20.8 20.1 13.2 

2Ó9 34.5 25.8 23. b 

I 

J 

( 



*À.BLi à 
- ,k) 

S:£ .SKlitlcn 
Ml He 2r' 

•L^ - .16 .09 

. ¿Ü l.o? .3 I - 

Hr in. ell 
.M^rdneas 

2S5 

3C? 

fetched Tan eile 
—.l" Ro bu 11 a 
--Pew*Id 
IE JHHü 

7.2 5.3 6.1 

7.7 

J^ÜÀftlc.ProL er 11 qffl 
1 1. Ail fíl“!#*! <"*!*• Ata "I Tl Hi 

7.7 7.2 7*5 
1.C2 .39 

289-293 

Failed ßiiock Only - b’.’s 
__ and Prackn 

Failed - PIP - B.S. 

7-C- 8.3 7.5 

i,t; -3r - _ 293-K2 8.6 7.X e.l 

Failed - PIP - B.8, 

8.0 
.11 

?7 

23 .07 g2-269 2C.8 2C.1 13.2 18.C 

Failed - P2P - B.S. 

.<J3 .19 - ?b9 

Satiefaetory - PTp „ 
... Failed Sic ck ~ Crnri- q 

^-5 S-8 »-0 S.ocf. - Crack0 

iiiimHiiilf1"' 
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tabus b - ARparsu b 

? fay ci cal Prnt.f»rtioa - Longitudinal ard Trangrorge PlrectlonB 

Motchcd Tomillo Iicpast Toute 

V
T

; 



tablä 3 - App a; du b 

LrL - Longitudinal nr.ù !Tra:i errar ce Direction b 

Ton cl le-.icpa~t loett; 

__No te bed. TenaijU? Impact Rie ü. ta 
ion_ Br i.r. o 11 ____™_3¾ et Pc ma de_“ 

Mo Zr KariL,cr»fi Lotr^.ltudlr.'al Avo, Tranavorao 

% .17 - Ay 53.5 57.1 55.1 U5.8 46.o 47.2 

-- ..30 - 262-2Ó9 53.7 51.C 51.3 52.C 44.148.4 35.8 

Ave. Bttllintlc Propertleo 

4b.3 Satlnfactory - PIT 

42.8 Satlafftctnry -• P TP 

.% .39 - 248 

©2 .35 - 269 

01 .44 - 311 

01 .44 - 3C2 

9? .45 - 269 

85 .34 - 263 

- .20 - 262-269 

- .30 - 262-269 

75 .22 - 259 

- .30 .09 277-285 

f- 

60.g 6c.0 - 6c.4 45.3 43.2 44.6 44.4 Satiafactory - PTP 

55.1 56.4 56.9 56.1 

54.6 49.8 49.8 51.4 

55.1 56.4 56.2 55.9 

57.6 61.3 58.2 59.C 

58.2 58.2 57.5 58.0 

52.8 45.8 52.8 49 

53.5 52.1 52.9 52 

4?.J 47.5 41.7 44 

8 

52.2 51.0 58.2 53.8 

41.5 40.7 - 41.1 Satisfactory - P3P 

42.9 4l.C 45.3 43.I BatUfactory - PTP 

43.2 45.8 42.4 43.8 Satiafactory - PTP 

45.8 42.4 44.9 44.4 Satiafactory - PTP 

47.5 41.5 50.I 44.8 Satiafactory - PTP 

50.7 50.7 49.2 50.2 Satiafactory - PTP 

50.7 52.6 53.1 52.1 Satiafactory - PIF 

45.8 44.1 40.2 43.3 Pallad - PTP - B.S. 

30.3 32.6 29.5 3O.S Palled - PTP - B.S. 

/ 
»»'il 
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TABLIB 3 - Arp on dix B (Cont'l) 

.Plate Ko, 
Tliick- 
110*8 

karat- 
facturer 

Chemical Ccnqonlticn Brlnell 
He tchatl Tomillo Imi. 

foot Pound: 
Hn Si Cr NI Mo Zr Hardnceo Longitudinal Ave, 

2121 
C»-10b4~ 1M1 

213?'"'. 
:^-084-132 

1.45" 

1.45" 

Great Lokoo 
ses .25 .92 .81 .r> - .30 .09 269--277 61.9 60.C 57.1 60.c 34 

2ÏhP 

Great Li A: er. , 
S3S *28 -68 -57 - .17 .08 277-285 51.3 51.5 53.1 52.0 23 

d-768~iM3 
1.49’ 

215F 
GaP-109a 
.21 è? 

GAP-240 

1.52" 

Great L/C;er. 

—__ 

Cam ogi e 

.86 .85 .62 - .16 .09 285 49.2 43.4 46.3 30.0 31 

Ga¡*y .25 I.05 .26 .60 1.02 .37 - 302 40.7 ^2.4 44,1 42.4 

2171 
Gap-HOB 

1.48» Clu^ie .26 .95 .25 .44 1.02 .39 - 285-293 45.8 44.9 44.6 45.8 4l 

1.52' 

21Si 
3015-B-10-ÓC 

flam ogle 
Gary .25 I.05 .26 .60 1.02 .37 293-302 

1.50' 
Cam ogle 

Gary .245 .92 .25 .87 .93 .19 269 

mt 
G-1087-131 

. _ Great Lakna 
8SS .29 . 94 . 81 .61 - .23 .07 263-269 

47.5 45.8 43,1 45,5 41 

39.4 4o.4 45.8 4l.9 4; 

63.7 55.2 5«.0 59.0 35 

i 



3.(Cent1 g) 

• .. Brlnell 
tc Hardnoett 

Kl- .Cj 2(/)-27} 

7 .0« 277-PS5 

.C9 26*- 

7 - 302 

3 - 285-293 

- - 293-302 

') - 269 

.07 263-269 

-j?Ls£fa«A ^«llo iBPfcct 8«, rai ta 
.--Fournie_ 

j^n^lt-adlnol   Av,'. Trnn ever an '"'"avT 

61,9 ^ 60,0 43.2 39.7 39.1 

, /,3.6 29.5 33.9 29.0 

49.2 43.4 4b.3JO.C 30.Û 35.8 2S.6 31.5 

— 7_ 42,4 1 _42*4 37.7 39T7 3Z7* 

^8J*4.9 44.6 4f).8 4l,0 1^4.2 4o.O 4l.7 

47.5 49.8 43,1 49,5 41.0 42.3 41.6 4l,6 

39>4 4o.4 45.8 41.9 42.2 35.« 37.I 38.4 

/l*7 W*0 W'° 39.1 39.4 39.1 39.2 

Balllatlc Proftertlffli» 

Fallod - P TP - B.S. 

failed - PIP - aIuc- 
failed Shock - B.s, 
f allad Shock Only - 
3.5. and Çragka_ 

fallad - PIP - b.S. 

fallad - PU» - B.s. 

fallad - PIP - B.S. 

fallad Shock - Cracko 

fc*i«factory - Pip ¡T" 
fallad Shock — Cr*^jr^ 

I 

» 
Km i min un ii< 

"W...Hie 



TäJLjä C - APPÄiDIX B 

Phyolcal PrcjortlcB acre ob Saugo 

Un* le l'cnollc Toot a 

M w ¿A V i> h. a ui. u a ui i uiJ i rui 

Flute Kt. 
Taick- 

r.eoa 

200A 
30j7B~^60 

201A 
JbOß-mi 

202A 
Rj3420-1 

20 JA 

204a 
OaP-199 

2C9A 
aiP-198 

¿"'i 

fiwturor 
Oh tuai cal Ce ape a u i en 

"C .Un.Si Cr Ni “Ite* 

UnrtC tched 
Y.S.P. 

.HJ" liane‘ 

Zr 
rrir.cll 
Kar.ln«»ni5 

Oarn«*,':! u 
ïarrel .27 MJ -i-’i .80 .90 .1/ 2É>9 

Lbo./3q,In. 
.• X^" i>tï té 
. iüT.ícõ 

104,50 
103,90o 

Av. 1C J,200 

1.46" •TuoL 
S3S 

.28 I.7I .22 - .JG 222-269 

ICO,ceo 
100.900 
102.900 

Av. 101,(00 

Dt ß.] Sq.In. 
12f,200 
123,000 
.L23/CU 

_122,400 
1Ï77tCjo' 
117.300 
11b .700 
117,200 

1.9C" Roputiic .269 .93 .32 .79 .95 .39 24g 

AV. 

90,00c 
90,680 
ÜÇ400 
50,400 

1.51" Republie .204 1.17 .29 .Ê8 .92 .35 - 269 

Av, 

1.53’ Carnegie 
Gary .30 1.25 .22 .85 1.01 .44 - JH 

Av. 12 

li3,000 
112,750 
114,000 

11 
167: 97,050 116,150 

97,050 116,150 

%.7CQ îÎÇiüc 
124.500 139,70c 
126.500 142,000 
123.5OC 139.50C 

>4,800 Ï40740C 

1.54' Carnegie 
Gary 

.30 1.25 .22 .85 1.C1 .44 302 
”124,000 I4Í7ÕÔÕ“ 

122,000 141,000 
iSUfiOO 143,000 

A. m.QOQ 141. ICO 

Ile 
15 
17 
It 
15 

..1« 
15 
1Ç 

XJ 
1C 
17 
ln 

K 
1C 

5 
5 
I 

J2 

«4. 



r 

~J!.AFi áO¡ X B 

a I. l'r( ^ ort jije r acre ;*n GraUjgo 

• ■ .l’:_nni_lc_ Tcct o 

CtMt 1 :: 
Uru.t tc 

Y.S.P. 
I rrir.oll 

Kar tr¡ 
n] . 1 r. 

2t)9 

• X A 
"““loi,] 

104,3CC 

Av.__lC j,2L'0 
K’.:Xár ïif,nii 
loe, sco nr.>x: 
100.boo 110.700 

Ay. 101,000 I17, POO 

T 01: a i 1 c: r 
lied .11 y 

T.G. 
■UaJS^Ir 

laf.ri'o' 
123,000 
ÜÎI.1Î O'O 

oat Ho culta 
liwsettr Bar 

i 

?4g 

At. 

90,000 
90,680 
%,500 
10 ¡pjb 

2fj9 

At. 

311 

At, 

97,090 
97,090 
*uPIO 

-AM 
124.900 
126.900 
12^00 
124,800 

113,000 
112.790 
114^000 

¿6,: 

19.0 
17.5 
19.0 
ib.s 
19.0 
19.0 
10.0 

iXj_ 

Balllctlc Prorwti 

Satiafactrr/ - Pip 

% 
R.A. 
33.6 
42.3 
26.0 

11.111 .,.-111 in, ■—. mi ■—. ,1,,,1, ,..1,,11,.1.11 

3275 
T*3 Sailnfactery - PTP 
-fe-.... ,*11^ 

1 

lit 
116,190 
Hb. 190 
1117190 

7OC 
000 

302 

125,000 
122,000 
123.00C 

A. .123.000 

I39. 
142, 

I5o,4óc 
T4i,o(>õ" 
141,000 
143.000 
iCm. 

1Ü.0 
12.9 
12*2 
ic7g 
.7.5' 
ic.o 
AO. 
Â2 

7.5 
9.0 
9.0 
9.8 

^.7 

Jgjr Stotiofactcry - PIP 

ig;i 
22.9 
1Z4 
1975 

Sail«factcry - PIP 

8.8 
13.4 
8.4 

10.2 

Satlifactcry - PTP 

9.C 
9.C 
7 
Jbi. 

n.T~ -- 

Satisfactory - PIP 

J 

\ 
1 ^1-1111,1 

, i^l N M'HHfl11.. 



Th j f'k- 
Tj-fitO líe, i •: a tf 

K-U.V- 
fac* rur 

X'bA 
h,- -hdi 

XI* i. • f « ;¡, ,, 
*Libc’,í>-3 * X * 11 

3P8a > hq b JAL 
J btt'-1 Tl - sjn 

. i.Ufe’» JAL 
J60ß-1T1 ' S JS 

HC-011-9-2 1,i*9" ÂopuUi: 

311 * . Oroat 

JlgLbi ^ 
ESS 

TáPLJJ^... AH:'á¿riX à ÿk.nVé) 

j3aer¿t|$aL.Cr k¡ çsi t. Wi_ 
Mr. SI C- 11 M' 

.•tat i 
hr.”.., t- 

Y. J.I . 
Brin cil LJ;-./Jq. In. 

Ter.Elle Tort flo 
:nc;i..liy ML> 

?I _Sot . LB;:./Sc.In, J!li 

•2E9 .8' .27 .96 .92 . 2b| 

9 , ; t</./ 
IG î1000 
lh: 1-:.0 

Av. ïsO 

.2f.; ; .21 .31 .73 .89 . 34 209 
99!« 0 

1 ', t 'f \r. 

%2¿kk 
Av. 39x800 

9 ■.. Oot 

.27 1.62 .21 

.28 1.7! .22 - 

y/,r»to 
•20 - 262-269 31.,300 
... ..A'r. 97, -oô 

lOi,1 i-jC 
_ o£ , 101,900 

.30 - 262-269 1.01,. 320 
__ ____AV. 101,800 

.~9775õõ 

.26 1.10 .22 .73 .75 .22 
96,600 
96.IÜO 

AV. 96,800 

* 967IOO 

.29 
66,600 

.92 .81 .S4 - .3c .09 277-289 IO2.5OC 
Av. 88, 

121,1. c: 
1 lu .. , lu 1. 
J i 0 K 

,12 5OC 
i2i; ,ct(> 
123,t . 
; 20,et-. 
121 ,(0-0 

1T4tc- ) 

113, T'-J0 
nidPSi 
I j 4,1(.V 
n 7,eu 
117,60c 
117.6cc 
117.400 

if 
J.2 

i5 
l'i 

\¿, 

5 
1" 

113.700 7 
114.700 lu 
111.700 10 
113740c 9 
96,100 2, 
66,600 2, 

120x500 1C, 
94,400 3 



ni! r s,t 'dj 

:.-Lt ; -t-r. c:lf- -fh!t H «n'il tu 
i'f 1 • 11 ri .'ui.<->♦ Bar 

■T ,:v«i . 
..,3? LK T •" 

! , l-l 
< Oí. 

1 
AV . 1 

‘J.CÍV 

262-269 

262 ;v'j 

:* c, 

i; / /Ci, 

av. 9;’,-vv 
lui , 1.j( 
ici ,9cc 
le r_j -ot 

AV. iCljiXO 

27 7-2« 9 

97 ,^wT 
96,60() 
96,100 

AV. 96,800 

9ÏÏ710C 
66,6oo 

ioi^üc 

.itiij.. 

3i ,1 (. 
, L c 

. 2-0 
> •'v. ,_)(A 
i 2' - , ii. 1 
1 23,( 
! X ,COu 

12,1, (OC 
.""•“•'■"I""*"* *"• 

114-, r 
A .1. 5 * (1, ^ ^ 
M^po 
i î 4 ,l(i j 
117", cet, 
117,6(0 
117.6(0 
117,600 

lux K. Aa Bal 1 r fc i c P re r f r t i f r. 

19 

J C . C 
19 

Sut mu :i “ t r: -y - F 71' 

1 . c; i 

i4.0 
l-.c 

2 
14.9 
9.0 

li',0 

113.70c 
114.700 
111.700 
11376ÕÕ 

AV, 03, 

“ 96,10c 
66,600 

iao^ôû 

7.6 
10.0 
10.0 
9.2 

24.6 
19.9 
2J « c 
22.6 
3f. o ’ 
3* .9 
33.4 

JiÀt 
30'.6 
33.4 
3 ^-*-1 
32.0 

Satiofactory .. 

SatUfactcry - PTP 

Satisfactory - PTP 

2.5 
1Ç.0 
6.Õ 

14.7 
14.7 
16.5 
15.3 
fi' 
4.9 

21.6 
12 1 

T’allai - PTP 
BS 

lai lad - P TI 
BS 

i ..1^14^ 
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T^L?. j'.(Con t»d) 

flat c c .. o, 

2121' 
-lüb4-lHl 

Ivá ck— 

l.kbn 

213Ï , , . 
•W^lßS 1‘4^" 

21^7 
-78Ü-1M3 

2151 
^AP-ioga 

1.49" 

1.52" 

217F 1.32» 
ûitf-iioa 

21tí7 
3015-a-10^60 

1.50" 

2197 
1087-131 

1.49' 

rtiu. ür- 
tnrtjxvr 

Iroat 
Lai; t> 13 

Klv: 

Iront 
Lui: ob 

Ir eat 
Lide oc 

So S 
.¾ 

Carrillo 
0-ary 

Carnegie 
Oary 

Carnot; le 
¿’«'rol 

... Si.tagiicnl Ce ,..1 c al t le n 
JL i*fri si Si Mo Zr 

Br .1 noli 
Hardncan 

.25 

.2ò’ 

.92 .81 .54 - .30 .09 269-277 
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