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MENORANDUM REPORT HO. WAL 710/75%
Partial Report on Prodlem B~§.2

18 June 1945

Resistance of Various Fabrios to Perforation

by Fragmsat-8imulating Projectiles

1. In respones to requests of the Office, Chisf of Ord.uncol “. tests
have been condncted over a paried of ssveral months at this ladoratory on
various fadbrics which have been suggested as poesidle components of dody armor
ssgsemblies. The rasults of these tests !n been reported, as they have deen
completed, in Watertown Arsenal Reportsld— Yatl in thie report an attespt
vil) be made to evaluate their relative rooutmo to porforation by fragment-
simlating projectiles.

2. 8ince‘a dissppointing lack of oorrélation has been odessrved bdetween
results of dallistic limit test. made vwith fragment-simulating projectiles
developed here?ZTans ths results of actusl fragmentation teste which
prodadly nost nearly simnlate actual service conditions, no attempt will de
made to predict the relative resistance of these materials to perforation dy
fragaents actually encountered in service. Bowever, conclusions will be drawm
as to their oomparative resistance to perforation dy the test projectiles ussd
at this ladoratory.

3. Ths resulte of the varicus tests conducted are recited in Tadles I
through X. In Tables II and XII the various samples are listed in order of
figures of merit for resistance to perforation dy eal. .55 dall projectiles
and eal. .22 fragaent-simulating projectiles, G-2, respectively. These figuree
of merit are dased on the relation detween the resistance of a sample to
perforatiocn dy a given projectile and the resistance of an equivalent weight
¢f Hadfield manganese steel. 3inos ihis latter characteristic is reliadly
known only over the thickness ramgs .ONO® to .0%0%, fisures of merit have beea
ageigned only to samplss wvhose weight-per-unit-area is equivaleni ¢~ that of
Hadfield mteel of that thickness range. Tables XIII and XIV list average
figures of merit for the various types of fadries aad afford some dasis for
relatively evaluating them,

§. Thus undar normal impast of cal. .45 (stesl-jasketed) dall roJ-cMm.
the sised empls: of aylom duck, the bdsst type sf fiderglas (RCC-138 f

tample of silk-wedding affordes Seeistance equivalently swperior to othr
aatarials sad under ispast of cal. .22 framt~eimlating prejectiles, -2,
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samples of nylon parachute oloth afferded dest resistance, followed by sised

nylon dnck and eilk wedding which wérs equivalent in resistance. It would,

therefore, appear that, as regards overall resistance to bdoth types of attaok,
\ sised nylon duck or silk wedbing should afford the dest pretection.

: 5. 8inoe the cal. .45 ball projectils and the cal. .22 fragment-
sizulator represeat widsly divergeat ocharacters of attask it might de tentatively
suggested that either of these two materizls could de asxpected to afford detter
resistance against actual fragments than other fabrics, since actual fragments
of high explosive sheli attack in a wvaristy of sises, shapes, velocities and
manners of presentation. The actual resistance to actual fragment attack of’
sised nylon duck, only, is well established, however, and no evidence of
correlation between results of actual fragmentation tests of fadrics and
ballistic limit tssts on fabrics is available. HNevertlsloss, since the actual
rasistance of sized nylon duck to actual fragments iz very high, there may
be lying dormant an actual correlation with respest to tests of fadrics.

6. It is interesting to note that a oorrelation detween resistance to
each type of projectilss and weaving characteristics was found in teste of
fibeiglas.

7. In those instances whare the resistance of several plies of a
particular fabric vas compared with the resistance of tLo same fabris in the
b fora of webbing, the webbing appeared to be consideradly irnferior. This
- immediately raises tue fasocinating question wvhether the reaistance of plied
silk would shov a similar superiority 3o silk wedling wvhich was nearly the
bast material tested.

8. 7The resistance of cotton duck to perforation by these test projectiles
was spectacularly lov. If iis comparative resistance to perforation by actual
fragnents is equivalently lov, some thought should bs givea to the svdstitu-
t{ion of a more protective fadric in the construction of teants, slesping bags
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Compariscn of Reaistance Characteristics of Unsized 1l3-Ounce

TiBLE ITT

Nylon Duck with Those of Sizs

(Reference Report No. WAL 710/540)

-1/2~0unce Nylon Duck

yiperial

17-1/2-0unce, Sized
19-Cunce, Unsized
17-1/2-Ounce, Sized
19-Ounce, Unsized
17=1/2=0unce, Sized
19-0unce, Unsized
17-1/2-0uncs, Sized

19-0unce,!Insised

Ballistic Liait

F/s

Equivalent
Steel

Plies Gauge Cal. .45l

9 ~033 500
11 .O86w 627
10 2037% 675
12 039" 629
13 .040n 704
13 «D43" 685"
12 044" 750
14 ~04E" 688

)
1260
1215
1288
1310
1509
1360
1350

1, Cal. .45 steel-jacketed ball projactile - 250 grains.

2. Cal. .22 fragment-similating projectils - 17 grains,

J %




TABLE IVa
(Referencs Report No. WAL 710/650)

Summary of Penetration Tests Conducted at Watertown Arsenal on
Samples of Nylon Parachute Cloth

F‘l“;‘gﬁ"“ Ballistic Limit (F/S)
Saaple " __ Gauge e} Cal, .45
NFD-168/3 .044" 1370 676
NFD=170 044" 1435 656
NFD-172 . 0447 1435 712
For Comparison:
17-1/2 oz. Nylor Ducik .C44" 1360 750

1. Cal. .22 fragrent-simulating projectile - 17 grains,

2, Cal, .45 (stesl-jacketed) ball projectile - 230 grains.

‘;»w




= !‘m‘m “o _F ad
(Reference Report No, WAL 710/660)

Data Conceming

Three Samples of Nylon Parachute Cloth

as Reported by E. I. LuPont de Nemours and Gorpary
DuPont Style Number
NFD-170 NFD-168/%
Yarn Type Bright High Bright High
Tenacity Tenacity
Yarn Count:; Warp 70-R5-5 70-23<7
Filling 70-28-5 70-23-7
Weave Cargo 2x1Twild
Rip-Stop
Construction (loom count) 80 x 84 84 x 92
Reed 4012 4212
Reed Width 40" 40,97
Pickwheel 84 90
Finisler Huguet RHuguet
Finished Construction 90 x 8B g€ x 98
Finished Width 35-1/8" 6%
Porcsity 15 128
Thickress ¢, 00S5" 0,0056"
Weight {oz./sq.yd.) 1.83 2,00
Tensile Strength (1% strip)  94x&6 lbs. 99x98 1bs.
Tear (Tongue) 6.8x7.,2 lbe. 12.7x12,1 1bs.
Tear (Trapezoid) 14.5x16.7 lbs. “ms.
Elongation 26 x 35% 25 x 328

NFD-172

Bright High
Tenacity

105-34~5
105-54-5

Taffeta

60 x 64
3012

40"

Ruguet

668 x €7
54-3/4"

81

0,00€2"
2,04
111x104 1bs,
9.6x9.4 1ds.

€5,5227.0 lbs.

23 x 45%
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TABLE VIIa
(Reference Report No. WAL 710/653)

Summary of Ballistic Tests Conducted at Watertown Arsenal on
~Various Sampies of "Fibergias® submitted by
Owons—Corning Fiberglas Corporation

Equivalent Ballistic Limit (F/S)
Sample No. of Plies Steel Gauge Cal. .451 22

ECC=-112 107 -« 044" 6 1086
ECC-113 96 , 044" - 523 10
ECC=135 o «Ot4" 588 1080
BCC~116 75 OUu" 696 1062
ECC-117 79 OMn 671 974
ECC-127 S8 044" 647 1082
ECC-128 43 JOu" 598 1090
BGC~138 52 044" 694 11354
ECC~138a 32 044" 738 1108
ECC-161 18 044" 752 1188
ECC-162 19 044" 618 956
X-1549 14 JO44n 669 1022
X-1581 59 044" 549 988
For Couparisons
17‘;{;0‘0‘32; 12 044" 750 1560
Hadfield

Manganase

Steel 044" 940 1660

(Average )

1. Cal. .45 (steel-jacketed) ball projectiles - 230 grairs.
2., Cal, .22 fragment-simulating prcjectile - 17 grains.
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TABLE V1Ic

(Reference Report No, WAL 710/653)

Correlation Between Resistance to Perforation of Fiberglas Sanples

ard Their Yarn and Texture Characteristics

nallistic Limit (F/S)

Cal. .45 (steel-jacketed)

Ends
psr
Sample Inch Yarn

Ball Projectliles:

549
5e8
593
€18
647
669
671
698
698
732
g 758

X-1531 33 P25-1/3«5 TII
ECC-115 48 225-1/0-1% TPI
ECC-128 42 225-1/3=5 TPI
BECC-152 R4 225-2/5-5 TPI
ECC-127 2 450-3/2-5 TPI
X-~1549 21 225=4/4=5 TPY
ECC-117 64 225-1/0-1} TPI
~GC~112 40 450-1/2-5 TPI
EGC-116 60 450=1/2-5 TPI
ECC-161 23 450-4/5~5 TPI
ECC-133 64 450=2/2=5 TPI

Cal. .22 Fragment-Simulating Projectile:

956

74

968
1R2
1030
10S¢
1062
1008
1090
11
1138

ECC~162 25 225-2/5<5 TPI
ECC-117 64 225-1/0-1} TP
X-1561 59 225-1/3%~5 TPI
X-1543 21 225-4/4=5 TFI
ECC~115 48 225-1/0-1% TPI
ECC-112 40 450-1/2=5 TPI
BCC-116 60 450-1/2-5 1PI
ECC~127 42 450-3/2-5 TPI
RCC~-122 42 225/1/5-5 1TPI
ECC-133 64 450/2/2-5 TPI
ECC-151 28 450=4/5-5 TPI
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TABLE VITI
(Reference Report No. WAL 710/613)

Summary of Rallistic Tests Conducted at Watertcwn Arscral on

6<TLy Glass Webbing Submitted by Russell Manufacturing Company

Equivalent Bailistic Linit

Sample Tested Steel Thickness  G=1-5-  G-1-A® =25 454
Tautly stretched on ripid wooden frame-back unsupported:
Glass webbing (GC=ply) L075% 121 601 1300 786
Nylon Duck (1R-ply) 044" 11.05 566 1360 750
Hadfield Steel (Average) 044" 1050 475 1560 940
Strapped on sawmiust-filled canvas dumryy:
Glase Webbing (6=-ply) JO7aN 1175 — 1360 -—
Mylon Duck (1l-ply) « 040" 1090 -— 1360 ~—
1. Cal. .50 (54 grain)
2. Cal, .50 (150 grain)
S, Cal. .22 (17 grain)
4. Standard Cal. .45 ball ammunition (steel-jacketed 230 grains)




TABLE IX

{Reference Report lo. WAL 710/649)

Summary of Ballistic Tests Conducted at Watertown Arsenal

on Samples of 7-Ply Silk Webbingz Supplisd by

Sanple Tested

Siik Webbing (7-Ply)
Nylon Webbing
Nvlon Duck (12-Fly)

p Glass Webbing

(8-Piy)

Hadfield Steel
(Average)

Russell Manufacturing Company

Steel Thicknoss

042"
041"
044"

730

~042"

Ballistic Limit (F/S)

Cal. .45

724
537
750
786

20

c2?
133€
1083
1360

1300

1630

1. Caliber .45 (steel-jacketed) ball projectile = 280 zrains,

2, Caliber .22 fragment-simulating projectile - 17 grains.

g s




(Reference Repors No. WAL 710/659)

Summary of Penetration Tests Conducted at Watertowm Arsenal on

~ Samples of Weinberger Protactive Fab -ic and Its Components

Sa.mgle

Complete Assembly

4 Plies Corded Component

S Plies Corded Component

3 Plies Corded Component
(coated with rubber)

4 Plies @uilting

S Plies Quilting

2 Plies Quilting

1 Ply Quilting

For Comparisont

11 Plies 174 oz, Nylon Dack
Hadf{eld lManganese Steel

gaxs.;alent Rallistic aits (F/S)

yee

Gauge -1-a0 o182 25 cal, .45%
LO40" 488 961 1108 580
,046" —— -— 1044 505
,034" S — 230 474
,046" —— — ixRe —
068" — —— — 735
.017ll - - 804 46"3
040" 567 1058 1310 704
Jo40" = 300 1600 900

BEE

o

94

[l ad
.

1

oS50 fragment-simulating projectile -
22 fragrert-similating projectile -
.45 (stesl-3jacketed) ball projectile -

oS30 frasment-simulating projectile - 150 grains.

54 grains.
17 grains.

230 grains.




TARLE X1

Comparative Rssistance to Perforation by

Cel. .45 Ball Projectiles of Various Fadric Samples

Rquiv. Cal. .
Steel . gure
Material Gange _ Limit _ of Nerit® Reference
11 plies #8 Cotton Duck LOl7e 395 n B Tadle I
4 plies corded P:Oo:o;::‘:f Veindberger .ouge - 505 56 Table X
Eylon Belting -ONO® 57 57 Table ¥
Pberglas (X-1581} Ol 549 58  Table Vila
¥ylon Balting Olye 537 59 adle ¥
Weinberger Protective Padric LOlon 560 62 Tadle X
Piberglas (BCC-115) Olilyn 588 63  Zadle Vila
riberglas (BCC-128) .Oliye 593 63 Table Vilas
Fiderglas (BCC-113) Olye 623 66  Tadls Vils
Fiverglas (BCC~-162) LOllie 68 66  Tabls Vila
Fiverglas (2CC-127) +Oll» (23§ 69  Tadle Vila
3 plies qnnt;; :t-pt::.r:: of Weimberger 0519 6N 69 fadle X
Nyloms Parachnte Cloth Olkilye 656 70 Tadle IVa
19 ounoce uneised Nyloa Duck (12 plies) 0398 69 n Tadle .III
Fiberglas (BO0-117) Ol n 71 Tadle VIIa
Piderglas (X-1549) Olkse 663 1 Tadle Viia
19 ounce wneised Eylom Duck (1k plies)  .OhE® 688 12 Table 111
Bylon Parachmte Cloth Ol 8§16 12 Teble IVa
Nyloa Parschute Cloth LOl5e 698 13 Tadble I
Ty 1% or Tien uk vita 1o ainme %' ST T3 mem
19 ounos unaised Mylom Duek (13 plies)  .ON3S 655 " mdle I n
Pherglas (200-112) Ok 698 ™ e vila |
Piderglas (30C-116) .Obks 698 v Tadle Vila
bergles (200-138) e @b N selemn
; .. =
: ool |




b
PAXIE XI (0ONT'D)
m" mo‘ oxﬁ
Steocl stic
Katerial Gauge _Limit of Merit® Reference
a piuo Tiverglas (E0C-162) plns 1 ply fadle V1
178 ox, Nylon Tock vith S-inch quilting OO L B o
23 plies Fiderglas (B6C-162) with 2*
@ilting 05 710 75 Table VI
¥yloa Parachute Cloth Ol e N2 76 Tabls Ita
21 plies Piderglas (ECC-162) plus ) ply
17 os. Nylon Duok vith M-inch quiltisg 0" 3 n Ty 8
21 pliee Piberglas (B00-162) Plus 1 ply
17 o1. Nylon Duck with 1-imck milting 0" 138 18 Table VI
11 plies eised 174 os. Nylem Dusk .Olios 704 78 Tadle I
Fiderglas (RCO-161) ~Olilyn 132 78 fable Vila
Flberglas (3C0-138) ~ONYys 138 19 Tadls YIila
S11k Yedbhing .042e T4 19 fabls IX
12 plies sized 173 ounce Nylom Duck  .Ohhs 750 g0 Tadle I
17 plies Fidergias (B0C-162) plus 3 plies Ll5e 166 £ fadle VI

sized 17} ounos Nylon Dusk

*Pigare of merit determined by this formla: Yggy * 100

EAD

vhere Vsm is the

ballistic limit of the subject sasple and Vg,p ie the characteristic dallistie

linit of sn equivalent weight of Hadfisld menganese steel.

Briwsze




TARIR XII-
Comparative Resistamoe to Porfonuug
Oal. »22 Fragamt-fimulating Prejectiles of Various Fabric Sasples

Equiv. Cal. .22
| .  Steel s
Mgterial A Sguge Limit of Merit® - Reference
11 plies #6 Cotton Duok .Olpe gayee 52  fadlel
Fiderglas (300-152) Olie 58 Table Yila
Fiberglas (B0C-11T) % o7k 59  %able VIIa
Fiderglas (R0C-158) LOlile 98e €0 Table VIla
Nylon Belting .0kO® 973 & fable ¥
P S SREUASE e @ e
¥ plies of ux.mrt of Weinderger  ohce 104% 62 fadle X
Pivergias (200-115) Ot 1030 62 Table Vila
Iidorglas (31549) ~Olhe 1022 62 Table VIIa
Fiderglas (ECC-112) o LOlle 1036 62 Tadle V1la
Mverglas (300-116) Olys 1062 (2} b1 VIlA
Mberglas (200-127) ~Ollyn 1082 65 Table VIla
Eylon Delting Lol e 1053 65 Table V
Fiderglas (200-113) ~ONke 1101 66 Table YIIa
Ptberglas (300-126) O\ 1090 66  Todle VIla
Fiderglas (200-138) Ok 1108 61 Table VIla
SNRTTERODONNM, 4 e @ muw
Bloa Delting -0koe 1075%¢ 67 Table Vi -
Ryloa Belting LONLe 108%5° 67 Tadle 7
21'Plies Plarglas (N00-162) plng 1 ply " g
sised 17} omnee Hylon Buok with i-imeh  .ON5¢ 1138 8y Tadle VI
qilting '
Fiderglas (BO0-13Y) LOie 1138 (<] Table VIia
ENRIEAATL o ™ 6 wum
alsteuglec 4 ok

£y T '
L3t .

“Loas 2




TANLE XII (CONE'D)

.

m" Cal. «22
Steel atic
Naterial Genge _ Liut  of Merit® _Reference
Veinberger Protective Fabris .0%0e 1108 69 fable X
21 plies FMderglas (B00-162) plus 1 1y .
sized 17} os. Nyleca Duok vith 18 quilting '0‘6,. nus 10 e
23 pliss Fiderglas (200-162) with 28 .
ilting LOl5e 12899 n Tadble 71
23 plies Fidberglas (BC0-162) plus 1 ply
sized 174 5. Bylon Duck vith 2equilting ~O0°  1235°° n Cakle 11
17 plies Fiderglas (ECC-162) plus 3 plies
sized 178 os. Rylon Duck with 20quilting °‘OH° 1208 12 Table M1
Piderglas (BCO-161) Ol 1188 T2 Table Viis
23 rlies Fidberglas (X0C-162) plus 1 ply
sized 173es. Nylon Duck vith 28 quilting 09" 1290 ™ Tadle V1
13 plies unsised 19 ounce Nylon Duok O43e 1309 80 Tadle 111
1k pliss unsised 19 sunce Nylom Dok  .OhE® 1350 80 Table III
12 plise unsized 19 ounce Nylon Dusk .039e 1283 &l Table 11X
11 plies oised 17 ounce Nylom Daek  .OkO® 1310 82 fadle 11}
12 plies sised 17§ oumce Nylon Dack  .Ohhe 1360 82 adle X1
S11k Webbing -Ok2e 1336 g2 fable IX
Bylon Parachusé Cloth -Olye 1370 83 Zable fa
11 plies sised 174 ox. Rylom Duek .Oho* 1360~ g5 Sadle I
Eylon Parachute Oloth LOltlye 1835 86 mlg by
NEylon Parachute Cloth OlYye 1495 86 Tadle IVa
Iyloa Parachute Oloth o5 17 88 Tadle I -

b

*Tigure of Nerit deternined from the formula: VSUB X Y00, where Vs is the |

A/ TV

\

dallistic 1imit of the sudject sasple and Vy,p the charscteristic dallistis '
1imit of an squivalent weight of wuu »anganees 9%001.

®0hs strapped to a sawdust-filled aswrss damy.




TANLR X111
Average Tigures of Merit for Various Fabrics

¥ith Respect to Their Perforatioa by Oal. .5 Ball Projectiles

Average Figure

Material f of Nerit
Nylor ok - Sized 79
¥iverglas (R0C-138) 79
S11k Webding 7
Eylon Parachute Cloth 13
Nyion Duck - Unsised 12
Weinderger Protective Fabric - Quilted Bleammt : 69
¥eiaberger P-otective Fadris - Complete 62
Rylon Beiting 58
Velndberger Protective Yadric -~ Corded Klewsat 56
Oottem Duok 5

[ L




TALB X1V
Average Figures ol Nerit for Various Fabries
¥ith Bespect to Their Perforation by Cal. .22

Frageent-§imlating Projectiles, &2

Average Figure

Material of Merit
Nylon Parachute Cloth &5
Nylea Duck - Sised 82
S11k Wedbbing 82
Nylon Duck - theiged g0
Fiderglas {306-161) 12
Weinderger Protective Fabric - Compleis 9
Rylea Belting 63

¥einberger Protective Fabric - Gorded Xlememi 62

¥oinberger Protective Jadbris - Rubder-coated

Cerded Klemsat (31
Cotton Duok | 52

f.‘a




