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I

M~The obJect of this test was to determine the plate shear strength and the

flatwiae bare compressive strength bﬁ aluminum flexcore maau?ee%areéuby—ﬁexeei
A% inell 8

:Incom90¥ated ofmAlengion,nEexas~——la~aéé&tacu§4the effect of the Flexcore

hickness on the plate ohear strength(

The Gem1n1 B ﬁlast shleld is & eangngh constructlon covposed of glass

“a
\"Q

fabric reinforced plastic skins adhe51vely bonded to alumlnnm Flexcorsa sy The

results of this test will prOV1de mechanical property deta for the design of

the blast shield.

Thls test revesled that the Flexcore (h 1 1bs/ft° denolty) fabricat"ﬁ frem
5052 aluminum alloy hed an average plate shear strength of 291 psi in the "L"

direction and 171 psi in the “w direction. The 5052 Fiexcore (7.1 lbs/ft

 density) had an aversge shear strength of 614 psi in the "L" direction exd 373

psi in the "W" direction. These average values were obtained from specimens
.625 inches thick. Tk2 Flexcere (4.1 lbu/ft3) fabricated from 5056 aluninum
alloy exhibited an average plate shzar strength of 349 psi in the “"L" directicn
and 203 psi in the "W™ direction. Thesé average values were obtained from
specirens 1.100 inches thick.

The compression fest date shows the Flexcore fabricated from 5052 clloy
in 4.1 and 7.1 1§s/ft3 had an average compressive strength of 525 and 1L37 psi,
respectively. The Flexcore fabricated from 5056 aluminun alloy and with a
density of k. i 1bs/ft“ had a ccapressive strength of 735 psi.

The plate shear strength vs Flexcore thicknzss data indicates that as the

thickness of thes core increases tha _plate shear strength decreases.

- —
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1. INTRODUCTION

on the plate shear strength was determined.

during the period 25 January through 3 June 1968,

2. TEST MATERIAL

following items:

4.1 1bs/ft3 0,625 inches thick, comprising 3.

~each of three blocks.

This test was conducted to determine the plate shear strength and the flat-
wise compressive strength of aluminum Flexcore manufactured by Hexcel, Incorpo-?

rated of Arlington, Texas. In addition, the effect of the Flexcore thickness

The Gemini B Blast Shield is a sandwich construction composed of glass
fabric .reinforced plastic skins adhesively bonded to aluminum Flexcofe. This
test will provide mechanical property data for the desién of the $1ast shield..

This test was conducted by the McDonnell Company Metailgrgical Laboratory

The test material utilized during this investigation ms' aluminum Flexcore

obtained from Hexcel, Incorporated, Arlington, Texas, and consisted of the

(2) Aluminum Flexcore, 9 square feet, Al/F-40-5052, 0,0025 inch

0 square feet from

Aluninum Flexcore, 9 square feet, Al/F-40-5052, 0.0047 inch
7.1 1bs/ft3, 0,625 inches thick, comprising 3.0 square feet from

each of three blocks.

Aluminum Flexcore, 9 square feet, Al/F-40-5056, 0.0025 inch
L.l 1bs/ft3, 1,100 inches thick, comprising 3.0 square feet

from each of three blocks,

Aluninum Flexcore, 1 square foot each, 0.250, 0.500, 0,750,

1.000, 1.450, 2.
blocks used to supply material for item (a).

s and 2,500 inches thick from one of the
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3. TEST PROCEDURE

A total of 160 plate sheax specimens were cut from the Flexcore to the

dimensions shown in Teble 1 on page 9 . Five specimens were cut with the

length parallel to the ribbon direction ("L" direction) and five were cut
with the length perpendicular to the ribbén'direction ("W" airection) from
each of the groqps listed in Teble 1 on page 9 . Af‘tef éutting, thé speci-

‘mens were bonded to steel shear plates as shown in Figure 1 on page 5 . The

T ¢.B.D. Sheet Protector FS.Y

core was bonded to the plates, using HT-2lh adhesive cured for 2 hours at

335+ 10°F.
The ultimate strength of the bonded specimens was determined at room 1
3 temperature in the 30,000 pound universal testing machine by loading them
' '}QD to failure at & machine head travel rate of .015 incheS/minute. A photograph
E of the test setup is presented in Figure 2 on page 6 . The ultimate shear
' 3 stress is obtained by dividing the ultimate load by the fletwise area of the
3.- "::: specimen,
fi A total of 45 flatwise compression specimens were cut from the Flexcore
‘:ﬁ:‘ to the dimensions shown in Table 2 on page 9 . Five specimens were cut from
o each of the nine groups.
The ultimate compressive strength of the specimens was determined at
| room temperature in the 30,000 pound universal tes’:ing machine by loeding them
;g to failure at & machine head travel rate of .003 1nche§/minute/1nch of core
Lz; height. A photograph of the test setup is presented in Figure 3 on page 7 .
*g The ultimate corpressive stress is obtained by d:l:viding the ultimate load by
; (,.-‘ the flatwise area of the specimen.
' Y
g
|
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4. TEST RESULTS

The results of the plate shear tests conducted during this inﬁestigafion
are presented in Tables 3 through 8 on pages. 10 through 13 . Results of the
compression tests are shown in Tables 9 and.lo on.pages'16 and 17 . The.
plate shear strength vs core thickness data gccumulated"during this test is
presented graphically in Figurelh on page g8 . | .

5. SUMMARY OF RESULTS

This test revealed that the Flexcore (4.1 lbs/ft3 density) fabricated.
from 5052 aluminum alloy had an average plate'shear strength of 291 psi
in the "L" direction and 171 psi in the "Wﬂ direction. The 5052 Flexcofe
(7.1 1bs/rt3 density) had an average shear strength of 614 psi in the "L» '
direction and 378 psi in the "W" direction. These average values were obtained
from specimens .625 inches thick. The Flexcore (4.1 1bs/ft3) fabricated from
15056 aluminum alloy exhibited an average plate shear strength of 349 psi in the
"L" direction and 203 psi in the "W" direction. These average values were
"obtalned from specimens 1,100 inches thick.

The compression test data shows the Flexcore fabricated from 5052 alloy
in 4.1 and 7.1 lbs/ft3 had an average compressive strength of 525 and 1437 psi,
resﬁectively. The Flexcore fabricated from 5056 aluminum alloy and with a
density of 4.1 1bs/ft> had a compressive strength of 735 psi.

The plate shear strength vs Flexcore thickness data indicates that as the

thickness of the core increases the plate shear strength decreases.
L 3
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FIGURE 1

. SKETCH OF PIATE SHEAR TEST SETUP

¥~

- LOAD (ENIER LINE

I\ OIENSIoN DEFESMINGD BY SPECIAEN LENGTH,

L\ Disirsion DETERMINGD _BY SPECHASN THICKNESS,
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. ‘ PLATE SHEAR SPECIMENS TABLE 1
4 .
K GROUP BLOCK | SPECIMEN SIZE
3 NUMBER NUMBER FLEXCORE IDENTIFICATION (1NcHES)
2 1 2362 <A1/p..1+o-5o52-o 0025 in. 6.125 x 2.00 x .625
2 2363 R %1 1b/ft3 '
3 2364
I 2294 A1/F-40~5052-0.0047 in.’ ‘
-5 2298 7.1 1b/t3
6 2300 T
" 7 2362 A1/F-4,0-5052-0.0025 in, k.50 x 2.00 x .250
. '8 < k.1 1v/rt3 6.00 x 2,00 x .500
i 9 6.25 x 2.00 x .T50
8 10 6.50 x 2,00 x 1.000
i 19 1n 6.50 x 2.00 x 1.450
e 12 6.50 x 2.00 x 2.000
F; 13 6.50 x 2,00 x 2.50
" 14 2521 A.1/-z.0-5056-o oozg in. 6.125 x 2.00 x 1.100
£ 15 2526 - b1 1v/ft
L: 16 2538 #
" . |
g
;@’“3 '
;' COMPRESSION SPECIMENS TABLE 2
1 ‘CROUP " BLOCK SPECIMEN SIZE
- NUMBER NUMBER FLEXCORE IDENTIFICATION (INCHES)
kY 1 2362 A1/F=L0~5052-0,0025 in. 3.00 x 3.00 x .625
§ 2 2363 /P-4 l?.leb/ft35
8 3 2364
!g I 2294 A1 /F=40-5052~0. oozs in. .
o 5 2298 7.1 1b/1t3
!" 6 2300 ¥
o 1 2501 A1/F~40-5056-0,0025 in. 3.00 x 3.00 x 1.100
& 15 2526 S 1775 |
? 16 2538 L
5 . . t Y Y
A
2
|
|
|
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PLATE SHEAR TEST RESULTS - TABIE 3
ULTIMATE | ULTIMATE | AVG. ULTIMATE
LOAD SHEAR - SHEAR
SPECIMEN : (1BS) | STRENGTH STRENGTH
NUMBER * FLEXCORE IDENTIFICATION | (ps1) (ps1)
1L A1/F-ao-505z-o.oo§5 in. 3245 265 - -
2L k.1 1v/£t’ 3375 276
3L : 3535 289 273
L1, Group No. 1 3290 269
SL Block No. 2362 3255 266
v .625 incnes thick 2200 180
v 2060 168
W 2115 173 174
4w 2120 173
5W 2170 177
1L 'A1/F-h0-5052-0.002§ in. 3495 285
2L k.1 1b/ft 3590 293
3L - 3570 291 287 ;
L1, Group No. 2 3410 278
SL Block No. 2363 3510 287
W .625 inches thick 2110 173
. M 2070 169
W 2130 174 173
w 2140 175
5W 2125 174
1L . A1/F~50-5052-0,0025 in. 3665 . 299
2L 4,1 b/ft3 3670 300
. 3L 3835 313 314
L1, Group No. 3 3880 31T
5L Block No. 2364 4200 343
W .625 inches thick 2085 170
oW 1975 161
3w 2060 168 167
hw 2070 169
5 2025 165
*"L" i{ndicates the ritbon direction is parallel to the loading--direction.
and "W" indicates the ribbon direction is perpendiculer to the loading direction.

MAC 231uM (REV 14 JUN 62)




cnned

Teet

s RMCDORINELL
P DATE ST. LOUIS, MISSOURI PAGE 11
g REVISED REPORT OSS‘AKA.OIJ'
H e REVISED MODEL 1958
1CO .
aE TAKLE 4
' PLATE SHEAR TEST RESULTS
’ ULTIMATE |AVG. ULTIMATE
‘ ULTIMATE | * SHEAR SHEAR
b SPECIMEN _LOAD, STRENGTH STRENGTH
NUMBER FLEXCORE IDENTIFICATION (183) (ps1) (Ps1)
1L A /F-1,0-5052-0,0047 in. 7225 590 . B
1 2L 7.1 /13 7300 596
B 3L 7075 578 602
sz L1, Group No. L 7525 614 ,
. 5L Block No. 2294 T725 631
2 W .625 inches thick 4625 3718
. » v k575 37k
4 3w 1595 375 3Th
n" w 4570 373
L& 5W 4535 370
1L, A1/F-1,0-5052-0,0057 in. . 7525 61k
é 2L T.1 1b/1t3 7300 596
i 3L 775 610 6n
L1, Group No. 5 7625 622
. g 5L Block No. 2298 T450 608
P v 625 inches thick 4750 388
SO N L7hs5 387
O W 1720 385 387
$hgiind hw 4830 394
i P SW _ b6T75 3682
iL A1/F-40-5052~0.0047 In, 8500 69k
3 2L, 7.1 1b/£t3 1575 €18
E 3L 7575 618 628
% Ly Group No. 6 7375 602
i 5L Block No. 2300 Th25 606
8 w - 625 inches thick 4605 376
| it 4785 391
: 3W 4480 366 37k
b 4605 376
; 5W kl55 364
B .
.
1
2
E
3
12
| ’U e
% ) i MAC «2"3."1“ {REV 14 JUN 62)
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' TABIE S
PLATE SHEAR TEST RESULTS .
" | ULTIMATE  |AVG. ULTIMATE
’ ULTIMATE SHEAR - SHEAR ~ .
SFECIMEN . - I0AD | STRENGTH STRENOTHE
NUMBER 'FLEXCORE IDENTIFICATION (IBS) (ps1) (ps1)
1L Al/F-hO-gO%-0.00%S in, by15 3ko
2L .1 1b/ft 4435 341
3L L85 345 341
by, Group 14 4335 33k o
5L Iot No. 2521 4515 347
w «625 inches thick 2605 200
oW : 2610 201 :
3w 2560 197 202
by 2660 205
5W 2680 206
1L A1/F-40-5056-0,0025 in, 4710 362
2L k.1 1v/ft k715 363
3L 4740 365 365
b1, Group 15 4700 361
5L Lot No. 2526 4890 376
v +625 inches thick 2735 210
oW 2720 209
3W 2725 210 211
bw 2760 212
5W 2760 212
bY A1/F-40-5056-0,6525 in, 4055 312
2L k.1 1b/£t3 4735 364
3L ' L4055 312 3k2
LL * Group 16 4450 342
5L Lot No. 2538 4915 378
1w .625 inches thick 2540 195
oW 2510 193
3w 2540 195- {195
by 2590 19 |-
sw ! 2510 193 -
—
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PIATE SHEAR TEST RESULTS TABLE 6
ULTIMATE | AVG.ULTIVATE |
ULTIMATE SHEAR SHEAR ,
SPECIMEN 10AD STRENGTH STRENGTH |
NUMBER - _FLEXCORE IDENTIFICATION (1BS) (Ps1) (PSI)
1L A‘i/F-ab-soi;z-o.goz's in, 2935. 326
oL - . 4.1 1b/ft: 2945 327
3L 2965 329 333
k1, Group No. T 2980 331
5L Block No. 2362 3150 350
IV . - 2060 229
o .250 inches thick 1905 211
W - 1885 209 221
v 2050 - 228
5W - 2045 227
1L A1/F=-1,0-5052-0.0025 in, 3395 - 283
2L L.1 1b/ 3540 295
3L : 3430 285 29k |
kY, Group No. 8 3655 305 v
SL Block No. 2362 3625 302 ;
W ' 2310 193
N .500 inches thick 2200 183 1‘
W - : 2210 184 187 B
v 2230 186 |
W 2295 191 '
1L AL/F-,0~5052-0,0025 in., 3655 308
2L _ L.1 1b/ft5 3910 313
3L 3760 301 302
%) Group No. 9 3675 294
5L, ‘Block No. 2362 3645 292
17} 2350 188
v «T50 inches thick 2260 181
ki o 205 180 182
hw 2zh5 180
W 2270 182
—_
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TABLE 7
PLATE SHEAR TEST RESULTS
ULTIMATE | AVG. ULTIMATE
: ULTIMATE SHEAR SHEAR
SPECIMEN . 10AD STRENGTH STRENGTH
NUMBER FLEXCORE IDENTIFICATION (1Bs) (ps1) (Ps1)
1L A1/F-40-5052-0,0025 4in., 3825 294 -
2L 4.1 1b/ft3 3350 258
3L ' : 3545 273 286
41, Group No. 10 4000 308
5L Block No. 2362 3840 295
1w ) 2320 179
v 1,000 inches thick 2230 17
3w . : 2435 187 179
hw 2310 178
W 2320 179
1L A1/F-40-5052-0,0025 in. 3545 273
2L Y ht..i ib/ft 2 3530 272
3L , 3525 27l 273
L1, Group No. 11 3740 288
5L Block No. 2362 3380 260
§ L7 2170 167
ow 1.450 inches thick 2100 162 -
W . 2130 164 164
by 2155 166
5W 2100 162
1L A1/F-40-5052-0,0025 in. 3185 245
2L ' .1 1b/ft3 3295 253
3L 3380 260 253
kL Group No. 12 3215 Ly §
5L Block No. 2362 3350 258
W 2180 168
2w 2,000 inches thick 2245 174 .
W 2250 173 170
LW 2035 157
5W 2285 176

MAC 231UM (REV 14 JUN 62)
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‘ TABLE 8
PIATE SHEAR TEST RESULTS
] ULTIMATE | AVG. ULTIMATE
: o o ULTIMATE SHEAR SHEAR
SPECIMEN LOAD STRENGTH STRENGTH
NUMBER FLEXCORE IDENTIFICATION (IBS) (Ps1) (¥s1)
L *-AL/F-}0~-5052-0,0025 in, 3200 246 -
2L b1 1b/£t3 3400 262 :
3L . 3110 239 2h6
k1, ' Group No. 13 . 2840 218
SL Block No. 2362 3420 263
w , 2105 162
e o 2.500 inches thick 1970 152
SONE: - 1735 134 149
~ w 1990 153
n ' . 1870 1l
-
EC(—“"} [ ]
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- TABLE 9
FIEXCORE FLATWISE' COMPRESSIVE DATA
; , ULTIMATE | AVG. ULTIMATE
: ULTIMATE (COMPRESSIVE | COMPRESSIVE .
SPECIMEN | - .- 10AD STRENGTH STRENGTH
NUMBER FLEXCORE IDENTIFICATION (PsI) (ps1) - (Ps1)
1 A1 /F-40-5052-0.0025 in. . [ 14375 486
2 4.1 /13 665 518
3 Group No. 1 . hhho 493 496
L Block No. 2362 4395 488 .
5 .625 inches thick Lh65 496
1 Al/F-40~5052-0.0025 in, LeBs 521
2 L.l 1v/£e3 4965 552
3 Group No. 2 4855 539 528
b Block No. 2363 k570 508
5 .625 inches thick 4665 518
1 Al/F-h0-5052-0 0025 in, L8L0 538
2 b1 1b/ft3 4595 511
3 Group No. 3 4800 533 552
B Block No. 2364 5380 598
5 «625 inches thick 5200 578
1 A1/F-1,0~5052-0,0025 in, . 12,825 1425
2 7.1 b/ft 13,275 1475
3 Group No. &4 13,800 1533 1514
i Block No. 2294 13,900 154k
pJ .625 inches thick 14,350 159k
) A1/F~40-5052~0,0047 in. 13,275 1475
2 7.1 1v/ft 13,100 1456
3 Group No. 5 12,825 1425 1430
L Block No. 2298 12, ,950 1439
5 .625 inches thick 12,175 1353
1 AY/F-},0-~5052-0,0047 in. 12,800 1422
2 7.1 b/t 13,150 1461 :
3 Group No. 6 11,776 1308 1366
L Block No. 2300 11,700 1300
5 .625 inches thick _12,050 1339

*MAC 231UM {REV 14 JUN 62i
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. . TABLE 10
. FLEXCORE FLATWISE COMPRESSIVE DATA h
UITIVATE | ANG. ULTIMATE
ULTIMATE | COMPRESSIVE | COMPRESSIVE
SPECIMEN ' o I0AD STRENGTH STRENGTH
- NUMBER FLEXCORE IDENTIFICATION (1Bs) (Ps1) . (Pps1)
1 Al/F—z.o-sc:s-o gozs in, 6550 - 728 -
> k.1 1/ 6375 - 708
3 Group No. 1% . 6700 Thk T3
s Block No. 2521 6425 . T
5 1.100 inches. thick 6050 - 672
1 A1/F-z.o-5056-o 0025 in. ThOO 822
2 1b/£t3 7150 Tk
-3 Group No. 15 - 7600 84l 821
4 Block No. 2526 - 7650 850
5 1,100 inches thick 75 797
1 A1/P-1,0~5056-0,0025 4n, 6150 653
2 41 1b/ | 5725 636
3 Group No. 16 5950 661 672
4 Block No. 2538 6650 - T39
5 - 1.100 inches thick 5TT5 . 642
N
b
3
% _
s
.
=
Y
L




