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'ASTM: American Society for Testing and Materials, ISO: International Organization
for Standardization, CEN: European Committee for Standardization

*SACMA: Suppliers of Advanced Composite Materials Association, CRAG:
Composites Research Advisory Group, AECMA: Association Européenne des
Constructeurs de Matériel Aérospatial

*AITM: Airbus Industrie Test Method, BSS: Boeing Specification Support

Table 1. Test standards for material qualification of cured laminar physical properties: Material properties and their sampling requirements are listed in

accordance with MIL-HDBK-17-1F [1]

Test standards
Material properties Sampling
ASTM ISO CEN SACMA
Cured ply thickness (mm) - - - SRM10 10 points”
Cured density (g/m’) ASTM D792 ISO 1183-1-A - - 5x3
Fiber content (vol.%) ASTM D3171 ISO 1172 EN 2564 - A SRM10 5x3
Void content (vol.%) ASTM D2734 - - - 5x3
Tg dry (°C)" 5x3
ASTM D4065 ISO 6721-1 EN 6032 SRM 18
Tg wet (°C)” 5x3

"Dry specimens are “as fabricated” specimens which have been maintained at ambient conditions in an environmentally controlled test laboratory.

?Wet specimens are environmentally conditioned by exposing them in an elevated temperature humidity chamber until they attain an equilibrium moisture content.

10 points measurements on each of 5 batches.



Table 2. Test standards for material qualification of cured laminar mechanical properties

Test standards
Material properties
ASTM ISO CEN SACMA
Tension ASTM D3039 ISO 527-5 EN 2561/EN 2597 SRM 4R-94
ASTM D695 ISO 14126 Meth.2 EN2850TYB SRM1R-94
Compression ASTM D3410 ISO 14126 Meth.1 EN2850TYA -
ASTM D6641 ISO 14126 Meth.2 - -
ASTM D3518 1SO 14129 EN 6031 SRM 7-94
In-plane shear ASTM D5379 - - -
ASTM D7078 - - -
ILSS ASTM D2344 ISO 14130 EN 2563 SRM 8-88
Flexural ASTM D790
ASTM D7136 ISO 18352 EN 6038 -
CAI
ASTM D7137
of whE AAE =, A A Q1 A 4, Al 2, LE]aL
Al 2% B4 S A 714 iAo 2 A8 &
85 A e R E FEoko] B4R AR AL, 95% A= %=
7|RES 2 90% THE-= 7HAl= B4 442 B-basis]l th gt A&
QA 1A Table 3ol AR, Qb0 2 Sk
2 B-basis /\} -r] OH 14.9.51 ‘:H u;ﬂ o] 57;“ ;Q.g E‘gli/ﬂ

Figure 1. Material testing machine and representative material test
fixtures for composite materials (source: ZwickRoell [2]).
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Figure 2. Optimal allocation of building blocks between material
qualification and structural performance validation.
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Statistical terms Weibull law Normal law Lognormal law
Parameters Scale (6); Shape (B) Mean (u); Std. deviation (6) Mean (); Std. deviation (c)
20049 zqy = [x(1)/6)F, fori = 1,-n ) =L“) Jori=1n 24 = ﬁ;’)——m.ﬁ?ri= 1-n
PDF 2 frm —en? flsmo) =
f(x;6:8) = '( xu) exp (— (1 :") Ywherex>xo0  f(x u,d)—vmﬂp (-'( ”) Jwhere -0 <x <0 1 p(——(l"(z'x")-“) Ywhere x > xg
U(X-Za)m
AD? AD = 37, =2 {101 — exp(~2()] - Zguar-n} — 1 AD = T, P2 ([P (z9)] + In [1 - f(zuur-p)} -
OSLO-? 0sL=1/(1 + exp [0.10 + 1.24In(AD*) + 4.484D"] 0SL=1/{1 ' exp [0.48 + 0.78 In(AD") + 4.584D"]}
B-basis value? B = Gexp {— #}, where, § = 8(0.10536)"/# B=yu-—kgo B = exp (u; — kgoy)

a) =(i): ranked independent value

b) pz: mean value of the In(x;)

¢) oz standard deviation value of the In(x;)

d) ADK: notation used for the k-sample Anderson-Darling statistic. which is used to test the h
€) OSL: the probability of observing a more extreme value of the test statistic when the null
f) AD* can be defined by the following equation, .

othesis that k batches have the same distribution.
hypotheses is true.

) B-basis value: it is a statistically based material property with a 95% lower confidence bound on the tenth percentile of a specified population of measurements. Also a 95% lower tolerance

%ound for the upper 90% of a specified population.

Figure 3. Descriptions for probability distribution and B-basis allowable in accordance with three types of statistical models: Weibull, Normal (Gaussian) and

Lognormal laws [4].

Batch-.to-.batch
[:Ivamm“ —=| Structured data '.—.,| ANOVA method |

g Significant difference
among variance
Test batch
samples for ADK= ADC
outliers
..

Single sample
for outliers

ADK < ADC

a) The k-sample Andersion-Darling (ADK) test can be defined
by the following equation'

L
ADK = Z(k—l)z n,Z

h;j : the number of values in the combined samples equal to z,

Hj : the number of values in the combined samples less than z(;
plus one half the number of values in the combined
samples equal to z;, and

F;j : the number of values in the ith group which are less than z;
plus one half the number of values in this group which are
equal to z

(nFU niH; )2
T H(n — Hy) — nh; /4 @
j J ]

Figure 4. Flow chart for establishment of material allowable database [1,4].

O

NEE A3t 3T poisson restraint effectsS 2| A5 4=
U AE ALE AYsfof ) A S AIgHORE
ASTM D695 end loading, ASTM D3410 shear loading, 12|31

ASTM D6641 combined loading 50| &2A4 lom, o5 A|&E
TSl ek A1 P4 9 sk 270 th59 Figure 63+ 2

—=  Unstructured data ‘—c>

| Goodness of fit test |> | B-basis value }»

with OSL value generation
T T

ptabl

Goodness of fit test S i P22 Weibull law

for Weibullness B=g ( -V )

‘ = gexp|——=

é\m valid BV
ptabl

Goodness of fit test Acteph P22 Normal law

for Normality B= p—kgo

$\’uf valid

. Acdeptable
Goodness of fit test ——t—e

for Lognormality

Lognormal law
B =exp(p, —

LMI Nonparametric method

b) The critical value of ADK (ADC) can be defined by the
following equation:

kgoy)

(b)

0.678 0.362
ADC =1+ 0, |1.645 +

V-1 k-1

«+ If the critical value is less than the test statistic in Equation
(a), then one can conclude (with a 5% risk of being in error)
that the groups were drawn from different populations.

+ Otherwise, the hypothesis that the groups were selected
from identical populations is not rejected, and the data may
be considered unstructured with respect to the random or
fixed effect in question.

= il i
2lskaich
ASTM D3410 shear loading-> Figure 6(b)ol| 4] LFERH Be} 2+
o] wedge 42 7121 grip& AHE3le] ek 515-& Aol 3
7Vl HhAl o 2 A1 B0 o3t vEHY] F 7 S(inelastic

A Tt AR A 2E5S Table 40 898 73

RIS AMH 20M 15 | 6



0.20 . . . -
(a) © Weibull law distribution (data) V;L:tl:::i]ia]f::r:lss"lbunon Stahsszlsue
@ Normal law distribution (data) OSL 0.377
016 o Lognormal law distribution (data) Scale parameter (€) 55.6
— Distribution model curve nghspt‘: par?meter ® iz;

-basis value E

PDF

Normal law distribution statistics

OSL 0.149
Mean (u) 54.4
Std. deviation () 271
B-basis value 49.0

Lognormal law distribution statistics

OSL 0.120

— { i S Log mean (In(u)) 3.99
30 35 10 45 50 55 60 65 Log std. deviation (In(c)) 0.0503
B-basis value 49.2

In-plane shear strength [MPa]

b) 020 Weibull law distribution statistics
®) © Weibull law distribution (data) —
Statistical terms Value
@ Normal law distribution (data) OSL 0.002533
016 - o Lognormal law distribution (data) Scale parameter (0) 50.9
— Distribution model curve Shape parameter (f) 10.8
B-basis value 36.6

PDF

Normal law distribution statistics

OSL 0.0262
Mean () 489
Std. deviation (o) 4.25
B-basis value 40.5

M Lognormal law distribution statistics
OSL 0.0611
0.00 —1 1 1 1 S Log mean (I;-z(y-)) 3.89
30 35 40 45 50 55 60 65 Log std. deviation (In(c)) 0.0841
B-basis value 41.3

In-plane shear strength [MPa]

Figure 5. PDF (Probability Density Function) curves for describing the statistical distributions of unidirectional carbon fiber epoxy composite when

subjected to ASTM D3518 in-plane shear test: (@) RTD and (b) ETW.

(a) N

Figure 6. Typical fixture configurations and schematic diagram of loading
scheme with different ASTM standards for compression tests: (a) ASTM
D695 end loading, (b) ASTM D3410 shear loading and (c) ASTM D6641
combined loading (end and shear).
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AE A E 45 = A gheel tigt vl A0S v
Figure 70| VFERYI it} o] 7] 4] ASTM D695 A} ZH-2 EF A3
T2 THH] 4%-23% H e W= AISH o H, o)== AlH 25 #
of| A} TR 3}= edge crushing®l] 2|3t A|H 7] ofo] 29 Y
oz oefA it

) Ladder rail composites [} Sheet piling composites
L(@) (b)

g 2
3 3
) S
2 2

s
&
3
=
&

Compression strength [MPa]
g g = g
8 3
—T T T T T T
%) w
8 8
Compression Modulus [GPa]
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[ | 488|431 380 | 406 493 | 422 283|255 Not available 279(25.4| 7
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SRM1R-94  ASTM D695 ASTM D6641 SRM 1R-94  ASTM D695  ASTM D6641

Figure 7. Comparison of compression test data of commercial pultruded
structural composites according to ASTM D695, SACMA SRM 1R and ASTM
D6641F [5].

ASTM D6641 A 34 Z e = ol Ax14 el AlH
T WS olf5}] 93] e AT 43 vt glon, o
FA Q] Fhs B EE = global Euler buckling, macro-buckling,
end-crushing, axial splitting, elastic micro-buckling induced by
fiber kink mode, 12|31 shear failure in through-the-thickness
direction 5o YA Ut U= k5ol ot AlH 27] 9
&of i3t Fo Yolo gl (1) 229 A& FL2(2D fiber
architecture)o]] W= fiber crimp effects, (2) A|&H ] =529l
resin rich area, 12|37 (3) A-G-4A] 7+ A £ 2](fiber-matrix
interfacial debonding) 522 A& A it} o]2sh 27| &A

of| A A 4= Q= TS A Shao] HRlA e r FUH
of whet Al HA| = Aubd 4= 9lom, o] =3E &4 4k o]
A S 27| I (premature failure) FAS 2T 4= k. ¢
oA 7|4 U= us HE 2 fiber kinko] 9|3t elastic micro-
buckling= A 3}7] 93l Gutkin[6]+= fiber sphttmg flber
kinking 11]-_/1\_ N2 A \:ﬂﬂ /\ 01_‘: oﬂé_ rde H
(Figure 8). O]”ﬂ A= sheoll ofgh 7] &4 & ek fiber
splitting-> -4 7+ AW g2k of] o5 & FoFS e A
o2 A 3}1’4— Fiber kink2] 7% &Jdlz] o 2 ol At} 5
Zo] 2o = gl HHAY3itt, Budiansky material modelS 7]
H}© & 3} unidirectional laminar®] thgt &= 7= (0)= Tt
R SR CEECI!

©]7] A, 7,i= in-plane shear yield strength, o= transverse

yield strength, y = shear yield strain, ¢, initial fiber
misalignment angle, 18] 11 = 34| =& % 5-29] kink band

inclination angle©|c}.

(@) (b) g (©)

= Z

Figure 8. Schematic diagrams showing fiber kink failure and its
corresponding failure model: (a) in-plane buckling in 0° fibers with an
initial fiber misalignment (¢,), (b) progressive deformation in 0° fibers via
fiber micro-buckling mechanism when it is loaded in compression loading
(0”), (0) catastrophic fracture due to fiber kink and (d) Budiansky’s fiber kink
model. Here, the geometrical terms of kink band are w (kink band width),
B (boundary orientation), and ¢ = ¢, + y (inclination angle) [7].

Opelt[8]= Figure 95141 LFERYL 2k 2ol GF% A7 <]
& A2 E 4514 o, o] & E3] (1) mixed mode failure, (2)
through-the-thickness shear failure, 123 (3) end crushing
S ool A 7H Fefe) saR s s R 4 Yo,
ASTM D641 A1 Aol Aelsta ol nlekash) et
(= 3-8 7153 =X === Euler buckling, edge crush
5°| 212, Euler buckling®] 7-- strain gage sensorg 2§
5ho] A1E z7] ©HA|(at 2,000 micro-strain level)of| A] A|&H W

bending-effect WY o] -5 of| 58 4= 9L

(a) Group A

(c) Group C

(b)

P 2.0 mm B 20mme Feeee 20mme s 2.0 mm

bttt 20 mm FeH 2.0 mm

Figure 9. Typical compression failure modes for plain weave fabric carbon
fiber epoxy composite: (a) mixed mode of failure between through-the-
thickness shear (—) and delamination buckling (—), (b) through-the-
thickness shear (—) and (c) large delamination followed by specimen end-
crushing (—) [8].
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3.2, MEHAIA

Ao AEe BEAR A58 AR AFS oS3}
7] Y8l =dot= Al o2, W] Atk 7% (in-plain shear
strength) 2} 7<= (in-plain shear modulus) &7 o] &4 o|t}.
EA R AT A ES oo AT sta AlE W Fotsk] fel
2 ojgfgo] Al AR Kkl glow, ofof tfgt 8
YIS 2= (1) gage-sectiono| A HA| 52 41/ =&l it
SfA 2 EAlo] Faskn, 12|al (2) Y B W Ad 44
olsfsl7] #1gt a7t 4= = thdEt 715401 kA
A5t7] jzol et

3291 et A ¥ S 2= ASTM D3518 off-set angle tensile,
ASTM D4255 2-rail & 3-rail shear, ASTM D5379 losipescu, =i
ASTM D7078 V-notch rail shear 5-0] it} WU Atk A3 &
/$EE Figure 100 YEPH O, Al 14 | Al AIE 27E
& Table 501 9.°F Jejolgitt. ATt HPE2 ARt o r 1%
4] (strain-gage, extensometer), = H] 4 =4](DIC, digital image
correlation) Al A& &-8-5lo] ZA3Ith £3] DIC WAl A
gage-section Ujof|A] M3 =

it

o]

(i

o= 288 4 gl aw

Figure 10. Typical fixture configurations with different ASTM standards
for in-plane shear tests: (a) ASTM D5379 losipescu and (b) ASTM D7078
V-notched rail shear tests.

ASTM D3518 Al off-set fiber angles 7HA]+= A
& A 9% st Q7teke] 53t 38 wgke 7Nt
o8 HY Ad =42 S4st 7] 1ek Al oI, +45/-45
inter-plies©]| 4] extension-shear coupling®. = Ql3j| 2 83t -3
@ 5ol AT U AT 4 ek o2 413 12 H(1-2
plane) YollA] 5= %|+= normal stress(c,, 0,) 5> Atk AJg 3}
A % intralaminar ply cracking, fiber rotation, <= internal
delamination = B}A8}A] 942 mixed-failure TAF 52 28
o 4= ok T3 A Al K9 F 5 W3k (longitudinal)/ %) W

e

3F(transverse) 815, 12|11 A|H Z w}5F 7% oF& 28tk
Thol| ] WhAials B 93t 5l S0 & Qs 24 B4 of
AT H 2 TS 112 4 STk Liang[912 255

& 2= (unidirectional laminar, woven fabric laminate) 52
&-5to] ASTM D3518 Al g I 5 WA st v S A=
1l B89} o] & E3) woven fabric laminate-2 B] A8 S-2-
WY AF AdS Bolon, FE S A E dHor &
At HE (7% 014D 28 t) ¥HH unidirectional laminar
=7t A3t % (inter-ply adhesion) 7} woven fabric

laminate TH] A& o2 GA|5}7] o 7] g2 Al
71 F Beol A AR E G oH, ojf AT nhE R EE =
fiber-matrix pull-out, fiber fractures, 72| 1L inter-ply delaminate
ol qich

ASTM D3518 A| 3414 thu] o] 24 o= et At 5445
Y5 U= AT 2 LA li= ASTM D5
2l ASTM D7078 V-notched rail shear®] 7%, oj A AL 7}
2 F70 notch 52 752 = HEtf moment 5}5-& A|Hol| F-7}
SFAA gage-sectionOl| A A 8FAL, =3t A 35 A
A4 Sl= Ao r doA glon, o)= A7 HH e (virtual
material modeling)= $-3l|A] 71 &35 S v} Qo =3t
notch /& 7131 AlRE 2| 7%-F- Figure 119114 WeRH vtel 2
o] 41 0] 2} 67) 25t 74 SAE(Grn G Gro G G
Gyl et E4E2 /A e S4T 4= St

olo

379 iosipescu

(b) Intralaminar shear (G;)

(a) 3?
3
| S |

A\ —
) N

Interlaminar shear (G31)
2, U/‘I"

v/

)|
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Figure 11. Definition of (a) stress components in accordance with the
material-specific planes and (b) specimen geometries of V-notched rail
shear testing for in-plane shear strength and interlaminar shear strengths
[14].

V-notch beam shear A& H-2 1960t N. losipescu”} #<
Aot om, Adamset Walrath7} B3| & Atk B4 H71=
913 222 A 5191 Stojeevskil10] E3F A2} AT 24
Y5 93 W2 A7 AAE e w, 7]518H4 4] notch
g 2 A A, AIE 2 S A = Qs A

AF 245} 9Fok, 12] 31 gage-section W stress/
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strain field B4 A3} So] X% v} 9lth[4, 11]. 0] & &3
iosipescu V-notch A|#Ho|| tjgt At &8 B4 Wl 7he of| =S
st om, AlH-AIR A7 7 Aol iRk 45 27, AlH
Sl w2 ek 4 AR, el v A B R A
o] AA1E vz} Q) e} £3], Odegard [12]+= notch root G & o]l
X e 2% BAo) ofat A 27 e ool ofa) Al
o= HIsiglen, 1 ﬁJ—]- notch rooto]| A &=t %Eﬂ, Az
T Al 27] BhE2 29ksto] AlH o] W] W (out of
plane deformatlon)% PIAZ 4= 9l v EE }To] 01 7} 5]

o] A=t 44k ok 4= St} E3F v A Y s A
= A ‘:}Ooh?_} H27(5Fs 2, A A 7L A, AlH-
ALy 53t F)of whE v BukE H| A58
[13]. V-notch Al o Tt HZ1 29l ups= B8 :‘TE?TE,L notch &
o]l A] strain field 574 HE-2 thget A4 A& o 3
s} sl

V-notch rail shear'= B2 ZLof 270 Atk A|PH o=
ASTM D7078 Al &AL 2 A= %o, 7] ASTM D5379 T
H| A& 0 2 Y2 gage-section= 7} ©]F V-notch A|H 4}
< 7|Rke = A= ATt o]wf notch 7] Al -2 31 mmo| ™,
ASTM D5379 A|3H Z(11.4 mm) thH] 2.78) & S notch T4
ZHA AL Qe A e ajA ik g8-sto] Aot AlH of
oY AsE 5T 2315, 68 A5 A5 % notch] 78}
shA 540 o3t YA GAl 7] losipescu A H TH] F-2]
Sk 7102 H 1% 31 Qlth Chang[16]2 cross-ply BFAd7/91%

Al ZZghof| tjgt Ak EA)S- iosipescu, rail shear, 18] 3L short-
beam shear A] cAQEOH/\‘] H| 1. 5415} o} josipescu H rail shear
L= gage-section®f| A] A3 Hth-3-2o] A E| Q] o, A ¥ A
S 2 A B A tie] =2 A 85T 4= QS
2 Aol tigh 2ol Al 2 Bt Aol A WAgsk= Al
=7 "3k O 2 interlaminar shear stress effect 05‘ SpAo] £ 7105
o] 9, DAk ok Ak B4 A2 $15 5147
3l 4 7Rke &2 Bt st g 18l (ununiform strain gradient)

1S PN'

z mlo
o

l,

[e

S BAFSE 4= Qs W R o] Al 28o] sl o] Ht
HE-2 Behroozol| 2J3)] Aot Atk BHA Al (G A&
ATt 17].
— P AT (AT AV, AT
G, CFXA}/ (A}/a XA;/,) x A @)

y,i= average shear strain, y,~> local shear strain at specimen
middle point, y= global shear strain with consideration to
Z 1]:]_- /\]fﬂ .H.ﬁ ol

carbon fiber unidirectional laminar A HE =

difference in strain readings©]C}. Figure 12+

G

A AIE v AR Z, ASTM D5379 iosipescu HJH] ASTM
D7078 A|H-2 7|3}8HA © & Y2 gage-sectiono]| A U3t
shear strain-field & & 1T}, Stojcevski[10]+= THAA] /0o A
E A EE &85t Tosipescu Al gk T wj A U Fofl
il A-tstoict oo whi mEof ok njE 4= = R

01 Z} 2 = fiber tow size, A|H &5 T € ([0],, [90], E+ [0/90],),

23 A|H F7 50] Stk Tosipescu A Hol| A BHAYEE 4= Q=
A2 Q] ok B ES2 Figure 130] Yeb om, 71 ahd 2

(e}
= A2 of-23} 2t} (a) pseudo-diamond fracture pattern
° /é.ﬁ._./;x] 7_—”%0”/\—‘ Aok o] /R]-EH Hog =0 Esl—xHE Z]
S0l o2 et el s mEols (b AYH0E 37,
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90° laminate 0° laminate 0°/90° laminate

(c) ASTM D7078 V-notched rail shear

Figure 12. Example of strain contours measured by DIC method; (a)
ASTM D3518 +45° tensile, (b) ASTM D5379 losipescu, and (c) ASTM D7078
V-notched rail shear tests.

ma) I 11 E I I |[i
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S S| TRDGIT| i

0°/90° laminate specimen (acceptable) ~90° laminate specimen (unacceptable) — 0° laminate specimen (unacceptable)

Figure 13. Typical failure modes of V-notch specimens: (a) to (d) refer to
acceptable failure in shear mode; (e) and (f) refer to unacceptable failure in
non-shear mode [18].
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AlEF S 2= ASTM D5379 Tosipescu, ASTM D7078 rail shear,
18]31 ASTM D2344 short beam shear 5-0] gl o1, o] 5L &
A2 1zael AW B4 WA AW BeEE B
918l gt A FE2 AT FH-E(fiber content) X WF- 2
el 715 S (porosity level)ol| 2Est= A o= |4 Qich
E3 37 =3} (environmentally-aged property degradation)©]|
Ogt ATt 7 Htol| & uf-- qIzFet A0 & Bk a Qlrt,

ASTM D2344 A[@ 2o w2, a3b2el Shdd vt
£& FE517] Y8l AlE Z/FA Bl& (L/h)2 4-5 | W
£ s SAGTE AlE Aol digh A=AdE wo
7] 913l 71% 3 point short-beam A& H-& Tt 4= 2= (1)
ISD(interlaminar shear device), (2) DLS(double-lap shear) B}
Zo] AletE B} QlT}. Rosselli[19]7} A|2k3HISD A8 Av}o] 7
- 7] ASTM D2344 A3} tB] A2 4o] & At 7= g o]
HE 853 4= Qlvkal 4515 O, Pahr[20]9] A 2o
A DLS A2 o] & 7+ f thH] 22 Ayt SA =gl o,
o] 5 &3l DLS Al ol tiet S A5 o gllehaL 12
argkuRzE Qi

u} x4k O & mshort-beam shear(modified short-beam shear)
AlE Q] 742 Abali S0 Aot o [21], 7]& ASTM D2344
short-beam A @S 7|Hko 2 HE = A|YH o]t} mshort-beam
shear Al 8 2712 Figure 148} 0] loading nose2} A|H Alo]of
H = 9] flexible padE %851 loading nose F1& 2.2 213 1

lo

-

-

Asts 720 39 AS5S dhAd = ik B Ad 4
I}=of W2 mshort-beam shear A|&-& A Ao 2 Lo =
AL ARE(2% PR E Ho| H3 A A Zutol tigk Al=e 4=
Ue ARG E A5 A 4= qslen, 7] 544 24
7H(46.2 MPa)-2 ASTM D2344(32.3 MPa) thH] ¢F 43% =2 2
3t Zho] S = ATk E3E AlH| gk v Ay s A Aaf, A
kol gk A2l 2HHE 913l beam theoryol 7|8kt H A A4
()7} Bastcia ®Bag uprt Qe ol & 50, 5148 E v
A =& G JE, E4& 7= HEY A B Ae =13 &t

(b)

-Aluminum sheet (1.2t)

0——Loading nose Rubber pad (2.54t)

Soeci
(6.0 mm dia.) pecimen

0.4s
0.5s

Span length H
P/2 Specimen length P2 | P/2

Span length (s)

Specimen length P/2 \

Figure 14. Test set-up configurations for ILSS tests: (@) ASTM D2344 Short-
Beam Shear and (b) MShort-Beam Shear tests.

H, SR EA] HASTHG,/E, ) 10)9] 9k = 0958 3
Relgick 37 A sl 2 271 g7 Hpe
E3A = 9] vhe] 3> (interlaminar delamination fracture)ol] £
A FaFe vl A= W, oFF St 2] 8- (compressive
interlaminar normal stress)< ST = 7jAlof] LA A 91
a3 02 2

3.4. CAl (Compression After Impact) A&

A W ] 2B A% ek FACEE $5)
% 2750 w28 % glo0, ol BYAR 429 3
Aol ogt 7 7 (residual strength) A5 874 4=
SR x4 tH o mE R S A A 24 A
o= At o S, 53] g HIAE 54 5k stollAl
IR HA A4S Hols Aolth olHRt &S HA=R
AFA Ao A "BVID(barely visible impact damage)"©. 2 & 4]
ek, kb A A48 Tk A Ko] RTEL BAAR 12
=0l gt &AF 318 E4J(damage tolerance characteristics)=
B7Fshe 71 ARbA Q] W o = CAT AlglR o] &7 = qlct.
= A5 A Fuhol tigh 2R A=
£ Y 4= st A S 53l dlSshath2s]. geksow
Lol Al A = AAgtk: (1) 5= 4
Sl A Wk 71 54 8k Q7E 2) &4 99 B7HE e
Al, Bl HAL, Z22]aL (3) WU O AR S A e
4. Al Al BAS2 ASTM D7136
715 o Sl

CAI AE AL g44& 23 A1 skl 23t boundary
condition-> Figure 158} 2t} ASTM D71360] W= -4 38}
5 U7HE flal dHHA ez 16 mm 7] 9] WY H YA E
(hemi-spherical tip impactor)& %3} 1oL}, E4 ol =
A BAfsb7] ffsf, thE FH B 2715 71 e A
28 7H58lck. ASTM D7136 Yot %2 A3 9 A3 774 |
AIE A 71 A4S Figure 1601 YEFY Tt

® Tx Tx
Force (P) Force (P)
ate

b <

A
o
A

o

S

¢

¥ 3

ASTM D71379f| 4

150 mm
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constraint in accordance with ASTM D7137.
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Figure 16. Test fixture for CAl test (Source : ZwickRoell).
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Figure 17. Typical failure modes of (a) unidirectional and (b) woven fabric
composites when subjected to impact loading.
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