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Abstract

In order to study the impact fracture behavior of brittle materials, a steel-ball-impact experiment was
performed. Five kinds of materials were used in this study ‘@ soda-lime glass plates, glass/epoxy prepreg—one
layer-bonded and unbonded glass plates, glass/epoxy prepreg-three layers-bonded and unbonded glass
plates. Fracture patterns, the maximum stress and absorbed fracture energy were observed according
to various impact velocities 40~120m/s. With increasing impact velocity, ring crack, cone crack,
radial crack and lateral crack took place in the interior of glass plates. The generation of such
cracks was largely reduced with glass/epoxy prepreg coating. Consequently, it is thought that the
characteristics of the dynamic impact fracture behavior could be evaluated using the absorbed
fracture energy and the maximum stress measured at the back surface of glass plates.
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energy from the impact signal

/\a]

3.

R MG EEE!
%4517 of 114

-

Y Az 2 33

ALT

=)
o8
o
ol

o 3455} Z7hgdl W 324

BAsted el F o= Fig. 33 49 o)
AT FAEE 40~120m/s9] G Zzt AF
A owjdy AdSHHY TR A%
< Yeid. EEE7 F 9m/solstol e F
87 FfadduAs F& HYdA g



S7hske A¥e Rgoy o 100m/sol el =
Hdl 393 FLAAAIATL FH54A S

311 AR/ EFA] Zel=ZgaE 1502

S E B RE:

o

Fo

ANR/AEN ZejZeas 1202 HA 2

1 A9 HUeds FouAd g

REE:

S Fig. 3 & Fig. 4 o Yerdie
~~ .
g 10°:x Soda-lime glass »
s ® One layer -bonded
- 10 5 Gne layer -unbonded %
% . X XK, * gy ©
2 1 O o X % »
@ x * . X y *x X R °*
é 10! x X0 of o * § o °
= 102 . A ! !

40 60 80 100 120

Impact velocity (m/s)
Fig. 3 Back surface stress of glass

plates with one layer (bonded,unbonded)

FAEE 100nvselstillME o 389 FF
g dR) gkl 15 HEd AgHo] wyae
Aeu 2 % AT, 100n/so) A= &
< w®g BT v AlgHY Ag Ze=
A7t 2T FAA & fE] AlAd F
AL 7454 B2 FAEE oF 100m/so]do A
= A $8F gAYt & #g M

£ o 10*[xSoda-lime glass
g8 :
E w© ©One layer -unbonded . «
= 1
gg ...-53)9003“’
2 QIO‘IW 6 LR S
s - v 0 %X X o
o =10
< @104 1 i 1

40 60 80 100 120

Impact velocity (m/s)
Fig. 4 Absorbed fracture energy of glass plates
with one layer (bonded, unbonded)
Bn 2 4 gtd AR @AY Fou ¥
A& AgHAA WF Fho] v Bo] A
Addes QAP Ed egaAst Wz
FAAF/AEA ZAZHaE 15 AHT FS
FA%E7} 100m/soldellA AlE wiHAfA e FH
H3en gt IAE 24 Fasan.

312 #IAHF/AEN =g =gy ag 350z A
39 wART FIAE

Fig. 5% 62 ZT FA4E 40~120m/s8 S0l
A FAAR/AEA ZZHaE 35 HE %

Bl 2 Ao Al widolA Hdj g §
st A g€ vkl Zolh. Fig. 59 69 1
gGe AL rhAVIAR FA&T St
o 100m/soldtl e 3T o HAF A
123 9o v 2 %S ZAT 100m/s
dellXe ZE gg 2.

= XSoda-lime glass .
E 10 [+Three layers - bonded
< 4Three layers - unbonded L ox
2 1 , KX x|
@ X X .
o x X o, ox ;xfoAx‘MXAAA.
5 10-1 . An * 4 a ] At
= 107 ! . ,

40 60 80 100 120

Impact velocity (m/s)

Fig. 5 Back surface stress of glass plates
with three layers (bonded,unbonded)

10 ¥ Sodatime glass
2o a Three layers - bonded x
g 2 15 Three layers - unbonded
& & x .
o & 10— ¥ * *
g - * x .\ < x X
g 800 S T
o g ot
< 9

103 } | 1

40 60 80 100 120
Impact velocity (m/s)

Fig. 6 Absorbed fracture energy of glass
plates with three layers(bonded, unbonded)

zZe=dae 3% A% A9 Aysde

%mn/s FALEEAA A AT gL JIAH n)
AZe AR HyHoz g 2 gL By
. IHqAE HdigYo] uAHFd AL}
3.77x10'WPaR =2 718 AFo] ALnT} 93
g 2 #& HAY. FFAggdquxe ALe
AR o2 HFo A9l tax & ge BYo
o2 nAe A9t 43 WEAAL 1Y

3.2 22 A Ar)d v FE4E5E
9 m3}

)

3.2.1 &¢ AT

Fig. 72 @< 2 (soda-lime glass)olA] 24 &
729 Feo} A 5L FAEE FUhd uw
2 Yehdild. 1hARS dFdeld 2, 3, 4,
582 2y do]l BAsY AAUR=E AAsn
dod defely Zad 34 dASxEE o
5om/sPE & F AT, 6L ol dFdol



28m/s 55 m/s

0.6ihls . s6mls

Fig. 7 Patterns generated in crack soda-lime
glass as a function of impact velocity

7, e g ¢l AW YrE A
AE & ¢ ot FAFET} 100m/s0]¢ 0] FH
TR IS AA WRAA dAe AAge
& g o AF Yo 2 &g 2PAR
T 100m/so] gl o] § #d9 AAFeE
gdefads Ad $53 FFEAHALt F
A&x o 100m/s°ﬂ"‘] ER I i b

& QARG

t

oz A

ofjr

322 T3/ EA ZzYag ]
2 g oupgd & fe AgH

Ly

G

Fig. 82 7+ % £x7t F7hgd] we A
g mExg o &3 W 7ES RAFT
Fel A oﬂ%ﬂ/_ﬂzaﬂ:m FHOR Iy
I FeuFd ZFde] 2489 AR Yr=z
Ao, deolddzd, dgdzd 39
713 gd& RASA &kt G R/
A Zel=zyg ozt fed AaAH g A9,
5o #4 &Aool AP AjH AdoA B3R
o} 317 o} #4d 37M A SHL o
Heov 13 ¥R AR g ZA JE
W@t

Smm

Fig. 8 Fractures of glass/epoxy-prepreg
(one layer) bonded glass plates

Fig.9% A7 2457} $7h¢td v 48
g FeAAR/EA] ZH=H2E 1202 HA
A AQHNA 2T FEL UeEhd Aot}

—_—

Fig. 9 Fractures of glass/epoxy prepreg
{one layer) unbonded glass plates
FeE 1502 HAAE FHR/EA =
Jzdze) Bee dehie Sue ARyt
7E dFL Hstd Ado wvADd FYPAH/
NEA ZHZH IS AAT T B2 AAYR
o 2EE YEdg. u&£3FoAx @A 27
et 2QPon EFFY A dASEE o
62m/sR L, AW WHox Fdo IAL HA 3
ZasdY. B AH FEL 1302 HAG
A48t ga 274 Jegod og e 74
o B ARz Wi By 2ALTH o
100n/s01 304 WA At Bae Aew
o Agdd %ﬁﬂowxm o 2 e vt
A AL 34X W4T 2do] AW YRz o
27 AR A% AU

3.2.3 FAR/AEA ZZHaE 3502 A
2 4 A f AEd

%7}01 wE Zmg o s
A EAA Fo%kar, A]ﬁui-r«l +r
EI—"?—"Oﬂh Tdol A LA Gy, ols
3.1.280 4 AFg vie} o] AW wjd A =
A= AdSYH FFAAqYR 7L o}F e
oz A9 dAT e JHAH gia ZTEs
AE Hole AY F LAy gL & £
olr,]_
Tz yga f;_— 3302 vgag A@H @
gk Sp&o] A 3
B7t A9 QOU} FA4%T ZJld g
g1 S&o] F7] ¥WEIE A QI
o Z4EL AF TR Gy}, o=
o] Fig. 5, 6914 AHE nio} o] EJEH%
TG QIR BE FASE WY oA A
A 2k 2= A9 & 59

JEi\gé_V“_,

12 B X e (K oft o



3.2.4 279D (cone crack)e] 7}

A "M %—7%“‘6*"‘]*1 2T qgd 7
< #HEAEd, o FolM 7L P A
& A5 Nwﬂz"’ A (DL W 2
D= 2[ (1257(3/48)2/15(E/K)4/15p2/5r4/3/ﬂ%?/3Ki/3]v4/5

(3)

K=(9/16)[ (1A +(1— V)E/E) (4)

L.

v 22t 92l (soda-lime glass)

Fol&uloln] E .V, p, 7,

(steel ball)®) BHAAS, Foldn],

‘6_7:]/\1:011:]' ﬂR Kc '\% }é’s‘j}

Aol defe] (soda-lime glass)
o 74z} 8.5, 7400000]TH?

Al
2

E,

i)
o_)L

U\_

A
—

°¥-

o 32 Hil 20w 2, ofN

2 7.4_017} 341101
2 wg YAEEE Sag
ZYEYIE 1F02 H];G;d-
BF 27 o 50m/s, o 60m/sRT. FHE AF
& vug Az, FEo] FHAR/NFA Z2=

T
ol

F

=
#A1g 1207 Ao A @A 1 wFAhste F
Ags a7t o A veEsEE ¢ 5 o
12 —a— Experiment (soda-lime glass)

'.:', 10 —a— Experiment {one layer unbonded)

E ------- Prediction

= o~ T

= .

$E° ¢

=

b 4 ¥

@ .

S 2 » ;

60 80 12

Impact velocity (im/s)

100

Fig.10 Cone crack diameter versus
impact velocity

3.3 T =l A e s a9
Fig. 11‘. gef E]HO/OH Al Y=
g8 1579 3522 AFAS Felol o8 AT
FAEE Fto) upE 1{ sidd) X A &
LJrEM Aol AR/ EA ZE =
:L% 12(0.125m) 2. = %3 ok Ae, FHAEET}
ok 100m/soldtol A A|A wjdolA A4 HolS

0

A

oy

g Zzgag
#e RAY. oEAw
ARG goR {FAH
\“4 $2 e Hyown o

et e ZZyaE
dxe AL Aot

L0

Sl
_,il',_KZFIAJ:1o

7

-

e L = e 1)
o ML FIr 8 2 o ro

&OE_L;

o, '+

2

X Soda-lime glass
¢ One layer -bonded
4 Three layers -bonded

[
(=)

.

.
. LY Oxx
x Tr dxx L f

a

& X

l I
60 80 100

Impact velocity (m/s)

Fig.11 Back surface stress of bonded
glass plates (one layer, three layers)

Max. stress( MPa)

120

Z=ZH2E 3%5(0.375m) 2
ASE RE 2A%% 9o 24 3
2R oz FEaAAUAgE 2L @
aejas Mo}rﬂ FAGQom o)k =

2
Tt A AEAANE A

] (soda-lime glass)dl
F/]” /el A EE}EEHZLE -4”“’
o] §-8}ej HAF
o o 22

A3

7154 4

AR THed
'E
go

2EE

&’iﬂr.

(1) HA AsA
7L:rL %73 )\1'&1 /\]

A A =
2 3As= 3
9

L 2ARAAE 54 Age
BRIy

(2) Befelo 428 Gelda/EA =a=
AIE Sod B FAOE A A
laﬂ V2= 1A BAS daas
42 - a9

FEF2] (soda-lime glass)Y
DA F29 FHe P
7 wE 748 A 5HL o
g1 F49

3 #89) A0l @A 5 Bed
sjutg ¢ 7o) Ae BARA skt

() A8 §AR/NEA Zelza ot 51} A
I8 A4AsE Wod4Edel de adHes
24592 952 4 Y= Ao B7) A,



1l

b0

Ho
ro

(1) S. M. Wiederhorn, B. R. Lawn, 1977, "Strength
Degradation of Resulting from Impact with
Spheres", Journal of Ceramic Society, Vol. 60,
No. 9~10. pp. 451458

(2) Brain R. Lawn, Fernando Guiberteau, Nitin P.
Padture, 1994, ‘"Effect of Grain Size on
Hertzian Contact Damage in  Alumina"
J.Am.Ceram. Soc., Vol. 77 [71, pp. 1825~31

(3) Robert F. Cook, George M. Pharr, 1990,
"Direct Observation and Analysis of Indentatijon
Cracking in Glasses and Ceramics”, J. Am. Ceram.
Soc., Vol. 73 [4], pp. 787~817

(4) J. Persson, K. Breder, D. J. Rowcliffe,
1993, "Loading Rate Effects during Indentation
and Impact on Glass with Small Spheres", Journal
of Materials Science, Vol. 23, pp. 6484~6489
(5) D. A. Shockey, D. C. Elich, K. C. Dao, 1981,
"Particle Impact Damage in Silicon Nitride at
1400C", Journal of Materials Science, Vol. 16,
pp. 477482

(6) AFY, A, FYE, PP, 19%, "dA
40 gt R &7 A APF A,
7)Aee=E34), Al 208 A 6%, pp. 190
3~1912

—25



