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Abstract

The purpose of this research is to propose a model for the prediction of residual strength. For

this purpose, two-paremeter model based on Caprino's is developed and formulated by the ratio

of indentation due to impact and normalized residual strength. The damage zone is considered

only as an indentation. Impact tests are carried out on laminated composites by steel balls. Test

material is carbon/epoxy laminate. The specimens are composed of [+45°/0°/90°), and [ +45°],

stacking sequence and have 0.757 x 0.26% X 100* (mm) dimension. A proposed model shows a good

correlation with the experimental results. And failure mechanism due to high impact velocity is

discussed on CFRP laminates to examine the initiation and development of damage by fractogra-

phy and ultrasonic image ststem. The effect of the unidirectional ply position on the residual

strength is considered here.
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Fig. 1 Geometry and nominal dimensions (mm) of
the specimens

Table 1 Properties of carbon fiber (RS/1222)

Maker TOHO RAYON CO, LTD
Grade HTA-7-12000

Tensile Young’s | Elongation| Density

strength modulus
(GPa) (GPa) (%) (g/cm?)
3.969 0.238 1.66 1.77

Table 2 Specification of specimen and tensile

strength
Material Carbon/Epoxy
Stacking seq.| [=45°/0°/90°], ] [+ 45°],
Thickness 0.75¢
Size 26% x< 100 26Y x 100
Tensile
strength 802.8 223.6
(MPa)
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Table 3 Properties of carbon/epoxy (lamina)

Longitudinal modulus E, 122.4 GPa
Transverse modulus E, 7951 GPa
Shear modulus Gz 357 | GPa
Poisson’s ratio Vi2 0.33
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Table 4 Power, m and critical indentation, .. of presented two-parameter mode}

Ball dia. 7.14 mm 5 mm
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Power, m 0.174 0.171 0.149 0.147
Critical
Indentation 11.4 14.03 7.97 12.5
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Table 5 Critical indentation, o using by static indentation law with 7.14 mm indentor

Ball dia. 7.14 mm
Stacking seq. [£45°/0°/90°], [+45°], Averaged
Critical
indentation 12.91 12.49 12.7
& (pm)
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Table 6 Derived power, m using by static averaged critical indentation, g, =12.7 (um)

Ball dia. 7.14 mm 5 mm
Stacking seq. [+£45°/0°/90°], [£45°) [+45°/0°/90°], [+45°),
Power, m 0.179 0.165 0.198 0.152
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Table 7 Power, n and critical damage energy, U, of Caprino’s two-parameter model on the given

specimens
Ball dia. 7.14 mm 5 mm
Stacking seq. [i45°/0°/90°]2 [+45°], [£45°/0°/90°], [£45°),
Power, n 0.677 0.674 0.33 0.329
Critical
damage energy 1.777 1.889 0.37 0.517
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Fig. 20 Indentation vs. impact energy by 7.14 mm ball

Fig. 21 Indentation vs. impact energy by 5mm ball



610 1}
EA4E 42 ARoNE 2 34 QUAE T3
7boofeigl vlE & wdelAde 2 & Y

#o2 ebiohs Hol 4 F2Eole A4 54
o] % ¥& Aol Fig 203 Fig. 21& 244
vzlet ghele] BAE RAFed FANUR I} F
7 45 k2 Vg HeE Foksle A
BolFrh

Fig. 22& #4& u}
(unidirectional ply) 2l =7} =77} % o)
detlerts A8 (24
[90°/0°/£45°); AHE& FAFo=z4

(o]
T

B ok

ol
Kol ot e o M P o 2 10 o o

L O
s

X

T
o

:
)

Ml Fdel o3
4 gle, Wl
= A2e 370

o

shojol & 2 4} A
A = 2 Caprino9j

a7jel web 2 Wskape)
Aers walel oA

3o AARSEL AL S
ol & el

P ERET P

de fo

L
e

700 |
g
£
g, 500 [
]
&
3
=4
g m -
(45,
Em
20 40 60 80 100
impact Velocity (m/s)
Fig. 22 The comparison of strength decrease between

[+45° 0° 90°/2 and [90°/0°/ £ 45°], impacted by
7.14 mm steel ball

Fe] ¥ Ao, 59 2 dAHEEGF a2 B
Aef 2zl & Aol7h glormz o] o] A
7ok ol RS Zlele EYPAQ AaAs
(charateristic property) & i8] & 4 92 A
o]},

44 B

2 £%ME Caprinosl H434¢ We 43
3G HFFEHS Bl S22 S n4S
A Be ALY BFASE 2744 22
e ez dFse 2wAEs 2de
Absigieh, ol & Aok 142 ALYE Pspgle
o 3o Amel $AR T e weh BE
v A4 Fadch dFE B4 9L
e AL A,

(1) F2E3 SA449 94 9 27) $3 2L §
VT AYEA dold n4EAT wARE AT
Ftoz 43¢ CFRP S¢4z AF72xe
o EAs YA obF & YATE w3koh.

(2) AUl e BFAEvY Bage A
2o HAzgAel 8 Jguct Faae 270
og gl o AMAUAL ¢ 4 Yeh. 2¥AY
244 UG HgBel $A% Tedel SAs
ofehZol AATE Anc $A2 <Y AL
4% (fiber) ¥3o] 27 Wold of A7 FEga
9 4g A3t

(3) % A AdE F ol FAAY 2Ade 2
solzh oz of ghol WAl Ash ol Fab
A 2olole SYA ARA4T & 4+ dou
ool Heled o B A7} 27,

5T

Ao

(1) Waddoups, M. E,, Eisenmann, J. R. and Kamin-
ski, B. E., 1971, “Macroscopic Fracture
Mechanics of Advanced Composites Materials,”
J. Compos. Mater., Vol 5, p. 446.

(2) Nuismer, R. J. and Whitney, J. M., 1974,
“Stress Fracture Criteria for Laminated Com-
posites Containing Stress Concentrations,” J.
Compos. Mater., Vol 8, p. 253.

(3) Nuismer, R. J. and Whitney, J. M., 1975,

“Uniaxial Failure of Composite Laminates



14274& e CFRP E4xl89 AFZ4E oS 611

Containing Stress Concentrations,” ASTM STP
593, p. 163.

(4) Prabhakaran, R., 1979, “Tensile Fracture of
Composites with Circular Holes,” J. Mater. Sci.
Eng., Vol. 41, p. 121,

(5) Ochiai, S. and Peters, P. W., 1982, “Tensile
Fracture of Centre-Notched Angle Ply (0/+45/
0)s and (0/90) Graphite/Epoxy Composites,” J.
Mater. Sci., Vol. 17, p. 417.

(6) Husmann, G. E., Whitney, J. M. and Halpin, J.
C., 1975, “Residual Strength Characterization of
Laminated Composites Subjected to Impact
Loading,” ASTM STP 568, p. 92.

(7) Mar, J. W. and Lin, K. J., 1977, “Fracture of
Boron/Aluminum Composites with Discontinu-
ities,” J. Compos. Mater., Vol 11, p. 405.

(8) Caprino, G., 1983, “On the Prediction of Resid-
ual Strength for Notched Laminates,” J. Mater.
Sci., Vol. 18, p. 2269.

(9) Caprino, G., 1984, “Residual Strength Predic-
tion of Impacted CFRP Laminates,” J. Compos.

Mater., Vol. 18, p. 508.

(10) Matsumoto, H., Arai, M., Adachi T. and
Usjihashi, S,, 1991, “Evaluation of Perforation for
CFRP Laminates,” B A #4300 K (A#H), 57
#%, 535%, p. 583.

(11) Cantwell, W.]J. and Morton, J., 1989, “Com-
parison of the Low and High Velocity Impact
Response of CFRP,” Composites, Vol. 20, No. 6, p.
545.

(12) Awerbuch, J. and Hahn, H.T., 1976, “Hard
Object Impact Damage of Metal Matrix Compos-
ites,” ASTM 4th Conference on Composite Mate-
rial : Testing and Design, p. 231.

(13) Yang, S. H. and Sun, C. T\, 1982, “Indentation
Law for Composites Laminates,” ASTM STP
787, p. 425.

(14) Tan, T. M. and Sun, C.T., 1985, “Use of
Statical Indentation Laws in the Impact Analysis
of Laminated Composite Plates,” ASME, Jour-
nal of Applied Mechanics, Vol. 52, pp. 6~12.



