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An Engineering Approach to Evaluation of Mechanical

Properties of Composite Laminate
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Abstract An engineering method evaluating mechanical properties of composite laminate with impact damage,
hole and undamaged sample is presented. Experiment results of the strength and equivalent elastic characteristic of
different material system and layer up’ s Jaminate are analyzed by using Heslehurt’ s formula. At the same time, resid-
ual strength of a laminate afier impact can be estimated by using the method for damaged hole with the errors within

20% . By using the engineering method, it can be easily determined whether the damaged area of a laminate is within

repair tolerance.

Key words Laminate , Impact damage, Repair tolerance, Residual strength

1 3%

£ 4308 2 FEAR 3R BE 11 R, B4 18 2 FE )
mEMAMERGMAIRMEETE S, BT
ERHERBRE, BB E 2, AR BES 8, PR E
ARE! . RHES SN LG5t
L, —F R R RE —E T ENENRGEN
BREMETRREAREEENT L,

A< SO Heslehurt™®! it 2 FE B0 BE O MG B AR
ZofrEacBR " R HILRARER
VitR SR FE 56 AT 7 HE U RS 3Y B 77, RIR (G B 45
PREHMGBESHEARN TR, EHEERARER
MHBEMHRA, ZEEEA BN E2TUA
FIERNBERET

OB B 3:2005 - 11 -21 ;48151 A 19 :2006 - 01 - 23

2 EXRE

FRIATREIFPAREFEEERRAMRIERX
F R EAR (R ITERKR) , AET @24+
3 40T BB SRR
2.1 Rig

REALS T, R T MBS (1) wHEEZH5
RIEWIER; (2) A% BIFER W, BRBAFFH
HEATHES AN (3) TR NN
BAE; () AERRRNLS ; (5) 7% BR TR
2.2 BR#

MR ERGHERRY T TR (1) RE
RATFEX&EREZER; (2) EEEAGFUTH

EERM AL, 1962 Flig B8, TRAFE SRS IR & B B 5

— 58 —

FHMETY 20074% $2#



FOTREREEE M, BD 0°.90°, £45°; (3) BEERR R %
B =) A
3] RANAMEEEREEMANETH— =it
miE

stFLBE 8B R ERAL T E RN RS
&, BA1 R A R A Tsai - Hill 5§ Tsai - Wu £ ANE
BRITEREE, HEXNTAFRMMNARETH
BERZUAURAZB AR Kt HESHHRE
ERAGRE . I E B3 A R o 5 o o] IR
LB B AL B ER AL AR T BT R ST A R SR B L BY
DIRRE A RIESBE . FeHRESHRHRGHERA
R/ MEB R RRE , WRE B X LHMEH
RETEHNRE,
3.1 HEBRE

F8 1 AhERE B T ABE

F,

100 (1)

Oun = X
2

Hep
v, v 1 -p, v

1 -
- 0 xy
Fl—(0.9+'1'0)P0+ 4 P45+ 10

100

(2)
A, v KRR B IR L s v, BB IEAR S RN
AR L X N B AR Y () LR SRBE s P O R T 5 H
PGP R £45 R G E A HHEBIER 0,0
REAH(2) P89 Pyl Py HEEDA]

3.2 WiNRE
B EAR I BY VIR oT LUE S T AR R
Fs
T w6 =Xm (3)
Hep
Fy=0.5[0.55P, +0.1(P, +Py,) ] (4)

A, Py 17 90°Z FTHY 5 A 73 8o
3.3 FymA IR ERETARL

JZ B AR 84 35 28017 P9 T8 34 B o T LA o X
(5) F1=(6) K HH

F,

E =E, 100 (5)
G, =E i
7771100

He

F;=0.264P, +0.028(P, +P,,) (7)
Kb E R m g, E AR ERNIES
BEE,C HEEREHEHA IR,

J2 D AR B % 0 TR A BE T DA T e

2.5P, +100 p,

%525 Py +9Py + 100
v =y 9)

yx 5‘.VE‘2
A, E, 4 8 [ BRK (o] SAPERE B
3.4 BEANNETHSABERILE—NG

ORHA R T300/xx, B J2 HE AR AL L3 5000 51 3%
PHSEEHATHE, Kb —HBER A X (7], £,
=143 GPa,v, =0.31, X =1 430 MPa,;X§ X % B &
HEL, 5 — SH B4 8 o 1) 2 R AR 00 6 1 B T 3K Y
T (AR F29) A E, =144.9 GPa,y,
=0.328,X =1 633 MPa, XU b WA 50dE - #f5E
AR(1) (2) (5)F(8) A FIiHHIAM L S ak b i
RN R AR A o W& 1. X U el
BRAFRIT A K[ £45°/90°/0°,/( +45°),/0°],,
B [ +45°/90°/0°,/ +45°/0°],,C K[ +45°/90°/
0°/ +45°),,D K[ £45°/0°/ £45°]

(6)

(8)

14

21 HBER T00/xx REMEAR A ~D ER MR T RRRRM LR
Tab.1 Comparison of elasticity and strengths between prediction and test results for laminate A to D of T300/xx

8 RN Vy WRE/% E /GPa W/ % o/ MPa 2/ %
A RR 0.522 62.90 716
X1 0.526 0.76 68.51 8.19 685. 11 -4.5
5% 2 0.532 1.87 69.19 9.09 781.29 8.36
B iR 0.437 66. 60 890
5% 1 0.463 5.46 70. 64 5.72 706. 42 -25.98
5% 2 0.465 5.94 71.50 6.85 805.79 -10.45
C A% 0.433 43.30 519
L 0.474 8.73 46.40 6.68 464.03 -11.85
4% 2 0.476 9.09 46.92 7.72 528.80 1.85
D X% 0.809 40.7 492
t5H 1 0.77 ~5.06 43.48 6.39 434.79 -13.16
N2 0.772 -4.7 43.89 7.27 49467 0.539
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Tab. 2 Comparison of elasticity and strength between prediction and test results for laminate E and F of T300/QY3$911

KB RENE Vyy wRE/% E /GPa BRE/ % a.u/MPa RE/D
E % 0.25 105.3 1369. 00
&N 0.26 5.16 107.66 2.19 1234. 50 -10.89
FiA% 0.33 93.30 1145.00
&N 0.35 6.13 94,32 1.08 1081.50 -5.91
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Tab.3 Comparison of elasticity and strengths between prediction and test results on laminate G and H of T300/5428

K RAEW E.(3) /GPa R/% E(IE)/CPa  ®R%/% ou(f)/MPa #2£/% o (K)/MPa §L2/%
G XK 59.58 59.39 1071.40 549.40
1. 65.39 -9.76 65.39 -10.11 970.29 9.4 541.56 1.43
HiXR 69.01 56. 12 702. 40 570.90
% 65.88 4.54 65.88 -17.39 709.72 -1.04 581.96 -1.93
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