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1.Hamber; 2. Impact block; 3. Prefixed bar; 4. Input bar; 5.Specimen; 6. Output bar;
7.Strain gauge; 8. Ultradynamic strain gage; 9. Transient waveform memory; 10. Computer
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Fig.1 Schematic diagram of tensile impact set-up and principle of measurement
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Fig.4(a) The stress-strain curves of KFRP Fig.4(b) The stress-strain curves of KFRP

1 1

at strain rate 150s at strain rate 400s



196 B 5w i 5% 20 &
20F 1.8
: £ - 1500%° tos!
. —+— 150
1.5F —a— 400
g -3~ 1500
=i
=
% 1.0F %
8]
0.5 y \ 1
TR T N T T N PPN SR N T N A 1 ;\T_'-r“fl Lo U 0-02 0.04 ‘ 006 l 60‘3 (‘)’”
o 002 004 006 008 010 P
&
Bl 4(d)  Hifm) KFRP 7EAS A 348 3 K 11
[l 4(c) Hi[m KFRP 7€ 1500s "I} V8L A Hh £
I v ek I 4 R Fig.4(d) The stress-strain curves of KFRP
Fig.4(c) The stress-strain curves of KFRP at eifferent strain rates

at strain rate 1500s !

K4 HpE KFRP [ oy $ir 4 il 36 45 2R
Fig.4 Stress— strain curves of KFRP

5 7100
*1 Hn KFRP K338 R 7y g TS ]
Table 1 Dynamic tensile properties ar 380
of unidirectional KFRP ?:’ £ 3 o
o '.::; 3 OH/.J"‘Q-;//‘D :f 60 %
g/ Sil E/GPa Gmax/GPa sm % E b
150 55 1.47 0.043 4 oL 1.
400 57 1.52 0.044 | o ——e——— 8 om
1500 62 1.57 0.046 1 i - 20
lg &
3 A KFRP 1) %W AR J7 1%
S GE RSN 87 NVAAIN
= A e X
3.1 Basfifiil R IR 5 [N A e ok B R
B EAH %[2, 6] IR L] E-glass 21 1 o IR AR Fig.5 Initial elastic modulus, str(?ngth and
R E R & 1L (GFRP ) ) v v i 4 0 80 28 12X 36 AT unstable strain versus lg €

A IR T BRI 45 R, 1R 1 52 & 22 B AL SR RAE 5 5] GFRP £ el B A9 0 28 19 2 0
AT R GBI AR A (DR AR E SR UUE Sl NV RKE N L B
BN A RN E & 2 HBN B &2, FIRE & 22 b — W27 4 & 00 & i 24K 44 .
QIR E AL NBTWERIW RS LN, QOBAME G L MMMHEAER, 46 n IRE
B e Wi, B L RSP BB AW N—n RE A Z L. WEAB LRI SINAE KRR
FELMRHE S 2 R R G R, B & 2 A0 N AR 2 A KM 2 2 A 22 1) B A2 2 AH G M
RIEM, E G2 BNA R 78 B AR AR Weibull 734 bR £X

F(o)=1—exp[— (06/0p)"] (5)

A m 2 H Weibull 7347 B EURTER S 00 R REZEG F (O R BPIRR G LN BT



% 3 E VSR FLAE KFRP R AR A 5 B AR 7 R 197

o B IR IR A .

H T A B 6] KERP A R 48007 19 32 B2 K FH 2 Kevlar 49 21 45 8755 B 48 14945 T & X Weibull
SATRELT, BT ¥ R S AR B (5) o R A 22 1 Bh 75 B A B 48 4 4 A bR BB IE A X
Weibull 4347 B 2\

F (o) =1—exp[— (0/ 0y )"t — (0/ 6p)™?] 6)
X my Fmy 22X Weibull 7345 BREL I TR S50 00 F1 oot REESHL

W2 G JRBIRVE e SR, B 1 PRI E oRRMN TN AR RN T

PRI

c=FEKe(l— w= Ee(l—n/N)= Eeexp[— (Ee/ op)"1 — (E&/ op)™] 7
X E AR SRV MR E; o fl e 3Rl N B EM B R MBI FI R AE; n/ N &
HE 2 1) BRI,

2 (7RI A AR A 5 1 5 1) B A AR — 4R350 AR 7 FE . e 2K () R XL
Weibull 7341 24, XJ 20 (7) P 1 B E A

In[—1In(o/Ee)] = In[ (Ee/ 6p)™ + (Ee/ 6,)™2] (8)

W B 1) 2 A A RE TEBE IR A B g B fh 28 0] LA 2] In[ —In (o/ Ee)] -In (Ee) AR KR T 1)
Weibull 7347 #H 28, F /)y — izl & 1% Weibull 73 A7 1056 45 5, B ] 45 3140 B i X Weibull 234
SR my my. o Fl 0!

3.2 Hija] KFRP ) —4E8i 45 2 A 77 72

&l 6 Jy 2t KFRP 7£ N AF 4 150.400 AT 15005 I ) Weibull 20 A ik 36 45 . & 6 7]
UL, Weibull 7347 45 R I AE— 2 H 28, 1 /2 2 0 B U L7 BOWZR P ARFAE, 1X 5 Kevlar 49 41 4
I Weibull 23 fi iR IR &5 2 — 8 . & 2 Figlh ik 3 ASRAR %R A b IRkl & 145
E[) Weibull 7341 Z 508, ¥ HANTTFE (D EIR 24L& B BB EE& BN I NAE X R, B
7 s I B g AR 28 54 E 5 SR EL L PR T WA X UE B X Weibull B 50K R
iE Kevlar 49 & & 2258 % W) Ge it o Aide 4 2 & F .

2 1.8 T
. _ £i%
1l + 150
20400
— ok X O 1500
w 1.2k simulated
kg s
5 I )
= o [
£ -2F 0.6}
Sk
-4 L L L 0................1
-2 -1 0 1 2 0.0z 0.04 .06 008 010
In(E £/GPa) &
Kl 6 MW\ KFRP 311 Weibull £k Kl 7 Hipa KFRP 56 B 77 AR i 26 5 306 (E 1Y Le i
Fig.6 The Weibull plots of KFRP Fig.7 Comparison of simulated stress-strain

curves with test data



198 1% JE 5 M o 20 %

LeVEA G Kevlar 49 54 22 1) Weibull JEAR S50 R 40015 AR 2 0 B 06 2, 1E T 7T A
75 31 5 5) KFRP 7 ks B AR AT V8 R A1 B 78 20 38807 ) — 453473 7 AR A4 77 7
o= E (e)eexp[— (E (e)e/ oy ()™ — (E (e)e/ 65y (£))™ ]
E () = 7.09lge +39.186
my(e) =—0.281lge + 1.635
o1 (8) = 1.530lge +2. 124
m, (8) =—3.476lge + 20.899
o () = 0.762lge +1.257
fHE 7 2 (O AL AT LA 5 % b %) K1) 8 17 KFRP 76 AN [F] B A8 56 [ %2 W BE ) A8 26 &, i 2L
RE TR 101 A M BHI IR N J) 0, FIRFR LS €.

# 2 Kevlar € 5 2211 Weibull %[
Table 2 The Weibull parameters of Kevlar coated fibre bundles

9

1

g/s mi 501 my 02
150 1.02 5.53 13.08 2.96
400 0.91 5.97 12.30 3.16
1500 0.74 7.04 9.67 3.71

LI TT 2 (9)F1 Kevlar 49 24 R 2 WA T7F2 (O] W, B IE B & 22 ] 5 - 4E )
(045 AN KE 5 Y B A 4R 7] 1) bR BRI T2 X SR T 9 2 1 Weibull 7371 2 50 P 53 306 55 A 5T 1)
XAl B EHEZ Weibull RESH SR E21KETLRK. HIR, EH L1 Weibull TR S
HEARARMEIM., XESAHERLNERTEENFTR. BEA L Weibull Z 511X L 4f
RUIE A UL BH AR I A AE O T A E R AL AR, R B R AT RS RN IR R A RN X
BT A AR IR ) N AR 9 28 B T IR S A B . SR E T e A B 4 v, AT e AR R
Kevlar 49 .42 [f] Weibull 2% 5 & & £2 Weibull 81 W B RIEH f it — L 5.

4 2

(1) H ) KFRP R )5 M Be B A RAR B AH G . B 25 A8 28 (1R 386 K, AT 4R 580 14 A £
E BN ST 0, FIRFERAS ¢, ¥H B RAHA . fERAER 150 ~1500s L P, HATHE#
BB EIRRLS) 0, MIRFARIAE e, 5 R85 04 g T LR NE S R

(2)X Weibull 4347 ok H AT LE A #h R AL Kevlar 49 B & 22 b 2 & 4258 5 1 481 0 A K
B BRI R A 2 RO IR A 3

GOTE & B8 2380 B 1) B 1a) KERP — 2 453493 22 WL A A4 5 2 0T DA 4 T 56 %6 Hh SR AIF B2 1]
KFRP 7o B AT [ 52 7 A8 ¢ 2R, FFREHf 8 5 1) KFRP FROREER B 77 {8 AR A AR

(4)5 Kevlar 49 214 #. 22 AN [F], Kevlar 49 5 A 221f] Weibull TEAR S EEA NAR A0 1, B
Weibull REZHE5E &2 KETK.

EEPEN
(1] AR Stk ST A AT U P (04 30 R [ A] . 528 Y R (M) b5 %8 Tl th A, 1994
1—10.

[2] Xia Y M, Wang X. Constitution Equation for Unidirectional Composites under Tensile Impact[ J] . Comp Sci and Tech,



% 3 E VSR FLAE KFRP R AR A 5 B AR 7 R 199

1996, 56: 155.

(3] WRE-T . v e % 5 o o iz A A8 AL F ) S B2 B R b oy B2 A R BE O BIE T [ D . & BB BB 5K 27,
1989.

(4] HIEW, A, STAER, & R HE ST AT B o ol 437 A S 36 28 B IR UG 2 A5 MUK BOR [ T] . 5 38 77 27, 1989,
14(1).57.

[5] 2. vy B A R T B B0 2T 4 0 9 A S R 10— 4EA M T RE[ D) A B R ECR A, 1992,

(6] EUEH, BRI, Bl & . LM S 0 i 2 B R H A el i A S B R I R[] . SR 58 0 5, 1990, 15 (2),
170.

[7] Wang Yang, Xia Yuanming. The Effect of Strain Rate on the Mechanical Behaviour of Kevlar Fibre Bundled: an Exper-
imental and Theoretical Study [ J] . Composite Part A, 1998, 29. 1411.

[8] Krajcinovic D, Silva M A G. Statistical Aspects of the Continuous Damage Theory[ J] . Int J Solids Structures, 1982, 18
(7):551—562.

[9] XUEE DT, s, F¥kiL . FORTRAN BRI g (58 — 28 i O[M] . At 5¢: BB Tolk i it 1990.

A Strain-Rate Dependent Constitution Equation
for Unidirectional KFRP

WANG Yang, XIA Yuan-ming
(Depariment of Modern Mechanics, Unwersity of Science
and Technology of China, Hefei, Anhui 230027, China )

Abstract: Tensile impact test of a unidirectional Kevlar 49/ phenolic composite (KFRP )were carried out in
a Bar-Bar Tensile Impact Apparatus. Three high strain rates 150s ', 400s ' and 1500s ' were used in the
experiments; complete stress-strain relations have been obtained respectively. The experimental results
show that the mechanical behavior of the unidirectional KFRP relates to the strain rate. By modifying the
model for the coated fiber bundle, a one-dimension, strain-rate dependent, macroscopic constitution equa-
tion incorporating damage is established for the unidirectional KFRP.

Key words: unidirectional KFRP; strain-rate dependence; constitutive equation



