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Fig. 2 Stress-strain curves of filaments under different gauge lengths

ANRIBRIE T B £ Y22 T3 24 280003 1, @b xf He T A, B AR BE N 12, Smm 85 #] 40, Omm , Fi7 fif
R E R AR B B (2903 4472) MPa, (0. 0333220, 0032) mm/mm, (43. 349, 7)MPa [ /% 5]
(2523 +180) MPa, (0. 0261 0. 0035) mm/mm, (30. 2 £ 6. 4) MPa, (&K 1% & /> 5 & 13. 09%,
21.62% . 30.25% s #HEZ , PAPEAR 5 AL (88, 9410, 4) GPa B M| 1 (97. 0412, 6)GPa, 84 E K 9. 11%,
45 R IR I X T Kevlar 49 £F 4 522 J72f VA 58 0 W A 52 00) , ixX 5 R 2% 22 070 5 Kevlar 29 21 4

WAEAN R B BE T Y ) 4 R BB A SR 4538 — 3K,



ERR SR A5 L TR (R bR BE K I A8 R T 2 4 2% 8] BE $E%) Kevlar 49 £F 4k o 7 244 B 09 52 1) 369
1 FREEXT Kevlar 49 B 22 2 4k 724 P G S50 5% i
Tab. 1 Gauge length effect on mechanical properties of Kevlar 49 filaments

Gauge length Young's modulus Tensile strength Ultimate strain Toughness
(mm) (GPa) (MPa) (mm/mm) (MPa)
12.5 88.9+10.4 29034472 0.033340. 0032 43.349.7
25.0 90.9+17.7 27804280 0.029240. 0038 37.7+£7.7
40.0 97.0+12.6 25234180 0.026140.0035 30.2+6.4
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Tab. 2 Effects of gauge length and friction between filaments on mechanical properties of Kevlar 49 yarns

Influence factors Gauge length  Tensile strength Young's modulus Toughness Ultimate strain

Friction 25.0 —0.34% —0.33% —0.99% +2.15%

(The treated yarns 50. 0 —0.93% —2.27% —2.22% +2.87%

relative to the 100. 0 —1.07% —3.21% —3.23% +5.39%

untreated ones) 200. 0 —8.68% —3.39% —15.00% +7.02%
25.0 — — — —

Frictionless 50.0 —1.13% +14.05% —11.98% —16.16%

(Treated) 100. 0 —7.52% +19.67% —25.29% —26.70%

Gauge 200. 0 —17.77% +31.90% —42.59% —39.34%
length 25.0 — — — —

Frictional 50. 0 —0.50% +16.31% —10.87% —16.75%

(Untreated) 100. 0 —6.79% +23.22% —23.55% —28.95%

200.0 —10.22% +36.08% —33.11% —42.11%
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Fig. 4 Mechanical properties of treated and untreated Kevlar 49 yarns with different gauge lengths
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Fig. 6 Mechanical properties of treated and untreated Kevlar 49 yarns under different strain rates
AP o BRI s m WIBIRS B 00 M-S m HCHIRESHL,
—E N I KRR B F A AR (2 £IR

F:N—iH )

o, @ AR IR 3 A5 0 5 B RO 4% i N B R HE R S 89S 5 N O IR e S %L
J T 155] Weibull 4345 5R A TEAR S HL m MR E S o, B (1) 20 W1 50 50 B0 70 55, 45 21 28
R 3

1i F
K RS m & Weibull TREIEARSE BB o & Weibull R RESEL,
TEARSE m P T R TR FRAE . — T 10T, m (ECER KORA A A 2 50 1 -, o) 5 e g L 2 TR
BT FPERE R BB bR ; 75— I TR S E m S T S0 4 SR A B M . m (ERN L B AR K
1

) = mlno— mlno, (3)

Inln(

PTY
©

(=] o
B L=z
T T

Cugu]ativc Failure Probabili
S ¢ ‘
T

0 i i i i
2000 2400 2800 3200 3600
Tensile Strength /MPa

K 7 KRREIFREE T Kevlar 49 £F 4k 227 3 B 1) Weibull 43 4
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Tab. 3 Weibull parameters for tensile strength of Kevlar 49 filaments with different gauge lengths

Gauge length(mm) o (MPa) m R
12.5 2880 6.5 0.9747
25.0 2779 8.8 0.9576
40.0 2566 11.9 0. 9654
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Fig. 8 Weibull distribution of tensile strength of Kevlar 49 yarns with different gauge lengths
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Tab.4 Weibull parameters for tensile strength of Kevlar 49 yarns with different gauge lengths

Specimen types Gauge length(mm) o (MPa) m R?
25.0 2399 32. 36 0.9672
50.0 2377 25.82 0. 9854
Treated
100. 0 2229 41. 85 0. 8922
200.0 1986 31.94 0. 9244
25.0 2450 16. 24 0. 9584
50.0 2415 21.61 0.9697
Untreated
100. 0 2254 23.64 0. 9810
200.0 2177 23. 80 0.9269
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Tab.5 Weibull parameters for tensile strength of Kevlar 49 yarns treated and untreated with different strain rates

Specimen types Strain rate (s~ ') o, (MPa) m R

40 2419 19. 05 0.990
80 2428 16. 70 0.9796

Treated
120 2485 20. 42 0.9916
160 2487 13.11 0. 9858
40 2448 27.26 0.9728
80" 2461 16. 57 0.9296

Untreated
120" 2738 14. 81 0. 9935
160~ 2656 5.29 0. 9940
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On the effect of inter fiber friction on mechanical properties of
Kevlar 49 fiber bundle under condition of different
gauge lengths and strain rates

ZHU De-ju, HUANG Meng-ying

(Department of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: In order to study the friction effect on mechanical properties of Kevlar 49 fiber bundle under
condition of different gauge lengths and different strain rates, firstly, tensile experiment for
measurement of mechanical properties of Kevlar 49 fiber bundle with different gauge lengths (12.5
mm, 25.0mm and 40. 0mm) was carried out respectiely, based on MTI micro tensile testing machine.
Then, static tensile experiment for measurement of mechanical properties of Kevlar 49 fiber bundle
with different gauge lengths (25. 0mm, 50. Omm, 100. 0Omm, 200. 0Omm) was carried out respectiely,
based on MTS microcomputer control electron universal testing machine under condition of treated
(lubricated with oil) and untreated specimens respectively. By using Instron drop-weight impact
system, dynamic tensile experiment was carried out for treated and untreated Kevlar 49 respectiely,
under condition of strain rates are 40s ', 80s ', 120s ', 160s ' respectively and with same gauge
length of 25. 0omm. Finally, Weibull distribution model statistical analysis was conducted to quantify
the dispersion of fiber strength. Results show that in a certain range, with the increase of gauge
length, the tensile strength, toughness and ultimate strain of Kevlar 49 fiber bundle decreases, while
the elastic modulus increases. Tensile strength, toughness, ultimate strain and modulus of elasticity
of treated and untreated Kevlar 49 fiber bundle are similar. This indicates that friction between
filaments has a little effect on the quasi-static mechanical parameters of fiber bundle. Comparing with
untreated yarn, with the increase of strain rate, the tensile strength of treated fiber bundle decreases
gradually, and decreasing amplitude shows increasing trend. These results indicate that friction
between filaments has significant effect on mechanical behavior at high strain rate.

Keywords: para-aromatic polyamide fiber Kevlar 49; filament; fiber bundle; gauge length; strain rate;

friction



