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Analysis of Dynamic Stress Concentration and Strain Rate Concentration
for Notched Specimens Used for High Speed Tensile Test
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Engineering plastics provide superior performance to ordinary plastics for a wide range of the use. For polymer
materials, dynamic stress and strain rate are major factors to be considered when the strength is evaluated. Recently,
high speed tensile test is recognized as a standard testing method to confirm the strength under dynamic loads, and it is
analyzed by the finite element method; then, the maximum dynamic stress and strain rate are discussed with varying
both the tensile speed and the maximum forced displacement. The strain rate concentration factor is found to be
constant independent of the tensile speed, which is defined as the maximum strain rate appears at the notch root over the
average nominal strain rate at the minimum section. The maximum strain rate is controlled by the tensile speed alone
independent of the magnitude of the forced displacement. It is found that the difference between static and dynamic
maximum stress concentrations, (,, — 0 ) at the notch root is proportional to the tensile speed wher5000mm/s.
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Table 1 Static stress concentration factdy, by FEM
>|I—é > 'I_e Notch (mm) | K inFig.3(@@) | K inFig.3(b) | Reference for
Fig.3(b)™
7 /Jlf’/f/ﬂ alfaa p=0.03 h=5 14.46 14.48 14.49
(a)Grip tension (b)Simple tension | 7702 h=5 6.14 6.15 6.12

Fig. 3 Boundary conditions
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Fig. 4 Loading conditions
Table 2 Displacemelu at the fixed en
Case @ @) ©) @ ®
S Maximum 0.1 mm 0.1 mm 1.5 mm 1.5 mm 1.5 mm
i) u
5| displacement max t=0.00100s | t=0.00029s | t=0.00429s| t=0.00150s | t=0.00030s
c
8| Tensile speed /t 100 mm/s 350 mm/s 350 mm/s | 1000 mm/s | 5000 mm/s
u
t<0.00100s | t<0.00029s | t<0.00429s| t<0.00150s | t<0.00030s

— 120 — © 2013 The Japan Society of Mechanical Engineers



FEEDIEREBIC BT 2 UK E B 0BRSS & O R T O fifhT 1185

< < if
8 120 S 120y 8 1685
= ] = [\ ] E FR
§ = 115+ Ib 3 § = 1150 T 3 ST 1680F | — ]
S L AR~ S FA i\ I\VAVAV,\VAA 1 o) % r 8
o = 110; g ] o = 110?0 VV ] 0= 1675§b ]
=N £ S £ E £ 1 53:'/< r 1
5 105 ] 5 105 : 5 21670 :
% 10:””HH\HH\HH\HH: " 8 10:”‘\HH\HH\HH\HH: _4% 1665:".‘\HH\HH\HH\HH: A
o 8 9 10 11 12 1310° 9 2 3 4 5 6 KO 5 42 43 44 45 46 4X10
7 Time, t[s] ) Time, t [s] @ Time, t [s]
(a) Case 1 (b) Case 2 (c) Case 3
1750 e 1750 e 2000 F— @ ———
s : gt ] T e) (d) elole
a8 . o
= =R s Sa 0 17
e SR €.1500F ]
SN r 10 [ & &
% 1700F ] % 1700} € . =
o R o N} 8
S e 2 Al 3
5 r3 AAAAA 5 AAn S 1000 ]
g [ AV g UVVVVV" 2
c [ 1 < [ ] )
=
2 1650 : £ 1650/ ] z
= i ] = i ] o 5001 -
1] )] (%}
7} 73 o ®
g g 5 @ , 7@
n n —1 —>
L ] [ ] 0 AT e e e
(00| BRSNS 4 16000, " 0 0.001 0.002 0.003 0.004 0.005
13 14 15 16 17 1810 2 3 4 5 6 %0 D Time,t [s]
Time,t [s] Time,t [s]
(d) Case 4 (e) Case 5

Fig. 5 Dynamic stress at notch root A f@0.03mm

LRT. ZOMFBOTFEIEI NI L > TRONIMETH Y, 0y (t) =0.867TEM(t)/| THD. ZZTIEH 4
R T KD ICHRHIEN G L LT B DDOBHEEX D, £ 2IZENTHO —AITBIT 25 R u/t L IRRE
DL Uy 33 L OWER t 22 % & 0 TR BIHRIESE u/t = 5000mm/s X B RE S ORI OV FEEZBE L TEY,
Z LU T OFEHEE u/t = 100mm/s 350mm/s  1000mm/siZ 2V T b B D72 DITiRE L7z, E7o, RRENL
Unax = 1.5 mmIFFERRD &5 | 3R CHEMERE 2 Z SO EE L TR Y, RRZENL Uy, = 0.1mmiTii#E
A CRWHEIPHADHMOZEEL TN D.

B 5ZET /L 1 DEIREEDOBIIET) o ,u(t) LRt OBIR, L UENLNDIr— 2 TE L DIETHRBIOHE
KEZRT. MSIRT LS TR EETOIRANL, SEEICE 2 23R ALII )T U CERRAICHIM L, o ik
RENLITEE LR &I REFRHC R R Z 7T, 2o 7 — 2281 D8NS O KB % i KRB 7)
max & EFET . BIREINTFMERE OB TIRE) L, BT TN ENFIRIES 0g [ITPURT 5. X 5(a)~(e)

g,

L
T T T TTTT T T T T ITTT] T T T TTTIT T T T L

-
- P
- -
- -
-

-0 ) [MPa]

( max &
=
o
el
A
\
1
1
:
1
L e
1
1
1
|
Ll il ol Hmu\‘ulgum

? 10* 10° 10

maximum stress concentrations

¢
6 3}

Difference between the static and dyn
8-

0
Tensile speed/t [mm/g]
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Fig. 7 Strain rate at notch root A f@r0.03mm
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Fig. 9 Dynamic stress distribution along minimum section when the maximum dynamic stress appe@@3iom
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Fig.10 Constancy of dynamic stress concentration factor
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Fig.12 Constancy of strain rate concentration factor
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