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Strain Rate Concentration Factor of Notched Flat Bar Specimens

Nao-Aki Noda Yunong Shen Rei Takaki
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Yoshikazu Sano Yasushi Takase

In this study, the strain rate concentration factor is considered for high speed tensile test, which is now being recognized

as a standard testing method for polymeric materials. For notched flat bar specimens, the strain rate at the notch rooté, ¢ cn,

cannot be determined experimentally and has to be studied analytically. In this study, therefore, the strain rate

concentration factor definedas K;: = €,0¢ch/Esmootn 18 calculated by varying the notch geometry and specimen length.

It is found that the strain concentration factor K;; can be estimeted from stress concentration factor K;'. The effects of

specimen length and notch opening angle are also discussed to clarify the strain rate concentration factor.
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DIGTIEFRE L R ER TH D . K 1K & émax & Enom
T, K1 () IHMEEORR ¢ TOYIREEDOOT HIEE
Emax () & B/ NETE O AFROT HIEEE o () THD. 22T
IEIHEIR & 2459 DR Y B—RFx— b (¥ 75 E=2.3GPa,
ATV o Hv=037) DN AR E L THEY, £O1E
I TATERE & 1=50 mm, 18 D=10mm, YI/R &£ p=0.2 mm,
BIREVRE =25 mm, BIRZXDOEHNOAE 0=90°TH5. X 1

(b) 1 HEE DR £ 1281 DKe: (£) % p=02mm & p=0.03 mm
WRLTRT. K1 () 2B T, BRrUREERENE
TUZENT, K ) DBRFRENC L HTHICETHD Z LIRS
nTWa.

LL, JEWFFIcEsi) 2 O Bl EE PR DO EFR T,
LR OMESRH D, OF EEEFLREK, . = Emax/Enom
BT, RSO BB EETIRIK, 0353735 T T h, BIK
FIERIZBIT D OT L o RO D7D, /BT O
INROT BB om D LERHD. K2 (@) 1R T LD
(2, BT PRI XA 0o I P & WikifE (D
2LV EGIZRE DD, RO T HEHEE om 1EX 2 (b)
VT K D TR NBTHI OO O BB 53 A A A5y L& DS
ZRDRTTR B, ZOHETIE, IRETRR D Lok
BT D O B E S AT D T Dépom B RD D Z & 1T
FEHEMETHD.

T, FAEE OO BB ORI D IR

EULBOTHEEEZ b - THRAECTHZ L E2E2 DI,
TR BHANR D& ax/énom 2> T, R (D ITRT L 9T,
BIR &M OYIR EEDRKRKOT BRI E &y & FERM OO
IR E Egrmoorn & DT X o TOF i BE 4 R & B 7
WWEHRT D, 22T, FBEMOOT A E X5 R %t
L CHpIcEm+ 5. 22T, u@@) R B IcAEL 5%
P, u(t)/tEslREE, 12 BRI EE, t2rfE &35 L,
WOBBRBKALT B

LON o

Esmooth = ¢
—J7, BIREZIEDORRKOT BIRE 4 FEM fi#HT TR DI
Bs, SIREREICK L CHBIRIEEMT 5 Z & 28 50
WL TEREWY, Lo TOPREEIRGIR S, TR &
b B BEHEI R LCHBI LT LR 5720, FOhK,IE
SIRHEICEFETHIC—EThHD. Thbb, OTFAE
BEHEPIREK, 22 (2) O X ITOIREM &M O &
LTEHET S L, YIRSETOOTHEEL, 5IEHE L&

OFTHREEPRENORED.

Emax
Kz = ——
Esmooth (2)

Emax = Kte " Esmooth
X (2) DEIITOTHEEREPREK, 4 EFHRT D &, BIX
&M e/ BT D AFR O IR €y o B 3R D BT 7RV,

0 2 T T
50 F Ko =208
200 F D_, . - 3
= E . 22 & dx p =0.03mm ]
£ 150 H Enom = ]
g 1509 D -2t 1
.- : ]
s ]
C‘; 50 i L K. =865 ]
5 3
g AAAAA
o of p=02mm
50 F
-100 il Lrasd e aPda g um e gy i I ——
L S000; DS0Y  (M0WET G000 (008 0 00002 00004 00006 00008 0001
Time[s] Time[s]

(a) Maximum strain rate and nominal strain rate.

(b) Strain rate concentration factor.

Fig.1 Constancy of strain rate concentration factor (Plate specimen).
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Nominal stress 0y, and nominal strain rate &,,, (Plate
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Grip

u(t)T

_(b) Smooth specimen

(c) FEM model and notch root (d)FEM model and notch root

detail (p=0.25mm) detail (p=2mm)
Fig.3 Geometry of specimens and FEM models (Unit: mm)
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(a) Specimen 1 (b) Specimen 2

(2.5 times larger than specimen 1)
Fig.4 Similar specimen (Dimension: mm)

Table 1 Strain rate concentration factor K;; and
stress concentration factor K, for similar geometry.

Specimen 1(D=8) Specimen 2(D=20)
K, 6.125 6.145
Emax ) 4.080 4.080
Eemootn (87) 1.000 0.400
Ki: = Emax/ Esmooth 10.17 10.20
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Table 2 Strain rate concentration factor K, under different length and D = 8mm in Fig.3(a) (w = 45°)

D’ : less than 1% difference

K:
(tz(tf%‘; 0.0625 0.25 1 2
(0.015625) (0.0625) (0.25) (0.5)
p(mm)
(2p/D) 0.25 2 0.25 2 0.25 2 0.25 2
(0.0625) (0.25) (0.0625) (0.25) (0.0625) (0.25) (0.0625) (0.5)
/D {(mm
1.00 8 1.917 1.151 2.944 1.601 4.595 2.017 5.011 2.039
1.25 10 1.944 1.300 2.985 1.626 4.760 2.101 5.522 2.178
1.5 12 1.964 1.314 3.016 1.644 4.864 2.155 5.658 2.294
1.75 14 1.978 1.324 3.038 1.657 4.936 2.192 5.990 2.390
2 16 1.987 1.330 3.052 1.665 4.989 2.220 6.153 2.469
2.5 20 1.994 1.335 3.064 1.673 5.061 2.258 6.400 2.592
35 28 1.994 1.335 3.068 1.676 5.133 2.299 6.627 2.751
5 40 1.992 1.333 3.067 1.676 5.185 2.330 6.832 2.885
10 80 1.991 1.332 3.067 1.677 5.246 2.368 7.231 3.060
40 320 1.989 1.331 3.066 1.677 5.294 2.396 7.506 3.204
80 640 1.988 1.331 3.066 1.677 5.302 2401 7.554 3.229
160 1280 1.988 1.331 3.066 1.678 5.307 2403 7.578 3.242
320 2560 1.988 1.331 3.066 1.677 5.308 2.404 7.590 3.249
640 5120 1.988 1.331 3.066 1.677 5.309 2.405 7.597 3.252
1280 10240 1.988 1.331 3.066 1.678 5.309 2.405 7.600 3.253
2560 20480 1.988 1.331 3.066 1.677 5.310 2.406 7.601 3.254
r T T n T T T T l[|_\|||||| T T T T T
- Ko _2p/D =0.0625 ] : 5
K"*U b 7 E Zp/D —0.0625i
5L i [ ]
. K. .. 2t/D =0.25 1 of S o
j te Tuw ] o Kte < u(t)Zf/D =0.5 3
- P 4 ]
T 4L ] < 5 ol VTt 3
3 - D 1 S C ]
_ L i 3 o ry ]
% C ] - r ]
S 3 r K* ] '_\CE 4 C Kt* (@) ]
L t A i E N 45° ]
] 3 F ]
e T 2p/D ~0.25 | i/K’—Q\Zp/D =0.25
- Kie ' ] 2f te E
]_ L L1l L1l Loyl 1 \|\|\|\74 1 E Ll Lol Lol 1 |||||1|:
1 10 100 1000 10 1 10 100 1000 104
/D /D

(a) K;z and K; for specimen which t=1mm (2t/D=0.25)

Fig.5 Strain rate concentration factor K;; and stress concentration factor K; under different length.

(b) K;z and K{ for specimen which t=2mm (2t/D=0.5)

Table 3 Relationship between strain concentration factor K;; and stress concentration factor K; under different length.

é‘g‘;; 0.0625 0.25 1 2
(0.015625) (0.0625) (0.25) (0.5)
p(mm)
20/D) | 025 2 025 2 025 2 025 2
(0.0625) | (0.25) | (0.0625) | (025) | (0.0625) | (025) | (0.0625) | (0.25)
! (mm) /D
Strain
concentration K 5 40 1992 | 1333 | 3067 | 1676 | 5185 | 2330 | 6832 | 2885
factor
Stress K, 1~oo 8~ 1963 | 1313 | 2877 | 1574 | 398 | 1806 | 3805 1.629
Concleclg“r‘“(’n _k Igi) Ja) 1~o0 8~00 1994 | 1334 | 3069 | 1679 | 5315 | 2408 | 7610 | 3258
Ratio K../K, 5 40 1015 | 1015 | 1066 | 1.065 | 1301 1290 | 1.796 1771
K../K; 5 40 0999 | 0999 | 0999 | 0998 | 0976 | 0968 | 0898 | 0.886
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BOLK,: /K, EOIR E RS2t /DDOBRERT. 2t/D > 1T,

OF 7 BE AR T AREI & TS ISR PREK, DK, /Ky > 0 & 72
5. £z, 2t/D » 1 TOTHHEEEPIRIK,, > 0 THDD,
IS EPREIIK, > 1L 725, —J5, 2t/D - 1 TInIEPLR
BK: > ok?2%. T7bb, K LK I132t/D > 1TELL D
MERA & 70D, 2N EFIA LT, BEOTHREEEPRE LG
NERRE DO E & 0 OF IR LR RIK, . & IS TIE R
K & DBMRATR~D.

SR Y, 2t/D » 1 TOT HIfEEE PRI O LUK, . /K 1
MIRKICHET D, £ 2T, TOFREERLTI0K, I5hE
HREK, 2 VT, O Bl B TP RS & G R PR D e
ZARMECRDD. #5 LK 8 I OUTHHEEFRE L
I JTEREK DK, /K L UIR &R X2t /D DBIRZ R T,
2t/D < 0. TKee/KF DX R & 4 2p/D = 0.0625,
2p/D =01, 2p/D = 0.512B\T 2%UNDEAETEH LT
WAHZ bbb, ZOZ EnD, K /K OMEIF2t /D < 0.5
DHFIPHCUIR Z PRI TR SRS DBIULFET H D
T, 2t /D < 0.9DHBFEN R TIE, OF ZdEE T REE
RO BB, ISHEFREE RO TR, b Z Lt ky,
7 L0 OTHRHEETREERSICTHT 22 ERARETH
2.

Table 4 Strain rate concentration factor and the net stress concentration factor when /D = 5
(Il =40mm, D = 8mm, w = 45°)

Ki: Ky
/D 0.0625 0.1 0.5 0.0625 0.1 0.5
2t/D ' ) ) ) ) )
0.00 1.000 1.000 1.000 1.000 1.000 1.000
0.25 5.185 4.240 2.330 3.986 3.271 1.806
0.50 6.832 5.498 2.885 3.805 3.089 1.629
0.75 8.879 6.467 3.843 2.830 2299 1.302
0.90 12.206 10.080 6.342 1.871 1.569 1.124
0.99 44.060 39.792 25.454 1.101 1.065 1.014
—1.00 —00 —00 —00 —1.000 —1.000 —1.000
70 | | N S S R B Y Y LA S B S S e e Ea | 6 L L L L L
60 i
5F P<{—
50 C 2p/D=0.0625
4 L ]
L0 - 2p/D=0.1 ]
x - i
30 3L ]
2p/D=0.0625 i ]
20 2p/D=0.1 i 2p/D=0.5 ]
2p/D=0.5 2 1
10 L ]
1 1 T 11 1 T TR B T 11 1 1 TN TR T NN TN T S I T N T SN N T N N
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
26/D 2¢/D

(@) Strain rate concentration factor K

(b) Stress concentration factor K;

Fig.6 Kz vs.2t/Dand K; vs.2t/D whenl/D =5 (I = 40mm,D = 8mm)
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Table 5 Ratio of strain rate concentration factor and stress concentration factor K; when [/D =5
(I =40mm, D = 8mm, w = 45°)

Kie/Ke K.:/K;
p/D
2t/D 0.0625 0.1 0.5 0.0625 0.1 0.5
0.00 1.000 1.000 1.000 1.000 1.000 1.000
0.25 1.301 1.299 1.290 0.976 0.975 0.968
0.50 1.796 1.780 1.771 0.898 0.890 0.886
0.75 3.137 3.096 2.952 0.784 0.774 0.738
0.90 6.524 6.424 5.642 0.652 0.642 0.564
0.99 40.018 37.363 25.103 0.400 0.374 0.251
—1.00 —00 —00 —00 —0.000 —0.000 —0.000
60 [ T T T T T T T T T T T T T T T T T T T ]. L T T T T T T T T T T T
- 2p/D=0.0625 . 2p/D=0.0625 ]
o 0.8 |- .
r 2p/D=0.1 __ i ]
40 F i _
. L . 0.6 - 4
< T ® - -
& 30 - . B - i
B3 C K. = Enotch x L i
C £ Esmooth 0.4 + T
20 | [ A ]
N K = Omax L K. = Enotch 4
+ Onet B t Esmooth |
10 F 0.2 -
L 2p/D=05 - K(‘ - Tmax
C r Ogross
1 .-  — S —— — T N . S S —— 0 [ Lo o 1o J FI S T
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
2t/D 2t/D

Fig.7 Relationship between K,./K; and 2t/D
when /D =5 (I = 40mm, D = 8mm)

Fig.8 Relationship between K;:/K; and 2t/D
when /D =5 (I = 40mm, D = 8mm)

DU, T 8 u(t)
R N + Table 6 Effect of notch opening angle w when 2t/D = 0.5,t/p = 25
\s&& (t=5mm,p = 0.2mm,! =50mm,D = 20 mm)
D=20 pOIIM | =00 | w=45" | 0=60° | w=90°
| N
! Conf’;ﬁ‘;ﬁon K. 1081 10.78 10.71 1020
=50 | pm02-) | ©=90° ot O | (K [Ks L) | (1000) | (09972) | (0.9910) | (0.9440)
' N K, 6485 | 6470 | 6430 | 6145
‘ =5 Stri:;t. (Ko/Ki loeo) | (1.000) | (09977) | (0.9915) | (0.9476)
| ot | KiKi=K x2 | 1297 | 1294 12.86 1229
| (K:/K: oo | (1000) | (0.9977) | (09915) | (09476)
= Ratio K. /K, 1.666 1.668 1.665 1.660
\\‘\ K. /K; 0833 0.834 0.833 0.830
R
Fig. 9 High speed tensile test (D = 20 mm). Tl~5.
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YIR & DISTEFIZONWTIL, YIRE DSt/ pARE WV
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ADIENEPRE L OF B B PR RIF TR oW

#5102, BAEMEZw =0° 45° 60° 90° &2k &t-7=Hf
DISHEFREK,, K", OFTHHEEPRIK, 2R, £5
IV, o ’REL 2B L, LD 3 OOMITRAD LTNAE. £
72, B5FNENDEERw = 0° IZBIT AETE -l &P
FORT. INHOMED, w BRELRDEFEILTND S

LDING.

SbIT, 5 ICOTHBAEEIRI L IS E RO
Kie/Ke, Ko/ KiDWATFT. 202 500, o BRE<
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=
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IS | AR TR & GRS T 25 3R 2356 104
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AR R L LB AOSR R3S S E PR O BAfR 2 U)K

PR, BIRERS, RO NCHEAEE X CTHEIL, XFEIC
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(1) OF DR ERERK, IS IR ERERK, & RIERIC, 3R
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