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ABSTRACT

NOMENCLATURE

Engineering plastics provide superior performance to ordinary plastics for wide range of the use.
For polymer materials, dynamic stress and strain rate may be major factors to be considered when
the strength is evaluated. Recently, high-speed tensile test is being recognized as a standard testing
method to confirm the strength under dynamic loads. In this study, therefore, high-speed tensile
test is analysed by the finite element method; then, the maximum dynamic stress and strain rate
are discussed with varying the tensile speed and maximum forced displacement. The maximum
strain rate increases with increasing the tensile speed #/z, but the strain rate concentration factor
K:(t) = &,4(t)/&ynam(2) is found to be constant independent of tensile speed, which is defined as
the maximum strain rate &, i appearing at the notch root over the average nominal strain rate
at the minimum section &, (). It is found that the strain rate at the notch root depends on the
dynamic stress rate at the notch root and independent of the notch root radius p. It is found that
the difference between the static and dynamic maximum stress concentration (6;.4max — G4 at
the notch root is proportional to the tensile speed when #/t = 5000 mm/s. Strain rate concentra-
tion factors are also discussed with varying the notch depth and specimen length. Based on the
elastic strain rate concentration factor, the master curve is obtained useful for understanding
the impact fracture of polycarbonate for the wide range of temperature and impact speed.

Keywords dynamic stress; finite element method; notch; strain rate; stress concentration;
Polycarbonate; Time-Temperature Superposition Principle.

d = width of minimum section in Fig. 1
D = width of the specimen in Fig. 1
K,y = stress concentration for the semi-infinite plate
K,(t) = dynamic stress concentration factor defined as 6,,4(t)/ 6y (?)
K;:(t) = dynamic strain rate concentration factor defined as &,4(2) /&0m ()
K;:p = strain rate concentration for the limiting values 2#/D — 0
L = specimen length
t = notch depth in Fig. 1
u(t) = displacement at the time in the y-direction at the fixed end
Umax = maximum displacement at the fixed end

const

&,4(t) = strain rate at the notch root A at the time #
&4.cme = converged strain rate at the notch root A in Figs 8 and 9
&y4,max = Maximum strain rate at the notch root A in Figs 8 and 9
&yuom(t) = average strain rate at the minimum section
Eynomconst = converged average strain rate at minimum section in Fig. 17
p = notch root radius in Fig. 1
0,4(t) = dynamic stress at the notch root A at the time ¢
0,4, = static stress at the notch root A
Oy4,max = Maximum dynamic stress at the notch root A in Figs 5 and 6
Oy4,max = Maximum dynamic stress rate at the notch root A in Fig. 11
Ouom(t) = average dynamic stress at the minimum section

gmooth — ”T/z = converged strain rate of smooth specimen in Fig. 18
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INTRODUCTION

Engineering plastics are widely used in everyday
products. Typically, an engineering plastic is chosen
for its range of enhanced physical properties. For
example, polycarbonate has superior impact resistance
compared with other polymers or indeed compared
with some structural metals." Most thermoplastics
far blow their glass transition give a brittle fracture
when deformed in uniaxial tension. Polycarbonate is
an exception and deforms in a ductile manner.
However, 1zod impact studies for notched specimens
show that the mode of failure changes from ductile
to a brittle fracture on annealing samples below 7.
Because the brittle-ductile transition is affected by
temperature and loading speed,” a high-speed tensile
test is recently being recognized as a standard testing
method. Bluntly notched specimens failed in a fully
ductile manner, and sharply notched specimens failed
in brittle manner depending on the strain rate at the
notch root.

It should be noted that Izod and Charpy impact tests
are not suitable for evaluating the impact strength of
real products because the impact speeds do not corre-
spond to the real failure. In the high-speed tensile test,
it is necessary to obtain the strain rate correctly to
understand the impact strength of the polymer speci-
men. For smooth specimens, the strain rate can be

determined as £

omo'? = u/tL from the specimen length
L and the tensile speed u/r (Figs 1 & 4). On the other
hand, for notched specimens, it is necessary to measure
the strain at the notch root by strain gauge measure-
ment, for example. However, because only the average
value of the strain concerning the gauge width can be
measured, it is not possible to measure the strain at the
notch root accurately.

In the previous impact studies, circular holes* and
elliptical holes’ were investigated under step load®’
and pulse load.”® In addition, review papers are also
available for impact problems.””"" However, there are
few studies on the strain rate concentration for
notched specimens under various tensile speed.
Therefore, in this paper, the finite element method
is applied to analyse the notched specimens under
various tensile speed. Then, the dynamic stress
concentration factor and the strain rate factor will be
discussed with varying tensile speed and maximum
values of forced displacement. In this study, to clarify
the dynamic stress and strain rate behaviour, the finite
element elastic analysis is performed by using the
software, FEM code MSC. Marc/Mentat 2011. In
order to express dynamic stress oscillation, stiffness
matrix multiplier coefficients are obtained by Fourier
modal analysis and used in the elastic analysis.'?
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Fig. 1 Geometry of specimen.

STATIC STRESS CONCENTRATION FOR
DOUBLE-EDGE-NOTCHED SPECIMENS
USED IN HIGH TENSILE LOAD

In this study, the material analysed is assumed as poly-
carbonate, which has especially high impact strength
among the polymeric materials. Young’s modulus is
assumed as E=2.3 GPa with Poisson’s ratio v=0.37.
Figure 1 shows the geometry of the double-edge-
notched specimen, with dimensions of notch root radius
p=0.03 and 0.2 mm, notch depth 7= 5 mm and opening
angle 90°. The notch root radius p=0.03 mm corre-
sponds to the radius of fillet appearing at polymer prod-
ucts generally. The notch root radius p=0.2mm
corresponds to the radius of the notched specimens
used in the Izod and Charpy test. When the high-
speed tensile test is performed, both ends of the
specimen are gripped by rigid chuck; then, forced dis-
placement is applied to the end under constant speed.
Figure 2 shows FEM models for analysis. Here, model
1 has the notch radius p=0.03 mm, and model 2 has

© 2014 Wiley Publishing Ltd. Fatigue Fract Engng Mater Struct, 2015, 38, 125-138
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Fig. 2 FEM models. (a) Model 1, (b) Model 2, (c) notch root detail in Model 1 and (d) notch root detail in Model 2.

p=0.2mm. Figure 2c shows the notch root detail in
model 1, and Fig. 2d shows the notch root detail in
model 2. Minimum mesh size of the notch root is
e=p/243 each model. Figure 3 shows the boundary
conditions given to the end portion of the analysis
models. Figure 3a shows boundary conditions in the
rigid chucks, and Fig. 3b shows a tensile stress bound-
ary conditions generally used. Table 1 shows the
effect of the difference in the boundary conditions
on the static stress concentration factor. From Table 1,
the stress concentration factor is almost the same in
the tension by rigid chucks and the uniform tensile
stress for the span length as shown in Fig. 1. Also,
Table 1, results using the model of Fig. 2, shows less
than 1% error with respect to the exact stress
concentration factor calculated by the approximate

expression.”>"” Thus, models 1 and 2 are found to
provide high accuracy. In the dynamic analysis, time
step interval also affects the accuracy of the results.
In this analysis, the time step 1x10° is found to be
enough to obtain 3-digit-accuracy.'® In a transient dy-
namic analysis, damping represents the dissipation of
energy in the structural system. In FEM code MSC.
Marc/Mentat 2011, the programme bases integration
on the usual assumption that the damping matrix of
the system is a linear combination of the mass and
stiffness matrices. Element damping uses coefficients
on the element matrices and is represented by the
equation

[C] = a[M] + BIK] Q)
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(a) Grip tension

“ELLYS

(b) Simple tension

Fig. 3 Boundary conditions. (a) Grip tension and (b) Simple
tension.

Table 1 Static stress concentration factor by FEM

K, in K, in References [13-17]
Notch (mm) Fig. 32 Fig. 3b in Fig. 3b
p=0.03,2=5 14.46 14.48 14.49
p=02,1=5 6.14 6.15 6.12

Here, [C] is the global damping matrix, [M] is the
mass matrix and [K] is the stiffness matrix. Because of
the same damping coefficients are used throughout the
structure, the following equation can be used to obtain
the mass damping coefficient a and the usual stiffness
damping coefficient f. The mass damping coefficient
and the usual stiffness damping coefficient will be used
for the dynamic analysis.

1/a

T 8
Here, ( is the damping ratio, and o is the frequency

which can be calculated by FEM.

DYNAMIC STRESS CONCENTRATION FOR
HIGH-SPEED TENSILE TEST SPECIMENS

Figure 4 shows the forced displacement # given at the
end of the specimen. The average stress Oy, is also
indicated, which is expressed as G (t)=0.867E - u(t)/L
from FEM analysis. The nominal stress at the minimum
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Fig. 4 Loading conditions defined as Case 1 to Case 5 shown as
®-@. (a) Displacement versus time and (b) detail of displacement.
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Table 2 Displacement # at the grip end

Case in Fig 4 1 2 3 4 5
Condition ~ Maximum displacement  #;,,, 0.1 mm 0.1 mm 1.5 mm 1.5 mm 1.5 mm
t=0.00100s  ¢=0.00029s t=0.00429s ¢=0.00150s  #=0.00030s
Tensile speed u/t 100 mm/s 350 mm/s 350 mm/s 1000 mm/s 5000 mm/s
t<0.00100s £<0.00029s ¢<0.00429s ¢<0.00150s #<0.00030s

section is expressed as O =(D/d)0y,,,. Here, we mainly
consider 5 cases, as shown in Table 2. Table 2 shows
the tensile speed, the maximum forced displacement of
the fixed end and the time of that appear. In case 5,
the tensile speed #/r=5000 mm/s corresponds to the
impact speed when someone dropped a cell phone to
the ground. The maximum displacement 1.5mm
correspond to the brittle fracture appearing at high-
speed tensile test. The maximum displacement
0.1 mm corresponds to the case of nondestructive for
high-speed tensile test.

Figures 5 and 6 show the dynamic stress at the notch
root A for cases 1-5. Also, Figs 5 and 6 show the detail
of the dynamic stress oscillation with each case. From
Figs 4 and 5, it is seen that the maximum dynamic stress
0)4,max appears at almost the same time of the maxi-
mum forced displacement, defined as the maximum
value of dynamic stress 6,4 madn each case. After sev-
eral oscillations due to the stress wave, dynamic stress

120

approaches static stress o,4. From the comparison
between case 1 and case 2, it is shown that the maxi-
mum dynamic stress oscillation (6).4,max — 0y.4,) at the
notch root point A in case is larger than that in case
1. From the comparison between case 2 and case 3,
it is seen that of the same maximum dynamic stress
oscillation (6),4,max — 0y.4,) at the notch root point A
is observed although the final displacement of case 3
is 15 times larger than that in case 2. It is may be con-
cluded that the maximum dynamic stress oscillation
(6y4,max — Oy4,%) is controlled by the tensile speed.
Figure 7 shows the relationship between the tensile
speed #/t and (0)4,max — Oy4,) for p=0.03 and
0.2mm. Here, the results for «/t=100000,
1000000 mm/s and step load u/¢= are also indicated
when the maximum displacement is 1.5 mm. It is seen
that (04,max — Oy4,») is proportional to the tensile
speed when #/t <5000 mm/s. However, (6)4,max — 0y.4,)
becomes constant when #/t> 100000 mm/s. This is
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Fig. 5 Dynamic stress at notch root A when p =0.03 mm for (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4, (e) Case 5 and (f ) all Cases. Case 1 to

Case 5 as shown O-Q® in Fig. 4.
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Fig. 6 Dynamic stress at notch root A when p =0.2 mm for (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4, (¢) Case 5 and (f) all cases. Case 1 to

Case 5 as shown O-Q® in Fig. 4.
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Fig. 7 Difference between the static and dynamic maximum stress
concentrations (6,4 max — OyA,s)-

related to the fact that stress wave propagation
speed is equal to the sonic wave propagation speed.
Here, #/t> 100000 mm/s corresponds to the automobile
crashing speeds.

STRAIN RATE CONCENTRATION FOR
HIGH-SPEED TENSILE TEST SPECIMEN

Figures 8 and 9 show the strain rate at the notch root
A for cases 1-5 in Fig. 4. The strain rate increases

dramatically at the start of applying forced displace-
ment. Then, after several oscillations, the strain rate
becomes constant. After stopping the forced displace-
ment, several oscillations appear again; then, it eventu-
ally converges to zero. From the comparison between
case 3 and case 4, it is seen that the same maximum
strain rate &4 max and the same converged strain rate
&4,cons are observed although the final displacement 2,
of case 3 is 15 times larger than that in case 2. It may
be concluded that the strain rate concentration is
controlled by the tensile speed.

Figure 10 shows the relationship between the tensile
speed #/t and the strain rate for p=0.03 and 0.2 mm.
Here, the results for z/t=100000, 1000000 mm/s and
step load #/r= are also indicated when the maximum
displacement is 1.5 mm. It is seen that the strain rate is
proportional to the tensile speed when %/t < 5000 mm/s.
However, the strain rate becomes constant when
u/t <100 000 mm/s.

Figure 10 shows that the maximum strain rate
&y4,max 18 controlled by the tensile speed that is the
nominal strain rate at the fixed end. Next, we focus
on the relationship at the notch root A. Figure 11
shows the relationship between the strain rate at the
notch root and the dynamic stress rate at the notch
root Gy4msx When the radius is 0.2 and 0.03 mm.
The dynamic stress at the notch root is the value

© 2014 Wiley Publishing Ltd. Fatigue Fract Engng Mater Struct, 2015, 38, 125-138
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Fig. 8 Strain rate at notch root A when p=0.03 mm for (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4 and (e) Case 5 defined in Fig. 4.
Case 1-Case 5 as shown @-® in Fig. 4.
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Fig. 9 Strain rate at notch root A when p=0.2mm for (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4 and (e) Case 5 defined in Fig. 4.
Case 1-Case 5 as shown @-® in Fig. 4.
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when the strain rate at the notch root becomes to be
constant. As shown in Fig. 11, it is found that the
strain rate at the notch root is controlled by the
dynamic stress rate at the notch root 6,4 max and inde-
pendent of the notch root radius p. In this study,
p=0.2 and p=0.03 are considered. However, the results

for any notch root radius p can be predicted form
Fig. 11 if the dynamic stress rate at the notch root
Oy4,max Ccan be calculated.

DYNAMIC STRESS DISTRIBUTION AT THE
MINIMUM SECTION

Figure 12 shows the dynamic stress distributions at the
minimum section when the maximum dynamic stress
appears. The dynamic stress concentration factor K, ()
is defined by the maximum dynamic stress 6y4max at
the notch root over the average dynamic stress 6y ,,(?)
at the minimum section at each time. From Fig. 12,
when p =0.03 mm, it is seen that the maximum dynamic
Stress 0,4,max at the notch root is always 14.48 times
larger than that of the nominal stress o, ,,,(f) at the
minimum section at each time for cases 1-5. Similarly,
when p=0.2mm, the maximum dynamic stress 6, max
at the notch root is always 6.43 times larger than that of
the nominal stress 6;,,,,,,(t) at the minimum section at each
time for cases 1-5. The stress concentration factor coin-
cides with the static stress concentration factor obtained
by the formula of Murakami and Noda er .">""’
Figure 13a shows the maximum dynamic stress 6,4 max
at the notch root and nominal dynamic stress 6, ,,(t).
Figure 13b shows the dynamic stress concentration factor
K,i(r). It is seen that K,(t) is constant although 6,4 mnax
and 6;,,,,,,,(t) are changed depending on the time. This is
because the maximum dynamic stress at the notch root
and the nominal dynamic stress are similarly controlled
by the time. It may be concluded that the dynamic stress
concentration factor is always constant and controlled by
the notch shape alone. Therefore, from the results of the
dynamic stress at the minimum section the maximum
stress can be determined.
Table 3 and Fig. 14 show the dynamic stress con-
centration factor with varying 2#D. The limiting
values for 2#/D — 0 correspond to the results for the
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Fig. 12 Dynamic stress distribution along minimum section when the maximum dynamic stress appears for p=0.02 mm (a) Case 2 (b) Case 3

(c) Case 5 as defined in Fig. 4.
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Fig. 13 Constancy of dynamic stress concentration factor.

semi-infinite plate. Figure 14b shows the ratdo K./Kjo
where K, is the results for semi-infinite plate.”’17
As show in Fig. 14b, the results are independent of
the notch root radius.

STRAIN RATE DISTRIBUTION AT THE MINIMUM
SECTION

Figure 15 shows the strain rate distributions at the
minimum section when the maximum strain rate appears.

Table 3 Dynamic stress concentration factor K, and ratio K,,/Kyo
(K, = the results for semi-infinite plate by Noda er a2."°~"7)

K, K;/Kio
p (mm)
¢ (mm) 24/D 0.2 0.03 0.2 0.03
—0 — 0 13.42 31.71 1 1
1 0.1 11.72 27.62 0.873 0.871
2.5 0.25 9.48 22.16 0.706 0.699
5 0.5 6.14 14.46 0.458 0.456
7.5 0.75 3.84 9.01 0.271 0.284
9 0.9 1.87 5.94 0.139 0.187
=
A
%
~—
b
Rt

0 0.2 0.4 0.6 0.8 1
2t/D

(b) Kz/KzO

Fig. 14 Dynamic stress concentration factor K, () versus notch
depth 2¢/D relation.
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Fig. 15 Strain rate distribution along minimum section when the maximum strain rate appears for p =0.03 mm (a) Case 2 (b) Case 3 (c) Case 5.

Table 4 Strain rate concentration factor K, and ratio Ky:/Ky

600 (The limiting values Ky for 2¢/D— 0 are obtained by the
extrapolation from the results for 2//D=0.1 and 0.25.)
500 5
£,4(6) when p=0.03mm Ky K:i/Kuo
C,; 400 p (mm)
[ S—
~ ¢ (mm) 2t/D 0.2 0.03 0.2 0.03
.:3 300 &,4(2) when p = 02mm 1
b —0 —0 15.55 30.65 1 1
2 200 1 0.1 14.05 27.89 0.904 0.910
g . 2.5 0.25 11.82 23.75 0.760 0.755
v by 5 0.5 8.72 18.05 0.561 0.589
100 e 7.5 0.75 4.97 11.53 0.320 0.376
el fy»i,camt( 9 0.9 3.10 6.88 0.199 0.224
0 YOI ,COIS]
& pom (1)
100 2 4 6 8 10x10™
Time, £ [s] The strain rate concentration factor K;;(¢) is defined by

(a)Dynamic stress at the notch root A the maximum strain rate &, ma at the notch root over

and average dynamic stress the average strain rate &, (t)at the minimum section
.. , at each time. From Fig. 15, when p=0.03 mm, it is seen

at the minimum section . . . .

that the maximum strain rate &, ma at notch root is

20 always 18.1 times larger than that of the nominal strain

rate & ., (t) at the minimum section for cases 1-5.

Similarly, when p=0.2mm, the maximum strain rate
K, (1) when - 0.03mm &4, max at the notch root is always 8.72 times larger than
that of the nominal strain rate &, (t) at the minimum
section for cases 1-5.

Figure 16a shows the strain rate at the notch root and
nominal strain rate. Figure 16b shows the strain rate
factor K,:(¢). It is seen that K,;(¢) is constant although
&4, max aNd &, 50, (¢) are changed depending on the time.
It may be concluded that the strain rate concentration
factor is always constant and controlled by the notch
shape alone.

Table 4 and Fig. 17 show the strain rate concentra-
tion factor with varying 2#D. The limiting values
K.y for 2¢/D— 0 are obtained by the extrapolation
from the results for 2#/D=0.1, 0.25. As shown in

K, (D)

K,:(t) when p=0.2mm

I
0 2 4 6 8 10x10°

Time, ¢ [s]
(b)Strain rate concentration factor

Fig. 16 Constancy of strain rate concentration factor.
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Fig. 17 Strain rate concentration factor K. versus notch depth 2#/D
relation.

Fig. 17b, the results are almost independent of the
notch root radius.

EFFECT OF SPECIMEN LENGTH UPON THE
DYNAMIC STRESS CONCENTRATION AND
STRAIN RATE CONCENTRATION

The effect of specimen length on the strain rate &g pom
is considered. Table 5 shows the results for smooth

Table 5 Converged strain rate &7/

met? for smooth specimen

et

5 th -
gsmooth .

L _____ } const

é-.vmuoth

const

Time

- Sm100th
const

L=25mm L=50mm L=100mm L=200mm

D=20mm 14 7 3.5 1.75
D=10mm 14 7 3.5 1.75

specimen. It is seen that the strain rate &% = ”Lﬁ is
independent of the width of specimen D. Here,
Eonstmom 15 converged and average strain rate in
Fig. 15a. Table 6 and Fig. 18 show the average strain
rate Egpsenom With varying 2#/D and specimen length L

in comparison with the results for plane specimen

gmooth Figure 18 indicates the ratio &us mom Jemoeth - Ag

const const
shown in Fig. 19, with increasing 2#D, the ratio

Econst,mom | é';f)’;‘g’bincreases. The average strain rate &g nom

depends on the specimen length as shown in Fig. 19.
If the specimen length L is fixed, the average strain
rate is independent of the notch root radius p as shown
in Fig. 15a.

APPLICATION OF THE TIME-TEMPERATURE
SUPERPOSITION PRINCIPLE TO
POLYCARBONATE

Depending on the test temperature and tensile speed,
brittle or ductile fractures are observed for polycar-
bonate. Figure 20 shows the relationship between
the nominal fracture strain and notch root strain rate
under various temperatures of polycarbonate, when
p=0.2mm which is used in Izod and Charpy test.
The high strain rate or low temperature causes the
brittle fracture. It is known that the time-temperature
superposition is frequently applied to determine
the temperature dependence of the time or frequency
at a given temperature of the polymeric meterial."
In this study, the impact properties are considered in
terms of the time—temperature superposition principle.
Here, the shift factor 47 is obtained at the reference
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Table 6 Converged average strain rate &g o for the notched specimen

2t/D L=25mm L=50mm L=100mm L=200mm
Eymomconst p=0.03 mm -0 (& ootk =) 14 7 3.5 1.75
0.25 14.148 7.375 3.739 1.977
0.5 15.933 9.294 4.882 2.668
0.75 25.154 15.938 9.210 4.985
0.9 50.683 34.813 19.922 12.055
Eymomconst /£ p =0.03 mm -0 (&3m0t =) 1 1 1 1
0.25 1.0105 1.1380 1.7967 3.6202
0.5 1.0535 1.3277 2.2768 4.9732
0.75 1.0682 1.3948 2.6314 5.6925
0.9 1.1297 1.5245 2.8485 6.8885

temperature To=296K and the empirical constants

C=0.71, C,=63.4.%°

Ci(T - Ty)

TG+ (T—To) ®)

logar =

Then, the master curve for the final fracture
elongation for polycarbonate is obtained in terms
of the strain rate at the notch in conjunction with

shift The
predicted for the wide range of impact speed under

factors. fracture behaviour can be

L=25mm

L=50mm
L=100mm

20 L=200mm

£ yomeonst (5]

Fig. 18 Converged average strain rate &y nom versus notch depth 2#/
D relation.

~ smooth

gynom,const / gCOVLS't

0.4 06
2¢/D

Fig. 19 Ratio &t o /£

const

versus notch depth 2#/D relation.

S E—

various temperatures from the master curve. Based
on the elastic strain rate concentration factor, the
master curve is obtained for the wide range as
shown in Fig. 21. It is found that the elastic analysis
is useful for understanding the impact behaviour of
polycarbonate.

0.07
R ©296K
S 0.06f 9, m273K
TE ’ 263K
7 0.05 ‘ 0253K
5
k:- J“IE 0.04 i +243K
o @ -
g 2 0.03F
= & o
S 2 002} ¢
.g 9
0.01F
z
O L 1 L 1
100 10! 102 103 104 10°

Strain rate at notch K¢, s~

Fig. 20 Final fracture strain of polycarbonate obtained under
various tensile speed and temperatures when p =0.2mm.
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Fig. 21 Master curves for final fracture strain g, of polycarbonate
expressed in terms of reduced strain rate to predict ductile or brittle
fracture for p =0.2mm.

CONCLUSIONS

Recently, high-speed tensile test is being used as a
standard testing method to evaluate impact strength of
the engineering plastics and the other materials. For
polymeric material, the strain rate and dynamic stress
concentrations are significant factors to be considered
in the fracture. However, it is not easy to measure the dy-
namic stress or strain rate accurately at the notch root by
experiment. In this study, therefore, dynamic and elastic
FEM is applied to the high-speed tensile test for notched
specimens. Then, the dynamic stress and strain rate con-
centrations have been discussed under various tensile
speed. The conclusions can be made the following way.

(1) It may be concluded that the maximum strain rate
increases with increasing the tensile speed as shown
in Fig. 10. However, the strain rate concentration
factor Ky;(£)=¢,,4(t) /&ymom (t) is always constant. Here,
the K, which is defined by the maximum strain rate
£,4,max at the notch root over the average strain rate
&ymom (t) at the minimum section at each time.

(2) It may be concluded that the dynamic stress
concentration factor K;;= 6,4 max/ 0y,nom(t) is always
constant and controlled by the notch shape alone
independent of the tensile speed. The stress
concentration factor K,; coincides with the static stress
concentration factor K, obtained by the formula in the
references.”> ™!’

(3) It is found that the difference between the static and
dynamic maximum stress concentration (6;,4,max — Gy.,»)
at the notch root increases in proportional to the
tensile speed when #/t < 5000 mm/s.

(4) It is found that the strain rate at the notch root
depends on the quasi-static stress rate at the notch
root alone and independent of the notch root
radius p.

(5) The master curve for the final fracture elongation for
polycarbonate can be expressed in terms of the strain
rate at the notch in conjunction with shift factors.
The fracture behaviour can be predicted for the wide
range of impact speed under various temperatures
from the master curve.
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