
A NOTE ON DATA PROCESSING IN THE 
SPLIT HOPKINSON PRESSURE BAR TESTS 

netic energy in SHPB test, 
Davies and Hunter recom- 
mended an optimal length/ 
diameter ratio of specimen in 
order to provide minimal cor- 
rection or error due to iner- 
tial effects as well as to min- 
imize the problem due to 
interfacial  friction^.^ Gong et 
al. used FFT technique to re- 

he Split Hopkinson Pressure Bar (SHPB), or Kol- 
sky’s apparatus, has been widely used for the study 
of dynamic behaviors of materials. It was initially 
developed for use in compressive tests,’ and later, 

was modified for tensile2 and torsion3 as well as other impact 
loading  configuration^.^ The concept of the SHPB test in- 
volves the determination of dynamic stress, strain and dis- 
placement occurring at the end of a bar through observation 
of the strain at  a position some distance away. The experi- 
mental method is based on some assumptions, i.e., one- 
dimensional wave in the bars, uniform stress and strain 
fields in the specimen, and neglecting the effect of specimen 
inertia. The deviation of real SHPB configuration from the 
assumptions will result in errors in the measured stress- 
strain relation. Hence, in spite of its widespread use, it has 
been the subject of extensive analytical and numerical stud- 
ies to evaluate the assumptions in order to improve the ac- 
curacy of the measured stress-strain curves. 

d which is related to the 
transmitted stress of a#). 
All the relation between the 
stresses can be expressed by 
eq 1, and the transmitted 
wave of uT in the output bar 
is finally expressed as 

(1 + n2 

- 
Q- 
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reflected wave, or, as well as a transmitted wave, ut. In the 
linear elastic range, the relations between the incident, re- 
flected and transmitted waves are easily obtained from an- 
alyzing the conditions of force balance, continuum, and Hoo- 
ke’s law, i.e., 

where p, c, A are the density, the wave velocity and the cross- 
sectional area of the bars, respectively. The subscripts rep- 
resent different bars. 

Let us consider a specimen of elastic body in SHPB tests 
(Fig. 2) .  The transmitted stress of a& + 27) is produced by 
the stress of u’, and according to the superposition principle 
of elastic waves, u’ is the result of the incident stress of uAt 

In this paper, an elastic wave propagation analysis in SHPB 
test is performed so that the governing equation between the 
incident wave and the transmitted wave is obtained. The 
relationship is applied to SHPB data processing in order to 
improve the accuracy of the measured stress-strain relation. 
The relationship is also applied to analyze the load-time his- 
tory of the specimen. 

ANALYSIS OF THE ELASTIC WAVE 
PROPAGATION IN SHPB TEST 
In Fig. 1, when a propagating longitudinal stress wave, ui, 
reaches the interface between two bars, it will produce a 
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‘ 
where c and L are the length and wave velocity of specimen. 

. The close form of eq 2 is 

x { (s)2n ur(t - (2n + lh)H(t - (2n 

’ 
where H(t)  denotes the Heaviside unit function. 

(3) 
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Input bar Specimen Output bar : 

Equations 2 and 3 are the relationships between the incident . 
wave and the transmitted wave for an elastic specimen in . 
SHPB tests. 

DATA PROCESSING OF SHPB TESTS AND 
EXPERIMENTAL EXAMINATION 
The SHPB apparatus consists of a striker bar, an input bar * 

and an output bar and associated instruments for recording * 

data is shown in Fig. 3. Equation is the famous formula to ' 

calculate the stress and strain of the specimen by using the ' 

incident wave, &At), and the transmitted wave, E&), 

where Eo = po ci is Young's modulus of bars. 

Before substituting the recorded strain-time relations, E#) 
and E&), into eq 4, they have to be shifted relatively by the 
time delays of TI and T, to bar ends or some other positions. : 
When the dynamic behavior in the range of small strain is . 
concerned, such as tests of composites and ceramics, the . 
time delays have a strong influence on the measured stress- 

[ G I ( I n p u t b a r g  1 on[ q Output bar I 
Strain gauge - 

I Amplifier & Recorder1 I Amplifier & Recorder1 
I I ,  I 

strain curves. Moreover, it is difficult to determine the delay 
times accurately.'~' A curve-fitting method for determining 
the delay times more accurately was proposed in the refer- 
ence.' In their analysis, by using the method of character- 
istic network of elastic wave propagation in the specimen, a 
simulated transmitted wave is calculated from the incident 
wave with assuming a fictitious wave velocity of specimen. 
The simulated transmitted wave is compared with the re- 
corded transmitted wave to determine the time delays. Be- 
cause the characteristic network depends on the wave veloc- 
ity as well as the length of specimen, the manipulation is 
time-consumption work. 

However, the curve-fitting method is easy to apply by using 
eq 2 or 3 as shown in the following. When the specimen 
density is known, the shape of the transmitted wave only 
depends on the wave velocity of the specimen according to 
eq 3. Hence, presuming a fictitious wave velocity of the spec- 
imen, a predicted transmitted wave can be calculated ac- 
cording to eq 2 or 3 as shown in Fig. 4. The shape fitting of 
the predicted transmitted wave with the measured one in 
the early stage will result in a rational value of the wave 
velocity of the specimen. At the same time, the wave shifting 
of the real transmitted wave will result in a rational value 
of time delay of T, + T2. After obtaining the delay time, the 
stress-strain curve can be determined according to eq 4. 

SHPB tests of unidirectional composites with different fiber 
volume fractions and pure matrix have been done in order 
to check the validity of data processing of SHPB tests based 
on eq 2. The input and output bars are fabricated from hard- 
ened SUS-304 steel with 16 mm in diameter and 1000 mm 
in length, the specimens are unidirectional glass fiber/vinyl 
ester composites (fiber volume fraction V, = 0.2,0.4,0.6) and 
pure matrix, and the specimen is of short circular cylindrical 
shape with 6.6-6.8 mm in diameter and 4.4-5.5 mm in 
length. The specimen strain is independently measured by 
the strain gauge (gage length is 0.3 mm, KFG-03-120-C1- 
l lLlMSR, Kyowa, Japan) attached to the specimen (Fig. 3). 
Figure 5 shows the comparison between the independently- 
measured strain-time curve and the calculated strain-time 
curve form the above data processing. Figure 6 shows the 

Measured trans. wave 

Measured trans. wave 

Time 

Fig. 3: Schematic of a SHPB test 
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Fig. 4: Method for determining the time delay in SHPB test 
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. Table I -Parameter Values of Specimens 

. It is empirically and intuitively known that the specimen 

. stress can be varied by changing the amplitude or duration 
* of the incident wave in SHPB tests. In some cases, such as 

. v ,  P D L E E+ IE* -q /E  
(g/cm') (mm) (mm) (GPa) (GPa) 

corresponding stress-strain curves. Table 1 shows the pa- . 

ing. Here the specimen modulus used in eq 2, E, is deter- . 
mined from the curve-fitting in Fig. 4, and E* is the initial . 

rameter values of specimen in experiment and data process- 

modulus in Fig. 6. 

From Fig. 5, it can be seen that the strain-time curves are * 

in good agreement within the effective measuring range of ' 

the strain gauge (about 1% in the current tests). It shows : 

. 

* o . o  1.10 6.60 5.50 4.40 4.10 5.0% 

-r 
I ,,,.,,,11.*'"' 

.*' m 

m Spec inen - t TimeP 

load & ;- 
I . '  

. 0.2 1.33 6.75 5.00 16.3 15.6 4.3% 

' 0.4 1.57 6.00 4.40 29.0 29.1 0.34% 

. 0.6 1.79 6.90 5.00 40.4 43.5 10.1% 

. linear, and the discrepancy between E and E* is small. These 

. provide another indirect demonstration. 
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Fig. 6: The measured stress-strain curves of composites and 
pure matrix 

: relationship of eq 3 is helpful to understandhow-the incident 
. wave influences the load history of specimen. 

. Supposing a step incident stress wave (Fig. 7), u,(t) = uo - H(t) and substituting it into eq 2, and also replacing uT(t + 
* 27) with the simplification, 

U,(t + 27) = 27Uh(t) + Udt) 

. because T (the duration for elastic wave transmits through 

. a distance of the specimen length) is usually much small, we 
* have 

' 
with the initial condition, ado) = 0, the solution of eq 5 is, 

( 6 )  

* 

' 

' 

It shows that the transmitted wave will increase approxi- 
mately in an exponential way as the increase of time. Be- 
cause the specimen stress is u(t) = Aoudt)/A at the interface 
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between bar and specimen, the specimen load-time history 
is also exponential. Hence, the amplitude of incident wave 
has a stronger effect on the specimen load than the duration. 
Moreover, the stress rate, da#)ldt, also decreases exponen- 
tially from its maximum value at the beginning according to 
eq 6. 

CONCLUSIONS 
In this paper, a close-form relationship between the incident 
wave and the transmitted wave was deduced on the analysis 
of elastic wave propagation in SHPB tests for the elastic 
specimen. The relationship was applied to determine the 
time delay in data processing of SHPB tests in order to im- 
prove the accuracy of the measured stress-strain curve in 
the range of small strain. This method was examined exper- 
imentally to be capable of obtaining the accurate strain-time 
history in the range of small strain. Moreover, the relation- 
ship was also used to analyze how the amplitude and 
duration of the incident wave influence the specimen load- 
time history in the range of elastic response range in SHPB 
tests. 
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