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Abstract- A Split Hopkinson’s Pressure Bar apparatus capable of conducting compressive strain rate testing is designed. The 
present phase of the paper is focused mostly on the stress wave generating and the subsequent data capturing. Final 
experiments were conducted to obtain the calibration curve and the shapes  of the generated waves of specimens. Along with 
the description of the design process, final details including the assembly and testing as well are presented. 
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I. INTRODUCTION 
 
Strain is the ratio of change in dimension per unit 
original dimension.  Strain per unit time gives strain 
rate. Mechanical behavior at high strain rates differs a 
lot from that observed at quasi-static or intermediate 
strain rates. A fundamental difference between high 
strain rate & quasi-static test is that inertia and wave 
propagation are more pronounced at higher strain. In 
past decades, a variety of materials are used in variety 
of structural applications, and during their service 
life, they undergo different loading conditions. For 
proper functioning they should be able to withstand 
different loading & high strain rate is one such 
condition. Typical examples of high strain rate 
loading are forging,  collision,  crash landing. Split  
Hopkinson pressure bar apparatus proves useful in 
finding the high strain rate results using, one 
dimensional wave propagation in elastic bars. The 
experimental analysis is done in three parts, first, the 
stress waves are propagated inside the impacted body  
Secondly, large inelastic deformations are developed, 
third, the entire impacted structure might be excited 
by the impact, leading to structural dynamics  &  
vibrations problems, typically at long times. Here a 
test is conducted using an aluminum specimen at 
100⁰C and strike at 60 kg/cm2 and this complete 
process is explained by showing incident, reflected & 
transmitted strain graphs & the calculations of the 
test. Here it is thus shown that any materials’ high 
strain rate testing can be done using this experimental  
setup.  
 
II. LITERATURE REVIEW  
 
This review involves a chronological map of the 
development of the Split Hokinson’s Pressure bar 
apparatus. The principle behind Split Hopkinson’s 
Pressure Bar was first introduced by Bertram 
Hopkinson 1914. Hokinson used the principle to 

measure the pressure developed in a bar when a blast 
occurs at one end of it, a bar was suspended with one 
end attached to a detonation mechanism and the other 
end in a magnetic contact with a time piece. When a 
blast occurs at one end, a pressure pulse travels 
through the suspended bar and impacts the time 
piece. At the free end of the time piece-bar interface, 
the time piece separates from the bar and flies into the 
momentum trap mechanism. The energy recorded by 
the momentum trap corresponds to the energy of 
twice the wave length of the pressure pulse in the 
time piece.  
 
Subsequently, Hopkinson’s principle was used by 
Robertson in 1921 and by Landon and Quinney in 
1923. The technique was then modified in 1948 by 
Davies who used condensers for measuring 
displacements in the pressure bar[4]. In 1949, Kolsky 
modified the setup further by adding a second 
pressure bar and placed the specimen between the 
two bars. He used a cylindrical condenser 
microphone to measure the amplitude of the pressure 
pulse produced by firing a detonator at the free end of 
the incident bar.   
 
In 1963 J L Chiddster, et al. introduced a technique 
for elevated temperature compressive tests. In time to 
come the Hopkinson’s bar test was extended to 
perform torsional testing.  
  
III. METHODOLOGY   
 
A.   Experimental Setup  
While there is no universal standard design for Split 
Hopkinson’s Pressure Bar Test apparatus, all 
facilities share some common design elements. A 
compression Hopkinson’s bar test apparatus consists 
of the following:  
i) Two long symmetrical bars 
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ii)Bearing and alignment fixtures to allow the bars to 
move and striking projectile to move freely while 
retaining precise axial alignment.  
iii) Compressed launcher tube or some alternate 
propulsion device for accelerating the projectile, 
termed as a striker bar, to produce a controlled 
compressive pulse in the incident bar.  
iv) Strain gauges mounted on both bars to measure 
stress wave propagation in the bars.  
v) Associated instrumentation and data acquisition 
system to control record and analyze the stress wave 
data in the bars.  
vi)Heating mechanism to raise the specimen’s 
temperature.  
vii) Optical temperature measuring gun.  
 
The split Hopkinson’s Pressure bar test is the most 
commonly used method for determining material 
properties at high strain rates. In the Hopkinson’s bar, 
a short cylindrical specimen is sandwiched between 
two long elastic bars 
 

 
 
1)  Design of the set up  
As mentioned earlier, there are no fixed guidelines 
that are to be followed while designing a KOLSKY 
bar. The impact velocity of the striker is assumed to 
be 40m/s. Nitrogen gas cylinders are easily available 
are a better alternative as compared to an air 
compressor which has limitations of achieving the 
required high pressures, hence was used to produce 
the required pressure for the experiment.  
  
2)  Design Concept:  
The striker bar is one of the main constituents of the  
stress wave generation assembly. Since there are no  
specific guidelines laid out which are to be followed  
regarding the basic component to be designed it was  
decided to start from the striker bar.  
 
3)  Design of the Striker Bar  
The 1 foot long  striker bar having 12mm diameter is 
required to attain a velocity of 40m/s at the time of 
impact with the incident bar.  
    Initial velocity of the striker = 0 m/s  
    Final velocity of the striker = 40 m/s  
    Distance travelled                = 1.5 feet = 0.4572 m  
 
Thus applying basic equations of motion to the striker 
we have 

 

 
 

 
 
Normally available industrial Nitrogen is available at 
a maximum pressure of 150kg/cm2 and thus proves 
that the working pressure required is far less than the 
available pressure. At the neck of the nitrogen 
cylinder a pressure regulator is attached to reduce and 
regulate the gas pressure.  
 
4)  Design of the Primary equipment  
The Kolsky bar system consists of two major sub-
systems; a stress generating system and a stress 
determination system. The following is a detailed 
design of the stress generating system. The primary 
stress generating equipment consists of a reservoir, a 
quick opening valve (solenoid), a launch tube (gas 
gun) and a striker. As the Aluminum specimen is 
tested at room or elevated temperatures so, an 
appropriate heating mechanism is selected along with 
proper temperature measurement non contact type 
gun.  
 
5)  Auxiliary Equipment  
Certain parts of the Kolsky bar apparatus serve 
subordinate roles, i.e., roles which do not affect the 
primary operating characteristics of the device. These 
parts include stoppers, vacuum pump etc. which are 
considered as auxiliary equipment.   
 
6)  Retracting Mechanism  
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At the end of each test, the striker bar remains at the 
muzzle end of the tube. Before each test it must be 
returned to the breech end of the gas gun. To 
accomplish this retrieval it is also proposed that a 
flexible aluminum rod is to be utilized. The striker 
bar remains does not fall off the gas gun and can be 
very easily pushed back to its home position.  
 
7)  Design of the Incident & Transmitter Bar  
The design of a specific Kolsky bar experiment 
essentially comes down to the design of the specimen 
dimensions ls and ds where ls= length of the 
specimen to be tested, ds= diameter of the specimen 
to be tested.  
 
D = diameter of the incident as well as Transmitter 
bars = 12mm  
L = length of both the bars = 1200mm = 3.937 feet  
≈ 4 feet 
 

 

 
 
 

 
Figure III A 7) Solidwork Model of split hopkinson 

pressure bar  apparatus 
 
IV. RESULT ANALYSIS  
 
The Aluminum specimen whose dimensions are 9 
mm diameter and length 6mm. The ends of the 
pressure bars and specimen are machined flat to 
enforce prescribed boundary conditions. Typically, 
the striker is fired into the end of the input bar 
generating a compressive stress pulse. Immediately, 
following the impact, this pulse travels along the bar 
towards the input bar-specimen interface at which the 
pulse is partially reflected into the input bar and 
partially transmitted through the specimen and into 
the output bar. The reflected wave comes back as a 
tension wave while the transmitted wave remains in 

compression. The strain histories in the two pressure 
bars are recorded by the two strain gauges A and B.  
Only two important strain pulses need be identified. 
These are reflected pulse and the pulse transmitted 
through the specimen Kolsky developed the 
following relation for calculating specimen stress.  
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By means of the two strain gauges placed on the two 
bars, incident strain and transmitted strain readings 
are obtained using a data acquisition unit at 50000 
sampling rate. Following is the results obtained 
 

 

 
 
The reflected strain is the difference between the 
incident and transmitted strain. As per (2),(4) we 
require the graph of reflected strain with respect to 
time, so we have plotted the graph of reflected strain 
versus time.   
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Selecting only the first tensile waveform  from (V A) 
that got reflected from the specimen back into the 
incident bar, the corresponding readings of the first 
half waveform from the above graph, is as follows. 
 

 
 

 
 

 

 
Table IV B Specimen Strain rate, Specimen Strain, 

Specimen Stress 
 
CONCLUSION  
 
Although these equations have been around since 
1940, it has only been in the last two decades that 
significant data processing advancements have been 
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possible, mainly due to high speed computers can be 
completed very fast on a PC based machine. The 
specimen is heated successfully to the desired testing 
temperature, the temperature is measured and by 
means of the strain gauges of 300Ω each the data of 
the incident and transmitted Strain waves are 
captured. Using the equations of strain rate, strain and  
stress, the respective values were successfully 
calculated along with their graphs. This same set up 
can be used for calculating strain rate of different 
specimens at elevated temperatures.  
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