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Abstract

Explosions or blasts may be dangerous or lethal to humanity. Explosions kill humans through
shock wave, splinters and impact against walls and heavy objects. Special personal protection
equipment (PPE) are required to ensure safety while working in situations where explosions
are anticipated such as terrorist attacks, military warfare, de-mining and bomb disposal. These
PPEs are as heavy as 26 kg and it is difficult to perform the above mentioned duties while
wearing them. Therefore research is required to develop new generation of materials that can
mitigate the effect of explosions.

Development of lightweight material systems for blast mitigation applications requires regular
experimentation. As blast experiments are expensive and hazardous, alternative experimental
methods need to be explored. This thesis is an exploration towards a laboratory based testing
method for assessing the performance of materials against blast loading. It is an attempt towards
development of a testing method that may help avoid field blast tests, or at least reduce the
frequency of field testing. The testing methodology under consideration includes simultaneous
impact of PU foam projectiles and Fragment Simulating Projectiles (FSPs) onto a target panel.
The foam impact provides a shock loading similar to blast loading and FSP impact simulates
the impact due to splinters.

This PhD research is a comprehensive approach towards development of a laboratory based
mechanism for testing of blast mitigation material systems from scratch. This research work
includes design and fabrication of a single stage air gun for propelling the projectiles, fabrication
and calibration of a ballistic chronograph to measure the projectile speed, characterization of PU
foam used for impact experiments, development of various testing fixtures, and demonstration

of the laboratory based testing methodology.
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Blast wave decay parameter

Parameters used in various constitutive models

Speed of elastic and plastic stress waves, respectively
Distance between chronograph checkpoints A and B
Distance between IR source and IR sensor

Internal diameter of the gun breech/chamber

Stand off distance of blast

Internal diameter of the gun barrel

Diaphragm separating main chamber and buffer chamber
Diaphragm separating buffer chamber and gun barrel
Elastic Modulus

Force

Design load of fixture F2

Euler buckling load for slender members of fixture F2
Frames per second captured by the camera
Acceleration due to gravity

height from which ball is dropped

Length of gun barrel

Instantaneous value of impacted length

Initial length of foam projectile

Length of chamber/breech

Final Impacted length of foam projectile
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SYMBOLS

pt

Pt P
Py

T
P, neg

P, pOS

Pref

Fy

Py

Py
Py
P,
R

RQ

Rb'l‘ight7 Rcont
Rlza le Rlb
Ry, Rpa, Rpp
S

t

to

At68t7 Atemp
T

Tdelay

bneg
Toff,lag
Toys

tpos

TStCLT’t7 Tstop
Tm

Ty
td
Tk

Tnry Taetay, v, Lofpm

Tp,Torsp

Ts, Taetay,s, Toyy,s

u
u
Ueo

Length of the slender members of fixture F2

Mass of the projectile

Modulus function for given material model

Parameters used in constitutive model

Mass of gas contained in the chamber

Mach number of blast wave

Mach number

Number of pre-trigger frames required

Instantaneous pressure of the system, Pressure behind the projectile
Average of the estimated/experimental load from PU foam impact
Pressure in the intermediate buffer chamber

Maximum of the estimated/experimental load from PU foam impact
Maximum negative underpressure of a blast wave

Maximum positive overpressure of a blast wave

Reference pressure for blast wave, ambient pressure

Initial chamber pressure

Initial pressure in front of the projectile

Burst pressure of the diaphragm

Instantaneous pressure in front of the projectile

Reflected overpressure in front of target as per Kinney Graham approach
Specific gas constant for given gas medium

coefficient of determination for the given curve-fit
Resistance used to control brightness/contrast of LCD
Series resistance with IR LED at checkpoint A/B

Load resistance with photodiode at checkpoint A/B

Side of the square cross section of slender members of F2
Time variable

Time after diaphragm burst when projectile speed equals the acoustic speed a

Estimated/Experimental duration from PU foam impact

Time taken by projectile to move from checkpoint A to B

T —Togy

Negative phase duration of a blast wave

Time taken by V/, to fall below 2.2 V Threshold voltage

Time taken by projectile to move across a checkpoint

Positive phase duration of a blast wave

Time when projectile crosses checkpoint A/B

Time taken by signal to reach camera

Time taken by projectile to enter into camera ROI from checkpoint B
Positive phase duration of blast wave as per Kinney Graham approach
Temperature in Kelvin

Measured Values by the Photodiode circuit

Programmed values fed to IR LED circuit

Simulated values by the IR LED circuit

Particle velocity for given medium

Particle displacement (Chapter 5)

Theoretical maximum speed of projectile for infinitely long barrel
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SYMBOLS

Ulim
Up
Uq
Up
ur

Ve, Va, Vi

Limiting speed of the projectile for non evacuated barrels
Uncertainty in measurement of distance

Velocity of a pressure disturbance

Velocity of the projectile

Uncertainty in measurement of time

Uncertainty in the measurement of projectile velocity
Instantaneous volume occupied by gas

Approach velocity of projectile and target

Projectile velocity (Chapter 3)

Velocity of ball during ball drop test

Maximum measurable speed by given chronograph

Initial volume occupied by gas, Chamber volume

Velocity of part of projectile where shock wave has not reached
Velocity of part of projectile where shock wave has reached
Voltage measured at Photodiode circuit of Checkpoint A/B
Particle velocity of deformed region of foam projectile
Particle velocity of foam projectile

Size of one foam cell

TNT equivalent weight

position variable, instantaneous position of projectile
Position where projectile speed equals the acoustic speed a

Position of projectile where it meets the first reflected rarefaction wave

Instantaneous position of the reflected rarefaction wave
Acoustic impedance of the given gaseous medium (pa)
Scaled distance of blast
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