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1 Executive Summary

In this project an “as-built” CAD model of the Vertical Impulse Measurement Fixture (VIMF)
was created. The CAD model formed the basis of numerical models for simulations of the
VIMEF’s response. The initial simulations were used to help verify the operational readiness of
the facility. This CAD model can also be used to generate “as-built” drawings that are
commonly archived on large facilities.

The VIMF provides researchers with a facility for controlled testing of systems and subsystems
subject to land mine blast. For example, the facility is currently being used to determine the
response of basic vehicle hulls to mine blast. The facility is also well suited to characterizing the
impulse generated by land mine detonation. As compared to air blast and underwater blast, very
little data exists on the impulse generated by land mine blasts. This data is critical to performing
realistic simulations that are needed in the development of new vehicle and system designs, as
well as the design of retrofit schemes to enhance the survivability of existing systems.

2 Introduction

A short time spent reviewing the literature reveals the existence of a considerable database of
information related to air blast and so called “UNDEX” or underwater explosions, but relatively
little data regarding land mine detonation. This is not too surprising considering the relative
quantity/value of equipment and personnel loss that typically result from a single bomb or
underwater mine detonation versus the losses associated with a single land mine detonation. But
the shear numbers of currently fielded land mines, their relative low cost and availability, and the
desire for a lighter and more mobile Army makes land mine detonation a significant problem.
The U.S. Department of State [1] recently estimated the number of land mines in the ground
world-wide at 45-50 million, with a corresponding estimate of casualties resulting from land
mines at about 10,000 annually. Other accounts of the injuries and loss of equipment resulting
from land mines are readily found [2, 3, 9] including estimates that in excess of 50% of Army



vehicle losses are due to land mines. Considering the cumulative result of landmine detonation,
this problem deserves increased attention.

The other factor that contributes to the lack of data regarding land mine detonation is the relative
complexity of the problem. In air blast, there are two fundamental media, the explosive and air.
In under water blast there are again two media, the explosive and water. In both of these cases,
simulation of the detonation and the resulting transmission of energy is very complicated, and
will be effected by changes in the character of the air or water. But in the case of land mine
detonation it is even more complicated. There are typically several media involved; the
explosive, the soil and the air between the ground surface and the vehicle. And the soil is
typically a combination of solid particles of various sizes and densities, water and air. To
appreciate the added difficulty in developing a statistically viable database of land mine
generated impulses, simply consider the difficulty in accurately duplicating soil conditions
between experiments, as compared to performing replicate tests in air or underwater.

Recognizing the magnitude and difficulty of the land mine issue, the Army Research Laboratory
(ARL) at Aberdeen Proving Ground has developed the Vertical Impulse Measurement Fixture
(VIMF). This facility has just recently come on line, with verification shots being conducted
throughout the late spring and summer of 2003. The facility was designed for the development
of a database of impulses resulting from land mines of various types and sizes with various
depths of burial in various soil conditions. The facility is also well suited for the controlled
testing of land mine resistant vehicle designs and retrofit strategies. As noted previously, the
first project utilizing the VIMF is aimed at evaluating various vehicle hull designs.

3 VIMF Overview

The major components of the VIMF are shown in Figure 1. More details on these components
are presented subsequently.

The “guiderail” is the major moving component, and is used to acquire data about the impulse
generated by the land mine. The guiderail is “guided” in its flight by the “guidance housing.”
The guidance housing was designed to allow for both translation and rotation of the guiderail.
The rest of the structure supports the guidance housing. Reports on the construction and
operation of the VIMF are currently being written by ARL personnel.

Beneath the guiderail, a constructed soil pit facilitates the changing out of the soil for
investigations into the effect of soil type and condition on the generated impulse. Between tests
using the same soil type, disturbed soil is dug out and replaced with material matching the
original soil conditions. Experts in buried explosives testing at the U.S. Army Corps of
Engineers (USACE) Engineer and Research Development Center (ERDC) were consulted
regarding soil type, placement, replacement and instrumentation [4].
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4 Operational Verification

Throughout the spring and summer of 2003 several tests were conducted in the VIMF to verify
that it was operating as designed. These shots included various size charges placed on steel
plates positioned vertically below the center of the guiderail, as well as charges buried in soil
beneath the guiderail. Testing indicated that the VIMF had the necessary sensitivity, and was
operating as intended. In addition to these physical tests, there was the desire to simulate the
response of the VIMF so that operational limits could be developed. Off-center detonation,
where the center of the blast is not vertically below the center of the guiderail, are of special
concern since they may result in significant lateral translation, as well as twisting.

4.1 “As-Built” CAD Model

As in any large construction project, changes from the original design/drawings were
implemented during construction. These changes are typically captured in what are known as
“as-built” drawings. These drawings are usually archived as a permanent record of the
construction, and often facilitate future modifications and/or repairs to the structure.

In the current project an as-built CAD (Computer Aided Design) model was created specifically
for use in simulations of the operation of the VIMF, though the model can be used to easily
generate as-built drawings. The original CAD work on the VIMF was done in a package called
CADKEY, so a current version of CADKEY [5] was acquired.

Although CAD files existed for much of the VIMF, some seventy percent of the model created in
this project was created from scratch. For example, the current CAD model of the guiderail was
created entirely from scratch. Creating this part provided a good introduction to CADKEY, and
allowed us to capture all that transpired during the construction of the guilderail. The library of
standard steel shapes incorporated in CADKEY facilitated the creation of the guiderail model, as
well as the models of several other parts. Images of the guiderail model are presented in Figure
2, and a summary of the components of the guiderail is given in Table 1.

For the guidance housing, an existing file was used as a base. Some details as well as some
components of the model were changed to reflect actual construction, and the model was updated
to include all the pieces present in the finished product. Details of the guidance housing are
presented in Table 2, and images of the actual housing and the CAD model are shown in Figures
3 and 4.

4.2 Validation of a Dynamic Model

The model of the VIMF has been verified by direct measurement of parts on the actual structure,
and by comparing the computed weight for a portion of the model against a measured value.
Also, the dynamic response of the model to an impulse was determined and compared to hand
calculations.



Figure 2. Guiderail assembly and guiderail positioned in Guidance Housing

The dimensions of all major components were measured on site and either compared to existing
data in the model, or used to create additional model parts. Subsequently, the weight of the
guiderail computed with the modeling software was compared against a measured value. The
guiderail had been weighed in place using a load cell and the reported weight was 18,600 1bf.
The software reports a weight for the guiderail of 18,670 Ibf.

Table 1. Details of the Guiderail
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Table 2.
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Figure 3. Guidance housing being moved from fabrication shop to VIMF site.

Figure 4. CAD model of guidance housing



To validate the motion simulation capability, the guiderail was excited with an impulse
generated by CONWEP [6]. The response predicted by the software was compared to the
response calculated using a simple lumped mass excited by the same impulse. The lumped mass
analysis used the principle of impulse and momentum noted in Equation 1.

F At

V.=V +———gAt (1)
m

n+l

In Equation 1, V = velocity, n = step number, F = average impulsive force for the time step, m =
mass, At = time increment and g = acceleration of gravity. The impulsive forces were calculated
simply as the pressure reported by CONWEP multiplied by the area of the plate at the bottom of
the guiderail. The number of time steps, and the actual time increment were determined by
CONWERP. Position of the mass was determined by:

yn+1 :yn+VAt (2)

In this equation, V is an average velocity for the time step. To perform the calculations,
CONWERP output was imported into a spreadsheet, and the spreadsheet was used to perform the
calculations. In Figure 5 the load on the mass is given, and in Figure 6 the corresponding
response is presented. The impulse represents reflected pressure for a 2 kg hemispherical
surface burst (air-blast) with a 0.4067 m (16 in) standoff. The response predicted for the
guiderail using the software package “visualNastran” [7] closely matches that determined
through Equations 1 and 2 with a maximum displacement of about 0.26 m as opposed to 0.29 m.

Load from CONWEP

90000
80000 -
70000 -
60000 -
50000 -
40000 -
30000 -
20000 -
10000 -
0 < -

0 1 2 3 4 5

Time (msecs)

Reflected Pressure (kPa)

Figure 5. Impulse used in hand-calculation of guiderail motion



Height of Flight
0.35
0.3 1 PP asaaaees
T 0.25 e
§ 0.2
® 0.15
3
o 011
0.05
0 T T T v
0 100 200 300 400 500
Time (msecs)
Figure 6. Results of hand-calculation of guiderail motion
4.3 VIMF Simulations

To date, the model of the VIMF created for this project has been subjected to impulsive loads
with only the kinematic response of the model being determined. As indicated in the previous
section, we feel the software is producing accurate simulations, though only limited analyses
have been performed with the entire model (guiderail and guidance housing as opposed to the
guiderail by itself).

The software being used is called MSC.visualNastran Desktop [7]. The software can perform
motion analyses, finite element based stress and strain analyses, or both.

4.4 Determination of Stress and Strain Fields

After more experience is gained with the software and motion analyses, we plan to start
performing calculations of stress and strain. The goal of the calculations is to help set
operational limits for the VIMF. Figure 7 is a photograph of the lower end of the guiderail after
a 7.5 kg mine with 10 cm of clay cover sent the 18,600 1b (8440 kg) guiderail 114 in (2.9 m) into
the air [8].

As can be seen in the photograph, the lower section of the guiderail was damaged in this shot.
While this damage is slight and easily corrected, a major concern for the facility is damage to the
main section of the guiderail. Provisions were made in the design of the facility to remove and



Figure 7. Damage to lower guiderail from a 7.5 kg land mine.

replace the guiderail, but it would take hundreds of man hours and a significant crane to do so.

A rough sketch of the cross section of the main segment of the guiderail is shown in Figure 8.
The filler material noted in the figure is called syntactic foam. It is an aggregate composite of
glass microspheres in an epoxy matrix. Calculations based upon this cross section show that
there should be no material failure until an axial load of approximately 2,100,000 lbs (9.3 MN) is
reached. This sounds like a big number, but as a point of comparison, the peak force applied to
the model in the simulation noted earlier was 289 MN. It is expected that a significant
percentage of the applied energy is transformed into kinetic energy (motion) and that a relatively
small percentage of the energy is converted into internal strain energy in the guiderail
components. Estimating the breakout of the energy transformation is difficult to do by hand
calculation, and instead we anticipate getting this information from the simulations.

Beyond direct material failure, such as yielding of the steel, buckling is also a major concern for
the guiderail due to its long and slender shape. Again, estimates can be made of the buckling
load, but this is complicated by the varying effective length of “the column™ and its end
constraints. Here again, we anticipate the simulation software will be effective in determining
accurate estimates of stresses in the guiderail elements, and the likelihood of a instability failure
should be reasonably well predicted.
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Figure 8. Guiderail cross section

It would be beneficial to instrument the guiderail and measure strains during various experiments
to validate the finite element modeling capability of the software. This strain data might also be
useful in the operation of the VIMF in that it could be used to confirm data from other
instrumentation meant to characterize the impulse generated by the land mine.

A final thought considering the damage to the adapter shown in Figure 7: It may be prudent to
put something of a “fusable link” between the main segment of the guiderail and the object being
impacted by the mine blast. A well designed and accurately built segment, that is meant to yield
and therefore dissipate a large amount of energy, could be used to protect the main segment of
the guiderail from unexpected overloading.

5 Other Mine Blast Data

A literature search is being conducted to locate other sources of land mine blast data. In the
United States the only organizations that have been identified as having conducted land mine
testing are the Army Research Laboratory (ARL) and the Southwest Research Institute.
Personnel at Defense R&D Canada - Valcartier have also been studying this problem. They
have referenced the data from the Southwest Research Institute as well generated some of their
own [9]. Vickers OMC is working in this area [10], and an unreferenced report [11] indicates
they are performing mine blast testing and simulations. There is apparently research going on in
Australia also [12].



At this point in the literature search, it appears that relatively little hard data will be found. As
noted earlier in this report, land mine testing is fraught with difficulties. The data that can be
generated with the VIMF is sorely needed.

6 Conclusion

Accurate CAD models of the moving components, the guiderail and guidance housing, of the
Vertical Impulse Measurement Fixture (VIMF) have been created. The validity of the models
was checked by direct measurement of dimensions, and for the guiderail, by comparison of the
computed weight to the measured weight. The ability to simulate the motion of the guiderail was
confirmed by comparison with hand-calculated response.

Planned work includes further motion analyses of the guiderail, and guiderail/guidance housing
combination. Once we are comfortable with the motion analyses, we will turn on the finite
element capability and perform stress analyses of the guiderail with the goal of setting
operational limits for the facility.
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