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1.0 INTRODUCTION

Most hazardous scenarios which would be identified as part of a risk assessment or
safety report entail the release of either toxic or flammable material from pipework
or vessels. One possible initiating event for such releases is rupture or perforation
due to the impact of ‘missiles’, which may be dropped objects or fragments from a
nearby piece of machinery or from a vessel which may have exploded as a result of
a BLEVE. In a risk assessment application, the most likely cause of missile
generation is an explosion. The first stage of any risk assesment would therefore be
to determine the number, size, shape, range and velocity of the missiles likely to be
generated. These issues are not addressed in this project, which concentrates on the
next stage in the risk assessment, that is, the effect of the missile on a target object,
such as a tank, vessel or barrier. Further, the effects have been limited to the
primary causes of loss of containment, such as penetration or perforation; no
consideration has been given to secondary effects such as weakening of supports,
structural collapse, etc.

In order to determine whether such fragments, of specified mass and velocity, can
cause loss of containment, the study reported here was undertaken, and appropriate
models coded into a software ‘tool developed specifically for use by the Major
Hazards Assessment Unit, HSE. It should be noted that the terms of reference did
not envisage a major review with a detailed critique of each method; rather the
objective was to identify a range of models which would cover various missile and
target types, and could easily be incorporated into a simple software tool for use by
MHAU.

Section 2 details the literature search undertaken in the field of industrial missile
impact, while Section 3 presents the assessment criteria, assessment methods and
conclusions on the mathematical models derived from the literature. Section 4

outlines the software QA standard used to develop the Missile Impact Model (MIM)
software. Section 5 presents the project conclusions and recommended methods and

discusses the possibilities for further research and development.
Extensive verification and validation of the MIM software has been undertaken, and

reported in detail in the internal document presented to HSE. These are not repeated
here, but a sample selection of typical results is included in Appendix 1.
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2.0 LITERATURE SEARCH
The COMPENDEX engineering database was searched on-line using the following
criteria:
- Keyword search:
MISSILE AND (IMPACT OR PERFORATION OR PENETRATION)
- Published in the time period 1983-1993.
- Published in the English language.

The online search returned 83 references. A further 15 references were drawn from
other sources, giving a total of 98 references.

A review of the material produced the following results:

Initial rejections (no appropriate model included) 57
References received ' 35
References unavailable 1 (i
References outstanding 5
Total number of references considered 98

The outstanding references are normally available from the BLDSC, but were on loan
to other users during the lifetime of this project.

Of the 35 references received the following classification was developed:

References with well documented missile impact models S
References with data relevant to missile impact modelling 9
References with poorly documented models or models 3
containing inconsistencies.

References irrelevant to missile impact modelling 12

The 23 relevant references and 5 outstanding references are listed below in
Section 6.

WSA/RSUB000/002 (2)
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3.0 MODEL ASSESSMENT

The 9 references with missile impact models describe a total of 22 different models.
All the models examined assume a rigid missile is impacting upon a continuous
homogeneous target. These are significant assumptions since missiles do deform on

impact and targets are heterogeneous structures.
3.1  Assessment Criteria
The criteria used for assessing the usefulness of a certain model were as follows:
- ‘Use of SI units or ease of conversion to SI units.
- Documented ranges of validity.

- Correlation with other similar models.
Application of model to a wide range of target and missile types. -

3.2  Assessment Method

Those models that were poorly documented with respect to units or validity ranges
were not considered further. The remaining models were tested with a range of input
values on a computerised spreadsheet. This allowed models to be compared by
inspecting the spreadsheet results. Those models whose results were inconsistent with
the consensus of other similar models were rejected. Where two or more models
produced consistent results, the best documented and most widely applicable was
chosen for incorporation into the MIM software tool.

3.3  Results of Model Assessment

Four models were considered sufficiently useful and well enough validated to be
utilised in the MIM software. These models are:

- High Pressure Safety Code (1975)' Equation 1

- Miyamoto (1984) Equations 2 and 3
- Barr (1990)° _ Equation 4

- SCI (1992) Equation 5.

Of the remaining 18 models, 6 were validated but not used in MIM and 12 were
rejected as being invalid or poorly documented. The validated models that were not
used have more restrictive validity ranges or are less flexible than those incorporated
into MIM.

3.3.1 Validated Models Used in the MIM Software Tool
Four different types of target are considered within the MIM software tool, namely:
i) Mild steel targets;
i) Hardened steel targets;

i)  Concrete targets;
iv) Pipework targets.

WSA/RSUB000/002 (3
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The models used for each type of target are summarised below

In each of the models it is possible either to specify the missile velocity (V) and
hence determine the target thickness (T) that would just be perforated, or
alternatively to specify the target thickness and determine the minimum missile

velocity required for perforation.

i) Mild Steel Target - High Pressure Safety Code (1975)!

Plate thickness ()
Missile mass (kg)
Missile diameter (m)
Missile velocity (m s')

<gzH

For rod shaped steel missiles impacting on a mild steel target:

MVE - 3><109D3(%)1'41 (1)

Published validity ranges: None

it) Hardened Steel Target - Model from Miyvamoto (1984Y

Target Thickness (mm)

Missile Diameter (mm)

Total Nose Angle of Conical Missiles (Degrees)
Perforation Energy (Joules), aMV?

Missile mass (kg)

Missile Velocity (m s')

<czmeg~

Impact of stainless steel into hardened pressure vessel steel.
For blunt missiles:

E = 29T"*p"? 2)

For conical missiles:

E = 29T15(T [1*2903]1(6/2))2‘])15 (3)

For almost-blunt missiles, § approaches 180°, and Equation (3) would give E = oo.
Equation (2) should therefore be considered as an upper limit for E, thus defining a
value of & above which the missile is effectively blunt.

Published validity ranges:
T

7-38 mm
M 3-50 kg
\Y 25-170 m s
D 66-160 mm
WSA/RSUS000/007 (4
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iii} Concrete Target - Model from Barr (1990y

Critical perforation velocity (m s)

Density of concrete(kg m~)

Characteristic compressive strength of concrete (Pa)
Perimeter of the missile (m)

Thickness of the concrete {m)

Mass of the missile (kg)

Reinforcement quantity in percent

"R =T e <

2
v, - 1.3g”6F,§”'(£%)2f3(r+0.3)1ﬂ @
T

Published validity ranges:

V. - 11300 m s

F. 15-37 MPa

r 0-0.75 percent
p/(7M) 0.2-3 m kg
M/(p’T) 150-10000 kg m*

This model does not include the effects of spalling (from the front surface) or
scabbing (from the rear surface). However, these effects are discussed further in the
paper and methods given for prediction of the onset of scabbing.

iv) Pipework Target - Model trom SCI (1992)

T Pipe Wall Thickness (m)

D Missile Diameter (m)

D, Pipe Diameter (m).

E Perforation Energy (Joules), AMV?

M Mass (kg)

v Missile Velocity (m s*)

Au  Empirically derived constant, 8 x 10° (J m*)
£ - Aunpy /D03 ®)
D3

Published validity ranges:

M 4-50 kg

T 0.007-0.018 m

D 0.025-0.17 m

D, 0.150 m

WSA/RSUB000/002 . (5)
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3.3.2 Validated Models Not Used in MIM Software Tool

Although the models outlined below were generally of sufficient quality to be used
in the software, it was felt that they did not add anything to the set which has already

been identified in Section 3.3.1.

(i)  Models from High Pressure Safety Code (1975)'

The following quantities are used throughout the HPSC models:

Plate thickness (m)

Missile mass (kg)

Missile diameter (m)

Impact area presented by missile (m?)

(since most models are appropriate to normal incidence, this can be
considered to be equivalent to 7D?/4)

Missile velocity (m s7)

>uzH

<

For small (<1 kg) blunt missiles impacting on a F,=35 MPa concrete target:

T = 18x1076MO4y13 ' 6)

For small (<1 kg) blunt missiles impacting on mild steel target:
T = 6x107 M3y 0

For larger missiles (> | kg) the following is proposed:

- %llogm(nsxm %) _ ®
Where values for C include:
Concrete (Unreinforced, Fc = 15 MPa) 10x10+
Concrete (1.4% Reinforced, Fc = 22 MPa) 6x10+
Concrete {1.4% Reinforced, Fc = 40 MPa) 3.5x10¢
Mild steel -~ 0.5x10%

For rod shaped steel missiles impacting on a concrete target:

-7 1.5 ' .

T:

(i) Model from TNO Yellow Book (1979)"-(Steel Plate}

V. Critical perforation velocity (m s*)
o, Ultimate tensile stress of vessel material (Pa)
T Plate thickness (m)

T Ultimate shearing stress of vessel material (Pa)

WSA/RSUSB000/002 {6)
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M Mass of missile (kg)

D Missile diameter (m)
3
o (11.30,T +1tD1:ﬁT") (10)
¢ M

Derived versions of the above equation are given for both nozzles or manholes and
valves.

Published validity ranges:
T 0.003-0.05m

(iii)  Ipson Residval Velocity Model (Steel Perforation) - Shaaban (1984)

Missile weight W
Missile length L
Plate thickness T

Any self-consistent units are valid.

- V-Vp* 11
" (1+Wp/W)

Where V, is the residual velocity (ie the velocity of the missile after passing through
the target), V, is the impact velocity and V, is the perforation velocity, which may
be calculated using one of equations 1 to 10 above. Wp is the weight of target
material driven from the plate.

Where Z is the ratio of target to projectile material density.

Published validity ranges:

Nore.
(iv) Healey and Weisman Residual Velocity Model (Concrete Perforation) - Shaaban
(1984)°
Penetration depth in infinitely thick target (from eqn. 21 of the paper) x
Target thickness T
Target thickness that would just be perforated T,
WSA/RSUS000/002 )
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Any self-consistent units are valid.

For x < 2D

Vr 55

- © =@y (13)
For x > 2D

Vr 0.555

- - u-amnr a4

Where V, is the residual velocity of the missile after penetration and V, is the impact
velocity.

Published validity ranges:
None.

3.3.3 Rejected Models

In view of the very specific and limited objective of this study, it was necessary to
reject all but a handfu) of models. This section describes briefly some of the models
which were rejected at an early stage because of missing information, incorrect units,
insufficient validation data or lack of ease of use.

Models from Shaaban (1984)

Shaaban describes 11 impact models. General symbols used by Shaaban are:

Penetration

Missile weight

Missile mass

Missile cross sectional area
Missile diameter

Missile length

Missile impact velocity
Perforation energy

Plate thickness

Hm<ru» g g

A variety of non-SI units are proposed by the models and are not always clearly
defined. No validity ranges are published.

Baker (1984)* and Recht (1971)* describe the same models as or derivative models
to those described by Shaaban.

WSA/RSUS000/002 (8
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a) Concrete Penetration models

L. Petry Model

) (15)

x = 122¥ Logw[ +

A 215000

Where k is an empirically determined constant.
2. Beth Model

= a(x)V* +b(x)V? (16)

o | 2

Where a(x) is a constant, b(x) is the inertial resistance of the target material
and R is resisting force to missile penetration.

3. BRL Model

427 W 115( )4[1

\/_ Dz 1000 (17)

Where f_ is the compression strength of reinforced concrete.

4. ACE Model
_ 22w 0115(
\/_ A

Where f, is the compression strength of reinforced concrete.

)1 3+0.5D (18)

5. NDRC Model
xzz;sz__'[’_Do.ns(
7 D? 1000

Where {, is the compression strength of reinforced concrete.

)5+0.5D | (19)

b) Steel Penetration models

6. SRI Model

= $(0.347%+0.0327) 0

Sim

Where S is the ultimate tensile strength of the target minus the tensile strength
in the steel.

WSA/RSUS000/002 N

Contents



1. BRL Mode! (Steel Penetration)
2
T - O.SkPWV
8.975x1072D*"
Where k, is the collapse stress.
8. DeMarre Model
V = 2.05x10%(—)¥
MII3
9. Thor Model
V = 405104y
MO-359
10.  Ipscn Recht Model
and relative densities of the missile and target.
11, Kar Modet
target.
c) Pipe Impact models
SCI (1992)

21)

(22)

23)

A complex model for penetration of steel utilising the acoustic wave velocities

A complex model for penetration of steel utilising several constants relating
to the missile and the standard Charpy V-notch fracture test applied to the

‘For indentation of pipes which are not perforated the following is described.

E = 251‘20(x/Dp) i

24)

Where x is the indentation, D, is the pipe diameter, T is the pipe wall thickness and
o is the yield stress. Although no units are specified, it is assumed that they are SI.

WSA/RSUB000/002 (10
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4.0 SOFTWARE METHODS AND DEVELOPMENT

The IEE Software Quality Assurance Model (1990) has been used as a framework for
the development of MIM. The IEE Software Quality Assurance Model describes a
standard for quality assurance for a broad range of software developments. For small
stand-alone developments, such as MIM, the following stages and deliverables were
performed. Deliverables 1-4 were provided to HSE during the development of the
program; deliverable 5 is substantially covered by this final report, but also includes
a User Guide which has already been submitted to HSE.

Development Stage Deliverable
1. User Requirements Specification Requirements Specification
and Review
2. Software Design and Design Review Design Document
3. Software Coding Computer Code
4. Module Testing and System Test Plan and Results
‘Testing
5. System Handover and Support User Documentation and Support
service
WSA/RSUS000/002 (L)
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5.0 CONCLUSIONS
5.1 Literature Search

A large quantity of published material is available on missile impact. The majority
of this information deals with impact at ballistic velocities (> 1000 m s') under the
umbrella of military research. There is a smaller but significant body of knowledge
on industrial missile impact at velocities up to 300 m s'. The literature survey
undertaken enabled a substantial portion of this knowledge to be collected and
collated. -

5.2 Model Assessment

The assessment of the models extracted from the literature search identified 22 models
in total, of which:

. 4 Models were used in the MIM v1.2 software.
. 6 Models, with demonstrable validity, were not used in MIM v1.2
software.

12 Models were rejected using various criteria as indicated in the text.

5.3 Verification of MIM v1.2 Software Tool

The MIM vl.2 software has been verified against independent spreadsheet
calculations, which have been presented in detail in an internal HSE report.

Examples taken from this verification are presented in Appendix 1.
5.4 Example Application

Consider an explosion in which it has been assessed that a 0. Im diameter rod-shaped
steel missile of mass 10kg could be produced and projected as far as a large mild
.steel vessel containing a hazardous substance. It is a requirement of the risk
assessment to determine whether the vessel would be perforated, leading to domino
effects. The velocity of the missile has been calculated as 200m/s and it is required
to know whether the vessel would be penetrated by the misstle.

Using the HPSC (1975) model (Equation 1)

MV? = 3 x 10° D? [1 H
D
where M = 10kg
V = 200 ms’!
D=01Im

rearranging to find thickness, T:

WSA/RSUSG00/002 (12)
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2pylen (14D
T =[ MV'D 1)

3x10°D
= 0.024m

Therefore, the mild steel vessel would not be penetrated by the missile provided that
it was more than 24mm thick. .

MIM facilitates such calculations for a range of missile masses, and can also be used
to calculate the penetration velocity required for a specified target thickness.

5.5 Possible Further Development

The literature search for material on industrial missile impacts could be extended.
Bulson (1989)* and Bulson (1992)* are significant works that were unavailable at the
time of this research, and it is possible that further models or validation data are
included in this material. An area of possible development is a study on the effects
of the contents of a vessel on the perforation energy. There is some data available
for filled pipework under impact but no consistent model is available. No studies
have considered the contents or the thermodynamic environment of a pressure vessel
during impact.

The assumptions of the models used in MIM v1.2 are a significant simplification of
what may be expected in reality. For example, missiles do deform on impact, and
targets are likely to be discrete structures with specific weak points. To model these
more complex situations adequately, a finite ditference or finite element model would
be required.

WSA/RSUBQOG/002 (13}
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APPENDIX

Verification Caiculations for MIM v1,2 Models

Contents
- Page No.
Al Introduction . Al
A2 Impact on a target at a specified velocity ' A2
A3 Impact on a target of specified thickness. i Ab

Al, INTRODUCTION

The MIM model has been developed from the references reviewed in Section 3.3.1.
Extensive verification has been undertaken for a range of velocities and material types and
thicknesses. Full details have been given in the HSE internal report, but this Appendix gives
selected examples. '

The models used are given in Equations 1-5 in Section 3.3.1. The examples have been
divided into those for a specified velocity and those for a specified thickness. The former

examples use only Equations 1-4, and are presented in Section A2, while the latter examples
use all five equations, and are presented in Section A3. The results presented are by no
means exhaustive, but merely give an indication of the way in which they vary with the

different variable input parameters.
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A2. Impact on a target at a specified velocity

Method Miyamoto (1984) Equation 2

Blunt stainless stee) fragments into hard pressure vessel steel

Mass of Missile Velocity
/kg I ms-1
0.37 105
0.92 10
0.69 14
10 30
50 40
100 509
500 53.6
1000 57.3
2250 65.2
5600 85.6
Published validity ranges
3-50 25-170
Mass of Missile Velocity
kg /I ms-1
0.37 105
0.92 10
0.69 14
10 30
50 40
100 50.9
500 536
1000 57.3
2250 65.2
5000 85.6
0.37 105
0.92 10
0.69 14
10 30
50 40
100 50.9
500 536
1000 571.3
2250 65.2
5000 35.6
0.37 105
0.92 10
0.69 14
10 30
50 40
100 50.9
500 536
1000 57.3
2250 65.2
5000 85.6
Published validity ranges
0.2 - 1000 45-300
WSA/RSUB00/002

Missile Diameter Penetration
/im /im
0.045 1.76E-03
0.061 1.04E-04
0.055 1.48E-04
0.134 9.97E-04
0.230 2.50E-03
(0.290 4.34E-03
0.495 7.96E-03
0.624 1.10E-02
0.818 1.71E-02
1.067 3.20E-02
Method Barr (1984) Equation 4

Blunt steel fragments into a concrete target

Target Material

Concrete Fcy=15Mpa
Concrete Fcy=15Mpa
Concrete Fcy=15Mpa
Concrete Fcy=15Mpa
Concrete Fcy=15Mpa
Concrete Fcy=15Mpa
Concrete Fcy=15Mpa
Concrete Fcy=15Mpa
Concrete Fcy=15Mpa
Concrete Fey=15Mpa
Concrete Fcy=22Mpa
Concrete Fcy=22Mpa
Concrete Fcy=22Mpa
Concrete Fcy=22Mpa
Concrete Fey=22Mpa
Concrete Fcy=22Mpa
Concrete Fcy=22Mpa
Concrete Fcy=22Mpa
Concrete Fey=22Mpa
Concrete Fcy=22Mpa
Concrete Fcy=40Mpa
Concrete Fcy=40Mpa
Concrete Fcy=40Mpa
Concrete Fcy=40Mpa
Concrete Fcy=40Mpa
Concrete Fcy=40Mpa
Concrete Fcy=40Mpa
Concrete Fcy=40Mpa
Concrete Fcy=40Mpa
Concrete Fey=40Mpa

(A2)

Missile Perimeter
/m

0.145
0.145
0.145
0.421
0.723
0.934
1.597
2.012
2.637
3.442
0.145
0.145
0.145
0.421
0.723
0.934
1.597
2,012
2.637
3.442
0.145
0.145
0.145
0421
0.723
0934
1.597
2.012
2,637
3.442

Penetration
/ mm

1.8
0.1
0.1

1.0
2.5
43
8.0
11.0
17.1
320

Penetration
Im

4.81E-02
1.30E-02
1.45E-02
5.74E-02
1.22E-01
1.81E-01
3.22E-01
4.27E-01
6.16E-01
9.86E-01
4.17E-02
1.13E-02
1.26E-02
4.97E-02
1.05E-01
1.57E-01
2.79E-01
3.70E-01
5.33E-01
8.54E-01
3.33E-02
9.01E-03
1.00E-02
3.97E-02
B.41E-02
1.25E-01
2.23E-01
2.95E-01
4.26E-01
6.82E-01

Penetration
/ mm

43.1
13.0
14.5
57.4
121.5
1812
3221
426.6
615.8
985.6
41.7
1.3
12.6
49.7
1053
156.9
279.0
369.6
5335
853.7
333
9.0
10.0
39.7
84.1
1254
223.0
295.3
4263
6823
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Method: Miyamoto (1984) Equation 3
Critical perforation velocity for sharp steel fragments passing through hard Pressure Vessel Steel Plate

Mass of Missile Plate Thickness Nose Angle of Velocity
kg /m Missile / Degrees /ms-1
0.37 0.001 20 42
0.92 0.001 20 23
0.69 0.001 20 3.1
10 0.001 20 0.8
50 0.001 20 04
100 0.001 20 0.3
500 . 0,001 20 0.1
1000 0.001 20 0.1
2250 0.001 20 0.1
5000 0.001 20 0.0
0.37 0.01 20 132.3
0.92 0.01 20 839
0.69 0.01 : 20 96.8
10 .01 20 254
50 0.01 20 114
100 0.01 20 80
500 0.01 20 36
1000 0.01 20 25
2250 0.01 20 1.7
5000 0.01 20 1.1
0.37 0.1 20 4182.3
0.92 0.1 20 2652.3
0.69 0.1 20 3062.6
10 0.1 20 8045
50 0.1 20 359.8
100 0.1 20 2544
500 0.1 20 113.8
1000 0.1 20 804
2250 0.1 20 536
5000 0.1 20 36.0
Published validity ranges
3-50 0.007 - 0.038 0.066-0.16
Method SCI Equation 5
Spherical steel fragments perforating pipework
. Critical
Mass of Missile Missile Diameter Pipe Diameter  ipe Thickne Velocity
kg /m /m /m / ms-1
0.37 0.045 0.15 7.00E-03 no
0.92 0.061 0.15 7.00E-03 2509
0.69 0.055 0.15 7.00E-03 265.7
10 0.134 0.15 7.00E-03 155.7
50 0.230 0.15 7.00E-03 112.8
100 0.290 0.15 7.00E-03 98.2
500 0.495 0.15 7.00E-03 71.2
1000 0.624 0.15 7.00E-03 62.0
2250 0.818 0.15 7.00E-03 52.7
5000 1.067 0.15 7.00E-03 M9
Published validity ranges :
4-50 0.025-0.170 0.15 7-18
WSA/RSUS000/002 ' (A3)
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MIM v1.2 Impact Consequence vs Missile Mass

0.06 —

’ 005 -.- /
0.04 + )
. ' X Blunt
Penetration

Depth (m) 0.03 + /

R v & Rod

100.0 : 5560
Missile Mass {(kg)

Figure Al Verification Results for MIM v1.2

Target Material: Mild steel
Missile Velocity (m/s): 53
Equation: 1

WSA/RSUB000/002 (Ad)
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MIM v1.2 Impact Consequence vs Missile Mass

0.08 -
il
Dep "
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Figure A2 Verification Results for MIM v1.2

Target Material:
Missile Velocity (m/s):
Equation:

WSA/RSUS000/002 (A5)

Hardened steel
53.0
2
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Al Impact on a target of specified thickness

Method HPSC (1975) Equation 1
Perforation velocities for rod shaped steel fragments into a mild steel target

Mass of Missile Target Thickness Target Material Rod Diameter Velocity
/kg fm fm / ms-1
0.37 0.001 Mild Steel 0.008 149
0.92 0.001 Mild Steel 0.012 13.2
0.69 0.001 Mild Steel 0.010 13.0

10 0.001 Mild Steel 0.018 5.5
50 - 0.00] Mild Steel 0.038 44
100 0.001 Mild Steel 0.075 54
500 0.001 Mild Steel 0.137 39
1000 0.001 Mild Steel 0.168 32
2250 0.001 Mild Steel 0.212 26
5000 0.001 Mild Steel 0.306 23
0.37 0.003 Mild Steel 0.008 323
0.92 0.003 Mild Steel 0.012 28.6
0.69 0.003 Mild Steel 0.010 282
10 0.003 Mild Steel 0.018 11.8
50 0.003 Mild Steel 0.038 9.6
100 0.003 Mild Steel 0.075 1.6
500 0.003 Mild Steel 0.137 84
1000 0.003 Mild Steel 0.168 70
2250 0.003 Mild Steel 0.212 56
5000 0.003 Mild Steel 0.306 50
0.37 0.01 Mild Steel 0.008 754
0.92 0.01 Miid Steel 0.012 669
0.69 0.01 Mild Steel 0010 65.9
10 0.01 Mild Steel 0.018 27.6
50 0.01 Mild Sieel 0.038 224
100 0.01 Mild Sieel 0.075 27.2
500 0.01 Mild Steel 0.137 19.6
1000 0.01 Mild Steel 0.168 16,3
2250 0.01 Mild Steel 0.212 13.1
5000 0.01 Mild Steel . * 0306 11.8
0.37 0.1 Mild Steel _ 0.008 382.3
0.92 0.1 Mild Steel 0.012 3391
0.69 ' 0.1 Mild Steel 0.010 3343
10 0.1 Mild Sieel 0.018 140.1
50 0.1 Mild Steel 0.038 113.5
100 0.1 Mild Steel 0.075 137.8
500 0.1 Mild Steel 0.137 99.5
1000 0.1 Mild Steel 0.168 82.7
2250 0.1 Mild Steel 0.212 66.4
5000 0.1 Mild Steel 0.306 59.6
Published validity ranges
None None
WSA/RSUB000/002 - (A6)
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MIM v1.2 Impact Consequence vs Missile Mass

150+

|
100 -+
Perforation | X Blunt II
Velocity ‘ ;
(ms-1} | I
| |
50 ¢
} A Rod i
! : * 2 \ i
; = !
0 L10.0 ;505.0 1‘I(!t:i(l(’ :
Missile Mass (kg) |
|
Figure A3 Verification Results for MIM v1.2
Target Material: Mild steel
Target Thickness (m): 0.01
Equation: 1
WSA/RSUS000/002 (AT)
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MIM v1.2 Impact Consequence vs Missile Mass l

> Blunt
Perforation
Velocity
(ms-1)
i \(\*X - A Rod
|
! R A Conical 20
1000.0
! Missile Mass (kg) '
I
_Figure A4 Verification Results for MIM v1.2
Target Material: Hardened steel
Target Thickness (m): 0.01
Equation: 3
WSA/RSUSQD0/002 (A8)
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