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OVERVIEW 

•  Introduction 
•  Fragment impact and sympathetic reaction model; stat. toolbox 
• Validation  
•  Test series with shells 
•  Test series with missile warheads 
•  Lessons learned 
• Conclusions 
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LIFE-CYCLE MUNITIONS - THREATS  

• Fragments  

• SCJ  

• Bullets 

• Cook-off 

• Sympathetic reaction 

36 | Munition vulnerability in platforms April 2018 



WHAT DOES THE NL MOD WANT/NEED 

  The MOD wants to know the danger of certain threats to our stored munitions 
and the expected reaction and the danger for personnel and materiel/ 
platforms.  

 With validated munition vulnerability calculations coupled to the platform 
vulnerability code RESIST the MOD/TNO to be able to estimate the effects of 
their stored munitions when hit by a certain threat and investigate the effect of 
protection measures.  

  Projects/Investigation: Combination of test series with munities, munition 
vulnerability calculations and Ship/platform vulnerability calculations 
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PROBLEM AND COMPUTER SIMULATIONS 

April 2018 36 | Munition vulnerability in platforms 

? 



TNO APPROACH 
MUNITION VULNERABILITY TOOLBOX 
THREAT – DONOR - ACCEPTOR 
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Calculations in  
Excel Sheets 



PLATFORM VULNERABILITY CODES 

  ‘RESIST’ ship vulnerability assessment 
  TARVAC (TARget Vulnerability Assessment Code) 
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ENVISIONED SITUATION 
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FRAGMENT IMPACT AND SYMPATHETIC 
REACTION MODELS; 

STATISTICAL TOOLBOX  
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SCENARIO - PROBABILITY 

 Missile hit: fragments travelling towards munition storage 
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NEW SHOCK MODEL: COMBINATION OF 
HASKINS&COOK AND PEQV IDEA OF 
GREEN! EFLUX  

  Barrier old model: High pressure component 
reduced by rarefaction wave from the edge 
 New model expansion of pressure wave: 
  Egreen and EHC component for E. flux 
  Ec-{Egreen (Rgr

2  - RHC
2)+ EHC RHC

2}/Rgreen    =0   

 With  Rgr= Deqv/2 and   Rhc= DHC/2 
  Advantage : standard Ecrit can be used  
 Deqv = Di + 2 dc 
  Plow from Peqv and shock impedance match 
  Phigh from P in barrier and shock impedance 
match 
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Vimpactor 

Energy Fluence: 

With: P= pressure, Up Part. Velocity and t the time 
For explosive Eimpactor > Ecrit,exp  ! Detonation 

Barrier/casing 

explosive 



STATISTICS  ! PROBABILITY OF A KILL: 
PKILL (SDT) 

 angle α 

Angle β 
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Section 1 

Section 2 

Section 3 

Section 4 

Cross section 



SPREADSHEET CALCULATIONS 
•  Results of 10 different fragment diameters 
•  With 40 different velocities 
•  625 different angles (location and fragment impact angle) 
•  Maximum of 4 different section of warhead 
•  Graphs display 10 x 625 x 40 X 4 solver calculations 
•  = 1,000,000 solver calculations (in a few seconds) 
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SYMPATHETIC REACTION 
CALCULATION (GURNEY) 
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TYPE OF RESULTS 
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Psdt 
The probability of n detonations 

Psdt 
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VALIDATION: LITERATURE VALUES 
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VALIDATION WITH DATA FROM LITERATURE 
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Comp B    Ec = 1.85/2.1 MJ/m2 

RDX/TNT Ec = 1.381 MJ/m2 

Dots : experiments 
Lines: Models 

20 mm 

13.15 mm 



MUNITIONS TEST SERIES 
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TEST PROGRAM WITH SHELLS 
3 types of experiments: 

 Reaction of a certain threat? 

  Sympathetic reaction? 

  Effect of the detonation to the 

surrounding of the ship and personnel. 
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Facts and Figures 

Several Shells 

3 weeks of testing 

40 experiments 

All test in duplo 

6 DMO employees 

4 TNO employees 

2 international visitors 

Terabytes of data 



TEST SET-UP OF  REFERENCE TEST 
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HYBRIDE SCREEN METHOD AND 
COMPASS ANALYSES 
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Method from STANAG 
4686, under development 



REFERENCE TEST 

April 2018 36 | Munition vulnerability in platforms 



April 2018 36 | Munition vulnerability in platforms 

REFERENCE TEST 
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 REFERENCE TEST 



MUNITION TEST SET-UP 
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  Testing of all kind of storage situation of 
munitions 
 Distances 

 Adjacent munitions 
 Munition in near area  

 Barriers  
 Metal plates 
  Foams etc 



SYMP REACTION TEST  
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NORWAY, WEEK 34-36, 2018 
RENA TEST SITE 
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TESTPROGRAM SHELLS 
3 types of experiments: 

 Reaction of a certain threat? 

  Sympathetic reaction? 

  Effect of the detonation for the 

surrounding of the ship and personnel.  
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Facts and Figures 

Several warheads/32 WH tot. 

~3 weeks of testing 

18 experiments 

8 MOD NL employees 

4 TNO employees 

4 Norwegian MOD employees 

Terabytes of data 



CHARACTERISATION OF A SINGLE 
WARHEAD 
  Assessment of effect by means of steel plates 
  Fragment velocity measurement with triggering foils 
 HS video of fragments at distance of 15-30 meters 
 HS video overview and close-up of warhead 
 Normal speed video 
  Pressure measurement in  2 lines at 3 positions 
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IMPRESSIONS  
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IMPRESSIONS 
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SYMPATHETIC REACTION 
 Warheads set-up simulating storage situation  
 HS video overview and close-up of warheads 
 Normal video 
  Pressure measurement 
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LESSONS LEARNED 
  Not all instrumentation needs to be expensive 

  Protect your expensive camera’s and data acquisition well 

  Some unexpected results in current storage situations ! need 

for mitigation 

  Also a type III reaction can result in a sympathetic reaction 

giving a type III reaction or more severe ! 

  Smaller caliber bullets sometimes give a more violent reaction! 

  A large SCJ does not always give a detonation! (non IM WH) 

  These type of tests can give more than just vulnerability results: 

•  Performance of warhead (fragment speed, perforation 

performance, fragmentation patterns, actual size of 

fragments) 

•  Effects of the detonation to the surrounding of the ship and 

personnel 
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SCJ impact on warhead 



CONCLUSIONS 
  Shock model works quite good and will be implemented in platform vuln. codes 

  Experiments:  

 Obtained several types of reaction 

 Results led to preliminary advise for safe storage of munitions on board a ship  

 Analyses still in progress but Terabyte of data available for validation of data for: 

 Munition vulnerability toolbox 

 Fragmentation codes  (SPLIT-X, TARVAC of RESIST) 

 RESIST: effect of certain reactions on board of ship 

  Very good co-operation between  DMO  (Naval vulnerability), DMO Centre of 
Excellence, Norwegian MOD and TNO. 

April 2018 36 | Munition vulnerability in platforms 

Results will contribute to reduction of risks in general and of 
munitions storage and more balanced ship design. 


