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Task Description / Goals 
•  Objectives 

•  Develop an understanding of fragmentation hazards from composite 
tanks used for fuel/oxidizer storage 

•  Construction of hypothesis and experimental validation of how cracks 
form in test samples 

•  Tasks 
•  5 tests each of Al 6061 & composite material tubes to understand the 

crack opening behavior (10 tests total) 
•  Develop methods to predict crack opening behavior 
•  Develop standard test procedures for composite materials under shock 

and high-rate loading 
•  Numerical simulations to predict the fragmentation (in progress) 
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Schedule 
•  Determination of sample thickness (numerical simulation): Jan 2015-Mar 2015 
•  Design of test fixture: Mar 2015-May 2015 
•  New test fixture construction: May 2015-July 2015 
•  1st aluminum tube test: Aug 19, 2015 
•  2nd aluminum tube test: Sep 10, 2015 
•  3rd aluminum tube test: Sep 10, 2015 
•  4th aluminum tube test: Sep 23, 2015 
•  5th aluminum tube test: Oct 7, 2015 

•  5 more composite tube tests are scheduled in late 2015 



COE CST Fifth Annual Technical Meeting (ATM5) 
October 27-28, 2015 6 

Hypothesis Static vs. Dynamic 
(Very slow loading  Vs.  Fast-Continuous loading) 
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Hypothesis 

Equilibrium 
(low strain-rate)	  

Non-equilibrium 
(high strain-rate)	  

Non-brittle 
Material 

(Al)	  

Brittle 
Material 

(Composite)	  

Non-brittle 
Material 

(Al)	  

Brittle 
Material 

(Composite)	  

Plate test	   Punching	   Punching & 
Low fractures	  

Punching or 
High fractures	   High fractures	  

Structural  
Tank Test 
(Tube)	  

Less number 
(or single) of 

opening	  

Less number 
(or single) of 
opening and 

fractures	  

Increased 
number of 

opening and 
shrapnel	  

Many number 
of opening and 

shrapnel	  

Expected damage/fracture patterns depending on the loading condition 

Pressure loading  Opening  Secondary impact  Shrapnel 

Current stage 
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Test Fixture 

1/16 in. Wall thickness,  
12 in. Long,  
6 in. Diameter, 
6061 Al Tube 
Weight of tube: 1.65 lbs 
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Test Matrix 

Test # High  Low Differential  Diaphragm Sample 

1 2621 692 1929 2008 Al tube 

2 1906 699 1207 1195 Al tube 

3 843 843 0 N/A Al tube 

4 4261 720 3541 3515 Al tube 

5 1450 306 1144 1195 Al tube 

(High Pressure) 
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Test Results (Shot #1) Two openings 
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Test Results (Shot #3: static test) 

Mirror 

Mirror 

Direct view 

v 

v 

Single opening 
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Test Results (Shot #4) 

Mirror 

Direct view 

v 

v 

Two openings and many 
secondary fragments 
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Results 

699 psi 

1100~1250 psi 

~2080 psi 

Single opening 

Test # High 
(psi)  

Low 
(psi) 

Differential 
(psi)  

# of 
opening 

2 1906 699 1207 1 

5 1450 306 1144 1 
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Results 

720 psi 
1100~1500 psi 

~3500 psi 

Test # High 
(psi)  

Low 
(psi) 

Differential 
(psi)  

# of 
opening 

1 2621 692 1929 2 

4 4261 720 3541 2 

692 psi 

~1650 psi 

~3900 psi 

Two openings 
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Results  
Test # 

(by date) 
High 
(psi)  

Low 
(psi) 

Differential 
(psi)  

Diaphragm 
(psi) 

Radial vel. 
(m/s) 

Circf. elong. 
vel. 

(m/s) 

Radial 
strain rate 

(s-1) 
# of 

opening 
# of 

fragments  

3 843 843 0 N/A Too low Too low Too low 1 One large 

5 1450 306 1144 1195 3.92 33.67 0.035 1 One large 
& small frags 

2 1906 699 1207 1195 3.15 32.24 0.043 1 One large 
& small frags 

1 2621 692 1929 2008 11.70 73.56 0.154 2 Approx. 20 

4 4261 720 3541 3515 12.06 75.80 0.159 2 Many 
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Results  
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Results  
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Conclusions 
•  Pressure tests on aluminum tubes show a clear tendency for 

the number of openings to be dependent on the input 
pressure 

•  The input pressure causes a similar trend in important 
deformation criteria: radial velocity, circumferential velocity, 
and strain rate 

•  The formation of small shrapnel in the aluminum is from 
secondary impact in the test structure 

•  The crack opening characteristic helps to predict the shrapnel 
kinetics (velocity, size, direction, etc.) 
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Future work 
•  Finalize quantification of the crack opening characteristics 
•  Investigation of the composite tube opening behavior 
•  Characterize the secondary impact and creation of small 

shrapnel (fragments) 
•  Understand the kinetics of the fragments 
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Questions? 
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Appendix 

Circumferential 

𝜀(𝑡) = 𝑑𝜀/𝑑𝑡 = 𝑑/𝑑𝑡 (𝐿(𝑡)− 𝐿↓0 /𝐿↓0  )= 𝑣(𝑡)/𝐿↓0   

2𝜋∆𝑟/∆𝑡 =2𝜋𝑟↓𝑛+1 − 𝑟↓𝑛 /∆𝑡  
Circumferential elongation velocity 

∆𝑟/∆𝑡 = 𝑟↓𝑛+1 − 𝑟↓𝑛 /∆𝑡  
Radial expansion velocity 

𝑟↓𝑛  

𝑟↓𝑛+1  

2𝜋
𝑟↓𝑛  

2𝜋
𝑟↓𝑛
+1  
2𝜋𝑟↓𝑛+1 
−2𝜋𝑟↓𝑛  
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