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Motivation

• According to ACI 370R-14, when design of concrete structures involving 

containment of internal explosion effects, both shock waves and gas 

pressures should be considered. For high explosives (HE) detonations, the 

empirical relationships in UFC 3-340-02 are used. Logically, the TNT 

equivalencies for low explosives (LE) (e.g., propellants and pyrotechnics) are 

used in some cases to predict the internal gas pressure-time histories, as 

mentioned in Section 5.2.2 of ACI 370R-14.

• The confined burns of LE in a confined concrete structure without venting 

generates deflagration (instead of detonation) so that the gas pressures can 

last tens of minutes. Thus, dynamic design for HE is not applicable for LE.

• The confined burns of LE in a confined concrete structure without venting 

involve complex convective combustion processes where chemical / 

combustion and aerodynamic experts should play an important role in 

predicting gas pressures.

• TNT equivalencies do not work for LE.
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Hazard Classification

https://www.northbaybusinessjournal.com/article/article/mare-island-dry-dock-wins-1m-

federal-shipyard-grant-to-buy-crane-for-expan/?artslide=0 (June, 27, 2021)

https://www.northbaybusinessjournal.com/article/article/mare-island-dry-dock-wins-1m-federal-shipyard-grant-to-buy-crane-for-expan/?artslide=0
https://www.northbaybusinessjournal.com/article/article/mare-island-dry-dock-wins-1m-federal-shipyard-grant-to-buy-crane-for-expan/?artslide=0
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Hazard Classification (cont.)

https://www.northbaybusinessjournal.com/article/article/mare-island-dry-dock-wins-1m-

federal-shipyard-grant-to-buy-crane-for-expan/?artslide=0 (June, 27, 2021)

https://www.northbaybusinessjournal.com/article/article/mare-island-dry-dock-wins-1m-federal-shipyard-grant-to-buy-crane-for-expan/?artslide=0
https://www.northbaybusinessjournal.com/article/article/mare-island-dry-dock-wins-1m-federal-shipyard-grant-to-buy-crane-for-expan/?artslide=0
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Low Explosives (LE)  (HD 1.3)

• Fire (thermal) stimulus is the primary cause in 75% 

explosives-related accidents from 1900 – 2012.

• HD 1.3 substances and items account for approximately 

11% by weight in the U.S. Navy inventory (2010).

• The burning of LE (HD 1.3) substances and items is 

different from the detonation of HE (HD 1.1).
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Internal Pressure – Time History (Concrete Structure)

36 psi
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Internal Pressure – Time History (Concrete Structure) (cont.)

36 psi
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Internal Pressure – Time History (Steel ISO Container)
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Internal Pressure – Time History (Steel ISO Container) (cont.)
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Internal Pressure – Time History (Steel ISO Container) (cont.)
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HD 1.3 Deflagration vs. HD 1.1 Detonation 

14,400 psi

1,440 psi

14.4 psi
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Computer Modeling of Internal Pressure (Concrete Structure)
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Fast Running Model (Ideal Gas Law) without venting

When W (in kg) HD 1.3 burning in a confined structure (V in m3) 

without venting

                            P internal V / Tv = 1 atm. (W G) / 273K

where internal temperature Tv = 500K or 227 ℃ or 440 ℉ 

                                                    for concrete structures 

                                                   1,600K or 1,327 ℃ or 2420 ℉ 

                                                    for steel ISO containers

G (Average Grain Mole) = 39 moles of Gas per kilogram (STP) 

G (M1 propellant)= 45 moles of Gas per kilogram (STP) 
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Fast Running Model (Ideal Gas Law) without venting (cont.)

P internal (in atm.) = W/V (39 moles) (0.0224 m3/mole) (500K/273K) = 1.61Datm

where D atm = Loading Density = W / V in kg/m3. 

For the break-up (rupture) pressure of a concrete structure, P rupture 

(e.g. 36 psi for concrete structures)   

   

P rupture (psi) / 14.7 (psi / atm)  = 1.61 D atm (internal temperature = 500K)

P rupture (psi)  = 24 D atm (internal temperature = 500K) = 24 W / V

W (max. in kg) = P rupture (psi)  V (m3) / 24 = 0.04 P rupture (psi)  V (m3) 
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Example (2m x 2m x 2m – 8m3 Concrete Structure)

If M1 propellant W < 17 lbs. (5 lbs.), no rupture occurs when the 

internal temperature is less than 500 ℃ or 773K or 932 ℉ and the 

container’s strength is 35 psi (10 psi)
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Example (50 ft. x 14 ft. x 8 ft. Earth Covered Magazine, ECM)

If M1 propellant W < 350 lbs. (100 lbs.), no rupture occurs when the 

internal temperature is less than 500 ℃ or 773K or 932 ℉ and the 

container’s strength is 35 psi (10 psi)
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Fast Running Model (Ideal Gas Law) with venting

v exit = 106 m / sec. (constant) when Tv = 500 ℃
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Fast Running Model (Ideal Gas Law) with venting (cont.)

For the un-choked gas exit velocity,  only gas exit velocity coefficient is 

plotted herein. The choked gas exit velocity increases from 74 to 166 m/ sec. 

when Tv increases from 100 to 1,600 ℃. (e.g., Tv = 500 ℃, a constant of 106 

m /sec.)
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Pressurization in Confined HD 1.3 Burning with Venting
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Un-Choked Flow Pressurization (Tv = 500 ℃)
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Un-Choked Flow Pressurization (Tv = 500 ℃) (cont.)
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Choked Flow Pressurization (Tv = 500 ℃) 

The minimum venting area A vent (in m2) increases from 0.025 to 0.056 ṁ 

(kg / sec.) when the internal temperature increases from 100 to 1,600 ℃. 

Since HD 1.3 burning in a confined concrete structure with venting 

involves convection and hot gas turbine, ṁ varies significantly. The 

integrated violence models may be used to estimate ṁ.
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Conclusions

• HD 1.3 confined burning in a steel ISO container showed that all 

of the pressure sensors installed at different locations inside the 

container recorded the identical pressure-time histories before the 

container door opened. This indicated that the steel container 

behaved as a pressurized vessel. 

• The internal pressure in a pressurized vessel after stopping the 

burns lasts much longer than the shock waves and gas pressures 

after HD 1.1 detonation (minutes or hours vs. milliseconds or 

seconds). Thus, the internal pressure caused by HD 1.3 

confined burning should be treated as a sustaining load with 

static approaches instead of dynamic analysis for HD 1.1 

detonation in terms of structural design and analysis.
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Conclusions (cont.)

• It is very important to realize that the duration of internal gas 

pressures due to HD 1.1 detonation is much shorter than those due 

to HD 1.3 deflagration so that the TNT equivalences in terms of 

total energy, impulse, or peak pressure do not work for LE. The 

energy release rate is a critical parameter.

• The required venting area is a function of ṁ. since HD 1.3 

burns in a confined container with venting involves convection 

and hot gas turbine, ṁ varies greatly. 
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Thank you

For the most up-to-date information please 

visit the American Concrete Institute at:

www.concrete.org
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