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An Evaluation of the Impact of Ammonium Nitrate Explosion
Occurred in Beirut Port

Yong-Kyun Yoon

Abstract On August 4, 2020, 2750 tons of ammonium nitrate stored in a storage warchouse at the Port of
Beirut exploded. This explosion is said to be the largest ammonium nitrate explosion ever. By applying the
TNT equivalency method, TNT equivalent amount corresponding to the explosion energy of 2750 tons of
ammonium nitrate was calculated, and it is found to be 856 tons. Overpressure and impulse were
calculated in a range up to 3600 m from the blast using the Kingery-Bulmash explosion parameter
calculator tool. As the distance from the explosion center increases, the overpressure and impulse decrease
exponentially, but the overpressure decreases more significantly, showing that overpressure is more affected
by distance than the impact. As a result of applying the damage criteria to evaluate the effects of
overpressure and impulse on the structure, the critical distances at which partial collapse, major damage,
and minor damage to the structure occur are found to be approximately 500, 800, and 2200 m from the
center of the explosion, respectively. The probit function was applied to evaluate the probability of damage
to structures and human body. The points where the probability of collapse, major damage, minor damage,
and breakage of window-panes to structures are greater than 50% are found to be approximately 500, 8§10,
2200, and 3200 m, respectively. For people within 200 m from the center of the explosion, the probability
of death due to lung damage is more than 99%, and the 50% probability of eardrum rupture is
approximately 300 m. The points with a 100% probability of death due to skull rupture and whole body
impact due to whole body displacement are evaluated to be 300 and 100 m, respectively.

Key words Ammonium nitrate, Beirut port, TNT equivalency method, Overpressure, Impulse, Probit
function, Damage probability
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Fig. 1. Satellite photograph for the Port of Beirut explosion
(Obtained from Google Earth).
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Table 1. Material properties of ammonium nitrate(After Chaturvedi & Dave, 2013)

Material property Value
Density 1,725 kg/m®
Color Colorless
Heat of explosion 1,447.7 kl/kg
Available oxygen 20%
Estimated flame temperature 1,500C

Detonation velocity

1,250~4.650 m/s
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Fig. 2. Variations of overpressure and impulse as a function
of distance.
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Table 2. Observer’s position, distance to blast and arrival time of blast wave(After Stennett et al., 2020)

Location of observer Distance from explosion Arrival time
No. Latitude Longitude center of blast wave
©) ©) (m) )
1 33.903115 35.523928 510 0.917
2 33.896351 35.518557 566 1.067
3 33.896182 35.522357 655 1.303
4 33.897752 35.507118 1,168 2.719
5 33.889115 35.516197 1,374 3,294
6 33.896292 35.540627 1,996 5.077
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Table 3. Arrival time and velocity of blast wave estimated by Kingery-Bulmash formulae at each observer’s position

No. Arrival time Velocity
) (m/s)
1 0.873 391
2 1.019 384
3 1.254 375
4 2.659 356
5 3.236 353
[ 5.016 348
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Table 4. Probability of lung damage, eardrum rupture, head impact and whole-body displacement impact with distance from

explosion center

Damage probability (%)

Distance Whole-body displacement

(m) Lung damage Eardrum rupture
Head impact Whole-body impact

50 100 100 100 100
100 100 100 100 100
200 99.8 91.2 100 97.3
250 36.1 72.4 100 59.4
300 0.203 50.1 100 13.9
400 - 19.5 25.8 0.14
500 - 7.1 - -
600 - 2.7 - -
800 - 0.49 - -
1000 - 0.13 - -
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