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Experimental study on the mitigation effects of confined-blast loading
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Abstract: The blast loading from an explosion in a confined space is quite different from that in an open environment. The
detonation products of TNT can be fully mixed with the surrounding air, and release additional energy through combustion
effect, resulting in a significantly increase of the reflected shockwaves and quasi-static pressure in the confined space.In order
to investigate the mitigation effect of different atmosphere on explosion load in confined space, the experimental tests of TNT
with three different charge masses were performed in a fully confined chamber filled with air, water mist and nitrogen,
respectively. The explosive load pressure, temperature and the response characteristics of blast-loaded steel plates in the
confined space were analyzed by theoretical calculation and experiment. The results show that both the water mist and the
nitrogen can effectively reduce the reflected shock wave, the quasi-static pressure and the temperature in the confined chamber.
The average reduction rate of quasi-static pressure is 36.0% and 51.7%, and the average reduction rate of temperature is 42.6%
and 40.3%, respectively. The ideal gas state equation was used to calculate the theoretical value of quasi-static pressure in the
confined space filled with nitrogen. It is found that the theoretical value is slightly larger than the experimental value, which is
due to the insufficient combustion of detonation products in the test. The dynamic response of blast-loaded steel plates in water

mist and nitrogen atmosphere is significantly lower than that in the air condition, and the residual deformation of the steel plate
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at 160 g TNT in water mist and air conditions, the attenuating effect of nitrogen is better than that of water mist. It is revealed
that the mechanism of the water mist and nitrogen in mitigating the confined blast load and the subsequent dynamic response of
structure is restraining the energy release from the combustion of the detonation products. The conclusions can provide
references for the design of anti-blast structure.
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Table1 Mechanical properties of the steel plates Table 2 Water-mist diameter and cumulative volume fraction
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Fig. 3 Volume fraction of the water mist with different diameter ~ Fig. 4 Distribution of oxygen concentrator and outlet valve
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Fig. 5 Arrangement of temperature and pressure sensors
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Fig. 6 Schematic of DIC system arrangement
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Fig. 9 Pressure-time curves of measuring point P1 from

160 g TNT explosion in chamber filled with water mist and air
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Table 6 Confined-blast loading and equivalent energy in chamber filled with nitrogen and air

TNT[itt/g g REE ERUIRRIEESIENS 2 WS /KPa RS R JIREARE/% SFARER/ (kg )

5 546.7 262.8 9461.0

80 e 53.8
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=5, 722.6 3583 8600.1

120 . 489
A 728.6 183.0 43922
=5, 1033.1 490.6 8831.3

160 . 52.3
AR 908.8 234.2 4215.8
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A V=800 L/kg, po=101.3kPa, Qy = Q., R=8.314kPa-L/(mol-K) .

TNT & AR KE S N B A 77 FE0 :

C,H;04N;=2.5H,0 +3.5CO + 3.5C + 1.5N, (6)

RN ARE B S BN SR 7 s, ARAE TSR0, 24 TNT 255y 80 g B, 4 Ao i R LUK T A
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Table 7 Parameters of gasin chamber filled with nitrogen

Sk HeosE AP/ (kg KD (25 °C) P/ (kgm?)(25 °C)
KFER(H,0) 1.400
—& LR (CO) 0.743 1.250
AHAUN,) 0.741 1.250
HA(0,) 0.657 1.429
T4 AR (CO,) 0.638 1.977

®8 AALATEHETHERSENTEE

Table 8 Calculated results of quasi-static pressure in nitrogen environment

TNTJ /g myg c/(kJ-kg - K™) p/kPa
80 15304 0.739 123.5

120 1570.4 0.741 185.6

160 1610.4 0.747 239.1
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Fig. 13 Comparison between calculated results and experiment

results of quasi-static pressure in nitrogen environment
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Fig. 14 Temperature-time curves of measuring point T1 in the

conditions of 80 g TNT with air, water mist and nitrogen
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Fig. 15 Temperature-time curves of measuring point T1 in the

conditions of 120 g TNT with air, water mist and nitrogen

Fig. 16 Temperature-time curves of measuring point T1 in the

conditions of 160 g TNT with air, water mist and nitrogen
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Table 9 Average value of temperature peaks at different measuring points in water mist and air conditions

AT K% T8
TNTJi /g
T1, T3, TSAREESEIME/C T2, TASIREEHE/C T, T3, TSAIREERE/C T2, T4 RS/ C
80 479.5 399.3 338.3 191.2
120 586.0 488.9 404.4 2543
160 748.5 817.5 460.1 3553

F10 KETLRERTESIRANEEIEE TS

Table 10 Proportion of peak temperature drop in water mist condition relative to air conditions

TNTi/g T1. T3, TSR EEFEREARILE % T2, T4sRBETPIERRAC 6% AR R R BT 3 E AR L A1) %

80 29.5 52.1 40.8
120 31.0 48.0 39.5
160 38.5 56.5 47.5

11 ASMESHELATAEN=GENREEETE

Table 11 Average value of temperature peaks at different measuring points in water mist and air conditions

e A AT
TNTJi /g
T1, T3, TSAREESEIME/C T2, TASIREEHE/C T, T3, TSEIREERE/C T2, T4 R/ C
80 479.5 399.3 180.9 124.6
120 586.0 488.9 480.5 422.8
160 748.5 817.5 557.6 475.5

*12 ARLAHEBRTESTATREEE TS

Table 12 Proportion of peak temperature drop in nitrogen condition relative to air conditions

TNTJF fit/g T1, T3, TSAREFIEMACILE/% T2, T4s R FINERAC G AR R W (B T (ERAAIG L A5 %

80 62.3 68.8 65.5
120 18.0 25.6 21.8
160 25.5 41.8 33.7

23 AHBTHERESH

SRR 1 B 25 O ANASC A N S v o D RN B S v DA G, A R A A 3 ) R R E RS R DA G, AR
SCH A 2o S A3 A9 K B3 R RO daE A 3 ] PN B S ar VR T BRAR Sl A e B A S e . S R
DIC R HUAS [ XA (0 478 BE -k (] D A, 2% 00 R il A A8 I 4 ani&] 17 ez o e 35 141 23 18] P gk 2 oy
YERTE, 2 A e g 157 D R AR, 2946 FE AR TR B J5 2.5 ms 22 A7 3k B0 46 i B {22 J5 & A 8] 3 g7
TSP 7 B A i 3, LR 24 B A 34 0, (o] S (e AR 3% Y0 R 23 e /D o He g as SORIK 25 B8 A 1
M v o500 B8 B -BsF TR R £, e IR W) 245 S 7K 25 AR5 v sl bR % A0 B i o 0 R AR AR TR R {1 38 A X 8K
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Fig. 17 Comparison of the mid-point deflection of plates at different charge masses in water mist and air conditions
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Table 13 Equivalent impulse of confined-blast loading at different charge masses in water mist and air conditions

TNTFi /g N ABZ S &/h 1/(N's) A 1) 137 H5F ] /ms p/kPa

=5, 8.5 7239 24 477.3

80 b4 7.0 5983 25 373.9
AR

7R 11.0 934.1 22 654.5

120 K% 9.3 793.6 23 539.2

AR 147 704.4 25 4403

755 132 1124.6 2.6 689.1

160 K35 11.1 946.4 2.4 616.2

AR 10.1 854.8 24 556.5
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