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Analysis of explosion resistance of composite floating roofs

under implosion loads
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(College of Mechanical Science and Engineering, Northeast Petroleum University,

Daqing Heilongjiang 163318, China)

Abstract: In order to elucidate the combustion and explosion of volatile gas leaks caused by degradation
of the floating roof seal performance and its destructive mechanism on composite floating roofs, a
multiphase coupled model of liquid storage-composite floating roof incorporating the cell structure of the
honeycomb core layer was established. Multiphase coupling analysis of the tank “s combustible gas,
composite floating roof, and stored liquid was employed in this study to compare damage patterns in the
roof panel and honeycomb core under implosion loads. A methodical inquiry was initiated to explore the
impact of panel layering angles, honeycomb geometric parameters (including wall thickness, height, and
edge length) , and cellular element configurations (i. e., regular hexagons, circular, close-packed, and
sparingly packed cells) on the blast resilience performance of floating roofs. The results indicate that, in

circumstances where liquid levels are at a low ebb, the upper panel is primarily subject to matrix tensile
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damage (6.82% area fraction), accompanied by 0.16% fibre compression and matrix compression

damage. The optimal panel lay-up angle [ 45°/90°/45°/90°] has been demonstrated to reduce matrix

tensile damage to 5. 03% area fraction, thus yielding the optimum level of explosion resistance. Hexagonal

honeycomb cores have been shown to demonstrate superior blast resistance in comparison to circular cores,

while densely packed circular honeycomb exhibits greater load-bearing capacity than sparsely packed

configurations. Increasing the thickness and height of honeycomb cells, or reducing cell edge length, has

been demonsirated to enhance the floating roof’s capacity for blast resistance.
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Fig.2 Damage to floating roof under explosive loading
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Table 1 Comparison of deflection at the centre of rear

panel for specimens with different TNT equivalents

TNT 4 S JE AR TS/ mm AR

H/g LESp N TR i /%
0 Rl 7.50 7.87 4.93
R4 12.50 12. 60 0. 80

R1 11.50 11. 60 0. 88

30 R2 12.00 12.30 2.50
R3 15.00 15.90 6. 00

40 R1 16. 00 16. 10 0.63
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Fig. 5 Damage distribution for floating roof panel

structures with different configurations
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Table 2 Damage distribution for different floating roof panel structures
Bt T b AR B A TR T AR B
S Ff/m | /() | mEVUM | HH% Fr/m | /() | mE/m | A%
LA hif — — — — — — — —
Y R4 | 18.7~18.8 41~48 0. 44 0.16 — — — —
BN 0~5.2 30~60 18.93 6.82 0~4.3 36~52 7.62 2.75
FARESE | 18.7~18.8 41~48 0. 44 0.16 — — — —
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Fig. 6 Damage distribution for different floating

roof panel structures
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Table 4 Data for tensile damage of matrix layers in each

floating roof panel layer

T AR 45 A B 47
AR 2 AR TR
WA/m® | HH/% | /m? | A%
%122 0.250 100 0.250 100
E2)2HE | 0.245 98 0.218 87
B32EZE | 0.245 98 0.218 87
EAEHE | 0.250 100 0.250 100
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Fig.8 Distribution of tensile damage of matrix
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Table 5 Distribution of tensile damage in panel substrates

at different panel layup angles

T A A i Wik | Bt | WO0E | B
FARE/(°) %/m BE/(°) B/m? | /%
[45/-45/45/-45]| 0~5.2 30~60 18.93 6. 82
[45/90/45/90] |2.3~5.2| 35~90 13.96 5.03
0~40;
[45/0/45/0] 0~4.7 70~90 26.79 9. 65
0~30;
[-45/90/-45/90] | 0~2.3 50~70 15.30 5.51
0~25;
[0/90/0/90] 0~5.2 70~90 18. 40 6. 63
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Table 6 Tensile damage distribution in top panel matrix

composed of different cellular elements

oy IENHE EHERTE B HERDE
LESpy =] LSy =] e T2
4/m 0~5.2 0~5.7 0~6.3
AE/(°) 30~60 14~74 17~77
A/ m’ 18.93 22. 40 23.48
& H/ % 6. 82 8.07 8. 46
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Table 7 Data of tensile damage distribution on panel matrix across different honeycomb structure parameters

2 AN [7i] e 5 1/ mm N [F) 46 5 B JEL / mm AN 85 104/ mm
100 110 120 0.3 0.5 0.7 4 6 8
P4/ m 0~5.2 0~4.7 0~4.4 0~5.2 0~5.0 0~4.7 0~5.2 0~5.5 0~5.7
AR/ (°) 30~60 32~57 34~55 30~60 37~55 37~52 30~60 22~62 20~68
ALY/ m’ 18.93 16. 57 14.43 18.93 16. 63 15.55 18.93 22.04 24.76
/% 6. 82 5.97 5.20 6. 82 5.99 5.60 6. 82 7.94 8.92
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