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Any liquid that has a flash point at or 11IB
above 200°F (93°C).

Table 1. Flash point classification of combustible liquids [4]
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Fixed Roof Tanks Floating Roof -y
Class IIIA  ClassI orII Tanks N
Liquids Liquids
— = T
j i 45 meter
adg;glint adg:r?lfnt adjacent tank in
diameters diameters diameters diameter
6 1 -
sum of sum of 6 sum of tanks over
adjacent adjacent . 45 meter
gank tJ ank adjgcent tank diameter
diameters diameters diameters

Table 2. Distance between tanks containing stable liquids [4]
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Flash point Liquid
class

Any liquid that has a closed-cup flash I
point below 100°F (37.8°C)
Any Liquid that has a flash point at or 1T
above 100°F (37.8°C) and below 140°F
(60°C)
Any liquid that has a flash point at or 11
above 140°F (60°C), but below 200°F
(93°C);

f. Urban Area

5. Coupled Euler-Lagrange method
6. Trinitrotoluene
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v. Parallel Processing in Cloud Space
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Fig. 1. Pressure-Time History of Explosion
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Table 4. Results of mesh sensitivity analysis
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Reflected Pressure( KPa) test
295.8 Experimental
242.9 Numerical Autodyn
83.65 TM 5-1300 Code

Table 4. Comparison of reflection pressure in Autodyn,
Experimental results of Feng et al [7]
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Fig. 3. a) Top view of the validation model b) Eulerian mesh
¢) Explosion position and Gauges
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Fig. 4. Comparison of reflection pressure in Autodyn and
Experimental results of Feng et al [7]
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Arrangement of Storage Tank Scale 200
Shell to Distance Distance Explosion
shell between tanks  between tanks ~ Gauge  Explosion . .
distance  iny direction inx direction Number  Position Weight Arrangement scenario
y
(mm) (mm) (mm) ®
_ 1,2,3,4 1 8 Single(circle) 1
_ - - 5 2 8 Single(circle) 2
_ 50 50 5,6 2 8 Rectangle-shaped 3
_ 100 50 5,6 2,3 8 Rectangle-shaped 4
_ 100 100 5,7 2,3 8 Rectangle-shaped 5
50 _ _ 5,6,8 2 8 Zigzag 6
100 _ _ 5,6,8 2 8 Zigzag 7
_ _ 50 5,6 2 8 column-shaped 8
_ _ 100 5,6 2 8 column-shaped 9
1,2,3,4 | 8 Single(Rectangle) 10
Shape of Barrier Real Scale
Barrier Barrier to tank  Gauge  Explosion Explgsmn . .
. . o Weight Shape of Barrier scenario
elevation(mm)  Distance(mm) Number  Position (ke)
- - 9-18 4 1000 No Barrier 11
5000 7000 17 4 1000 Rectangle 12
5000 7000 17 4 1000 Semi- circle 13
5000 7000 17 4 1000 Triangle 14
5000 7000 17 4 1000 Triangle 15
Table 6. Details of Explosion scenarios
Fig. 5. Boundary conditions and location of strain gauges Material Location
| void
Rigid-Structure
Air
INT
Flow-out
gauge
2500 mm
] ] Gi’g‘gg 015 () olake MJL@@;%}S“@' s ol .Y Jgoz
3 X 1stance .
Dirlgc)t(ion disthce distance  between E);I:li?tsigiln
4000 mm (mm) (mm) Gauges P
from 125 0 - 1
225 0 - 2 .
Ga;lngi 15 15-18 250 0 ) 3 Explosion
direction 20000 0 - 4
Table 7. Coordinates of detonation point and strain gauges Ly X Distance Gauge
from origin (0, 0) distance distance  between Number
ol Gilin slogs L Db F SO (mm) (mm) Gauges
50 50 - 1
50 125 - 2
125 125 - 3
125 200 - 4
200 125 - 5 Gauge
200 325 - 6
200 375 - 7
400 200 - 8
0 5000 9
0 20000 15
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Fig.6. Plan of different explosion scenarios .
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4.520e+2
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2.567e+2 * senario 8,9 ‘ .
XX I X

1.840e+1 - — - .
0.000e+0 t=0.2422 ms barrier  Explosion . Free Field

|'

senario 11,12,13,14,15 Shape of barrier

I T
L TSI )
12 13 14

15

Figure 7: Effect of explosion confinement
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Pressure Time-History
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Incident Pressure _gwg":?
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< 4000 Guagel2
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o 3000
=1 = Gauge 14
% 2000 = Gaugel5
& = Gaugel6
1000 ——— Gangel7
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0 =
0 10 20 30 40 50 60
Time(ms)
Fig. 8. Pressure Time-History (Scenario 11)
PRESSURE (kPa) UU)L Ey‘ e (C PRESSURE (kPa) (L..J PRESSURE (kPa) (,_;,_ﬂ
1.187e+3 4 212e+2 - 2.434e+2
1.069e+3 \ ‘.;l.g M 3.790e+2 2.181e+2
0.4098e+2 - }H’ 3.369e+2 1.947e+2
8.312e+2 [™ 2848e+2 [ 1.704e+2
7.124e+2 | 2.527e+2 1461e+2 |-
s.937e+2 | 2. 106e+2 | 1.217e+2 B
4 749e+2 1.685e+2 9.737e+1
3 562e+2 1.263e+2 7.303e+1
2.375e+2 8.423e+1 & 4 BE9e+1
1.187e+2 4.212e+1 2 434e+1
0.000e+0 0.000e+0 0.000m+0

Fig. 9. Pressure contour (Scenario 11), a)Remapping time b) Moment of collision ¢) The return of the wave front

iz slog b sl SU3L gzl JLad polie A Jgaor

Pressure (kPa) Blast
Gauge Gauge Gauge Gauge Gauge Gauge Gauge  Gauge Positi scenario  Arrangement
osition
8 7 6 5 4 3 2 1
- - - - 587 700 1447 115870 1 1
- - - 3024 - - - - 2 2 Single
- - - - 545 712 1320 125644 1 13
- - 450 4805 - - - - 2 3
- - 420 3345 - - - - 2 4 Rectangle-
- - 400 2346 - - - - 3 shaped
- 329 - 3345 - - - - 2 5
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- 300 - 2346 - - - - 3
258 - 1450 3024 - - - - 2 6 Zioza
200 - 1450 3024 - - - - 2 7 £2a8
- - 377 3105 - - - - 2 8 column-
- - 300 3105 - - - - 2 9 shaped
Pressure (kPa)
Blast . .
Gauge Gauge Gauge  Gauge Position  Scenario Barrier shape
18 17 16 15
295 778.4 908.7  964.12 4 11 No Barrier
- 489.08 - - 4 12 Rectangle
- 536.27 - - 4 13 Semi- circle
- 571.5 - - 4 14 Triangle
- 496 - - 4 15 Triangle

Table 8. values of peak pressure and reflected pressure for different scenarios
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Fig. 10. Impact Time-History (scenario 11)
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Fig. 11. Moment of blast wave hitting a rectangular barrier
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Abstract

The most important danger that threatens a petrochemical refinery is an explosion, which is followed by a fire
or vice versa. In fact, the occurrence of initial events such as explosions and fires spread from one part to
another like the domino effect if the distance between the storage tanks is not sufficiently considered.
Therefore, the distance and arrangement of petrochemical storage tank can play an important role in reducing
the damage of initial accidents. So far, due to the explosion uncertainties, no definitive solution has been
offered, but a combination of active and passive techniques such as the efficient use of intelligence and security
organizations, increasing the scaled distance between the detonation point and the target buildings or providing
physical barriers, the use of deformable materials to absorb energy, and the use of appropriate retrofit structural
techniques can reduce the effects of explosions. As it turns out, it is virtually impossible to study the
propagation of blast waves experimentally on a large scale due to financial constraints and potential hazards.
Therefore, to solve this problem, two solutions are proposed: the use of small-scale laboratory methods and
the use of numerical methods. Three-dimensional numerical analysis is an efficient method for investigating
structural weaknesses, hazard risk analysis, and evaluating of explosion hazard points. In this study, with the
help of explosion simulation by Eulerian-Lagrangian coupling method, the research has been surveyed in two
parts. In the first part, petrochemical tanks in different arranggpaents, and,at different distances from each

other are modeled in 3D on Autodyn software on the scale of /200 and the propagation of explosion waves

and the confinement of 8g of TNT pressure in the environment between the tanks are investigated. In the
second part, the effect of barrier shape on reducing the blast pressure of 1000 kg of TNT on a real scale has
been investigated. The results show that the use of semi-empirical relation in UFC-0-340-02 to determine the
blast pressure is applicable only to open environments, and it is not precise in closed environments due to the
confinement of the blast pressure. Moreover, the results show that it is not conservative to use the required
distance between tanks considering the amounts proposed by the regulations. As a result, increasing the
distance up to twice the amount proposed by the regulations, the effect of explosion pressure confinement is
eliminated. The best way to position the tanks in this study is a zigzag pattern with a distance equal to twice

the safe distance between the tanks in accordance with NFPA-30. In addition, the results show that by creating
ARR
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a barrier against the explosion, the explosion over-pressure can be greatly reduced, but the shape of the barrier
does not have much effect. Although, using the Eulerian-Lagrangian coupling method requires considerable
time and appropriate software to perform the calculations, it provides a comprehensive understanding of the
blast wave interaction with structures. With the advancement of technology and the use of parallel processing
in the cloud space, and the mapping technology it is possible to evaluate the different structures on a real scale
against the explosion.

Keywords: Propagation, Petrochemical facilities, Autodyn, Blast-wave, TNT



