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Blast Overpressure Reduction Using Entrance Shape and
Blast Pocket Depth of Protective Tunnels
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Abstract - This paper presents a study to reduce overpressures in protective tunnels for external detonations. A three-dimensional
CFD model of the tunnel was established with examining the mesh convergence and overpressure stability, and validated based
on UFC 3-340-02. A parametric analysis was performed with various entrance shapes and blast pockets. It was confirmed that
the entrance shape and blast pocket reduced overpressures effectively. The overpressure was reduced by 65 % when applying the
optimized slope and pocket depth. It is expected though this study to reduce the construction cost efficiently by lowering the

overpressure rating of blast valves in protective tunnels.
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Fig. 1. Reference model of protective tunnel
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Fig. 3. Overpressure histories for monitoring locations
G15to G21 at d = 10 m; mesh size = 0.1 m
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Fig. 4. Simulation results for mesh size of 0.1 m
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Fig. 5. Overpressure histories depending on
mesh sizes atd =10 m
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Table 1. Parametric study matrix for the slope of tunnel en-
trance and the depth of blast pocket

No. Model (Sdl;)gse) Bla;zg?}f = Note

1 90-05-arc 90 0.5W -

2 90-10-arc 90 L.ow -

3 90-15-arc 90 15w -

4 75-05-arc 75 0.5W -

5 75-10-arc 75 1.0W -

6 75-15-arc 75 1.5W -

7 60-05-arc 60 05w -

8 60-10-arc 60 1L.ow -

9 60-15-arc 60 L.5w -

10 45-05-arc 45 0.5W -

11 45-10-arc 45 L.ow -

12 45-15-arc 45 1.5W -

13 st-arc 90 0 Ref. model

Ao R T A= BE SUFY BAREE
FTE7E9 Aol Y0l 71 FHIQl 002 HE 755k,

I E5}S] =] A34d AL (EE A1763) 202214 2 29



yEede Q79 SR 2ol mE S

605, 4552 Fig. 103} o] HIlE Foot 2 S 407}
P2 A Hof| HEALE] o] EQFS FTHA = EIHE AT
517] fI5te] dtoll BARE A8 A ld FAF 2t
F95A%0] BH'd QF2 " U7 Elo] Q& AHA|
Z 4= Sl

E%.ﬁ]—z%_g_ Eiﬂ' 7740]1— H 1:1 ] 27H/\ H;i]ﬂo% ou;‘l
FF 9] Zlol= Fig. 113} Zo] T2 H(W)<] 0.54], 1.0
Hj, 15812 A =] Qlet. 233 ZolE 2T A4S Bl
7o) it S SHA = A Zfol7t §lS = 912
U £33 oty SAZo| AR E S HY Y
Hof| Hut=]7] gl S2F 24kl 95t &S} #7to] 7}
oIt} A& E9, 0ER Z]o] A= FEo) ZFFgo| A
AE A9 F40t0] YR 90 g Hue] 1, RE 22
0 2 FAME 7] wiof 0% 2 7o HutE]= 5241}

() 90 degrees (b) 75 degrees

(c) 60 degrees (d) 45 degrees
Fig. 10. Shapes varying angle of entrance slope

(a) 90-05-arc (b) 90-10-arc

(c) 90-15-arc
Fig. 11. Models varying the depth of blast pocket

30 =Rt = A4 AL 2 (U Al1762) 20229 2

51897 94

HrS Y 7|& X (st-arc)of th5lo] ZF5H 2714 4

olot 59 2979 BHCIL7 ol HE EQHe 51499 2
IZo

I} Fig. 129} ). 7|2 ndof]| 23519 Zlo|2 E2 X
0.5H1(0.5W) 2 2-83H2 4% &A= 7€ E = 1.0
07 P& A 0.67%2 AZEALE ATLHA 75, 605, 45

1o

30,000
st-arc
25,000 — — 90-05-arc
20,000 === 75-05-arc
—_ 60-05-arc
é 15,000 45-05-arc
jo)
£ 10000
2
25,000
5
e 0 i o
AN
-5,000
-10,000
-15,000
0 005 0.0 0I5 020 025 030 035 040
Time (s)
(a) Depth of blast pocket = 0.5W
30,000
st-arc
25,000 — — 90-10-arc
- == 75-10-arc
— 20000 0 Kot e 60-10-arc
<
& 15,000 45-10-arc
g
210,000
2
5 5000
>
3 . ) [\
N
-5,000 ey ¥
-10,000
0 005 010 0.5 020 025 030 035 040
Time (s)
(b) Depth of blast pocket = 1.0W
20,000 — — 90-15-arc
=== 75-15-arc
500 @ ow | 60-15-arc
5 A | N { O A T IR 45-15-arc
S 3
& 10,000 51||Jl1
2 B hl\
2 1l ] #
2 5000 LYy
L i
E B
> £l
& 0 ek
i
-5,000 ‘
-10,000
0 005 010 0I5 020 025 030 035

Time (s)
(c) Depth of blast pocket = 1.5W
Fig. 12. Results varying the depth of blast pocket



Lof| thstol= XTSRS 7122 d 1.0 thH] 22} 0.4,
0.52,0.35= UePgTh A7 Bit= A= d-+38APH L
7 2 4550l A 71 A A YERsiT

FZFH Zo7Ha=H9 1.081(1.0W) Q1 -5 A+ A
90, 75X, 605, 450 tislo] HUAtiEtLe 7|Erd
o] 2+2+0.76, 0.70, 0.79, 0.61 2 YERITH A g o2 =
T dol7} 058191 Aol HlsiA= E4AT A=
ZHA Wbt F59H8 4ol L5Hi(1.5W)_1 -5 2t 4
o ZQFe 7471+ 0.79, 0.74, 0.78, 0.58 = LEI T

At o 2 233 27AE vhget e Edof tist
o SUF A=l e EJAL2JE0| A1 A=
e T AR ZQh A% Bk Z5E Holvt &
& 290 0.581R1 A AA| A 02 FA et o, A+ 2
E7H45=R1 B A a7 AA UER T 7R E
(st-arc)Q] HTHEYLL 1.00 2 S AL Y YT A
w2 HEoj A L dlS0] AT EU2 Table 207 732|531

Table 2. Overpressure reduction varying the slope of tunnel

entrance
Slope of Depth of blast pocket
GHEERE 0.5W Low 15w
90 degrees 0.67 0.76 0.79
75 degrees 0.44 0.70 0.74
60 degrees 0.52 0.79 0.78
45 degrees 0.35 0.61 0.58

"peak overpressure for reference model (st-arc) = 1.0

YT EE Y] FPA ol et A4
of W ZFFH o] At A Eelth AT BAF
Ztego) tiste] Z33HY ool wE Eold A3E
Fig. 133} Zro] Yepiith 9+t9] AP 90= Y uf, 33t
o] Zlo|7} B2 0] 0.54], 1.08] © 1.58]01 AL 5 H
0] ZOS S AT A, ZERH Y ZHol7t EEEY 0.5
Q1 -2 7127 100 %= 513, E220] 1,04 o]l
785-13.5 % EYo] Z7Ishe A& UEhton, 5229
15812 59179 Zlol& AHst3e Aol oF 18 %
Zeho] S7Fohe A& YeRdth mEbA BAE90=S]
A% 2549 Fole B2E9] 0.58 2 SH= o] 7

VRS L5 Utk

1o
T
[
)
)
)
_?ll‘
O]I‘
foi

|
H o

(o]
T

ok
i
-
i

HBEY 2979 A4} TSR A9 2L EaEol

20,000

15,000

10,000

5,000

Overpressure (Pa)

-5,000

-10,000

20,000

15,000

10,000

5,000

Overpressure (Pa)

-5,000

-10,000

25,000

20,000

15,000

10,000

5,000

Overpressure (Pa)

-5,000

-10,000

15,000

10,000

5,000

Overpressure (Pa)

-5,000

-10,000

=
P
e
oL,
F
X

| | —— 90-05-arc
i 1 — — 90-10-arc
=== 90-15-arc

0.15 0.20 0.25 0.30 0.35 0.40
Time (s)

(a) 90 degrees

— 75-05-arc
— — 75-10-arc
=== 75-15-arc

0.05 0.10 0.15 0.20 0.25 0.30

Time (s)

(b) 75 degrees
— 60-05-arc
| — — 60-10-arc
| . - == 60-15-arc

0.15 0.20 0.25 0.30 0.35 0.40
Time (s)

(c) 60 degrees

— 45-05-arc
— — 45-10-arc
=== 45-15-arc

0.05 0.

10 0.15 0.20 0.25 0.30 0.35
Time (s)

(d) 45 degrees

Fig. 13. Results varying the depth of blast pocket
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