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Cross-section

Weak part
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Causes of a detonation

= Large parts of the tunnel tube are filled with a
flamable or highly explosive gas

= Sparkle to ignite

= Combustion will lead to a shockwave which has a
speed of sound in the gas, the flamefront is directly
coupled to the pressure profile

s-ﬂ-’Royal
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Detonation in NEN-EN 1991-1-7 D.3

~=

(a)
( |
p(x.r)=p,]exp'-|1-w|/!u| voor msrs!ﬂ-‘i‘ Py
[ a) )
f \
plx.t)=p, exp '.i M,z‘_i‘ I““l voor A _M <t< Ll
I CE cl | C: C| 2
plx,t)=0 voor alle andere omstandigheden 0 - X x X t:
C Ccy ¢ [
Py Peak pressure, 2000kN/m?
c, Speed of the pressurewave ~1800 m/s
c, Akoustic speed of hot gas ~800 m/s
to Constant of time 0.01s
x| Distance to the centre of the explosion
t Time
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First engineering approach
Apply p, as a static load

FAILS

v

[ Y
Be smarter, use DIANA
T 4
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Model - intermediate wall

» Clamped supported
» Regular concrete
» E = 30000MPa
20000 » v=0.15
Quadratic curved shell elements (CQ40S) > d=0.5m
wi"»
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Loading

23.3 meter
4 meter
Location 2
\i"-,
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Load - Time history

Load - Time history
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—x=0m
—x=5.825m
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—— x=17.745m
—x=23.30m
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Relative loaded Area

Fsum of loads
A= f

_ _sumof loads 50%
P, /

relative loaded area [%]

[ 0.005 0.01 0.015 0.02 0.025
time [s]

If model

Q)

0.03
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Solution methods: Static - Dynamic

Static Dynamic
Mii+ Cii+ Ku = F(7)
x(t)
L [~
m
N
C
\i"-,
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Rayleigh Damping

C=aM +bK
w1§2 _w2§1
522 _512
h=2 w1§1 — wz‘:;z

522 _512

a=20uw,
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Rayleigh Damping

20

Damping [%]
S
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Frequency [Hz]
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Dynamic Load Factor
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Dynamic Load Factor
Point DLF
1 0.57
2 0.95
3 1.35
4 1.49
5 1.29
DOV lezeningenavond 29 November 2012 Eﬁa:ck?srll :1 ﬂgﬂg

Conclusion

If the load of an detonation has to be applied on the tunnel,
large areas need to be loaded with 2000MPa x DLF, which
will result in a failure of structure in the Ultimate Limit State.
Significant strengthening of the structure is needed to resist
this load
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Conclusion

You do not want a tunnel if you want to resist this load

l

3 recommendations left:

* No tunnel

Heavier tunnel

Exclude this load using a probabilistic approach
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Be more smart

Use DIANA non-linear
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Starting points

= Nonlinear dynamic approach

= Concrete nonlinear

= Reinforcement nonlinear

= Damage may occur, but must be repairable
= Draw a conclusion
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Model

BIAA 3.4.4.00 ¢ Feyal mastoning T e T TS mel

Quadratic curved shell element
Thickness = 500mm

Bedding/Interface
Elements

Numerical infinite stiff or
Compression only
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Reinforcement

Vertical Horizontal

Configuration |Area Length | |Configuratio|Area Length
over n over
height height

#25-200 + 6476mm2/m |[1.5m ¢$16-150 1340mm2/m |2.0m

¢32-200 D16-225 894mm2/m |3.8m

#25-200 + 4025mm2/m (1.9m

¢20-200

#25-100 4909mmz2/m [1.4m Small slope (numerical)

o /E/lOOO

f,q= 500 MPa
E=210000MPa
p=7850 kg/m?3

N

Explosion in a tunnel ‘ ROVﬁr
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Concrete
= E = 34000MPa o
=  Smeared rotating crack model
= Tensile strength= 1.83MPa 1.83MPa
=  Compressive strength = 37.5
MPa
= Max. tensile strain = 0.5* & 4steel
=  Constant shear retention €
B=0.01
= p=2500 kg/m3
*
0.5%4
37.5MPa
bk
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Nonlinear dynamic

Explosion in a tunnel
DOV lezeningenavond

Nonlinear dynamic
2.50E-02
2.00E-02
1.50E-02 —x=0
—_ — X=5.83
£ 1.00E-02 X=11.65
=1
— X=17.48
5.00E-03 — X=23.3
0.00E+00
0.
-5.00E-03
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Displacements in time (x=0

/

displa [m]
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6.00E-03

4.00E-03

2.00E-03
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0.00|
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x=5.825)

X=0

time

— Non-lineair dynamic
— Lineair - dynamic
— Linear - static

X=5.825m

E —— Non-lineair dynamic|

2 —— Lineair - dynamic

g ; )

3 —— Linear - static
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15



iDTANA 9.4.4-03 : Royal Haskoning

s
EFIN
v
E

nel
i3

nCFTRGTT GLE
HIN, O HOOEL S|
= 10aEn7

|

Explosion in a tunnel
DOV lezeningenavond

22 WAR 2012 10:26:03 crack5l

250802

200802

b I

Nonlinear dynamic.

1

el

50003

NA

“500E03

1 001 062 002 003 003 004 Opi

e

LarEE=T
_thanEci

29 November 2012

5

- Royal
HaskoningDHV

Enhancing Society Together

iDIANG 9.4.4-83 1 Royal Haskoning

22 MAR 2012 11:03:07 plestisl

Nonlinear dynamic.

250802
200802
1
Eq
s00E0
o
500E03
En
o
u
W 0
‘a
o
| W o
H1
o

Explosion in a tunnel
DOV lezeningenavond

NA

1 001 062 002 003 003 004 Opi

e

29 November 2012

5

- Royal
HaskoningDHV

Enhancing Society Together




IDIANA 9.4.4-07 : Rogal Haskoning

22 WAR 2012 10:26:26 crackdl

unng
LOAD CAEE
ETth: Al TIR
ERUEE EL EENN
TTOM (FIRET
mneen,
LLE)

»

Nonnear dynamic
v
VAN
do I
iy X \
2 Es NN
s00e03 -
opo 001 [001 002 o2 005 003 o004 o
50003
)
e i,
Explosion in a tunnel N Roval
DOV lezeningenavond 29 November 2012 Has konlng DHV

Enhancing Society Together

“IDIANR 9.4.4-81 © Royal Waskoning 22 WAR 2012 11:02:44 plastisl

Nonlinear dynamic.

%
1 \
‘

AN\

el
.
|

“S00E03

.

- Royal
29 November 2012 HaskoningDHV
Enhancing Society Together

Explosion in a tunnel
DOV lezeningenavond




Displacements

in time (x=11.65;

x=17.475)
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Displacements in time (x=23.3)
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Nonlinear dynamic

Nonlinear dynamic

2.50E-02

2.00E-02 1 /\
1.50E-02

—%=0
_ / \ ——X=5.83
E 1.00E-02 X=11.65
: Y_‘ X=17.48
5.00E-03 X=23.3
0.00E+00
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Plastic deformation
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Conclusions

= Wall can handle the dynamic load
= Only minor plastic deformations
= Substantial damage, but repairable
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