International Conference on Economy, Management and Education Technology (ICEMET 2015)

Antiknock Performance Study of The CAF60 Military shelter
Chengying Shi1, a, Zongshu Mei1,b and Xinghui Cai1,c
1

The Second Artillery Engineering University Xi 'an, China

a

shicy@163.com, b920043582@qq.com, ccaixinghui@163.com

Keywords: Military shelter, Load Reduction, structure optimization, antiknock performance,
simulation

Abstract. This paper mainly studies the antiknock performance of the CAF60 military shelter in the
flow field of explosion in the building. Compared with the air explosion, there are higher shock
wave overpressure and super Overpressure time when bombing in building, so the antiknock
performance of the military shelter within buildings put forward higher requirements. According to
the current widespread use of the plate structure of military shelter, this paper on the cabin using
segmented structure design. Through the finite element simulation calculation, in a simplified pulse
load, Comparing the pros and cons of the two kinds of shelter in antiknock performance. Through
simulation and calculation, by two cabin under the same loading conditions, getting the stress
nephogram, strain nephogram, displacement nephogram, and deflection of the cabin body size. It is
concluded that the segmented shelter in the antiknock performance is better than plate shelter and
providing an useful reference for CAF military shelter structure optimization.
Introduction
In modern warfare, military shelter in personnel protection, medical aid, electromagnetic
interference and "NBC" door plays an important role. Antiknock performance of the shelter is the
the one which designers need to pay more attention to, especially for the underground military
facilities. When the explosion occurs in the underground facility, the explosion flow field due by
tunnel and cavern wall reflection, the shock wave overpressure peak and overpressure time will be a
significant increase[1,2], so the antiknock performance of military personnel protective shelter
proposed higher requirements.
Currently military shelter mostly made of general plate structure, simple structure, can meet the
general load conditions. but it is likely to cause large plastic deformation and damage the plate
structure at the center of cabin by dynamic response of explosion shock wave. and larger size, such
as CAF60, of Integrated structure module, for general military facilities whose space is extremely
limited, there is the problem of inconvenience in transportation. Referring to the structure design of
mine rescue capsule[3-5], adopting sectional type structure, divides the whole cabin for several basic
unit whose length is less than 1.00m, and docking of the basic cabin through the external flange on
the basic unit, which is suitable in the conditions of transportation, assembling and disassembling in
the narrow space of underground military facilities.
Characteristics of Explosive Shock Wave in Buildings
As the complex wall reflection because of the building structure, The flow field of building
internal explosion is the one in which the wave of reflection and incident couple and regenerate a
more complex flow field. Generally speaking, if it is a regular structure of the long straight cavern
and tunnel, in the early stage of the explosion, flow field is mixed and disorderly. When the shock
wave spreads to a certain distance, the flow field will gradually form a stable plane wave.
Compared to airburst, the building internal explosion has a larger peak of overpressure and a longer
acting time. By numerical calculation software ANSYS LS-DYNA, other conditions are the same,
the overpressure curve of a bit in flow field of airburst and building internal explosion as shown in
Fig.1：
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a Airbuurst
b Explosiion in an underground bbuilding
Figure. 1 Shock wavee overpressu
ure time hisstory curve
As show
wn in Fig.1,, under the same exploosive quantity, the overrpressure peeak in the fllow field off
building innternal expllosion is ab
bout 2 to 3 times the airburst.
a
Un
nder airburst
st condition, the actionn
time is aboout 7ms; but in the buillding burst, the duratio
on is about 25ms
2
whilee the overpreessure peakk
keeps in a large value.
Cabin design of Sectional and Plate
P
Structture
o structuree and size as
a shown inn
Square sectional sttructure of military sheelter is the basic unit of
Fig.2：

C
typee shelter baasic unit sizee (unit mm))
Figure. 2 CAF60
As show
wn in Fig. 2,
2 the basicc unit of thee cabin bod
dy is 865 millimeters
m
loong by 15 millimeterss
thick, the size of flaange is 70 millimeterss wide and 20 millimeters thick,, cabin oveerall size iss
6060x24388x2438. The design off rear door and escape window iss according to the GJB
B6109-20077
the militaryy shelter unniversal norrms[6], the ssize of hatch
h is 1600x8
800 and thee escape win
ndow has a
diameter of 600 mm.

Figure. 3 Cross-secction of CA
AF60 militarry shelter
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The Fin
nite Elemen
nt Model. By
B means oof finite elem
ment analysis software,, establishin
ng the finitee
element m
model of seggmented cab
bin and orddinary platee. Cabin uniit types usin
ing solid 16
64, materiall
model withh elastic plaastic model *MAT-PLA
ASTIC-KIN
NEMATIC, cabin mateerial selection of Q3455
steel, the m
mechanical parameters
p
as follows ：
Table 1 Caabin materiaal parameterrs
N
Name
Q
Q345

Denssity

Modullus of elasticiity

[Kg/m
m3]

[GPa]

7.85E
E3

206

n'sratio
Poisson
0.3

Yieeld stress T
Tensile streng
gth
[MPa]
[

[MPa]

345

630

The uniit length is set to 100m
mm, using thhe sweep sttrategy. Aftter meshingg, the elemeents numberr
of segmennted cabin and
a plate caabin are 98339 and 780
09. The finitte element model of th
he cabin ass
shown in F
Fig.4：

a plate type
t

b Segmenteed type

Figuree 4 The finiite element model of CAF60
C
type of military shelter
Load R
Reduction Method.
M
In building innternal explosion, the structure
s
is tto bear dou
uble loadingg
of shock w
wave overpressure and quasi static gas pressurre[7,8]. In thee study of thhe interaction betweenn
the shock wave and the
t structurre met withh, what should be focu
used on is tthe attenuation law off
d
and
d impulse. A
As shown in
n Fig.5, thee
shock wavve overpresssure over diistance, oveerpressure duration
typical currve of shockk wave overrpressure ovver time:

Figure 5 Typical ppressure witth time decaay curve
In Fig.55, the shockk wave overp
pressure is attenuated by
b the expo
onential func
nction, and the
t functionn
expressionn is：
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t 

P  t   P  1    e t T
(1)
 T 
In the fformula, P+ is the amplitude of shhock wave overpressur
o
re; ξ is an aattenuation coefficient;;
T+ is the positive presssure time. In
I order to simplify thee calculation, in the praactical appllication, thee
pressure atttenuation curve
c
of lineear decreasee of triangu
ular is used instead of th
the exponen
ntial type off
pressure atttenuation curve：

Fig.. 6 Equival ent diagram
m of impact load
Equivalentt shock wavve function expression
e
：

t 
P  t   P  1  
 Ta 

(22)

Where: Ta is the equivalent
e
action
a
time oof shock wave; the ∆P
P+ is the equuivalent peaak of shockk
wave overrpressure. When
W
the curve of shock wav
ve overpresssure is linnearized, keeping
k
thee
maximum peak of ovverpressure in the sam
me, the follo
owing two methods
m
aree used to simplify thee
study：
1, If it is in the early
e
stage of overpreessure curv
ve occurring
g the maxiimum respo
onse of thee
umed that thhe slope of equivalent
e
triangle
t
pulsse tangent to
t the curvee
structure oor componennt, it is assu
of actual ooverpressuree, which caan be used to calculatte the equiv
valent time Ta1, guaraanteeing thee
experimenttal data of pressure an
nd initial deecay (initiall slope) con
nsistent, as tthe ∆P1(t) is
i shown inn
the fig.6, fo
for a long tim
me dynamicc load usuallly using thiis kind of method.
m
2, If thhe maximuum response of structture or com
mponent occurs whenn the overrpressure iss
attenuated to zero, theen the equiv
valent time T
Ta2 which remains
r
the experimenttal data con
nsistent withh
the pressurre of the poositive impulse, as thee ∆P2(t) is shown in the fig.6, shhort-term moving
m
loadd
(pulse loadd) usually ussing this kin
nd of methood.
Usuallyy, overpressure acting time
t
tends tto be very short, generrally only m
millisecondss or tens off
millisecondds, tends to be less than
n the maxim
mum respon
nse time of the
t structure
re, and its rising time iss
very short. Therefore, in the calcu
ulation of thhe structuree, it can be reduced
r
to a linear decrrease of thee
conventionnal explosivve shock waave by the principle of equal imp
pulse. The ppeak overprressure ∆P+
and equivaalent time Ta,
T can be deetermined bby the follow
wing formulla：
P   1.316(

3

3
W 3
W 1.5
)  0.369(
)
R
R

(33)

Ta  4.00 104 (P  )0.5 3 W

(44)
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Based oon the analyysis of the characteristtics of the overpressur
o
e of shock wave in th
he buildingss
above, the load diagraam in this paaper after siimplificatio
on is as show
wn in fig.7：
：

Figure 7 Equivaleent load
Result An
nalysis
Turn onn the cabin before, bacck and side load applieed[9], by LS--DYNA sim
mulation, ob
btaining thee
results. Anntiknock siimulation of
o plate sheelter and sectional shelter
s
resuults were an
nalyzed byy
comparingg the displlacement nephogram
n
and deflecction size that segm
mentation performancee
superiorityy of cabin.

a Plate typee front door

b Segmented front dooor

c Sidee plate

d Segmenteed side

e Plate type rear
r panel
f Segmen
nted rear pannel
Fig. 8 D
Displacemen
nt image
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Directional displacement data of two types of shelter through the LS-DYNA postprocessor
are as shown in Table 2：
Table 2 The maximum deflection
Deflection（mm）
Type
Front door

The back
door

Side

Plate type

7.9

8.3

13.2

Segmented type

7.1

7.2

4.1

From the above chart, piecewise cabin in the cabin longitudinal load, and load and distribution
and a cabin door board, deck in the law to the direction of displacement is almost the same. But in
the cabin of lateral load, piecewise cabin than Osaka shelter deck method to displacement is
significantly reduced, indicating that the segmented shelter in the antiknock performance of the
plate shelter.
Concluding Remarks
For the antiknock performance of military shelter in the flow field of building burst, it is a
problem worthy of study and focus on. The flow field of explosion within buildings is different
from airburst flow field, which has a higher overpressure peak of impact wave and a longer positive
pressure time. In the structure optimization based on CAF60 type of military shelter, the flange
structure of piecewise cabin are not only used as connecting components of the basic unit of cabin
but also serves as the role of strong gluten to which cabin body attached. The segmented cabin
structure can not only facilitate the transport and assembly of military shelter, but also can
effectively enhance the antiknock performance, can be used as a reference structure of blast
resistant cabin design.
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