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Abstract

This project conducts an analysis on the propagation law of a blast
pressure wave, and the dynamic response of reinforced concrete
structures under the effect of explosive pressure wave. This study first
chooses proper material parameters and equations of state, and then
applies the nonlinear finite element analysis software LS-DYNA to
conduct a numerical simulation of a free-field explosion model. After
comparison with the computed results of empirical equations, and
validating the reliability of the numerical analysis model, the destruction
and influencing factors of reinforced concrete slabs, under the effects of
a blast pressure wave, are investigated. The results can serve as reference

for future analysis and design.
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y(X,t) = poF ()T (1) (2.24)
2¥OF(X) 5 Ak Sl TR 5 /2 B Sl 2 ¢ 30 F(X)
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v od EIa
ox*

=f(X) 2 B R RIF > PRF - JBOTREF A P2 R 2
PR A I e b SV O B Y s 2 AR o 7 T

DoEN [ F@ QT (t) |+ mp, [ F0Tt) |= p, f (x) f (1) (2.25)
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ﬂ{%El[FW(@Ta{}+m%[F(@ﬁh{}-mf(@f@ﬂF(@dx:O (2.26)
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Fis v 83— s > At
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e
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(2.32)

(2.33)
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B PR $ B 4 Slici® gtk A T oY MeA SRR T L N (2T)
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B (2.38)2 24 7 &
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1 it Y2
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wt, 2

35



1; —_
//
1.4
1.2
PQ V V V V Voo e
0.8
0.6 R
0.4 ‘
02 — IR
0 |
0 20 40 60 S0 100
ot

B 224 &+ Gl 42 M Gd R

B 224 53 BFFF T SRET B ABERLE S Gl 2
B Ad AR o

(2) £z = AR

£ AL 2 AR T AR BT T

-

t
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t sin(wt)
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(1) L oat (2.44)
. =t 1 1 . 1 Sin(et)
T,(t)=1 ¢ +{ t1Jra)jsm[ t-t)] o, (2.45)
T,(t) = Asin[e(t —t,) ]+ Bcos[a(t -t )] (2.46)
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ot, \ot ot ot
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wt, ot ot
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[ 2
k, =1+ ZM (2.48)
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ky =T(r)=—" 2.51
)T = @51)
B R R E i REM 2 BRI R 35 fri
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B4rB 226 3 227 #1570 o SBME PR Z I EFERFRT &7 5
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t, wt, (2.52)
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17

16

14

13

12

11

11.E-6

B 2.2.6 ASTM 60 4% 5% 2 & jx 3 9 F¥Hcd &0

1.E-5 1E4

001
Strain Rate (in./in/msec.)
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W (X, )= p,F (X)e sin(m)—%} (2.54)

4ol 228 #7m 0 AR MR AREY B ) P AR Radk
y(X, 1) =wy(X) + p(t)x (2.55)
FP o) F BRIk b o FIH PR R 4 2 R
Ppas RIL > £ 5T (T TR b and (§FRIF A )0 AT A A T

FEIETH R OF S5F 3

[ pt)dpxax [ (m)Spxcx M, ,Jp =0 (2.56)

PO —m—'s& (2.57)
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B Bk VHEBRR G 6895KPa Ap g 3t X ) 6.9 B+ F R o Bk
Ao ¥ 4o@] 2.3.1 71 o FEREREME G Im A FE 4 w4 * 0.251b
0.5Ib->0.75Ib 2 1.0lb 2- TNT & {7 P|:& » BRI P ZE R EF&HEP &
2M fep 0w 0L FIROFRRRUR TR AL > W R & FiE 4
Mg PR ELA N LR REHRPFRENEAT T B R oo
(=) Fpz #i7

AR A BT 20 B 90x90x10cm 2 iEAE * AP AL RS 0 fE Y
B fRR AT 50 2 2k F o BB Fe it dod 231 907 o RAEZ 4 Bl

%231 R per (kg/md)

: : ¥+
KSR e ‘
k K # (<16mm)
360 159 675 1114
% 232 B AR Y 4L F[30]
5 AEC-5200 | AEC-S250 | AEC-S300
IS = < EL
il 200 250 300
g/m
fik 5 & > 560 > 700 > 820
kg/cm.ply
sk e 33000 41200 49500
kg/cm.ply
P A s
(Ecr) 30000 30000 30000
kg/mm?
ey
wiE A 0.110 0.1375 0.165
mm/ply
WE % ()% 1.7 1.7 1.7
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I | 1 Strain Gage

900 mm (12@75mm)
900 mm (126@75mm)
E .

I—{ U Strain Gage | . 1
Hmz Strain Gae

900 mm (12@75mm) I Q00 mm 11767 Srmm)

(a) (b)
Bl 234 P28 @1 20 ; (0)T 46

S B URS1 | URS2 | SRS1 | SRS2 | DRS1 | DRS2

y 25 =3 _\‘ \ 2, s 22,
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(cm)
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(-) A+ 24 it

A FHETEF 2Rk AT HEH R o HP SR T F2 R
< % 90x90x10cm » ;R ;% 4 ¥e4r N fie B B A B #3 4 55 4 o 4 $1R T
d e s fe S IRAcR] 232 97 o 5 BT BRI 2 A 0 F 3t
L% ALE %82 > T & 1 5% Eulerian % > 4% 5308 5% 2
8 FRP 4¢3 k¥ 3% * Lagrangian e f& o 5 ff i* 3-8 BogHfE X-Z

2. 12 B3 A 45 0 A A 4B 2.4.1 #1oF o

G SRR a1 R ostt@M G AR F A Y ORCElEE R
MERFEA S > ARG AN S B LN ERMN A
TR T T AR SRR R IE G F A BN St
B BRASFHA S BN rRMA P ERHARL > B2 E
B B4k 5l A 0 At & 1% LS-DYNA $ T2 A 45425
EEAPTEE B B ECA] o WA S R R A w2
Ao FERE AREERERI A T R s 4 8RR
LG RELERE G FHEAFRALFH > NS EE
CONSTRAINED_LAGRANGE_IN_SOLID 35 4 #-4 5 = % 228 2 4

~REFME ARG - R G AR AT A F] 24.2
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(=) e
i35~ RS BAF E MR Ml e s 2 R Sl AT
1. 4% &
At ER Y B e A E S LA S % e A L 2(isotropic

Non-reflection boundary condition (NRBC)

ATR model with ALE

Element: Solid
NRBC

Material: null
EOS:Linear polynomial

NRBC

““Element: Solid
Material: THC concrete model
Reinforced: Beam element
FRP: Shell element
CONSTRAINED LAGRANGE IN SOLID

Bl 2.4.1 ALE A 47 7] w238 B % 12
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Concrete
Two Way Plate Subjected to Air Blast

Symmetric BC

Simply supported

Zz

o
FRP composite

Steel bar

Bl 242 FRP #& s 4k 55 R 483 72 3 "V~ % &~ 7 13

KB E L f R B4 -2 B TR € ST F &% 5 (strain rate)
e A A RORZERE R o 3 MR S R %%‘3’@;’%
FeaFI AR BEAKRN TR AR LT RS ¥
SR IR A A A VI E O S N . s S
Cowper-Symonds[32] % #& 417 - B H ot > vl s R

TR EEIRES o B A T AT

y y

& D(ﬂ_ ] o 5o (2.95)
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Oy =0, [14_“&[)‘%} (2.96)

L "F PR

G

PP RRERERF 0 o AFAME LIRS 0 o, & F
Bt > D ~ni F oz A 8k o ¥ - 4 4p 4 (mild steel) >
Symonds[33]45 1 % D=404s"% n=5pF » H3f & 5% & F % T AL
R oo 2 MR Al E -

7. 2.4.1 4 S Sl

Density, Modulus of elasticity, ... - Yield Tangent modulus,
: stress, E
P , E ratio Ty T
kg/m GPa MPa GPa
7860.0 200.0 0.3 344.7 4.83
Strain rate parameter
D n
40.4 5
2. Rt

Y 2 TR %R 2440kg/m® ~ FUR AR 5 40MPa -~ o 2R 5

2 A e M IR R ZESEEE o T RS 2 2

-

1995 ACI #7341 2 5% 3% E, = 4700,/ f/ MPa » a1t 5 0.2 o 4347
A pARE gAY R R F L e RE0 e TIRRT ZRA
PR A F PP RAEE D R 2B FHA A
(volumetric) £z i % (deviatoric) Jis # & R4 304 > ¥ 4 wld 3 Faijg £
Sk g e BINA 275 0 AMES RHHELE A BAK
kgt s BEF AR Y B AH RN I RN E LR 4 R B T H

erns AR S L 3V PRl > T ORRAMAL S T RS
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o R JE > T gy iE R4 B R T 2k fk 2 A2 3¢ (Equation of
state, EOS)B~ X i 4 2 R 2Z M 2o 5 7 M dhf R 3 o8 At
FiEir 3REFFEET2ZHEF B AT HET LS-DYNA ¥ 2
JHC 52582 4i055[34,35) - 4430 $oeas B 03 ~ B AAAIE G 5030 2
EOS 4 it4eT
(1) 7z k3

Rt 2o B B Al 4o B 24.3@) o 0 H oA & o R 2
% »2 i 4 (normalized equivalent stress)4s it 38 & -4 -

o =[A(l-D)+BP™]-[1+CIn&] (2.97)
fP o =o/flFE R EBRELAIRGEREZ Y P BV G LEF R
P flimEI mE R R R P S ERIERS LT
P'=P/f/ | &: 8FZ BT 275 &=8&K > &5 27 %¥F
&=10s"% %4 %F ;DO<D<LY) 4% %#
Pl ds T =T/f > B9 TLERES 2B PR M
b ¢ ANBSN~C feS & MR ¥l &85 AR EREA -
BB A e B4 Skl BRI AR B AR -
(2) ARG

RS 2 BB G R e 2.4.3 (D) T o LRI G 2 B A
7o 3¢ i3 Johnson-Cook A3 [36] » #-% »2 % (3 g 73l 422 3f

FORARAC I h gt ek JHC R GE D HERE e B R R T A
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ZAHA T g BFFHESEAT S

_ZAE +Ayp

(2.98)
& +,up

AP Ag Ay s E s - SRR AR Y PR E o

FERHE > A
f(P)=¢, +u, =D, (P +T")™ (2.99)

A FRPIEF T BAROY R EHERE D, 2D, 5
PF W
(3) s i = 475 (Equation of state, EOS)

EOS #-iR 4t d >t e fifrdr ' 2 B A2 T & = I3 B8 (7 8 i (40 ]

243 (C)%7) " ¥ - B L SGERTE > f PSP, o ML SRR

Rk o SR8 A% Hodc(elastic bulk modulus) K =P,/ fo, > £ % P

crush

Bl » BFRA 2 RG> CSCREERIN e B2

A AN AT

P=Ku (2.100)
2ou=L 1 pLRERA > p s B R o B R LT
£o

Hﬁ’fi o $ crushSP<PlockEE;— *j"fl'ﬁ—y\ 'H@/& > Ak

>)¢
G
F}.
=
=
_—
o
.‘.“_\
8

PRGN RS R LR R L A e BB Y 0 A e
oz AEED ApBRFRTEFLED XTI FZBELRT

% i EERAL HR 2 Hugoniot B i f B4 A0 E Z RRRUR S B

72



Strength

A
s . KD=O (Undamaged)
= =g
b max - -
. I 7 ~ -
o] e Ve ~—_
° _ D=1.0(Fractured)
= & »1.0
=
8
= L+
& =1.0
:
o . r
(- D) & =[Ald-D)+ BEY]-[L+Cln £']
Ry # .
Normalized Pressure, P =P/ £
(a) RS 5% &3
Damage
A
Agp+Au;
D= sl vt
- P P
=3,
+
R
Ly
I 7
i R ol T
7/
//
T L7 (&7 + pl)=D (P + 17"
Py
\j .

Normalized Pressure  P”*

(b) i 2 45 i +7
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A Pressure

™ P= KK

T,

=

2

?._ ﬁz M= Mook

Q“i 1+ Hiock

F}ock—-
F:‘sm.sh T
! >
Eiock
p=+ 1
A
(C) it B4 R R
Bl 2.4.3 JHC ;2 5% -3\
% 2.4.2 JHC ## %4
Density, Shear  Strength constants
ka/m’ modulus, G Py s
2240 12386 0.75 1.65 0.76  0.007 40.0 11.7
&
1.0
Damage constants
D, D, (5; +,U;: Dmin
0.03 1.0 0.01
Equation of state, EOS constants

Pcrush 7, Kl K2 K3 Plock 7
MPa creen GPa GPa GPa  GPa oo
13.6 0.00058 17.4 38.8 29.8 1.05 0.1
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MRIP 22 F 0 BB BB REM BN AT S

P=Ka+ K,z + K, (2.101)

e — H=Hy . 9y 2y vk Y - &

FOHSTELGE MR K K Ky G e 3T
lock

Bolp A Y LR Sl ARG BT RERE%RE B RS
2 sk MRERAS RS SRR G WA Sk

A2 A ATEEATER Y 2 S e & 2.4.2 A1 o

3 AF £ HH

FRP pE 5 2 3k * LS-DYNA ¢ Type 54 chdtd i & 25 pb -
MR * N ERAZ > LR NEEe R N ER
TEMF AL phz 2 > TS HEAF E R 2 R ER~ 23
* w B & 2o Belytschko-Tsay & 2~ & i€ (7 Hdt > M~ 23080
e EAARUEL  EAS REY 6 BRAREFEY » F
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Properity Description Value(Carbon) Value(Glass)
0 Density 1.53 g/cm3 1.80 g/cm3
E. Longitudinal modulus (fiber direction) 135 Gpa 30.9 Gpa
By Transverse modulus ( perpendicular to fiber) 9.12 Gpa 8.3 Gpa
Gap In-plane shear modulus (ab plane) 5.67 Gpa 2.8 Gpa
Vi Minor poisson's ratio 0.021 0.0866
X Longitudinal tension strength (fiber direction) 2326 Mpa 798 Mpa
X. Longitudinal compressive strength (fiber direction) 1236 Mpa 480 Mpa
Y, Transverse tension strength (perpendicular to fiber) 51 Mpa 40 Mpa
Y. Transverse compressive strength (perpendicular to fiber) 209 Mpa 140 Mpa
Se In-plane shear strength 87.9 Mpa 70 Mpa
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