Material Sciences #1AE}RI2Z, 2023, 13(6), 554-566 Hans )0
Published Online June 2023 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.136059

ETREBSHNPHER RIS EE
LRI

RRE, GRS
IIAREFR MR 5 TR, IR 5l

ks HiH: 202345 AsH; A HEM: 20234F6H22H; KA HM: 20234F6H29H

H E

MRAETRERSEENESEINFMERMARFE, BRAREERRGREELRESRARE
TNTHIRIEIER T RZhANaRL, St e makt:, BEBEEBNITE, TERR T NHREE
TARTERIERAT TAREXN T HIUR LR, JFEN T RIESERRNM R S8, NHRERYBT T
BiE, BBERECERRESRIARXTL, SRMEFHRBR T TNTRLE(ER TSRS LR 5 O
BE. RREREY: EERERYMD, NEHREELREXN T RESELROTUREHEZ iR, WARE
AT80 mmbt, WREPUBERARNE R, HILEORE, RNEREOSZIE™ERSG.

XA

BUEMEM, MEREELAR, BIERH, MR

Numerical Simulation Study on Explosion
Resistance of Reinforced Concrete Slabs
Based on Fluid Solid Coupling

Chengxi Zhang, Yongguang Fang

School of Materials Science and Engineering, Shandong Jianzhu University, Jinan Shandong

Received: May 5", 2023; accepted: Jun. 22", 2023; published: Jun. 29", 2023

Abstract

Based on the fluid structure coupling algorithm and combined with appropriate constitutive mod-
els and failure algorithms, this study focuses on the dynamic response of reinforced concrete slabs
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with different thicknesses under the explosion action of different mass TNT. In response to the
high risk of explosion experiments, numerical simulation methods are used to explore the impact
of plate thickness on the anti explosion performance of reinforced concrete slabs under explosion
loads. In order to verify the numerical model and material parameters, the numerical simulation
was validated, and the damage results were compared with existing explosion experimental phe-
nomena, which well reflected the degree of damage to reinforced concrete slabs under TNT explo-
sion. The experimental results show that as the thickness of the plate increases, the anti explosion
performance of the reinforced concrete plate for the same explosive amount also increases. When
the plate thickness is greater than 80 mm, the anti explosion performance of the plate is greatly
enhanced. Moreover, compared to the front explosive surface, the back explosive surface of the
board will be more severely damaged.
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Figure 1. Experlmental setup and geometric modeling diagram, (a) experimental setup, (b) geometric modeling, (c¢) finite ele-
ment model, (d) concrete model, (e) steel bar model
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Table 1. Main parameters of concrete material model
F1LORBREIMBHEEETESY

EE JARAEL A, RSIZE UCF
2.8e—6 0.2 0.02956 0.0394 1.45¢5

N U SR - R B L, ASCHINT LS-DYNA RSk, 51 ARSIk AT DUE 5
SRR N, FRPhEVE TS 2 N TR R TR A AR 15]. B4R LS-DYNA i
AR PB4 WA BAR i 5id, {H2 LS-DYNA #2435 7 — Rl /e i S50 o i LS B8 70 I 1) 7
1LBI*MAT _ADD EROSION, IXFfH P o s i3 H MXEPS SR MLE 4 1T N H 128 PE A B 2%
R BB R NAS o AR, (BRI, WA P e fIbsEE TR RHE, st SEM R E SR E
AESFIE, KR TZEMSEEA TR, XHaSEWEERAF IS, € 7 MXEPS 5 0.1,
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—If b, AREEANAGTE, BT BRSO AR AERR 4, ST R R AR R,
BT A PR A [ 1) VAR
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Table 2. Main parameters of steel bar material model
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Table 3. Main parameters of the air material model
® 3. EEMRREIETESH

P AL ) AR
1.18e—9 —le—9 1.746e—11

I AT TT BTN solid, WA RLAZTE SCEUE IR 77, KR — N ERIGK AT FF LK /)
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KAUE, MR RS HEBTIX R K .
A, IBFE@EIE*EOS LINEAR POLYNOMIAL 5E 2SI 7 /2, HIESRH T2 6 & X[14]:
p:CO+C1/U+C2/“2+C3/‘3+(C4+C5/U+C6/U2)E (6)
At 2 BUACIRES J7 A2 7 F AN 55 e RS T R R Sk . X mT DU B
C=C=C=C=C=0}AC =C=y-1, Hhy=C,/C, , IMAXANERA TR R A :
p=(r-1)2E ™
Po
I TE X Cyn Csv Eg Fl Vo ZECRYIE S SM BRI SRS, Hop Eg AL SH RGN
BE, Vo NWITEMIXHARL. HEFESHWE 4 PoR:

Table 4. Main parameters of the air material control model

T AZSMRHTFIRENEESY

C4 Cs E0 Vo
0.4 0.4 2.533e5 1

YEZ5ER 73 (A BB L ¥ E *MAT _HIGH _EXPLOSIVE _BURN KA 5E (), & 1 LUBLALL B 1R 24 ) 1
R, HEESHWE S .

Table 5. Main parameters of explosive material model

T SIEAMBREETESH

W BEEE Chapman-Jouget % 7]
1.654e—6 6940 25.5

BeAh, IEZE IEL PR TR, ASCRA*EOS_JWL, JWL RATHE, HF e LEIENEZ 1%
&M, TWL ARSI RE I R 77 5E SON:

p=A1--2 e ™ 4Bl 1--2 |e® + 2 (8)
RV RV Z

ZIRE TR EESECN A. B. R\~ R, 5 @ 4352 373.77 GPa. 3.7471 GPa. 4.15. 0.9 10.35.
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W5 kAR S BT H | EE A A NIRRT B TRV 56 e i, VR g DRk BRI B MR FH T 2 B A
AU IR 7 (B SOLID164), T RIBOXFAR 73 i) H e 5y B IR L 5

PRI G R BN T ZAR /NP sh st v] DAE S F 1S TR B I AR RERE 1, XEE TY
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BT ABR A DU X A 5 45 LAHKH], AT LU 5 2 *HOURGLASS  ACNIVEFE— 2 IReE, M58, W
RANANBEWRET 2, 2FEHAE LRI A IR KK Z 5.

*HOURGLASS [ IHQ Z %183 hourglass 17 £ [ At K 7. %S HMER/DN, hourglass 15 i)
SATERIE A, MBI AR TR E, AERR G ER (Rl AR, S EUEEROR, hourglass 71T A
I ATREAII 5], MBS TR AT e, (BRI [ 2 A R . BANE 20 2 G 7= A B i B A
AR LRI SN, BRI SRR R RS E R, PrLLX EEE ALE ¥4 part 1) IHQ
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N1, XRCAAN AR EE LR A ST T, Rl TR S AN A A L RAR, TR )R
W, LA E language #5747 part [ THQ A 3, X FE AT LAJR/D T B0 [H]
3.5. BEER

AN T ALHE TNT JEZG. 25 AN DA ST e BTE A 1) = 4 SRR AR SR SOUER AR 1 6 1
LA A TR s b A A R B S AR A R A B R T ) £ *CONSTRAINED_LAGRANGE_IN_SOLID, X
SRV AT DL HE 25 0 K B VR 1 52 B0 1 D HERf (1 A B 25 A A o LG A D732 Ml LB T S e 80 VR o
SERI 12 R

FERER A, VR ARV 37 P i 48 B H (language) i 50778, Horh ARBRBEM RIS B KEZG RIS AR
FAH k& B H -BRBL(ALE)THE 7 VR I o IS o i TR A S0 R R A AR A T A& R S L,
SRR 1350 HER AR TR T . SRRSO AR R A 5 IXRERE RT LAk S ]
R 05 2% b S 35 81 1) 77 AR IE T i A 45 5
3.6. WEEE

%6 TIRIEIENE D, AP UREET 4 A 4R[SR B E AL, LA ST 8 ZHAK T R
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Table 6. Test Settings
6. RWKE

e R~ /mm BB /mm YEZi i B /kg
1 1000 x 1000 x 40 400 0.20
2 1000 x 1000 x 40 400 0.31
3 1000 x 1000 x 40 400 0.46
4 1000 x 1000 x 40 400 0.55
5 1000 x 1000 x 80 400 0.20
6 1000 x 1000 x 80 400 0.31
7 1000 x 1000 x 80 400 0.46
8 1000 x 1000 x 80 400 0.55
9 1000 x 1000 x 120 400 0.20
10 1000 x 1000 x 120 400 0.31
11 1000 x 1000 x 120 400 0.46
12 1000 x 1000 x 120 400 0.55

MR e Bk ie s B DL ORI 040, EEr B0 TR e =4 LT A n & 1 frs.
4. BUEENERE NS RILE

B 2 BRI 1 BREE 4 BB AR A SRS A0 A7 VR e A S A 1 N AR Y L AR

HARLE 1 (0.2 kgTNT, 400 mm BEJER ), 40 2() MK 2(b)Fras, B HEA HE K0, iy
JETH O ISRV, B 2(d)F O X R SR e R o /b VR A T R R R e, XA
200, HZEEIRD U0 2(c) M 2(d). AT LLECA B 51 S TR Ak AR A SR AN A 6T AR AR
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AT RN, BRI — LA A RS, MG R L X, A ERIVE . W 2(g)f
Bl 2(h) B, TR TAR 15 ERRE, FR R RIVEY, AL T O R IX IR K. g g R
FRRT DAY 2 U 8 3 — 262 R

7EIRLE 3 (0.46 kg TNT, 400 mm BEYEFEENE, & 2()E/R T ELHE MRS, XEMTHMERRX
SRR AR 7 AR (Y K 1) ) 5 BORE AR R AR T i, 7 R AR O T BR— N N HER X3, 15 2())
RN TIX— . Wl 200 fR, KR OHE — DN ERTESG XN, B R WRGCEEEL . 5
(1) I BB M 55 SR 5 Ak A e 7 A ] 2.(h) 2% A e o ) D e e O TSR

(0)

Figure 2. Comparison of Numerical Results and Experimental Results for the Damage Contour of Reinforced Concrete
Slabs: (a) Experimental Results on the Facing Surface of Experiment 1, (b) Numerical Results on the Facing Surface of Ex-
periment 1, (c) Experimental Results on the Facing Surface of Experiment 1, and (d) Numerical Results on the Facing Sur-
face of Experiment 1; (e) The experimental results of the front detonation surface in Experiment 2, (f) the numerical results
of the front detonation surface in Experiment 2, (g) the experimental results of the back detonation surface in Experiment 2,
and (h) the numerical results of the back detonation surface in Experiment 2; (i) The experimental results of the front detona-
tion surface in Experiment 3 (j), the numerical results of the front detonation surface in Experiment 3 (k), the experimental
results of the back detonation surface in Experiment 3 (1), and the numerical results of the back detonation surface in Expe-
riment 3; (m) Experimental Results of Experiment 4 on the Face of Explosion (n) Numerical Results of Experiment 4 on the
Face of Explosion (0) Experimental Results of Experiment 4 on the Face of Explosion (p) Numerical Results of Experiment
4 on the Face of Explosion

2. MR R RMGEBRRELERMIBLERMLE: (XK | MEEANIRER, bIRKE 1| DEEMERES
8, il | SRANIRER, ORK | SBEEORELER, ORK 2 IMBENSRER, (DXl 2 DREHY
BER, (ol 2 BEEMIEER, )il 2 HTRENRESR, ()IXK 3 IDRENIHESER, ()iKXE 3 DEE
HEESR, Ol 3 FREMERER, ORE 3 ERANKESER, midlh 4 WEANKEER, )ikl 4
IRENSEER, R 4 WEANIBER, ()th+ SRENRESR
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7EiRE 4 (0.55kg TNT, 400 mm BEVEREED), 14 2(m) 4N A TR A AR 25 il 7t B B R, 7E P IE
B AN AL, AR ER VR B 3 B T R A R e T R, BRI TE R B R I
FIER 50T, SR R, SEURTRE LY. KA E 20p) PO IS AR RIVE
PUG, S i) At L S, SUEsn s s R S Seim MR —8.

B T 2 22 0 BN [F) B L )RR U X sk, FE RN DAG ISR I K I I R b, R 227 0 B0 T
TR TR SE, XA T — NSRRI SR X, E— @I, 2 FEE
I T R B T 4 g HLRE 7936 BB R AR A7 DX o W B M 2 36 A [ £ 7 1 00 20 205 DX 3 A 45609 753 Vi v
TAARAE BRI R R 0 KA AL BN F 0 . LRSS 4 i, 855 Vil s LA P e A0 a7

(2)0.3ms (b)0.4ms (¢)0.5ms (d)0.ms (e)0:7ms

(£)0.8ms (g)0.9ms (h)1.0ms

Figure 3. The peeling damage process of reinforced concrete slabs at different times

3. WERR R TIRES RN ZIMRE R

PR T AR RS (7 00 TAE R B . I 3 T LA, AR NS T BN AT .
CLkEs: 4 91, 1 4 SO 7HRKERT BT A0S D AHE LR . E SR T RS N AR N ) A, A
WAL R . A R AR OBy, X, (HEAT R 5T, X RN
WA AEAE —ERE S Losisb 1R s Bt o

(b)0.4ms (c)0.5ms (d)0.6ms (€)0.7ms

(£)0.8ms (2)0.9ms (h)1 .bms (i)1.1ms (H1.2ms
Figure 4. The evolution process of the axial force combination of steel bars
4. WEFRHR NS EEILRE
JUERSE RN SLIR 45 R (A — e 22, HSMAORk U — BBy, X R W] T B L R S
HEPEf A B

5. FEMEAE. FEIEERRENRERE L HRAIFER G
5.1. BRETREE

TECLFWEFEH, AN RIERE SR A AN A TR B AR B0 AT T BB IR 9T o A A TR A A
KEEFGEFEYS 2 1000 mm,  —FPAS [FR FERIAR 73 519 40 mm. 80 mm 1 120 mm, TNT fEZ5[1325 5 77
59 0.2 kg 0.31 kg, 0.46 kg F10.55 kg, FEZGRIMREE 25358 E N 400 mm, FHLL Z B #% R E AR T
P FRIE . AR AR S 85 5 2 R S 80 )
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5.2. REGERSITL

52.1. FHEHRE, THFREMIILL

PLEZSEEZ0E 0.2 kg A1, 14 5 SBon TR 1(0.2 kg TNT, 40 mm %), 5% 5 (0.2 kg TNT, 80 mm
BRUE)FALE 9 (0.2 kgTNT, 120 mm AR JF ) ZEHF AL A AT 809 A5 T e Al S5 28 0B 1P 7 A% P Al AR T 5 75
IR LRI w5 FroR, =05 VR e AR R T 20 B 047, S AR A ] 5(d) T 5
FIT, SRR, WA 2R, MR TE S B HL A —E R R R
20, B 5e) 5 S(HBIMINA FITE IS, T 120 mm BUERE 80 mm S FIZLGUH BRb, MUtk BE
AR JEEE R IG N, AT LARH S R X AR i A5 R P R B A1 o

Figure 5. (a) Test 1 explosion facing surface, (b) Test 5 explosion facing surface, (c) Test 9 explosion facing surface; (d)
Test 1 back burst surface, (e) Test 5 back burst surface, (f) Test 9 back burst surface

B 5. (kG 1IRE, (b)IXE s MEE, (il WlgaE, )ikl 1 H8E, (il s B8\, Ol ERmE

K 6 s 0.2 kg (19, ASFERREELR, AN R R OS2 R XSEAE Z A B A7
Zeo ATLAE W, ERJEOON 40 mm i, PO ZBEXIRA R R, HAAGEZ R, TR/E 80 mm
I, ASBUB OB X A% B SRk b s JF HARAEGE R 35 A2 5%, TSN 120 mm i, EE 80 mm ¢
RELf, (HAACHE L 80 mm AHEAZ

522. AEHEARE, FIRERITLL

PAAIZEHR S 80 mm Jyfsl, 4] 7 Eor T35 5 (0.2 kg TNT, 80 mm #%JF). 4 6 (0.31 kg TNT, 80 mm
BJE). iR& 7 (0.46 kg TNT, 80 mm AR JE)FIiE: 8 (0.55 kg TNT, 80 mm )5 ) 75 B AR, HH FRA5 4N 55
VR AR A RO M AR (R T S S BRI R LU . anlE] 7 BoR, ST DURAS ()5 P 0 24 7R TR AR 1)
IWEET %A R 8, W 7()FR, SPEAER 0.2 kg B HEA 7= K TR & RO N AT,
M 7R, SFEL R ES] 0.55 kg B, WEETIFALL 0.46 kg B P~ RSEBOBIEN AT L, HNH
IRIESREWE 7(9)fE T(hFR, WIEAF L 2 MRG0 WUtk VEZ TR, RGBS
FEINRL, AE S YEZ R 1IE 0.46 kg LR # 0.55 kg I, XTI RS RI0, %A RAE KKK,
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Figure 6. Displacement Curve of the Explosion Center of 0.2 kg Explosives with Different Plate thicknesses

6. NEMRIE 0.2 kg tEZRIRZ B P DAL HIZE
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