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(a) Explosive device (b) Assembled wall panel configuration
BT e A AR A L

Fig. 1 Explosive device and assembled wall panel configuration
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* Blast

(a) Simplified finite element model of explosions (b) One-half finite element model
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(c) Finite element meshing
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Fig.2 Finite element model
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THRERIL, MM RSP AR T 4 mm B, THEZ5 508, SRR &8, Btk A58 i iy Mg R
SEY R 4 mm. 7E LS-DYNA 44 H1 43 5% H MAT 3 (PLASTIC_KINEMATIC) ., MAT 63 (CRUSHABLE _
FOAM) !5 #1 MAT 111 (JOHNSON_HOLMQUIST CONCRETE )" #5013 fir 50 5 b A 48 & 4 L g s 0 2
DL S AT AETR B + 4B £ MAT 20(RIGID) U B e £5 4, 295K 6 A4~ J7 ml i H HH B2 . 76 A BROTHL
W, % LOAD-BLAST-ENHANCED 3¢5 7 jifi Jin & K 2ty , A BR T H TNT 4 25 1y 5256 v Al R e 7L 1k
FEZS 2519 30%"0 200 b R Je R 5 R i =U A R FH AUTOMATIC-SURFACE-TO-SURFACE #2
il 21 SRy AR AL TC 2 A A% A3 2 TED ARG % OC &R, A C =X AR 4% B8 43 Z [E SR ] TIEBREAK-
SURFACE-TO-SURFACE $ fiili 2],

RO SRMEIZELER 1, K, p B8 EE, E R vERis, wo ARSI o ZF4EIRBE 1 A RHBI AL R
FHAE FH T 5 0 AR B K AR JE ] 1 HIC AS A B R R, BARSE L. 2, o G M By YA & F, 2k
MESHG A B, Co N S IR EESEL, 43 5 FRORPR AL N IR 108 B | bRifE Ak e T Ak R k. AR 3 R
B A R ORI RE IS B B S RARMEAL SR BE s pe\ pe s pu i BRI SEL, 530 Fos AR AE T
B R AR B R 7 o He iR AR RN AR | R S R ) R SEAR RN AR 5 T s RO J75 KoL Ky o Ky R 58
Dy Dy 555 B Enin MR S /N BB PRI AR 5 £00 2278 N AR AR fOR RIS WS A5 AR AT R
AR RAEAL, BARAR S HOLER 3,

®1 BASHMEEY

Table 1 Material parameters of aluminum alloy

pl(kg'm™) E/GPa M oy/MPa
2900 65.67 0.30 255

R2 AERERINMHSH

Table 2 Material parameters of fiber concrete

pl(kg-m™) G/MPa F./MPa A B C Efmin
2.500 0.1343 3.000x10™ 0.20 1.85 0.006 0.004
N S T/MPa p./MPa He pL/MPa &/s7!
0.610 15.00 2.500x107° 7.000x107° 0.005 0.0121 1
ML K,/GPa K,/GPa K;/GPa D, D, s
0.1200 8.500x1077 -1.71x10°° 2.08x10°¢ 0.040 0.500 0.80
BT I ETE, SR 6 4 5 50— B, ®3 ARTRAOMHSN
)Ii?ﬂ% ﬁ SR FLAA K 5.20 A1 10.38 mm [ K2 70 43 5] Table3 Material parameters of honeycomb core
i 4509 $520 H1 S1038, A .0 IF X5 AR 70, plkg'm™) EMPa K
A2l 500 g, 2R 2 300 mm, 450 89.5 0

22 HHEBEAFMEEIE

SR 145 52 56 R [ 0 A B D K 24 2 6 23 S ke 2 b FL AR Y 8 s O R R AT BOE AL . 18 3(a)
S1038 £ A4 S 46 FIEE A AL T Al b sl BB E P R il 2k o W LU MY, SE 3045 3 10 e R B8 2 37.8 mm,
HE ALY f K PEE A 40.6 mm, RN 22 K 6.7%, FLJIS 1 AR 0 T A B8 B /e & BEVE BT P o 181 3(b) 2
T SEI AV SO 2 A S1038 £ A4 i 1T Al 19 AR I R 2k . AT DUt i 2 A 22 B S R0 )
R AL AL F, WIUR B Bt T s b T, 28 30 (5 PR T R, IF 2 808 TP A8 . oAb A S i s A
PUIELE D 18.5 MPa, SCH0HE I fEL Dy 18.7 MPal'", UL R 5 5L B 45 RAE B AR 34 1 AR 4, REABAR
Ui 3t B S P s B AR AR
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Time/ms
(a) Deflection at the center point of the back panel

Time/ms

(b) Overpressure-time curves of the front panel

3 S1038 S5 BRI S SR 25 R Xt He

Fig. 3 Comparison of numerical simulation and experimental results of S1038 structure

B4 25 T S1038 ity g I ARl 2. &
RETTE 0.35 ms /5 ik B V-4, 2 452.6 J; i aE 2
i EAE B0 2.4%; BIRETE 0.25 ms BHIA R ok, N
242.6 J; N BETE 1.10 ms J5 35 -4, 254 400.3 1,
FE M R R v, RLRE N SRR L AR VD T RE Y
SR, AR FEANAE

3 #R5e

& o7 4 A E
P15 25 Y7 I DA 2BE 24 B 25 Ol 300 mm ., 2% 2
N 500 g BB AR o KAl A I o Bl i R
Yo% R 5 &0y, RO s o 1A, R AL A
Ja 1A, & RAE S Z A E G 55 mm. o LUFE
i, oAb i A SR RV E S 18.5 MPa, H & R
B NG T, R (R T R AIR, L D IR 1Y
s 1) 228 g 4R o
32 TREWILE
Kl 6 iR T S1038 L5t FE I KE B A EFH T 1Y
ISR AR . AE 0.1 ms I, B HE B 4 T4
PR DA, B0 b 2 R — o 1 R o
0.2 ms M, Hif IfT A ids Ak i) 7 g 3k B e R fE, 9 HL
N 3 AE 3 P IS, A AR 1 AL 4 1 R R

3.1

HBAL; 1.0 ms I, T TAT A A 27 Ak TR 15 b 7 M Ay VR T ¢ AR A8 T IR, e ) 2 120 5 Ak 1 B0 0 17
IR, TR e 5 0 2 R 48, S EURARASIE ; 2.5 ms I, AR 09 £F 4E TR BE 5 R R OT IR B, it 2P

700
—=— Kinetic energy
600 [ —e— Internal energy
5001 —a— Total energy
S, 400+
%‘) —— Hourglass energy
5 300F —— Kinetic energy+
internal ener
200 F &
100 -
O yyvy
0.5 1.0 1.5 2.0
Time/ms
Kl 4 S1038 Z5H A RE RIS i H £k
Fig. 4 Energy-time history curves of S1038 structure
—-—0 ——3/5
——1/5 4/5
£ ——2/5 —— 1
g 550 mm
g ‘ :
z 1
2 [&&0=¢ 2
o GAGG <~
o
0 0.1 0.2 0.3 0.4 0.5 0.6
Time/ms
K5 AR

Fig. 5 Load distribution characteristics

TR T 25 A ARSI, I EL AT AR A4 i R B — 2B 35 5.5 ms B, R TR R Ak 1 B REL, B
SE R A Bk — 2P0 RV, RSO BT R, 55 0 [ s, T TR AR - 0 8 2 8 20 B — 2D i, )2 B4 4

s 13.5 ms I, 2 0 X Ji Al 2340 i A P 1) 2T 248 TR 5 e Wiy Bt Ak e A ST IR, o Ak A A T RO,
WEAh, I TR B 2F 4R IR BE AR PO b R AR RPN, OF HARGY R B % . EREENE,

YEREE L E MRS AR R 2 B .

064204-5



%39 % & OMRAE: BMELEITT A AR Rl e SRR 20 0 Wz ) A BRIT A % 6

Effective
stress/MPa

200
[ 180
=160

= 140

" 4

(2) 0.1 ms (b) 0.2 ms (¢) 1.0ms 120
100

(d) 2.5 ms (e) 5.5 ms (f) 13.5 ms
6 S1038 ZE ey s 7
Fig. 6 Response process of the S1038 structure

&7 FIEl 8 43 5l Sk 7 T S520 F1 S1038 £ 44 Jim 1Hi A i) 2480 e IE HL » 5.5 ms B, 8520 314 A J5 1T A
HUTE LT 2 S RbRE B0, IR TR 07 10 B YT TR, B i L S0k S 5 e il S i 2 5t 45060
I 13.5 ms I, Za R A Je FrMab . M AE S1038 3845 1, 5.5 ms I, ZL40 M 1 B o JF R T
— 8L 8.0 ms B, JE AR L AR 2 SRR AR BOT AR SR R . 2 PRSI AL YR

=0 ms =5.5 ms =8.0 ms =13.5 ms

Bl 7 S520 S8 B2 44 AR (1980 REq L
Fig. 7 Crack propagation in the back panel of S520 honeycomb core structure

=0 ms =5.5 ms =8.0 ms =13.5ms

[l 8 S1038 M I Z45H 5 AR F 4 ey JR B il

Fig. 8 Crack propagation in the back panel of S1038 honeycomb core structure
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UL LR R IEAR W) o AN, S520 L4544 B i THI A 2 SORUE: ARSI B 1) 2 35 T S1038 4544,
1, LA L U A R B 1 SO S O AR RE

33 MEAGENMESALENZR

&1 9 S FLAR 10.38 mm B 55 005 )23 26 P X Al 25 4 76 (7] — 2 25 7 25 (300 mm) . AS[FXEZ5 25 8 T 194K
EAIZE A . AT LUK B KEZG 255 300 g B, Z5 R T . 5 AR (9 £F 4R TR 5 ¥ JCHIR, niEl 9(a) B
YE 245 25 5 G N E 500 g B, 45 #4115 T A ) 3 AL & A BT UIEIR, vt kb e AR 2480, [ S TR A 2T 2 TR
B oAb A 2 A2, I B EY R B A, H A a0k T K T R AR 2 EK B,
& 9(b) Ji7m; 4 25 25 i it — 2D BN B 700 g B, 45 K4 I 10 A 21 2 TR 6E 3 Ak i R0 B E— 20 1
i, L H TR K AT 38 R, T DA A A TR Y rh o Ak e AR B, S TR AT AR BE G P b R AR T
JEE MR, BAR RIS R 2 RIET K, K 9(c) Brn. 25 Luridk, b & K25 25 5 i34,
SRR I B DR 2GR, AT I B A S e A 72 T 381 48 ) T T W T 24 TR 95 1 300 Ak R AR BT UTREIR, [ I
AT B 2T 4k YR B = 1 e b % A AR G

Front panel Back panel

(a)300 g

(6)500 g

(c) 700 g
9 FHFRMEMEES | RFXELZHET S1038 #630E 45 M BB A AE R

Fig. 9 Numerical simulation results of S1038 honeycomb core structure

at the same blast distance with different explosives charges

& 10 75 1 S520 My it )22 2 i XUl AR 45 A 7E [a] — 3 25 B 25 (300 mm) . AN R HE 24 24 5 T i B AR
PAEEHR . W& 10(a) Fros, 5 S1038 #5 0h J2 2 Fo A AR AH ], JE25 251 28 300 g B, 25448 & AR IR,
It ELAG 5 TR B £F 4IRSk X e W] AR5 A 10(b) B, 24 24 24 5 48 E) 500 g i, i T A AT 4E
TRBE 3 FAL & A= 5 UIREIR, BT U1 240K BE /N T S1038 M 3 1 J2 2 e s % A, [ v I o A 27 4 TR i+
T Ak B ARG, AR A BT TR B S5 A i AL s anEl 10(c) i, MR 2y Rt — 2 1
T 700 g B, i T AR 27 2 TR 5 4 0 AL 04 55 D) R A BEE— 203, 5 IRl S T AR 4T 4R 1
oAb 7= AE T R B, (EB AR B L S1038 W s N R AR L UM R /MR £ 0 £ TR, S520 14T 0N
YA BB AF PR R R, I HUBCE AL I 00 2548 A B AR X S0 8 — B0 AR R T E T, i
T M £F A VR 2 BT VIR 3R R B S, s BAb 7= A= T By Y48, sy U 80 i YR, T T A 27 2 TR
B A W0 7E X A 2 B e AR ™
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Front panel Back panel

(a)300 g

(b) 500 g

(c) 700 g
10 AHFEHRIERR RS | ANRIEZG 251 T S520 M5t B 45 M i BB AR S 2R

Fig. 10 Numerical simulation results of S520 honeycomb core structure

at the same blast distance with different explosives charges

B A 2 R 2l 454 S T e 2 10 K e
BegmE 11 frm. LRI, AEEZZET, —o- Sim.. S1038
$520 % i 54 Bl B 285 440 I T AR+ 5 9 B K B E B _ %[ = x50
/N S1038 3L A LG . 300, 500, 700 g K £ w0l e
T, S520 MR R M A M B 3 T
S1038 M4 5240 HJm THL I A O KB vl Bosof T T
WA T 18.5%. 17.1% A 18.1%. Me4b, K252t s
B 300 g 5] 500 g IF, £ Hi 5 T 450 P A5 4 2 2" | |
BB T HE 2525 8 DA 500 g BN 700 ¢ i 1 300 500 700
L i R B G S PR, B A 2 24 0 1 Frplosive charecle

11 SR Ao TR s i R

Fig. 11 Maximum deflection at the center point of the back

T, V2 s R R, B S AR SR N A 1Y
WIRE, S B4 SRR B al A SR AR, BT L) 2 24
HE— 253 K, S5 AL 5 T AR PP A 58 )
5 SR SR H, TR 500 g KEZG 2. 300 mm KR KE IR B 25T, S520 s 88 J2 2 e AU hE AR T AR A
B f KB BEAAXT IR ZE N 11.9%. 18 iIX Ff BE G ) J IR , K TR e ) 1 D 25 WL SRR, HLOR 2% JE IR
S R4 O A IR T RL T

34 AERZEMNEEOEEHEE NN

341 HENFW
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Fig. 12 Energy absorption in each part of the structure
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Dynamic Response of Prefabricated Wall Panels for a Whole-Indoor Substation
under Blast Loading Based on Finite Element Simulation

LI Lin', LIU Yong', WEI Zhenzhong', MA Xiaomin®, LEI Jianyin®, LI Shigiang”

(1. Shandong Electric Power Engineering Consulting Institute Co., Ltd., Jinan 250100, Shandong, China,
2. Institute of Applied Mechanics, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: The honeycomb core layer is light and has the advantage of high specific stiffness, specific
strength and specific energy absorption. A novel prefabricated wall panel structure for substations was
designed by combining fiber-reinforced concrete panels, honeycomb core layers, and aluminum alloy panels.
The dynamic response of the structure under the blast load was investigated, as well as the effect of the
explosive mass and the size of the honeycomb core. In this paper, a finite element model was established and
compared with the experimental results, which was found to be in good agreement with each other, thus
validating the model. On this basis, the effects of explosive mass and honeycomb core layer on the structural
deformation failure mode, midpoint deflection of back panel and energy absorption were investigated. It is
shown that the deformation pattern of the structure is mainly concave at the front and convex at the back, and
the honeycomb core layer is compressed, resulting in the whole deformation. Then the fiber cement of the
front panel is separated with the honeycomb core layer, and the fiber-reinforced concrete panels of the back
panel have failure at the center and diagonal, and the crack expandes, and the compression of the core layer
increases. It was found that for the same amount of explosion, the center deflection of the back panel of the
honeycomb structure with small size was reduced by 18.5%, 17.1%, and 18.1% compared to the honeycomb
structure with large size. Meanwhile, the energy absorption of the honeycomb structure with small size was
increased by 7.8%, 6.7%, and 2.2% respectively compared with that of the honeycomb structure with large
size. Thus, the honeycomb structure with small size has better impact resistance. Under blast load, the fiber-
reinforced concrete panels on the front panel absorbs the most energy, accounting for more than 50%,
followed by the honeycomb core layer, accounting for about 45%, and the back panel fiber-reinforced
concrete panels absorbs less energy, and the energy absorption is within 5%.

Keywords: blast load; prefabricated wall panel structure; fiber-reinforced concrete panels; mechanical

response; dynamic response
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