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Abstract: Blasting tests were carried out for ordinary reinforced concrete slabs and carbon fiber reinforced plas-
tics( CFRP) concrete slabs,and different TNT explosive equivalents were used to compare the failure mechanism and
dynamic response of the CFRP reinforced slabs. In the experiments, embedded piezoelectric intelligent aggregates
were used to monitor the internal damage of the concrete slabs. The theory of wavelet packet energy analysis was used
to calculate the damage index,and the acceleration and strain gauges were used to monitor the dynamic response of
the concrete slabs under explosive loads. The experimental results show that when the amount of charge is 10 g,20 g,
and 40 g, the damage index of the CFRP reinforced concrete slab under the same blasting load is reduced by
29.05% ,27.44% ,and 15. 85% ,respectively, compared to ordinary concrete slabs. The CFRP material pasted on the
back of the structure shares part of the energy carried by the tensile wave,which delays the cracking of the concrete,
and improves the anti-blast performance of the concrete. However,when the amount of charge is as large as 80 g and

160 g, the damage index of CFRP reinforced slabs is only 8.69% and 0.35% lower than that of ordinary slabs. In
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this case,the CFRP materials does not improve the blast resistance of concrete slabs obviously.

Key words:

AR RAR B NE R 28 &, 33
A AT THRIEMRZ T, Z B AR R
00, BRI L BRI e i e S e o A
YERT 2R AE FH R IR , 3 %o 45 A8 A7 452 45 el 2 I
BN, e 4EAT ( Carbon Fibre Reinforced Plas-
ties) HLAT A E R 2R U0E 98 R PU A b
FPTIREE ML RE O S SR a0, B B T4 M 151 12
SR TR & s R Hao Zhou 48 ABFSE T CFRP
ITETERE A6 98 57 0 B4 for 2804 T Pk fE , S04
R CFRP Jin [R5 4 AE 39 55 R PR i 2k AE R
W R TR B - (Y 5 B 287 CFRP JZ2 AR
f RS RN ' . R Al-Rousan 28 ARF5E T4
7] CFRP S U125 g Jin [ 5 77 TR 2 - Al 9 1 g L O
HEST T YA PR TR B T AR [R5 48 CFRP &2
k0B B A9 A TR B AR 8 i B Zhen
Huang %5 ABF5Y T CFRP A% E N HL 45 41 59 59 /7
X TRBE - A o 7 BT DA FH A2 e, IR TS B T
CFRP [¥#% 1 A ] il B /742" . Hasan Elei XH& &
AYIREE + 45 F CFRP SE17H0 2 N, S22
FW], CFRP & & i i TR B8 4 i SHL A 1) i B | I JE
AEPEFFERE SR P B2 Rami H Haddad %
AR IR T 42 2% CFRP 2% i (36 849 7 TR o5 12 52,
T T B LT S AT 25 10350 TR DR 2544 1 B 235 1Y)
St SRR SE ABESE T CFRP il [ Y 35 +
ZAPER ST, ST LS R W] CFRP 7684 i Ji iRk Je
RHERIVE IR o b sk 0 45 A A1) s HiL 28 i
RIS TR o 22 R A 5 2, Xu K 5§
AR T —FhF A ZX PZT e H % i Ak
TEBE A AE R Ay 80V PR 40 1 12, I UE B
T TSR S W T sk A R . s E A
SMIESE, W CFRP A4k TR %€ 1 I 0 98 TR 5+
BIIEA T 2R £, #E ST 58 RV BUE A AU
T #AA TR KA R, i 4T %F CRRP in [ 7R %t + P
PEREWF A, 32 IRF A T4, SE T R AR A A
% , HL AR e R R B R A D 8 A A I 4
OETL DI =

W EREE AR N E PZT TEHL R e R, W

%5 H #3:2021 - 06 - 15

EERI AR ZE(1975 - ) I8, RIBUR, WNSE A 3 1% SR IE T
25T TAE, (E-mail) cailujun@ wust. edu. cn,

BIEE :H DA (1996 - ) B W50 4, WA A 3h 1% 518
JEJ154 5%, (E-mail ) 1921683619@ qq. com,,

EEWA: HE A RPA RS (51574184) #1108 #E TR0
I 500 H (D20151105)

explosion load; damage detection; smart aggregate(SA) ; CFRP reinforced concrete slabs

DU AE AT A T A R0, 932 /i
RE I 3BT 7 32 0 A R 0L 0 1 00 26 A7 0 2, S B i o
XT . CFRP i [E AR A @ AR A R KE 245 i AE R
(1 N, W98 CFRP A4 E X TE BE - 45 4 o 1
REAFET, (7] ) 38 Aok o 3o 88 R0 725 WA 0 5 e ) ke IR
TR, I BREE A PR RE

1 R AR R R T A 5

1.1 [ErRERS

PZT J% Ha B & b1 Bl ( Piezoelectric Ceramic Trans-
ducer) & itk 1Y HLB7 /K PE 22 , A REAE A TR 3P 19 1
OUT BHOCEEIR B AR A, R T —
PR HEHEL SA (Smart Aggregate) , RIIH PZT 3l
TEPIA KRB Pz [ A7 DR AP, A R B e 22 []
FHPREM IR IEATREG R, anl&l 1 i, PZT i
#8215 mm, JREREESY 0.3 mm, 474 BNC 423k 1 R 45
FHT SR B0 R B BB L 45 0 SR T 3K P 5 2B i
it , PZT FE R BRAT ARG 1T DK AR BE £ vh
(O
1.2 ffpamEE

PZT [ LR RE A R EA IR 390 s v SO0, 7652 2]
N7 3 W AR I AT D7 A W A, 32 B 37V T 2%
FEAE A R B e R R T AR S SR Sl
AT LME MR IR . anl&l 2 R, i ATETR &E LAk
) — R BB RHE SR B 7 A T 5 A AL R I L )
W AL REIEAR E R REE 25 2 AN 0 I8 T #5751
RE, B ) — E NG IR 1B Be - kR, BT
R IR R AR BE 1 B Y, 3 3 A R 4R 3 1Y
I JBAT S, v LA IR B - 45 4 PN A B 4 1 55 100 o
1.3 /NESS ARG ER

/N 53 BT RE A TR AR (R I ) 7 11 PP A
AFXF B A vh B A5 5, R 8 A 5 M 00 %) 15
SRR AR AR SCET /N AT,
TR T 0 RE R R R . 5 B R A
5 S HTLME n WO PR3 2" HIF 51X, X, XS,

X b H X AT LLRIR N X = XL, X5, X,
o X (m ERAE D) o SRR S I RE R BOE SCH
k;

oo I X/ ||§ = xf,l +xi2 + oo +xiuz
(G =1,2,3,---,2") (1)
PRI, & Bk 220 8 70 fife i 4 BE 2 v 1y
Ei = [Ei,l’Ei,Z’Eiﬁ"“’Ei,Z"} (2)

b, i SRS R, R R (= 1,2, -,



F38 5 A3 BB RN, Ko A SR TR N g CERP AR EE ARSI IE RE S SIS 21

2") o G PRI BoE SO

R :/i(Ei,j_Eh,j)z/Ez,j <3>
B, AR EEHOIRS AR J U 73 A% Ik e

RELA
IS

EF%K
FREM DG
JE R R A
(a) % AEH B RS 1 B

(a) Internal structure diagram of SA

T

MRER: . HRKERLOIR B R o A 1 R AE G
Oro M RAGHEGET O W, Z5MAL TR FOIRAS s R {HK
R FRAR BT, 2 R {HHGE 1 i, FRE 451
A T R BT o

B BE R

BNC#:3k

(b) EREB R A
(b) SA physical map

1 AR R

Fig. 1

T gp— Gy WS ey

B2 it s
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Table 1 Detailed concrete mix composition

e KK/ % KPR/ (kg m™?)

W/ (kg - m™)

£/ (kg -m™) K/ (kg + m™)

L5 B 0.38 450(32.5)

605 987 171
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Table 2 CFRP Mechanical properties
JERE/mm K/ % SRR/ CPa HTHLIREE/ MPa
0.167 =1.6 =230 =3400
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Fig. 3 Reinforcement and smart aggregate position
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Fig. 4 Sensor layout diagram(unit;cm)
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Table 3 Experimental program
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Fig. 6 Damage monitoring time domain signal( I )
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Fig. 7 Damage monitoring time domain signal ( II )
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Fig. 9 Acceleration time history curve(A2)
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