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Abstract: To investigate the scaling effect on reinforced
concrete (RC) members under blast loads, numerical
models were established based on existing explosion test
data from RC members with various scaling factors. The
research primarily focused on the scaling effect of the
concrete material strain rate and demonstrated the
feasibility of using scaled finite element models to predict
the dynamic response of prototype structures. The results
show that if the scaling effect of strain rate is not
considered, the smaller the scaling factor, the less the
damage and dynamic response of the scaled numerical
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model match the similarity criteria. For a scaling factor of
0.1, the mid-span displacement errors of RC beams at
scaled blast distances of 0.50 m+kg " and 0.44 m-kg
are 32.5% and 75.1%,
displacement errors of RC slabs at scaled distances of
0.591 m+kg " and 0.518 m-kg " are 45.08% and 46.93%,

respectively. After scaling the dynamic increase factor

respectively. The mid-span

(DIF) curve, the results of numerical model calculations
align more closely with similarity ratios, with errors
generally less than 10%. Finally, a process was proposed
for predicting the dynamic response of prototype

structures using scaled test results.

blast;

reinforced concrete (RC) beam;
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Fig.1 Explosion test of RC beam™
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Tab.1 Test parameters of RC beams
KR = FRZH R~/ (mm>Xmm>X mm) M2t /kg  MEZERIE/m HEBIRRRE / (mekg*)
Bl14 0.6 75X 75X 850 0.22 0.3 0. 50
B1-3 0.6 75X 75X 850 0.32 0.3 0.44
B2-2 0.8 1001001 100 0.51 0.4 0.50
B2-1 0.8 100X100X1 100 0.75 0.4 0.44
B3-1 1.0 125X 125X1 350 0.99 0.5 0.50
B3-2 1.0 125X 125X 1 350 1.46 0.5 0.44
RS R 62.5 mm X< 65. 0 mm><10. 0 mm (K X 5 X 10r g
). HIRIREY 8 AR RC 12 1A A B 0L gl
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Fig.2 LS-DYNA numerical model of RC beam
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Tab.2 Model parameters of air
WILAE R/ (kgem™) E,/(Jam™?) P./kPa p Cy C Cy 4 Gy C,.C,
1.29 2.5%10° 0 0 0 0.4

T E R B AR RE S INREWI UGB P A ARIBTIE ) 5 AR B8 G C L Gy Gy Cy Gy (o 2T AR R B

A, 385 LOAD BODY _Z % RC Z2jits i &
ff %, 235 KA A 6 R THT RN 25 S Bt i X R 2 R, 25K
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VIR / (kgem ) ¢%1§<gm- HEE/GPa A/GPa B/GPa R, R, w E,/(Jom )
1630 6930 21 3. 738 X107 3. 747 4.15 0.9 0.35 6x10°
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- 851 o e bR st
LR D) RIS DR BRI . Bk o] o = | }
LI 0. 50,0, 44 mekg T RCBIBS RIS & 2] i =5 f
382, 4,45, 4 mm GAB{ESMH K 34,46 mm, 25 S50 j;i%‘é:;
TE10% LA HIZEAR K =0T %10
XETA R RS A K RS, O L

XA TUA SR T4 R, A FRIT AR R
PRSI IR NOR RO, O T 5 S0 4 RO
FIRIFSE A SEAW AT B AN E] BE A 46 R, DR UE4s RS
RIS A — B KRGS Rl I 4 R
AU e e e AN e B R K VA s o N
4.7.8. WLAEF, RC RN OEEA—E . 4
RRC B A WK 50 45 R BON 0. S I, A
PGB A5 b O RS (H 5 I (E BRI, T E 48 AR
Bomo.6mb, g2 . X2 W T 45 Nk
B PR IR AT A4 R, N AR A 4 RO RC
b BN IE Al R 8 R, RC RGBT W AR, Y
WEATREMA R/ AT, 4 SO BE A7 AR BRI , K
25t I RC ZERCFIFAR A% 4 R, HAE RS R
B IBIRBE LN AR R AR I, X R AE R 1R
(EAFEIRZERY B

El4 RCRXWZRE™
Fig.4 Test results of RC beams'
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Tab.4 Parameters of RC beam in scaled model

SRR/ (mmX AR/ GAREIEE/  RORORSR/ HCBIRERO. 5mekg'? AR 0. 44 mekg V*

EINER 3¢

mm>mm) mm mm mm YEgi i/ kg MEZGEE/m MEZ R kg MEZEE/m
1.0 125X 1251 350 6.0 60 3.0 0.990 500 1.460 500
0.8 100X 100 1 080 4.8 48 2.4 0.507 400 0.748 400
0.6 75X 75X 810 3.6 36 1.8 0.214 300 0.315 300
0.4 50X 50X 540 2.4 24 1.2 0.063 200 0.093 200
0.2 25X 25X 270 1.2 12 0.6 0.008 100 0.012 100
0.1 12.5%12.5X135.0 0.6 6 0.3 0.001 50 0.001 50
s =1 Vg
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Fig.7 Damage results of RC beam in scaled model (scaled distance 0.50 m-kg *)
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Fig.9 Mid-span displacement curve of scaled RC beam
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Tab.5 Test parameters of RC slabs

w5 GIRFM  ROH/(umxmmxmm)  fEZFE kg KEZEIE/m LR/ (mekg )
P1-2 0.6 750X 750X 30 0.13 0.3 0.591
P1-1 0.6 750X750X 30 0.19 0.3 0.518
P2-1 0.8 1 000X1 000X40 0.31 0.4 0. 591
P2-3 0.8 1 000X1 000X40 0.46 0.4 0.518
P3-1 1.0 1250 X1 250X 50 0. 64 0.5 0.591
P32 1.0 1250 X1 250 X50 0.94 0.5 0.518
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Tab.6 Parameters of RC slab in scaled model

LRI 0. 591 mekg ™% LLAIKRET 0. 518 mekg ™

" REE RS/ (mm>X WATEA/  WAGEEE,  WEERSE/
HRE V42 T=;3 P T=Nis
A mm X mm) mm mm mm e kg O e kg O
1.0 12501 250X50 6.0 75.0 3.0 0. 640 500 0. 940 500
0.8 1 0001 000X 40 4.8 60. 0 2.4 0.328 400 0.481 400
0.6 750X 75030 3.6 45.0 1.8 0.139 300 0. 203 300
0.4 500X 500X 20 2.4 30.0 1.2 0.041 200 0. 060 200
0.2 250X 25010 1.2 15.0 0.6 0. 005 100 0.008 100
0.1 125X125X5 0.6 7.5 0.3 0. 001 50 0.001 50
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