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(a) Field blast test setup (b) Axial load setup
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Fig. 1 Field blast test of RC column!?]
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(a) Rebar details and transducers (unit: mm) (b) Refined numericalmodel.of RC column
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Fig. 2 Rebar and numerical model of RC column
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SRR 55 2 % o
1.2.1 AR Ak

RC FERAN AR EE L 2900 . NIPERSEK NS mm 1Y) Lagrangian MA% 50, H A 8055 %
F 2x2 T IE A2 Hughes-Liu 2% AR 73 B0 NEWE T« 20RO W4 B% 45K 8 4 i /N TR R
M BT AR BRI . B R TR AR L SR RIS BB RS, R A NIV s *Hourglass 6 (Belytschko-
Bindeman assumed strain corotational stiffness form) . T Pj1E RC #H:RIE o KA VREE, &%
R SCHRUSIN4 30 i R 1% R BORE N 0,005, AR AR ik 1 2 8] (48 Al i e gty
*CONSTRAINED BEAM IN SOBID//E X, & 2(b)Fir.

2SN TNT %R A 15 mm BALE RIFS BT, ALE Bocf 0 MU 8 ELFORM 11, 25 & 35 4E
WAERE AR B, RAAEWI 3, MR ARECH 1075, 2SEIR A 2190 mm x 1065 mm x
3690 mm ([ 2(b)) , FHARIMI7S/ SR E T 8 F*BOUNDARY NON REFLECTING & SUNE
Sl 5. BT Lagrangian Al ALE WS o B A EH, RAHCE Y
*CONSTRAINED/LAGRANGE IN SOLID & Y [141051, SR B &, RC A 7738 et
*LOAD_SEGMENT ‘SET & ¥,
1.2.2 #HHHARA

7@ *MAT PIECEWISE _LINEAR PLASTICITY S5 X, BEM SN di . N AR
RGN FES AR o B B3R FR AN I B ) OR ROk R (RDIF) , IR Cowper
and Symonds BARIFE, WA (1)

RDIF=§S:1+(%) (1)

e AL BN A MBS R, & NMINEIZIENARSR, C M g X REE 3109 22.85 ms!

A 5071,

Karagozian & Case Concrete (KCC) Model (*MAT _072R3) i 3 ML R AM AL, FFREH E
MORME . BT SARREAL . SRR AR AS B AGN, T BE A A B SR A E Ay T TR LK B
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FIAT R, R AT 7 A R e A R R A KCC AR08, YR ) o AR SR ANl I 3 18Ok R B0E X
H & (CDIF) Rz (TDIF) 3 /178CR R 4z A @) A @) THEN, FEU K2,
HAE AT VR B G T A K T AR R R U e ao P s AR (R B G, 2% R SRRl i A
ZHEE N 0.4, KCC IR BAICHESH ILE 1.

. \1026a
Lol 4, <308
_f s 1
CDIF =2 =277 N R S VaTreve— )
£, v 5+9f, /10 MPa
7[3} £, >30s™
gCS
. N\1.1068
. (‘2‘] , £<30s"
rpiF =Ju [N P S — (3)
1. v 10+6f, /10 MPa
,B[_“j £>30s™
gts

. CDIF F1 TDIF 73 53 it IS A MBS TR BB, ¢, WIRBE LB IERER, fog M fia 7
A &, N INBNES EAEFIRARGREE, fo F1 £ 23 AR RAEABLARGREE, /oae 30N 1075 N EES &
AL, logy =6.1560—2, £ =3 x 1075 S EAENAR, logB=nl126-2.33,

#F | KCCRELTERSH

Table 1 Parameters of KCC concrete model (mim, g,/ms, N)

Poisson’ LOCWIDTH
*MAT_07 P Jis Jes
] B2 OMEGA (mm)
2 (g/mm?) ) (MPa) (MPa)
ratio
Concrete  2.4x1073 0.2 4.2 397 /2.0 1.05 0.1 15

e pNIBELLHISEE, Bl. B2, OMEGAY LOCWIDTH 24y KCC Rkt LR (1) e 5 5.

S A TNT 23 58 S8 7 *MAT 009 NUBL FI*MAT 008 HIGH EXPLOSIVE BURN & X,
XN HPRAS TR LA RGO FIAR(S), FKESHE LR 204,

P=Cot Cpr+ G + Cyp* +(Cy + Copt+ Cop*E,, 4)
p=A |G LU [ P +% (5)
RV RV 14

K P A p 53 AR SBBJIR INT K1 Co ~ Co A VRESH: 1= 05 Eni Ml Exne N
AR S A TNT (RS AN By R~ Ry Moy INT IRES L.
%2 BEMINT 2%
Table 2 Parameters of Air and TNT

pkgm®) G G G, G Cy Cs Gy Epne(J/md)
1.29 0 0 0 0 04 04 0 2.53x10°
P D¢y Pc; A B Ernr
R] Rz w
TNT  (kg/m’) (m/s) (MPa) (MPa) (MPa) (J/m?)

1.60 6930 2.1x10'0 3.738x10'' 3747 415 09 0.35 7X10°
VE: Doy NIBZEIESE, Pcy AN Chapman-Jouget /7.
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B 3 g5t 7 R R RCAE SIS AL RS Wi B A BB SIS 25 R L, T RAE 21, il Is- I A
LERIOT R -1 A2 M 2R3 900 & B o BRI A5 RP1 A1 RP2 [RUEAR 1R 22 53 T 13%R1 8.3%, (HAU(H 45
R AT S SERT I R (1 3(a)), IXATREEZRE RO KR TNT BlE AL R A7 A BRI
BEE, DARBER AR A T B R AL AR AR Y . RC LA I i DP1 AT DP2 [y A A E %
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BAEF T 3R SR LR AR . RC AU E AR A0 15 2 AR AR % L& 4 B, \p
CLER), PR AR — 3, R I 28 25 fh 3R s% B s b RS L RIVE GREELH T
R FERAEIE 0.4 J5HEMIBRD, T H I 2 18R R EE,  FLWERT S AL BB IR ok 28 b
Bl , A5 G S 0 BUE 2 A 7 72 RE e HE R S WU JE IR . RC AT BN AR m RIA A, BR ik
- VR VR S R U o BT I AR SR R AT T

120 1 25
Test: ——RP1——RP2 Test: ——DP1 ——DP2

= Simulation: ----RP1 ---- RP2 Simulation: - --- DP1 ---- DP2
g 90 .
5 g
7 60 bt
o
E :
0>) Q
3 30 . =
=1 "Ny %
2 \ 2
3 a
5 0
&

-30 T T T T 1 -100 T 1 T T |

0.0 0.2 0.4 0.6 0.8 1.0 0 30 60 90 120 150
Time (ms) Time (ms)
(a) Overpressure-time histories (b) Bisplaeement-time histories

P 3 RC A H0{E Fnis g 25 S0t bk

Fig. 3 Comparison of simulation and test résults®of RC column
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Fig. 4 Comparison of damage patterns of RC column
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COLEE 5D, A a0 s AN i i B4R 20 5058 16 mm A1 10 mm, BYANAR T 2o+ 0 se g s R4,
AR A AN AR 1 AR 3. BATARIR B L R FE TR MR THE R 20.1 MPa, AN H A1 BN ) PR G
JZJREES 8 25 mm A1 200 mm. SRC HEHZHE (TREE 45/ HE) (GB 50010-2010) 211, (%
PR THIE) (GB 50011-2010) PRI (HELEM I IHALTE)Y (JGI138-2016) 31kit, ikl
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%3 MERFBNARLE M
Table 3 Material propetties of rebar and steel
Density Design strength Yield Tensile Tangent
T (kg/m?) Elastic modulus (MPa) N N Failure strain dul
ypes g/m a strengt strengt! modulus
(GPa) (%)
(MPa) (MPa) (MPa)
D10/D16 7850 200 360 400 636 0.12 2000
Steel 7850 206 310 345 581.65 0.12 2000
VYRV ©

K ARV R L N TR TT, AR A, 53 50 R SR AN RN A, AN A 43 i R
LA BV PSR T T E
22 HEREEMBH R

SRC B TTEMSER B S5 1 TREF—2, Hrh T seig LR e+ 5 o i
Pefhoc R B ONIL S0 ARSCAERUE R IS UE 2 BT T T AR BRI 20, 25 AR I 4% R
PN 25 mm I O RES HERIBLIRNER AL R . S50 13 7 B 5 R AR eI 241, B R
FHSEIORS A0 i A& e RS, S BUE B T B AE R BN, (A BN R A . SN 1 IRIE
R A S g AN B T IR A, A A TR R AR S B BT A RST AT 15
mm ~ 25 mm Z[A], 5877 A bR A SIS RN BT A% RSN 25 mm, B9 BT I A
R 25 mm, 107285 3A TNT B0k RS 15 mm, &R amEEs N E 6 prs
(S-0.4-0.2 TH). WAk, VIEEUE TR, T8 R BE Y 1425 mm RE 8 R S B R far 2
A1 SRC HHIPUENERE (BN . TR ARSI BIAEEE),
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Fasgs B 2 MrBe ORIFHFIAT BN AR AT B 58 3 BBl BT OR ARl AMHER A2, SRC HEH
HIRFN BB TARE, ARG 8ORHEE 2 0; 28 4 BrBt: LR SRCH =i Ak, 2218t
L L F8 B2 SRC HESE 2 BIRHIR . BIERHAE T SRC HERIShS MRS T R 2 4 & T-3h &
VAT, RS REINERTT RIS 1~3 BB (EI: Jhnfi i) (BrBgOs e (BB 2) M
Hdky (BrB3)), IS 1~3 BrEcs g 7. BRI B iV AR A AN . SRC AL F A2 il )
AT (BTBL4) B TEES 15247, IR AR RN . 7 E W I HI2, SRC #E
PUBRSHTEREEL (282 MPa). 4N (400 MPa) FITIHHA(345MPa) 353K FHARUESE -

A Strain rate
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Axial Blast Free Displacement
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Fig. 7 Loading regime of SRC column

2.3 BB TR ES A EFRITEN

KR FINAGNE 28 T SRC #ERIPURTERE, HXTM M) TNT M0 227 kg2, TNT JBIR
R 518.3 mm HISAJfR, TNT H.0 5 SRC HR AR S iZ bR R (AX(MER 4 #iE. 5
bh, VIR MR, TNT fi BABHEE 1800 m i, SRC AH:MIGHEAN B K F INT fi &
76 HiL TR 5 1 SRR 000 mm, (Rt TNT Fpoa 2 B8 b T 750 ¥ B 1800 mme A 17 F ¢ H A7) 2 5 Al
JEEEXT SRC AU RS O 5Em,  HLBIRE B 42 0.4~1.0 m/kg! [A]FE 0.1 W&, Ti4hEELfZ 0.2, 0.4 F1
0.6 E, it 21 PR oL, A oL & IR 0 8 S-LU e s -k b, 40 S-0.4-0.2 T4
FoRELBIIEE N 0.4 m/kg 3. FlEE N 0.2,

Z=RA/W'3 (7
XA Z NECBIEEES, Ry N TNT FF0E] SRC HER A, WA TNT &,
%4 TEILLHIIEET TNT 5 SRC A REEE

Table 4 Distance between the TNT center and the SRC column surface at different scaled distances

Scaled distance (m/kg!") 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Rp (mm) 2440 3050 3660 4270 4880 5490 6100
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SRC FEFIGFEEL (D) 32453 5 % 4 il 1wl AR 28 7 5 et il ) A 3 EeE R e (A E(S))
MRS PR B A E RIS G B0EE 58 0< D <02, 02< D
<0.5. 0.5<D<0.8 1 0.8< D <1.0161,

Nf
D—I—N (8)

u

e Ne MBS R SRC AEIIF A B M AR E F1; N NEHR40 SRC AR Al 1] K 3T

3 BUENR B A PSR M sE TS
3.1 #HELE 0.2 B SRC #Hn /@M AE
3.1.1 SRC AR M BoH7

P 8 4t T b fr 2 SRC AR 5 7] B0 A, wT LB R, AR LGB ks f 3 A A
R AT OIRIEAR —80, R AR RN E B BE B X6k SRR 1 A B A A e FE B 3T 1 T
{1 o NP o P ST o U = L S I N T PR U 2SR N R o7 6=l 2 G ST S S
PE B 150 mm A 1 38 S A3 122 Ak 19 v o for B AL IS K R0 A (11995, 4 LU TE B8 K, iX il &
TSRS, ok i 2R A A HH BLAE Pt i A, R SR PR B LU B PR 25 10.6 m/kg A . TS T
M SpPEE. F BRI E M O EE 1300  mm DA pbaehi gk s Soeb i rr e an g 5
N, ATCAER], G LLE 3G =38 5 R, R SRCHEANG I 1300 mm LA i i 4%
M T EE 61.3%% 2 42.5% /e A7, H ] DX el gy ¢ 7 BUBRAIG 2% 1 —SB08 55 SRC A2 717 0 [ 1453 1 K
£\

—8—5-0.4-0.2 —~{3405-02~8<5-0.6-0.2
42007 | —<—s5-0.7-0.2 SA080:2 ++—$-0.9-0.2

3600

3000 4

24004

Height (mm)

18004
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Shock load (MN-ms)

K8 iy A
Fig. 8 Distribution of shock load

®5 PRIATRRETHMTHRTTE

Table 5 Total shock load and average accumulated impulse under different scenarios

Scenarios S-0.4-0.2  S-0.5-0.2 S-0.6-0.2 S-0.7-0.2 S-0.8-0.2 S-0.9-0.2 S-1.0-0.2
Total shock load (MNC3ms) 34.27 25.31 20.24 18.52 16.58 13.49 9.89
Average accumulated
11.90 8.79 7.03 6.43 5.76 4.68 3.43
impulse (MPac8ms/m?)
Proportion within the central
61.3 554 51.7 48.2 445 42.5 42.8

1300 mm height (%)

9 g5 TANFILLBIRE T SRC HER M S B S Al FTUAE B, S AE SRC AL TE S
7 1) BN R 8] 1) P IR AR R 5 o B RS, SR AT R T X 45k ) HR K S i B
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ARZSOE, 3 BOX A DX B, EUARE JE DX 1 S A 8 A0 2502 B i 2
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Top 3600 4 : 30
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B9 WA IR ARt CBr: MPa)

Fig. 9 Distribution patterns of peak reflected overpressure (unit:

3.1.2 SRC A2 3 &7 L b BORAE X 4 H7

SRC A1 B I Hh O 22 IR A # i 37 L 1] 10, B b SR 3R s 1)

Jila, W 6D, Hrt S-0.4-0.2 THLLE SRC AT Ao ey BE BT I sk Ar

I 5 bR BT R R, S-0.4-0.2. S-0.5-0.2 A1 S-0.6-0.2 T Wi 7E |

P 03 K T oS, 1K 3 B R R S ol 21 1 2 -1 S i X 2 %O IX IR AL RS

M CE 11a)FI B 11(b)), X B TR % - 5 1% 0 X JR &+ R R SIS,  [RI ERLE far

A T E T ) BE X A R T X — R (5D, f}w%m&ﬂﬁz Ak, FAt T
LR SRC AR A LABEAR 2 7708 3 1925 Ak .

L—FEsh (x 7t
i, XEERPDY
o e BE VU L A KT

Bottom

-75 -60 -45 -30 -15 0 15

- Peak displacement (mm)
Z%Q; P 10 SRC R {H fr 5052
\ Fig. 10 Peak displacement of SRC columns
K 11(a AE 11(e) 7ol %t T SRC A HhCe v B2 AT AN+ 1 S SR AN AR A A
X ATRAEH, EEAIBE 2 B9 3G I SRC AL BVREEL BT D). ARAZ O 20 REE L0 B BN )R

0 ) B B . AR E R EAE R T, RO ZIRIX (B A4 5 20 5 1 1 S AR U A X 3k,
RSN AT O TE X DX AR ok, WL 50 AR TR 2 2 K T HoAth X380 (& 11(b)H S-0.4-0.2. S-0.5-0.2 1
S-0.6-0.2 145D, HRp5l A AN 20 A 1E %o X 35, 36 = B R A R AR FEAZ 0 20 B PR I FE B ik Ase /s BLE
PR AN s AR -0, HEM SR XIREVE AR, SERERTTENS, I
11(b). EHAFEERZ, S-0.4-0.2 THAERZ LR X E A M EANALR O35 H 30 51 43 85, 1M S-0.5-
0.2 F S-0.6-0.2 THUXAE LM H LTI 7355 24 SRC AU A LT 70 3 fa, 1 DL gk 242 (it
AISEMIPUEY 2R E J7, BT LLACH SRC AR AEZ BIRIR . M 11(c) T A1, SRC A A [a] X 415 7%
SERE AN AE S-0.4-0.2 A1 S-0.5-0.2 L K Mises B /7t I Ji AR50 345 MPa (/N f& A% 2 3% W ot
Jee B P i v ), TR B 3 H B0 S5 1) JR3 0 e B G s v At T 50 Hp T SE S SRR A L B R AR
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JEEHILSR . SRR, B Z < 0.6 m/kg!3 I SRC FEAZ DA R X 5 AERZ O 2 3R X R Bkt HU LA
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Numerical Study on the Blast Resistance of Cross-Shaped Steel-Reinforced

Concrete Columns Subjected to Near-Field Explosion

REN Shuangchao!, WANG Xueji?, GUO Xuekang!, LI Yi'
(1. Beijing Key Laboratory of Earthquake Engineering and Structural Retrofit, Beijing University of
Technology, Beijing 100124, China;
2. Power China Zhongnan Engineering Corporation Limited, Changsha 410014, Hunan, China)

Abstract: Steel-reinforced concrete (SRC) columns are widely adopted in critical and high-rise buildings
due to their high load-bearing capacity. The failure of SRC columns may trigger progressive collapse of the
entire structure when subjected to blast loading. However, research on the blast resistdnce of SRC columns
under near-field explosions remains limited. To fill this gap, a refined finite elementmodelof a cross-shaped
SRC column in a real high-rise building was established in LS-DYNA. The effects\of scaled distance and
axial load ratio on the blast resistance and damage level of SRC columns were‘investigated under near-field
explosion scenarios. The numerical results indicated that at an axial compression.ratio of 0.2, the proportion
of shock load distributed within 1300 mm of the mid-height of the SRC c6lumn decreased from 61.3% to
approximately 42.5% with increasing scaled distance. If interfacial debonding occurred between the confined
core region and the unconfined concrete, the SRC column would-exHibit flexural-shear failure. Conversely,
in the absence of such debonding occurred, flexural failure would be“observed in the SRC column, and the
damage level could not exceed a medium level. A higheéraxial load ratio was detrimental to blast resistance
when the scaled distance Z < 0.6 m/kg!?, whereas itvbecame beneficial when Z > 0.7 m/kg'3. Finally,
empirical predictive models were established to estimate thg’average accumulated impulse and damage index
of SRC columns, thereby providing a quantitatiye'basis for rapid post-blast damage assessment.

Keywords: cross-shaped steel-reinforced concrete/column; near-field explosion; blast resistance; damage
assessment
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