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Experimental and numerical investigation of the blast resistance of

concrete-filled stainless steel tubular columns
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Abstract: To investigate,the damage characteristics, residual axial load-carrying performance, and post-blast axial compression
failure modes of concrete-filled stainless steel tubular (CFSST) columns subjected to blast loading, field blast tests, post-blast
axial compression tests on blast-damaged specimens, and axial compression tests on intact specimens were conducted. Two full-
scale square CFSST column specimens with a square cross-section having a side length of 250 mm, a total length of 3000 mm,

and a stainless steel tube thickness of 3 mm were designed and fabricated. One specimen was subjected to a field blast test
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followed by a static axial compression test, while the other intact specimen was directly subjected to static axial compression as
a reference. In the blast test, a 6 kg trinitrotoluene (TNT) charge was detonated at a standoff distance of 300 mm from the mid-
height blast-facing surface of the specimen, with an initial axial compression ratio of 0.2. A three-dimensional finite element
model was then established in LS-DYNA. The air and explosive domains were modeled using the arbitrary Lagrangian-Eulerian
(ALE) method, whereas the CFSST column was modeled using Lagrangian solid elements. The numerical model was validated
by comparing the simulated blast damage patterns, displacement and acceleration responses, and post-blast axial load-
displacement responses with the experimental results. Based on the validated model, the failure modes of CFSST columns under
different blast scenarios and the axial compression failure modes of specimens with different levels of initial blast damage were
further investigated. The results show that the blast-induced damage of CFSST columns is mainly concentrated in the mid-height
blast-facing region, where local indentation and lateral outward buckling occur in the stainless ste¢l tube. The finite element
model can reasonably reproduce the blast-induced damage patterns, dynamic responses, andrpest<blast,axial load-carrying
performance of CFSST columns. As the scaled distance decreases, the failure mode of the CFSSTColuimns gradually changes
from overall flexural failure to a combined failure mode involving local indentation, lateral outward buckling, and overall flexural
deformation. Blast loading induces residual deformation at the mid-height of the specimen,\resulting in additional bending
moments during subsequent axial compression. Meanwhile, the stiffness of the damaged mid-height region decreases, and the
composite action between the stainless steel tube and the core concrete is“weakened," causing the axial deformation to
progressively concentrate in the mid-height region and ultimately shifting the primary/failure location from the loading end to
the mid-height region. As the initial blast damage decreases, the axial compression failure mode gradually changes from mid-

height buckling to combined loading-end and mid-height buckling,/and finally/to loading-end buckling in the intact column.

Keywords: concrete-filled stainless steel tubular columns; blast téstsy failure modes; dynamic response; post-blast residual axial

load-carrying performance
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m/kg' (3. 0.6 m/kg' [13F1 0.8 m/kg' [ P{EAARR M LLFIEE B AT X LA HT . e EERAEASF 0T 42
YEART R S AR N, SR CFSST A 0018 1 75 v 3 B 10 s Iof Al 2 R b i A i AR i 2%, o) 11
FiRe AHBLUEAEE . IEAH P& WEAEAL RS IR RIS 51 T3 6.
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Fig.11 Overpressure at the mid-span blast-facing surface and displacement time-histoty Cutyes of CFSST columns at
different scaled distances
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Table 6 Blast loading and displacement response parameters of CFSST¢columns at'different scaled distances

Eb 5 #E B8 /(m/kg %) U {H H /M Pa 1EAH M E/(MPa-ms) IB4E T 72 /mm KA/ mm
0.2 148.52 12.45 32.65 25.35
0.4 108.16 8.77 21.63 15.44
0.6 83.31 682 16.48 8.08
0.8 62.68 5.30 13.58 5.53

I 11(a)f13E 6 7T A1, BE LG EE B 48 ke, “CESST A0 14 % v A7 B (1) AR 8 5 AN IE AH ph 1Y)
BRI/ HEEBIEE R 0.2 m/kg!(1PH KR 0.8 a/kg! 1P}, IE{EHEEH 148.52 MPa [£XZE 62.68
MPa, FEIK 57.8%; IEMHMEH 12.45 MPa-ms F#{K % 5.30 MPa'ms, [ 57.4%, 3K BIBEE LU FIHE S
WK, VEM T CFSST A b BT #0002 25055 . Bl 11(b)F13R 6 v %1, CFSST #HIEE
RG24 I LU Ag1) B 2 8 R /e A LU BE B 0.2 myvkg! (1338 K2 0.4 m/kg!' (3R,  UEEAE A7 F2 i
32.65 mm JE/NE 21.63 mm, FRAGAL I 25.35 mm /N E 15.44 mm, 73 A 33.8%F10 39.1%; 4tk
BIEE B HE— 0K 0.8 mykgM AT, SUEEAE 7 B8 AR R AL 43 U8/ 22 13.58 mm 1 5.53 mm, 0.2
m/kg! P73 7 FEAS 58/4% M 782%, i W il 2 1 NE iy 2 5 B2 ALK, CFSSTT A Py i 25 0] ) 3% T2 1 g
JE B A AR T 2 W Rk

1E LR BV E ST B A RLEE I B 5 T/ M (O EmE b, 3250 R R L BE 85 R CFSST A48 4% 20 A
SRS HARGEL . W 12 5 T AR LU B BE RS~ CFSST A ROBMEN AR fp A . v, B
Eb A5 25 2 48 K CRSST 5 Fp [X 455 16 958 1 13 A8 AN R AR AR FL IR ik /N e 4 EEIRE 8 0.2 m/kg! (130,
R b VR RS A CFSST M4 2 A b T v [Xgk, 3000 1y HH 30 9 6 F) SR TR, (0 T AN 40
RSN, R AR R E AR AR, CFSST AR RS MIRE 0 [ 56 i 5 8442
thILEE S SRR . S BIEE B K % 0.4 m/kg!(3A1 0.6 m/kg! (131, CFSST A5 = 4t
W k55, YEIENAR AT TAE S, CFSST A DA R ME 1R 7 A0 (R B4R 25 i A8 T o 2, R
AR IR . Hidr, EEBIBEES N 04 m/kg! D3I I I AR AR bR R AR ES jh AR TR KT 0.6
m/kg! (3 L. S ELBIEE Bt — 1 K& 0.8 my/kg! D3I, K BAN H A /N ) SR BB AR A AR A I, A
B RARAR TR, VR R AR KRR

AT S, B ELI R B8N . MR IEAE F IG5, CFSST A ft Y8 1tk 453495 320 vl A B 5 o X kA v
FER PRASE 2 PR 3 1 AR T R e A AR IR, B R D SRR IR o 0l ) i it 5 A 25 il 3R]

12



mOE 5 &
Explosion and Shock Waves

TE R E & AR

0.2m/kg!? 13 13 0.8m/kg'?3
i e bl g Equivalent plastic strain

1x1072
8§x1073

L~

Local indentation + Lateral bulging  Global bending Global bending Elastic deformation.
+Global bending

Bl 12 ANFAEBIREE T CFSST G 4 NAS 43 A
Fig.12 Equivalent plastic strain distributions of CESST columns at different scaled distances
3.2 BIERIEIAXT CFSST #4345 R AP AR F2 0 43 4
N BV IR NERIGa B 0T CFSST FERE I5HRMERE M, 3R 7 B T Johidt: K AR e gl B
BN R AR AR FT . B LB BE BN s CFSST FEfIbR R A& 1 2B Nk, X
ELIEE 200 0.8 m/kg!' (3, 0.6 m/kg' (3. 074 »m/kg'[1*F1 0.2 m/kg! (30, BRAHh AR S50 5 R
2735 kN. 2339 kN. 1986 kN HI 1752 kN, B THAE 730 FEAK 17.0% 29.0% 39.7%H1 46.8%. It
AL, BRAEWIARARG FE RS (3G 4 5535 I 55 CESST A%l 5 AR AE F1. RINE, MRYEME = AR HAR 4%
Tl R AR T S B 2 R AR rh A 1 DX A ST MRS, ATTT 523 CFSST A 4% f5 il
I I B A B SRk
7 AN HLIEE B F CFSST A5k A R 7K 3 77

Table 7 Residuahaxial doad-carrying capacities of CFSST columns at different scaled distances

B 1 BE B /(m/kg! %) B At R AR 2 1/kN RS IBERE /%
TohE / 3295 /
0.8 2735 17.0
0.6 2339 29.0
PRNESRATA L
0.4 1986 39.7
0.2 1752 46.8

Bl 13 45 7 Jodit CFSST A A AR LAl B~ AR XE4049 CFSST AT 7E Hill e AEUAR I 1 45 R A 7 AR
3. HHERTED, Jo#t CFSST AR R maad ey, AR £ 2L vh T indom i, ASHMNE R
A SRR, R EJE AR . M EBIRE R Y 0.8 m/kg! PR, BRIEIG R CFSST #4146 4i4%
BN, BRI RS B AR AT B R T A, AR AR R R A Eu R RS kN2 0.6
m/kg' (1PF1 0.4 m/kg! [1PHT, A AR 0% AN [RI R FE A e A 25 AT = 3R BB M 44, il o a2 o o i i
5 o R SRR A X IR AR T R 4 R 8, CFSST A &R I NNk 5 ik L F i . Horf, 0.4
m/kg! (3 T30 5 DX 3 ) B 7 AR A o R P R AR T R B B B 5 o > BB PR B — 2508/ N 22 0.2
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m/kg! P, AR TR SR AR IR L DT S RS i S Bk R R SIS, ARTEAN
PR AR AR R TS T RS XS, B R MR AR B — D R, RO BOTIE B R RGR AT I
RAMBR, A REA TR K E, CFSST Mg &Iy e th kI .

AFHIEHOPRE T CFSST A EMA I AL, FESBIE R R Z i, 5l
AT S IBNVEAS I 5% A A ) s /R I 2 B AT AT O, R AE B ob DS 2R B I 4
B RN D AR E RGO, o 8 DX sl ) 4B T PO B SZ PRAIR, ANERAN Y 5 % OB - RO W [F) AR RE 0%
B 55, A5 BAR BO 4 ) 7 B b a8 B o)A B b R
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8x1073
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T
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£r L, CFSST HERHRJ5 i I DA A R K E W an 4 O RE (K AN R T A2 Ak, AR ORIy o 0 J o
St B35 P8 ) e Y LB Sl R R B AN S T CFSST AR AR TR, A&
FJim et SRR 2 ) B AL Sheb B 1 1 DX SIZE T 1 g s i R A i R P R A S B T 5 T

7o

4 ZEip

ARSI CFSST A EFAMENERT . FlUR 50 S BB, BEFE TN Em 8/EH T~ CFSST FE 145
PHREIRRFAE S B0 300 B A FIRTAE IR RS T IR R IR, EEE R W R

(1D BPAMEEIE RIS ZE TR B, CFSST MELENEAT 8 AF G B AR e VR Ry, i A T AE
PR X I, RN R M e A v S5 i AR T . R RIS R B, R ER 4 B
55 CFSST A1k RS NERE,  HAI IR AT B 1 TC A0 14 o 3508 X e % 2 B 30 o e 3 4% DX 3o

(2) BTG BRI BENS B i M 52 B CFSST MEIBBRIEIRAG A . B 70 B2 R b s AR AR 1E
MELEIFE A 0.8 m/kg (PR, CFSST A IS AR AR AR AR T/, FEAAD T3 AR TRARES s Ll
FEESI/NE 0.6 m/kg' (11 0.4 m/kg' (1R, B5H PRI 2T K, FER IR dr; tuf
PEE D/ NE 0.2 myvkg CPET, B AR B A B SR, SRR AR MR O g i - R s
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SRR A R,

(3) BRNEIAE AR L 2 088 CFSST AL Jm SR 4 M AUk i P2l o B AR 3. TR
o s RBIERES DY 0.8 mykg! PR, BRI DU i Dy, JF AR o A e s EL
PR 0.6 m/kg' (131 0.4 m/kg! LRI, g 5 A B b EEIE S O X AR TSR R A R, RIS
v AL E s LOBIRE RSN R 0.2 m/kg (I, GRS R A TS R BRI, B
RILG P sl Je o XA R A R AR 25 HH A Je) A8 SR 45475 B IR T CFSST AL rp RO M BE ,  JFHI
59 7 AEANE 512 0B B U R TAERE Sy, AR R AR TR 1) B AR T, A S B
TR 7 B Py I 8 2 % 25 A B v 7

B, ASCH RT3 2 TRk 90 S e 25 R AT 798 AE,  JR ZE AR LL A
BB TR R R LA RS SN R MBS W55 BB B S5 2 A ANAR IR i |
TP TR, ASCHr i E20E M+ 5l il R MR MR R GO T 2R K
LB T W A A RN 257 B SR R A AR T BEXT CFSSTF HERRERE i L 2 8 I 7K 8K
PEREF AR, T HABS M AR S, ORGSR & I VE J e P Bt o
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