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Tab.1 The components under single impact load

- 4 RS/ mm 7% i hifi
MK AHKE &E/m Fii/ ke fE/k]

LV-1 1 500 1 200 1.0 427 4.18
LV-3 1 500 1 200 3.0 427 12.55
CS-3.5 1 500 1 200 3.5 427 14.65
CS-4 1 500 1 200 4.0 427 16. 74
SS-3.5 1 500 1 200 3.5 427 14. 65
SS-4 1 500 1 200 4.0 427 16. 74
SS-4. 5 1 500 1 200 4.5 427 18. 83
* HLV-3 1 500 1 200 3.0 427 12.55
* HCS-2.5 1500 1 200 2.5 427 10. 46
* HCS-3 1 500 1 200 3.0 427 12.55
* HSS-2.5 1 500 1 200 2.5 427 10. 46
* HSS-3 1 500 1 200 3.0 427 12.55
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Tab.2 The components under continuous impact load

HER A/ mm & HE ity

%5 -
BROAMKE mE/m FE/kg fig/k]
CS-2.5 1500 1200 2.5 427 10.46
CS-3 1500 1200 3.0 427 12.55
SS-2.5 1500 1200 2.5 427 10.46
SS-3 1500 1200 3.0 427 12.55
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Tab.3 Mechanical properties of steel tube

MR EEE/ JmMReR MRRSR O BUEEST k)
KH mm  JF/MPa  JFE/MPa 1g/GPa %
AEMN 3.0 233.5 740. 4 126. 6 78.9
WE4 3.0 281.3 323.5 68.6 32.5

Q345 3.0 333.0 497. 8 208.0 39.4
Q345 2.5 265. 2 443. 8 161. 4 38.6
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Fig.1 Test device and hammer dimensions (unit; mm)
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Fig. 2 The process of impact test
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Fig. 3 Time history curves of members under different

impact heights
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Tab.4 The times of continuous impact members

kg ONERKE | WSS R
HCS-2. 5 1 HCS-3 1
HSS-2.5 1 HSS-3 1
CS-2.5 2 LV-3 1
SS-2.5 4 CS-3 2
HLV-3 1 SS-3 3
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Fig.4 Time history curves of members under
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Fig. 5 The residual deformation of members under

single load
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Tab.5 The residual deformation of members in middle span

oy 15 85 PR AR AT/ mm AW/ Y AN [ B R/ 6
FEE/m HSS(A) SS(B) HCS(O) CS(D)  (A-B)/A  (CD)/C  (A-O)/A  (BD)/B
2.5 47.27 36. 41 42.00 25.52 22.97 39. 24 11.15 29.91
3.0 56. 39 47. 25 149.12 32.72 16. 21 33.39 12.89 30.75
3.5 58. 20 43.67 24.97
4.0 65.51 47.27 27.84
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3.2 ARTEBEIE

Oy ) T A TR (¥ T S 2 G B A 2 G o
il 3 I 7 AL BE P SR R AT B U e A R
ZERAERTLE o BRTH0 0 > 045 38 20 44 18 1) b it
I R S R XS b i & 8 Ca b) T LU
P 2 A — B HR IR A R 5 IR 4
FEAE R 22 B0 IR il T bl i A b e L 5 A8 4
a1 2Z 18] 9 25 B 2 12 i A2 K OF s AR T A
B0yt S a BURME B R . B 8 (e, ) N ER I A
1 B o g I ey R AL G X B B A b £
AR AR A R — B o (E 3 S0 8T 6 I 1) R X
SEAERPE AT X 0 Oy B R rp A 2 R AN T 2



LR

O LS s R R A TR BE LA RO 1 il X B BT Y

987

FNREE T 28E Y R, % 6 HA G hd
JJWEAE (F O ol J3°F B E (FL) S v 1R 2 ] (o)
DA B v AR A B BE (A R 56 R AR FL 45 SR Y EL g, mT
DLE W Fo/F S FbR i 22 43 51 Ry 1,07 F

0.09,Fo. o /Fo. o BF- S {H AAR UE 22 43 38 1. 00 F0
0. 06,2/t B ¥ E F bR i 22 43 31 R 1. 08 F1 0. 08,
Do,/ Do, IF B FOBR E 22 43 51k 1. 08 F1 0. 04,
AJOL SR RS IR R s R AW G

F6 AEHMHRNMERERBERIEER
Tab. 6 The comparison of simulation and experimental impact results

- F../ F./ F./ Fua. Fu./ Fu./ t/ t./ t./ Ao/ Do/ Ao/
kN kN e kN kN F.. ms ms le mm mm Ao.e
LV-1 99.74 101.69  0.98 72.25  78.20 1.08 32.70  33.84 1.03 36.36  40.24 1. 11
SS-2.5 140.10 144.23  1.03 127.52 133.93 1. 05 26.21  30.60 1.17 36.41 41.14 1.13
SS-3 171.74  169.67  0.99 136.25 136.76 1.00 26.37  30.80 1.17 47.25  48.20 1.02
SS-3.5 163.26 180.51  1.11 131.87 136.09 1.03 29.52  31.50 1. 07 58.20  59.36 1.02
SS-4 145.84 189.75 1.30 140.71 138.10 0.98 29.86  32.50 1. 09 65.51  70.75 1.08
SS-4.5  203.85  205. 31 1.01  144.41 140.23 0.97 29.91 32.60 1.09 72.72  80.72 1. 11
CS-2.5 134.43 141.92 1.06 201.47 172.89 0. 86 21.32  24.96 1. 17 256.52  28.07 1. 10
CS-3.5 143.77 160.14 1.11 175.34 179.54 1.02 26.34  27.24 1.03 43.67  45.85 1. 05
CS-4 177.63 189.80  1.07 176.91 185.94 1. 05 30.46  28.08 0.92 47.27  51.05 1.08
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Fig. 8 The comparison of time-history curves of
impact force
4 % &

B Y R AN B 2 5 B A PR R

D) s e 2 4 A8 TR e LA F Y BT b o
e L BT == A E
) WASH A IE AT W 8 %A
AE RS R BOE AR il E T T AR S

= b

xﬁa%ﬁ’%“

Jy4.18 kJ DA R .12.55~14. 65 kJ Z [A] F1 18. 83 kJ
18 o

3) B AERT AN AN AL A A8 AR 2 0 2
MR B I 2, 0F T 48P0/ B 1 2 W o i I 28 A

{208
4 FHA RIC ABAQUS #fF i #2119 31
ARSI A REAY A .

& % X ik

(1] AR DR sl g 4 8 L etk 5 RE[T ]
E e 4 ,2003,18(5) :6-9.

FU Jungiang. A review and prospects for the develop-
ment of offshore mobile drilling units[ J]. China Off-
shore Platform, 2003, 18(5): 6-9. (in Chinese)
TR AR R A AR AL 20 A TR B LA R T
rha PEREWTIE [T ], AR R R 24 4R (B AR O
2010,38(8):107-110.

WANG Hongxin, ZHA Xiaoxiong, YE Fuxiang. Im-
pact resistance of hollow concrete filledsteel tubular
members subjected to lateral impact loading[J]. Jour-
nal of Huazhong University of Science and Technology
(Natural Science Edition), 2010, 38(8):107-110. (in
Chinese)

R R O e R R s R R IR BE R A 3
JIPERE B TR IR RESE T BB AR AR [D]. KR KR
BT R, 2014,

(3]



988

/) N

w5

1230

5540

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

(12]

[13]

WANG R, HAN L. H. TAO Z. Behavior of FRP-con-
crete-steel double skin tubular members under lateral
impact: experimental study [ J]. Thin-Walled Struc-
tures,2015,95:363-373.

AGHDAMY S, THAMBIRATNAM D P. DHA-
NASEKAR M, et al. Effects of structure-related pa-
rameters on the response of concrete-filled double-skin
steel tube columns to lateral impact[ J]. Thin-Walled
Structures,2016,108.:351-368.

SN RN R S e R N R Bk L P e A PR DT
SIBTLCL /58 25 J 4 I 45 0 TR 2 R 4 OB SO (5
W5, deat: LRIy &4t . 2016:306-312.

FE M o) e AR R S B TR R LN B A
193 I HERERF SR LD]. A« R BT R %, 2016.
BR. A WIRE - WEHA AW IR T
J1ZEREWE A [D]. 5 R T K%, 2017,
XA 5E . 20 % S vh b T 40 IR BE L 1 3 2 R M O
FE[D]. e rE - LB T K%, 2018,

M. R BE A — g 5 SRk (M. 2 iR
JE5  BhF AL, 2007, 66-110.

W, . A I 2 N R TR R A 1 1 M T
H S KA BT[] Tk @ 47, 2016, 46 (11)
161-167.

JIANG Shan, WANG Rui. Experiment study and finite
element analysis of concrete filled stainless and steel
double skin tubes member under lateral impact[]].
Industrial Construction, 2016, 46 (11). 161-167.
Chinese)

FETR, EE. 250 60 23 e 2N IR BE L AL A i
AR ). 45 b, 2018, 38(1) : 204-211.
WANG Bingbin, WANG Rui. Effect of hollow ratio on

crashworthiness of stainless steelconcretesteel double-

(in

skin tubular columns[ J]. Explosion and Shock Waves.,
2018,38(1):204-211. (in Chinese)
SR L AT AR R A B ) R A BRAE T A ke

[14]

[15]

[16]

3

JER IR BE A 2 TR AT L) ] 22 M TR 2
2:42,2019,45(4) :132-137.
SHI Yanli. HE Jiaxing, XIAN Wei, et

stress performance of hollow concrete-filled double

al. Analysis of

steel tubular component under transverse impact load
[J]. Journal of Lanzhou University of Technology.,
2019,45(4) :132-137. (in Chinese)

X RREA. i B <55 I B R B - 1 T B PR BT UK M RE A
FD]. 7 & 7 BT K%, 2018,

AR A% . A O B i 2T FRP &R BE - 4L &
ZEGUE L RE R BE A AT AERLLT . PR3 5 vhf . 2017, 36
(6):246-252.

720U Miao, WANG Rui. Theoretical model for the anti
collision performance analysis of FPR tube concrete
composite beams under lateral impact load[ J]. Jour-
nal of Vibration and Shock,2017,36(6) . 246-252.
Chinese)

. AR il T X RE TG & B AR R
LD K - AARORE 2019,

(in

F—1EEEN . AA, L1978 6 A
AL YRR, E BRSO O IO B 4
R s dl . % & F(MTMD 3 T ifF
V5 45 1 S8R 0F 58 ) (C SR
TR 2017 4E5E 34 55 4 WD
I,

- E-mail : 470663896 @ qq. com

BEMEEE AR LN, J, 1975 48 12
A B A I, FEBE T
T B G5 A IR Sl P LR B N 45 4
SR T B A B H SR by 1 B AR A
R4

E-mail :jigangzhang(@126. com

110 1110111101110 1111011101110 11140- [ 1114111011110 1110111411110 1114111011110 1110111011110 1114111011110 111011401110 1110111011110 1110111011110 1110111011110 1110114111011 1110-1 111011110 [[19 1119191111 [19][]| [ ]]| 9]

XL AT 1 (R 3 I 512 )

(o3l I35 12 W) H Tl S A B 3248 P 0 s 00 R A AR 4 [ o 2 ML T 0 3B AR T 5 23 B

A I R S WAR 2l | Bl A I 1 R B 2 W R AT ) R I R B FE N I DL BRI . TR E A
LR 3l i 15 2 W o R 9 3 25 B L D7 vk AT BRI ST S I D5 THT 9 1 AR SCRR 247 5 36 30 18
TR I BUAGE B IR D7 2 AR SRR A5 5 2 B B Ak B 2 ORI S 2 T L R AT SR A BT
VAR oI i o S A e R Bl 1 T e T E S

A EI Compendex Hidh 2 Y3 39 TR Ap SCRZ 0383 11 XCH T 38 XCH R AR B A 5E fr 30 J6 . &2

4R 180 Jh. WY I AR AR » WO AEAS R FPE 2526 i MR B

i R L - B T AGE T 29 5
e & AR5 28-239

Mp B 4 f - 210016

E-mail : qchen@nuaa. edu. cn

HL 3 : (025)84893332
Wik http: // zdes. nuaa. edu. cn



