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o I EE R 1800 mm, 22l 32 A [ 2 iR 1 B 225 mm, Al 32 A [ e i K B A 350 mm, il B
25 mm A F R St g o, WA R B R 1200 mme AU AR B TR EE R RT3 8 300 mmx
300 mm, AN B2 AU I R S 200 mmx 100 mmx9 mmx6 mm, ZAAG EAE 12 mm, $ii 15 75 2 A
Jinas X HE S @ 8@50, #5 LS @ 8@100, TR EE T R4 Z I K 20 mm. BYANR T Q345 IRk HY, HA K
JH HRB335 0847, 4l A >R H HPB300 250 iy, TR BE L B0 B S 40 C40. i1k 24 P 4 94 2 A )5
£ 20 mm, DA 134 in 28 07 R BE R R . AN TR EE R RO AN AL 1 R

1 WEERRLIKHEERRRER

Table1 SRC specimen information and test results

RS BARKM m/kg N/KN v/(ms™) F, /KN F/kN T/ms Aemax /MM Aegp/mm - Argp/mm
SRC4 PImIES 1158.7 340.4 5.42 10932.02  2524.77 10.40 13.67 5.00 5.36
SRC5 PmE 11587 340.4 7.67 12489.50 3 780.58 21.97 27.43 15.43 13.02
SRC6 PEmEY 11587 340.4 9.39 1493649  3977.93 31.93 34.18 20.65 20.10
SRC7 PmE 11587 680.8 5.42 - - - 14.23 3.94 5.00
SRC8 PmE 11587 630.8 7.67 1260027  3429.33 19.93 25.35 13.00 12.76
SRC9 PmEE 11587 630.8 9.39 1542677  4259.52 25.93 32.55 19.50 21.00
SRCI10 [é {5 52 11587 0 9.39 1288098  1703.57 43.93 46.13 30.00 2228
SRCI1  PHIGfAISC 11587 0 9.39 1228195  1648.84 47.93 59.00 42.50 40.96
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Fig. 1 Design details of SRC specimen (unit: mm)
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12 MR DF MR
BRI R U A T DR SR R TUER 3 4 150 mmx 150 mmx 150 mm f 45 v 57 5 (i B, 7 iff
A8 R B e el i 04 () I I AR B b 57 5 IR 5 B2 0 44.84 MPa. SR HIBR HERL AR UER T %,
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Table 2 Mechanical properties of the steel

B AAL Jek A i 2/ MPa 1% B3 /M Pa PR EL/GPa i 2/%
6 mm it 427.0 625.3 210 222

9 mm R 358.2 529.4 203 23.0
12 mm A 362.3 543.5 212 232

8 mm i ffj 370.2 525.7 216 20.8

1.3 RAIWKE

TR 7E T A YR AR IO L b 5 A, IR R 2 TR . RIS WA S S 5 m, AR bt
K 9.9 m/s, VEHE BT AT IRE] 1.16 t, Ry [E N A8 RISV R 2 B b e PR AR R . AR IR B K b
TR 9.39 m/s, IX SRR YR SCHK [16] 703 Z IS M0 1a) 455 o 3k B A A R e 4 o RS0 A 1 o S v 5 e
SVTEAEE N 1 158.7 kg(Z520 1.16 £, K JEH MK J7 7K (300 mmx300 mm=200 mm) , Sk JiE &5 014
s 2 il I > 300 mm=x300 mm (9 1IE D5 %, HARRSE LR 3 RE 3. ks Ao 8 A A 50K B 1 v
b iz R AR R A B v ) HE B B AR 2R, SRAE TR A 3 000 W/RD . b J7iE At 200 ¢ R T T T 4G
Jits I RS 0 L P o M S S i 2 L R B R 7 bl ) AR R AT LG i A
) L A A il O — O AE A L

490
Counter weight
L =N 7 ! Kx N
Mk ®
S Axial loading device
- Top of the hammer -
s v — 500 S
Lower support —— Transition part I m;
Impact transducer - =
L) Bottom of the hammer——» §
High speed camera 300 -
P2 kR R VR A i Bl 3 kR = B (B mm)
Fig.2 Super heavy drop weight test equipment Fig. 3 Illustration of drop weight (unit: mm)
*3 BEAEKRS
Table 3 Specific size of drop weight
HR JEAR JI T B A2 /mm SRR /mm 1 J# /mm Fit/kg
BLE [ZIERRES 490 - 486 719.43
S IO [GIESREN 500 - 150 231.20
R/ FHiIA Kk - 300%300 50 35.33
liFRs K Ik - 200%200 100 31.40
SN KIrik - 300x300 200 141.30
Sy 1158.70
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(a) Specimen before drop hammer impact (b) Drop hammer touching specimen

Kl 4 14 SRC6 thiti it B
Fig. 4 Impact process for SRC6
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Fig. 5 Time history curves of impact load of SRC6 specimen
(a) Variation of mid-span (b) Variation of mid-span (c) Variation of mid-span
displacement at different displacement at different displacement under
impact velocities (N=340.4 kN) impact velocities (N=680.8 kN) different boundary conditions
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Fig. 6 Time history curves of mid-span displacement of SRC specimen at different impact velocities and
under different boundary conditions
24 HED
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Fig. 7 Time history curves of axial pressure ASTRVi D7 V% il v AN TR BE AR IR

PR IRIE A 9 s . i IE 9 I %0, ARl
JE R P, A ) ) s e T (R oo o s A e S BE R AR D), il e G, 3R 9 B D) S B A B, 2
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(a) Specimen SRC7 (v=5.42 m/s, E=17.02 kJ)

B8 A il B R PRI 45

Fig. 8 Failure models of SRC at different drop hammer impact velocities

(a) Specimen SRC6 (N=340.4 kN)

FE 9 ARV T 3% vt J5 4G PE TR 24
Fig. 9 Failure models of SRC under different axial load by drop hammer
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(a) Specimen SRC6 (fixed support)

F10 TR v il vk 5 A B IR 25
Fig. 10 Failure models of SRC under different boundary conditions by drop weight
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p (a) Impact peak value change

(b) Impact platform value change
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Fig. 11 Effect of impact velocity
(a) Impact peak value change (b) Impact platform value change
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Fig. 12 Effect of axial pressure
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(a) Impact peak value change (b) Impact platform value change
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Fig. 13 Effect of boundary conditions
4 & it

ZAS S 2R e a6 AL X 0 TR BE A R AT T e i, 7RI S MO A B LR

1

>

3%
G,

(1) V& o oV R B0 TR BE A R4 7= A A il AR T M BT WIS I, (H Rt o f RE 530 K, A RS
TR+ EZ LB YIBER R &

(2) ook 380 P8 X015 TS 6 A 24 94 ) o i IO 5% Wi A R L 4 T, Bt o o Sl B 3G, il D 0L
EAE « HF IR rp o Bt i 2 3 R i S PR B T R 2k A s oo O A R v o
A TP, 5 O B TR AL 1 A B R ™

(3) A SR B A /N il 17 3 BB P9 (340.4 KN~ 680.8 kN, i fig & AH [R] (A5 00, b ) B AN 1R
BE R AP R BB, HAR SR I B 2 il 0 18 AR {232 i DX e - 1 25 i 2R e i i /L, B
e KAV RS FIR 43 057 B AL Bl 2 k)5

(4) 79 i [ 32 1) 300 S 2 A% T BB TR B A8 B Bt b i MR RE B TS5 o Wt , LR Ry [ 87 S 7, A
25 2R WA i 5 S A 1 B

(5) 7 SCIR 56 v 19 i 41 2 8 40 F TR 95 - M (SRC) 1 vty 13- 45 (B o o g WA (R %) L 49103 L
23.1%~30.27%, AH Lt TN E TR EE H A4 (CFST) , H B R % + 4914 (SRC) ¥y s 7 5 (A b it 7 e i
W TRZ .

B E X Hk:

(1] mFE, Jy 5846, B a R B £ M 000 32 1 e 3T 45 1 (7). £ K T 2% 4, 2000, 33(5): 1-12. DOI: 10.15951/

115102-9


http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001

539 4% 15 743 5 i i 113

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

j-tmgexb.2000.05.001.

YE Lieping, FANG Ehua. State of the art of study behaviors of steel reinforced concrete structure [J]. China Civil Engineering
Journal, 2000, 33(5): 1-12. DOI: 10.15951/j.tmgcxb.2000.05.001.

S, Jr AR, JEIE W, 45, B0 VR EE 4 A 0B R D RAE (3], @A H 244, 1997, 18(5): 43-50. DOL: 10.14006/j jz.
jgxb.1997.05.005.

YE Lieping, FANG Ehua, ZHOU Zhenghai, et al. Axial load limit for steel reinforced concrete columns [J]. Journal of
Building Structures, 1997, 18(5): 43—-50. DOI: 10.14006/j.jz.jgxb.1997.05.005.

JEL R, 20, 1=, SF A9 E TR BE L 1 BRI RO ) B RR M RE IR AT AT KA FRIT AT [T, EESAE = 4R, 2015, 36(3):
36-45. DOL: 10.14006/j.jzjgxb.2015.03.005.

ZHOU Ying, MIAO Chi, YAN Feng, et al. Experimental study and FEA of seismic performance of coupled shear walls with
steel reinforced concrete coupling beams [J]. Journal of Building Structures, 2015, 36(3): 36-45. DOI: 10.14006/.
jzjgxb.2015.03.005.

e fh. S IREE LA M I HT bR REDFSY [D]. LM : PRSI, 2014,

JIANG Jing. Research on resistance to lateral impact properties of the special-shaped steel reinforced concrete columns [D].
Shenyang: Shenyang Jianzhu University, 2014.

TKF. A E IR EE AT SN NS [D]. m At B Tk KA, 2015.

ZHANG Ling. Research on static and dynamic response of steel reinforced concrete bridge piers [D]. Nanjing: Nanjing Tech
University, 2015.

R, W OR, RGeSO ri) o A 0 T A R TR BB AR BT b e PR RE ST (9], B RIBR TR AR, 2017(04):
161-170. DOI: 10.13409/j.cnki.jdpme.2017.04.023.

ZHU Xiang, CAO Ruidong, KANG Tingting, et al. Study on the impact resistance of steel reinforced concrete columns under
lateral impact loads [J]. Journal of Disaster Prevention and Mitigation Engineering, 2017(04): 161-170. DOI: 10.13409/
j-cnki.jdpme.2017.04.023.

PAN J, FANG H, XU M C, et al. Study on the performance of energy absorption structure of bridge piers against vehicle
collision [J]. Thin-Walled Structures, 2018, 130: 85-100. DOI: 10.1016/j.tws.2018.05.008.

AHW, BEEAE, AL, 25 B 7 UG B T AR (0], IR 305 ehilr, 2014, 33(23): 126-130. DOT: 10.13465/j.cnki.
jvs.2014.23.026.

ZHU Xiang, LU Xinzheng, DU Yongfeng, et al. Simulation for running attitude of a train after derailment [J]. Journal of
Vibration and Shock, 2014, 33(23): 126-130. DOI: 10.13465/j.cnki.jvs.2014.23.026.

GHOLIPOUR G, ZHANG C, LI M. Effects of soil—pile interaction on the response of bridge pier to barge collision using
energy distribution method [J]. Structure and Infrastructure Engineering, 2018, 14(11): 1-15. DOI: 10.1080/15732479.
2018.1450427.

YOUSUF M, UY B, TAO Z, et al. Transverse impact resistance of hollow and concrete filled stainless steel columns [J].
Journal of Constructional Steel Research, 2013, 82: 177-189. DOI: 10.1016/j.jcsr.2013.01.005.

HANL H, HOU C C,ZHAO X L, et al. Behaviour of high-strength concrete filled steel tubes under transverse impact loading [J].
Journal of Constructional Steel Research, 2014, 92: 25-39. DOI: 10.1016/j.jcsr.2013.09.003.

AR, BEHTAE, kR KW, 5. SN N RCAEST np X B A 5T [J]. T2 J1 %%, 2016, 33(6): 23-33. DOI: 10.6052/
j.1ssn.1000-4750.2014.11.0991.

ZHU Xiang, LU Xinzheng, DU Yongfeng, et al. Experimental study on impact resistance of RC columns strengthened with
steel jacket [J]. Engineering Mechanics, 2016, 33(6): 23-33. DOI: 10.6052/j.issn.1000-4750.2014.11.0991.

RH, BlBEAE, FL i, 25 BT U4 A R B ol i iR 98 B 9Y A BROGT [, LR F12, 2016, 33(8): 158-166. DOIL:
10.6052/j.issn.1000-4750.2015.03.0153.

ZHU Xiang, LU Xinzheng, DU Yongfeng, et al. Experimental study and finite element analysis of impact resistance of novel
composite columns [J]. Engineering Mechanics, 2016, 33(8): 158—166. DOI: 10.6052/j.issn.1000-4750.2015.03.0153.

TR, TE, BR, S5 BEHREE SRR T BRI IR AT AT (9], P A B4R, 2017, 30(11): 99-107. DOL: 10.19721/
j.cnki.1001-7372.2017.11.010.

ZHANG Nan, WANG Hui, CHEN Xu, et al. Experimental research on impact performance of steel reinforced concrete bridge
piers [J]. China Journal of Highway and Transport, 2017, 30(11): 99—107. DOI: 10.19721/j.cnki.1001-7372.2017.11.010.

115102-10


http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jzjgxb.2015.03.005
http://dx.doi.org/10.14006/j.jzjgxb.2015.03.005
http://dx.doi.org/10.13409/j.cnki.jdpme.2017.04.023
http://dx.doi.org/10.13409/j.cnki.jdpme.2017.04.023
http://dx.doi.org/10.1016/j.tws.2018.05.008
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.1080/15732479.2018.1450427
http://dx.doi.org/10.1016/j.jcsr.2013.01.005
http://dx.doi.org/10.1016/j.jcsr.2013.09.003
http://dx.doi.org/10.6052/j.issn.1000-4750.2014.11.0991
http://dx.doi.org/10.6052/j.issn.1000-4750.2014.11.0991
http://dx.doi.org/10.6052/j.issn.1000-4750.2015.03.0153
http://dx.doi.org/10.6052/j.issn.1000-4750.2015.03.0153
http://dx.doi.org/10.19721/j.cnki.1001-7372.2017.11.010
http://dx.doi.org/10.19721/j.cnki.1001-7372.2017.11.010
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jzjgxb.2015.03.005
http://dx.doi.org/10.14006/j.jzjgxb.2015.03.005
http://dx.doi.org/10.13409/j.cnki.jdpme.2017.04.023
http://dx.doi.org/10.13409/j.cnki.jdpme.2017.04.023
http://dx.doi.org/10.1016/j.tws.2018.05.008
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.1080/15732479.2018.1450427
http://dx.doi.org/10.1016/j.jcsr.2013.01.005
http://dx.doi.org/10.1016/j.jcsr.2013.09.003
http://dx.doi.org/10.6052/j.issn.1000-4750.2014.11.0991
http://dx.doi.org/10.6052/j.issn.1000-4750.2014.11.0991
http://dx.doi.org/10.6052/j.issn.1000-4750.2015.03.0153
http://dx.doi.org/10.6052/j.issn.1000-4750.2015.03.0153
http://dx.doi.org/10.19721/j.cnki.1001-7372.2017.11.010
http://dx.doi.org/10.19721/j.cnki.1001-7372.2017.11.010
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jzjgxb.2015.03.005
http://dx.doi.org/10.14006/j.jzjgxb.2015.03.005
http://dx.doi.org/10.13409/j.cnki.jdpme.2017.04.023
http://dx.doi.org/10.13409/j.cnki.jdpme.2017.04.023
http://dx.doi.org/10.1016/j.tws.2018.05.008
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.1080/15732479.2018.1450427
http://dx.doi.org/10.1016/j.jcsr.2013.01.005
http://dx.doi.org/10.1016/j.jcsr.2013.09.003
http://dx.doi.org/10.6052/j.issn.1000-4750.2014.11.0991
http://dx.doi.org/10.6052/j.issn.1000-4750.2014.11.0991
http://dx.doi.org/10.6052/j.issn.1000-4750.2015.03.0153
http://dx.doi.org/10.6052/j.issn.1000-4750.2015.03.0153
http://dx.doi.org/10.19721/j.cnki.1001-7372.2017.11.010
http://dx.doi.org/10.19721/j.cnki.1001-7372.2017.11.010
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.15951/j.tmgcxb.2000.05.001
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jz.jgxb.1997.05.005
http://dx.doi.org/10.14006/j.jzjgxb.2015.03.005
http://dx.doi.org/10.14006/j.jzjgxb.2015.03.005
http://dx.doi.org/10.13409/j.cnki.jdpme.2017.04.023
http://dx.doi.org/10.13409/j.cnki.jdpme.2017.04.023
http://dx.doi.org/10.1016/j.tws.2018.05.008
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.13465/j.cnki.jvs.2014.23.026
http://dx.doi.org/10.1080/15732479.2018.1450427
http://dx.doi.org/10.1016/j.jcsr.2013.01.005
http://dx.doi.org/10.1016/j.jcsr.2013.09.003
http://dx.doi.org/10.6052/j.issn.1000-4750.2014.11.0991
http://dx.doi.org/10.6052/j.issn.1000-4750.2014.11.0991
http://dx.doi.org/10.6052/j.issn.1000-4750.2015.03.0153
http://dx.doi.org/10.6052/j.issn.1000-4750.2015.03.0153
http://dx.doi.org/10.19721/j.cnki.1001-7372.2017.11.010
http://dx.doi.org/10.19721/j.cnki.1001-7372.2017.11.010

539 4 KM, S REREE LU AR IR AT 5 11 3]

(15] BRAELE, 5k, ARV, 45 N EE T2 2O TR EE LU PERERE W ST (D). B A T AR 2741, 2018, 38(1): 72-80.
DOI: 10.13409/j.cnki.jdpme.2018.01.010.
CHEN lJiajia, ZHANG Nan, WU Yeshuang, et al. Research on influence of embedded steel skeleton form on impact
performance of concrete piers [J]. Journal of Disaster Prevention and Mitigation Engineering, 2018, 38(1): 72-80. DOI:
10.13409/j.cnki.jdpme.2018.01.010.

(161  ARFH. o) Aot il o A5 RYARZ PR B BB 2RISR TT [D]. 220 22 N TR, 2015.
ZHU Xiang. Nonlinear response and progressive collapse research of railway station due to the impact of derailed trains [D].
Lanzhou: Lanzhou University of Technology, 2015.

(171 83 B B, o AR [ 409 A5 3R Bk b B & M B b 7 M R SR BT 5T (9], b K TR 4 4, 2016(10): 11-17. DOL:
10.15951/j.tmgexb.2016.10.004.
HU Changming, HAN Linhai. Experimental behavior of circular concrete-encased concrete-filled steel tubes under lateral
impact [J]. China Civil Engineering Journal, 2016(10): 11-17. DOI: 10.15951/j.tmgcxb.2016.10.004.

Experimental study on impact resistance of steel reinforced concrete members

ZHU Xiang'?, LIU Hong’, LU Xinzheng’, WANG Rui*
(1. Key Laboratory of Concrete and Pre-stressed Concrete Structure of Ministry of Education,
Southeast University, Nanjing 210018, Jiangsu, China;
2. Department of Civil Engineering, Shanxi University, Taiyuan 030013, Shanxi, China;
3. Key Laboratory of Civil Engineering Safety and Durability of Ministry of Education,
Tsinghua University, Beijing 100084, China,
4. College of Architecture and Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: In this work we carried out a lateral impact test of steel reinforced concrete (SRC) members using
a super heavy drop weight impact tester, studied the whole process of impact and the ultimate failure mode
of drop weight impacted SRC members, and analyzed the time history curves of the impact force, the
displacement and the axial force, with the effects of different impact velocities, impact energies, axial
pressures and boundary conditions on the dynamic response of SRC members compared. The following
results were achieved: the outer concrete of the SRC members is seriously damaged under drop weight
impact; the larger the impact energy of the drop weight, the more likely the shear failure of the outer
concrete; the internal rebar and H-shaped steel only have a limited bending deformation; and the impact
resistance of SRC is generally good. Within the parameters of this test, the impact force and the mid-span
displacement of SRC increase with the increase of the impact velocity; the increase of the axial pressure
increases the peak value of the impact of SRC, and the impact time and mid-span displacement decrease.
Compared with the boundary conditions of one fixed end, one simply supported end and the two simple
supported ends, the boundary of the two fixed ends is the best for the impact resistance of SRC.
Keywords: steel reinforced concrete; drop weight impact experiment; failure mode; dynamic response
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