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Simplified Analysis on Impact Dynamic Response of Reinforced Concrete Columns
Ren Liang,Fang Zhou,Zheng Sheng Pei
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Abstract:To discuss the dynamic response of reinforced concrete columns under impact,relying on the two-degree-
of-freedom mass-spring-damper model and combining with the OPENSEES computing platform,on the basis of
clarifying the equivalent resistance-displacement curve of reinforced concrete columns,a simplified impact analysis
method for reinforced concrete columns integrating material nonlinearity and impact strain rate effects is proposed.
By comparing with the drop hammer impact test of reinforced concrete columns,the validity of the proposed two-
degree-of-freedom simplified analysis method is verified. On this basis,the impacts of sensitive parameters like
impact velocity,impact mass,axial compression ratio and longitudinal reinforcement ratio on the drop hammer
impact response of reinforced concrete columns are explored. The results showed that the peak impact force
calculated by the proposed simplified analysis method has a deviation of approximately 4.30% from the test
value,and the deviation of the peak displacement at mid-span is approximately 2.16%. With the increase of the
impact velocity and impact mass,the peak impact force and the peak displacement at the mid-span of the column
gradually increased,but the increase of the impact velocity and impact mass would lead to a delayed characteristic
of the peak displacement at the mid-span of the column. With the increase of the axial compression ratio and the
longitudinal reinforcement ratio,the peak impact force of the column gradually increased,while the peak
displacement at the mid-span showed a gradually decreasing trend. Moreover,the change of the longitudinal
reinforcement ratio had a significantly greater influence on the secondary impact in the impact force time history
curve than the change of the axial compression ratio.
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Fig.1 Two-degree-of-freedom mass-spring-damper impact model
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Fig.3 Drop hammer impact test device
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Fig.6 Displacement-time history curves under different impact velocities at the midspan
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80
250 kg
70F o 450kg
—— 650 kg
B0r . gsokg
e 1050kg eI
£ %0f 9 >
£ i
540 S e
30t
e
10 SIS SIS M A S
0 . .
0 10 20 0 70 80

30 40 50
i ] /ms

9 AREHELRE TEPB-FiZmL%

Fig.9 Displacement-time history curves under different impact masses at the midspan
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Fig.13 Impact force peak and displacement peak curve under different axial load ratio
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Fig.14 Impact force-time history curves under different longitudinal reinforcement ratio

60
55— 048%
S0 o
. . (1
dF L 299y
401 430%
E 35 [ 0000000,
£ 30 L P ©-0-0-0.60-0-00-0-0-0-0-0-0-0-0-0-0-0-0-0-0<
5 25
15L i R AR A e st S e R
10}
L/
31
O L 1 1 1 1 1
0 1 50 60

30
i []/ms
15 ANENPHETEDNTZ-ETFErL

Fig.15 Displacement-time history curves under different longitudinal reinforcement ratio at the midspan
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Fig.16 Impact force peak and displacement peak curve under different longitudinal reinforcement ratio

5 Z5ip
AT R - B MR &, 454 OPENSEES HEE 4, 2 Al A bR AEZ M R
15 240 57 PR A U B O o o AL T T I, ZERIR I ISERE |, B ITR T SO, 310



Tk

D ETEERIMEMER RS EUE I, 45675 BRI SR T AE R mZE, NS T RHEEZ R
Tt N A8 2 A0 R 5 VR O TR ) P v A A AT VR L b A SR I R AN 4.30%,
5 P AT RS IR ZE LI 2.16%, R BIHE H I RTA0 34T 7 1k B A e 1t T30 40 A9 VR vk - 380k e ok 3 i o

2) BB Ji ok PR o R R N, SO R s T VAR e (S R W MR K . 2 dd i M 3
m/s HGME] 7m/s B, s JWEEIE KT 44.91%, MRBIEEIE K T 262.33%; i & M 250 kg 3G nE)
1 050 kg B, yivili JJUWEAEIG KT 2.45%, RMIREUEEIE KT 102.54%, H g B A i 2 i n 2 5
) A 25 v S A W {1 B 5 PR ARFALE

3) Bl L SN R AR, AL (R il g W AR T R O, T 8 P L U (R I ST R/N Fr)
Fo MEE LM 0.1 BINE] 0.4 B, i JJWAEIE KT 4.98%, MIFREIEEFFIK T 14.09%: M FiZM 0.48%
HEINE] 4.30%8F, il JEEIERT 2.60%, BIRSUEEFEICT 74.54%, HHZRAR bt 77 b F2 2%
o e S R SR KT e E AR A IR

S22 3Rk

(1] ks, P A T o, A AR ) 2020 SEEERT FCRERE()]. BRI TR AR (OFHE30 ,2021,43(S1):242-251.
LIU Z H,LU Z M,ZHANG R.et al. State-of-the art review of bridge impact research in 2020[J]. Journal of Civil and
Environmental Engineering,2021,43(S1):242-251.

[2] B BhIEAR, EAN AR PR O R LRIR . T TS A %R, 2024,37(5):38-66.
FAN W,ZHONG Z W,WANG ] J. Vessel-bridge collisions:accidents,analysis,and protection[J]. China Journal of Highway and
Transport,2024,37(5):38-66.

[31 EHEEMK,KKN,Z. RSO RC RN 5 1F R 7R, A E A B 2%4k,2024,37(5):108-121.
WANG S C,PANG X F,ZHANG G,et al. Damage mechanism and calculation method for double-column RC bridge piers
subjected to truck impact[J]. China Journal of Highway and Transport,2024,37(5):108-121.

[4] JIA P C,WU H,WANG R,et al. Dynamic responses of reinforced ultra-high performance concrete members under low-velocity
lateral impact[J]. International Journal of Impact Engineering,2021,150:103818.

[5] SWESIA O,COTSOVOS D M,VAL D V. Effect of CFRP strengthening on response of RC columns to lateral static and impact
loads[J]. Composite Structures,2022,287:115356.

[6] HUANG Z J,KHAN M Z N,CHEN W S,et al. Experimental and numerical study of the performance of geopolymer concrete
columns reinforced with BFRP bars subjected to lateral impact loading[J]. Construction and Building Materials,2022,357:129362.

[71 CHEN L,FANG L,FAN W,et al. Field test and numerical simulation of a full-scale RC pier under multiple lateral impacts[J].
Engineering Structures,2022,268.

[8] WEIJ,LIJ,WU C Q. Behaviour of hollow-core and steel wire mesh reinforced ultra-high performance concrete columns under
lateral impact loading[J]. International Journal of Impact Engineering,2020,146:103726.

[91 FAN W,SHEN D J,YANG T,et al. Experimental and numerical study on low-velocity lateral impact behaviors of RC,UHPFRC
and UHPFRC-strengthened columns[J]. Engineering Structures,2019,191:509-525.

[10] AF5%, 3t Mg W ). 2T HIC RRETRY B0 2 45 R BBORIEARE M S22 T (D], R 2R 388 K 2241, 2022,39(3):24-30.
REN L,WAN C,YU X M. Analysis of vehicle-pier collision response based on HIC model[J]. Journal of East China Jiaotong
University,2022,39(3):24-30.

[11] 1R85 T4, A, 55, NC-UHPC A& RGP dr R EUE BT TE[T]. TREFIAR,2024,46(2):354-364.
WU M,HUANG Y Q,PAN R S,et al. Numerical study on impact resistance of NC-UHPC composite beam[J]. Chinese Journal
of Engineering,2024,46(2):354-364.

[12] FAN W,LIU B,HUANG X.et al. Efficient modeling of flexural and shear behaviors in reinforced concrete beams and columns



subjected to low-velocity impact loading[J]. Engineering Structures. 2019,195:22-50.

[13] LIU B,FAN W,HUANG X,et al. A Simplified Method to Predict Damage of Axially-Loaded Circular RC Columns Under Lateral
Impact Loading[J]. International Journal of Concrete Structures and Materials. 2020,14(1):337-352.

[14] BERTRAND D,KASSEM F,DELHOMME Fet al. Reliability analysis of an RC member impacted by a rockfall using a nonlinear
SDOF model[J]. Engineering Structures,2015,89:93-102.

[15] DAS ADHIKARY S,LI B. Simplified Analytical Models to Predict Low-Velocity Impact Response of RC Beams[J]. Practice
Periodical on Structural Design and Construction,2017,23(2):04018002.

[16] B%4% 45, AR 2. 52K UHPC & BB o5 356 & R4k 2 A vk 9], o B A 8% 22 31,2019,32(11):165-175.
FAN W,YANG T,SHEN D J,et al. Experiments and a Simplified Analytical Method of an Axially Loaded Circular UHPC Column
Under Impact Loading[J]. China Journal of Highway and Transport,2019,32(11):165-175.

[17] YIW,ZHAO D B,KUNNATH S K. Simplified approach for assessing shear resistance of reinforced concrete beams under impact
loads[J]. ACI Structural Journal,2016,113(4):747-756.

[18] Weng Z Y. Impact effect of reinforced concrete beam and plate subjected to impact loading[J]. Nuclear Power
Engineering,1989,10(3):45-52.

[19] SUARIS W,SHAH S P. Inertial effects in the instrumented impact testing of cementitious composites[J]. Cement,Concrete and
Aggregates,1981,3(2):77-83.

[20] FUJIKAKE K,LI B,SOEUN S. Impact response of reinforced concrete beam and its analytical evaluation[J]. Journal of structural
engineering,2009,135(8):938-950.

[21] ZHAO D B,YI W JLKUNNATH S K,Numerical simulation and shear resistance of reinforced concrete beams under impact[J].
Engineering Structures,2018,166:387-401.

[22] FUJIKAKE K,SENGA T,UEDA N. et al. Study on Impact Response of Reactive Powder Concrete Beam and Its Analytical
Model[J]. Journal of Advanced Concrete Technology,2006,41(1):99-108.

[23] DO T V,PHAM T M,Hao H. Dynamic responses and failure modes of bridge columns under vehicle collision[J]. Engineering
Structures,2018,156:243-259.

[24] THOMAS R,SORENSEN D A. Review of strain rate effects for UHPC in tension[J]. Construction and Building
Materials,2017,153:846-856.

F—1EH: F5r (1980—), 5, Wd, R, WA, B ROAFRTUR 5. E-mailrenliang@ecjtu jx.cn.

BIEESE: 78 (1999—), B, miLaFad, BHRITRANESE. E-mail:3525960400@qq.com.



mailto:renliang@ecjtu.jx.cn
mailto:3525960400@qq.com

