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Abstract

The dynamic shear response and damage failure mode of reinforced concrete (RC) columns under
softimpact are investigated through three-dimensional finite element analysis method in this study.
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Vo 2

By establishing a refined finite element model of RC columns under soft impact, the influence laws
of two key parameters, namely the stiffness of the impactor and the impact velocity, on the dynamic
shear response and damage mechanism of RC columns are studied. The results show that the stiff-
ness of the impactor significantly affects the dynamic response and damage mode of RC columns.
During the impact process, the soft impactor consumes part of the initial kinetic energy through its
own deformation, thereby reducing the probability of punching shear failure in local response stage
and the shear failure in overall response stage of RC columns. When the stiffness of the impactor
remains unchanged, the increase in impact velocity will exacerbate the damage of RC columns. Un-
der high-speed impact, there exists a critical stiffness that causes the failure mode of RC columns to
change from shear failure to punching shear failure, and the corresponding critical stiffness de-
creases with the increase of impact velocity.
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Table 1. Design and loading conditions of specimens

1. R EET A &G

e Ef#/mm MRS iRy BRI bR iR
N 5 mm mm A (m:s™h kJ

Cl 16 6 100 250 90 6.92 7.53
C2 10 6 100 250 90 6.92 7.53
C3 16 / / 250 90 6.92 7.53
C4 16 6 100 350 60 4.90 3.78

C4R* 16 6 100 350 60+90 6.92 7.53
C5 16 6 100 350 75 5.68 5.07
C6 16 6 100 350 90 6.92 7.53

VE: C4 BRI AN, IR BL 90° B #8H B T A1 B2 it it (R C4R) .
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Figure 1. Finite element model of impact test
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Figure 2. Comparison of impact force time history
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Figure 3. Comparison of displacement time history
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Figure 4. Damage of reinforced concrete columns under different stiffness
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ARHIFGT LG e A I B DA R e T T A S B 2 0T 4 57 R g A ) 2 B 7)o S AN 5 BB 1)
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1000 kN/mm 5 MMRIEESE S . /EE 2 50T & RN b AF 58 AT 401, RC AEFE Ml JE o 7 m/s B R AR T
BRI B IR s FEPTE N 16 m/s BEEN T BR BT AR o) i DDA ARl VB B s FE PPt D 24
m/s BFURA T BB UIR . BRI, T IX — AR A AR R, A SOl S Uk U = AN
FE, 43R RARE AR i =AM S I 2 s

ARSI ) A FR 2o RC AL &40 NolEl e - bomE s H RonmdimfE: VR
TRPP R, K R iR WIEE . Bildn, FR-H250-V7-Kiooo BEH 7R T 3 8 5 - b3 B B RC AEE 250
mm 75 AL 52 7 HE NI N 1000 kKN/mm (A B 7 m/s 9 s

Table 2. Soft impact parameters of reinforced concrete columns

2. RC HFRMHTHSH

EY e dE (m/s) 7 NI (KN/mm) i R (mm?)
FR-H250-V7 7 0.5. 1. 10. 100. 1000 200 x 200
FR-H250-V16 16 0.5. 1. 10. 100. 1000 200 x 200
FR-H250-V24 24 0.5. 1. 10. 100. 1000 200 x 200
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ERAR R BT, Ak B I 8 AW i 0, SoRfrig b 2 W OF R & TRE. KA
BRI SR A T 2 b W LB, SRR ph N 2, AR A rp e &, AR AR 1 b
WEAE Tk ZR 1 RE AL IR AT, SR R R B R A AT R NIEARTY, RS RN AT RS, fE
BRGNS iy SR PR S K ELAE I (R R IR 4, RN RIS VAR K SRV [R]
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HNIEERIIN, FEELE RN GS, RERALIBACRIR R, BOR AN IZWTNGE, RrRgEEE. K
FERIGE FERER,  Jmy 0t DU el ke LR, SRR R N . A I oL T, AR TR B 4
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Figure 5. 7 m/s impact force time history curve and displacement time history curve
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Figure 6. Damage of reinforced concrete columns at different stiffness at 7 m/s
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4.2.2. RIREHIT(V =16 m/s), IEHERIEX RC HEzhAS ARG 20

T(2) 7R T R A 16 m/s I, AN[RE o NI B o s Jo s R 2R I RE o |l TR T e
T, RN 0.5 kKN/mm B 3038 2 4l 58 4 TR AR R R R B pPRE 1, iR SRR R AR R b o Bk, i 7
RS HABNIE TOAFEHEZER, HIERAFEEE Kos X— Lo, WEHITLEH, MR TRE T
W, B NIEE TR (bl e R AR 22 e B . (IR (1 KN/mm. 10 kN/mm) T ph s Jp (e 2 E 48T, 1F
FH RS RIS A i v IS T 58(100 kN/mmy 1000 kKIN/mm) ) it o 77 WA 19 K e gt — 0 ik, Horr 1000
KN/mm 156 7 (1 VA 3 0 S o B e, LA FH B (R R 4 . 5601 7(0) IR TEAS AT, 0B =Cpd
I BERE R I “ R BIY) - SR UIBEIR” 4k : RNIEE(T KN/mm. 10 kN/mm) T.4%¢ F, RC AELLRH A BIY)
R, s TR AREI, TG RIVE I R BE R W ToL s ™5, WIEE S 100 kN/mm B,
DIRESRRFE S B, ok I T B S RO B O0A%: VR L P A b T b i s s W 3 — 2538 K 3 1000
KN/mm B, PRUIRESR BRI R, B DR SE AT, R b o U Je W S U1 s, Lt 67 % o o2 2 30 144
il TR, ARBLT rhs T T W AE R 1000 KN/mm BF, PR A PR B VR vk - 5 A 2 g 3
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Figure 7. Calculation results of the finite element model at 16 m/s
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4.2.3. EREHRR(V =24 m/s), HEHRIEXT RC HERAS0 R FIiRMA =R R0

8 R T il 2 24 mi/s B, AN [F1 T A NI o o g s R il 4R 0 RC AR A e B =X P S
g ol TORL, 78V =24 m/s I, RIEEA 0.5 KN/mm 3055 2 58 4 R 45 ok g b e 1, bl
P SRR A NI s ek, e SRR FOAR WA TOAAE R 2R, RIKEIHRAFEEE Kos X —
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NIBE KPR350 OK, st 28 o VB F B35 BRI HR s NIEE(100 kKN/mm 1000 kN/mm) T8 T, i J7Ug4H
WK AFLE, WIEE Y 1000 KN/mm B U6 (E 5 NI v Tl A —3, 256 K 8o RmIAsTT AL &
T R O A s SR e — 2B B, pPUIAER 4 325 W9 10 kKN/mm B, RC AT H I
MRS, il XIOREE L R SR RAE B U0k s WIFEN 100 kKN/mm B, I RE ™, 2, 8Y
DI AR A, TR G YK, AHsh e Bty ik WIEESA 1000 kKN/mm B, iR @k el

Ly ke

ZL, BTURESE AT, AP I O B IR, VR ORE T, RC AR T IR R IR .
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Figure 8. Calculation results of finite element model at 24 m/s
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BY IR B s B Hy BOA 50 mm, PR OISR R b TR AR A i - VR A B Al T ] A
45° R . BAY T b R AR AR B L S SR KBS B ok, G DG 8 P *DATA-
BASE CROSS SECTION PLANE #HT#EL. £G4, i o B iR g . i S5
BT ALY p A, SR A R 5. K b FAE S, BTSRRI AS e s
JIME N ph 5 B s e e A .

Il
11
E R
&—f i
Figure 9. Schematic diagram of RC column shear plug
E 9. RC HEI IR EE

B 10 JBoR T A I3 T 38T i E S AR B O R . B 10 Al Uppdil N 7 m/s
i, 5T S EFENIE R KM D L. WIS BARE 33 R 4R R R, iRt RS R & )& %
&3, BIYIRSAELES, RIENIEESE R, (Rl Nt mahse A IR, RC IS IS EH0 8T WIEEE
I FHE S, Lo AT NI, REE AR i A PRad AL 8, RC AR 1455 2B NI BE 4 13228 1) R 1) B
VINR K e (2 WK 6).

Yo 16 m/s I, WA 10 kKN/mm 8 % 100 kN/mm I, Zh 8 (s S IpE s, 1
KM R TRIE T, X2l Tl Fopdishfe B & m, EmiHEshah sy JjigE ok B, i RC
FEA AR A BB N 22 SN AR 100 kKN/mm J&, KA TGRS, EE 1000 kN/mm i H 58
A BEAC, X5 Al Tl N T 6 m i I AR O PG OGNt 52 J L) B DI RER e o U] e
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Figure 10. The relationship between dynamic shear peak and stiftness
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Table 3. Evaluation of punching/shear failure mode of RC columns
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