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Abstract: In order to study the reinforcement effect of high ductility concrete (HDC) on damaged
reinforced concrete (RC) columns, four RC square columns were designed and manufactured in
the experiment. Among them, three were pre damaged columns and were reinforced with differ-
ent thicknesses of HDC. One unreinforced specimen was used as the control group. By conduc-
ting axial compression tests on damaged RC columns reinforced with HDC with different thick-
nesses, the development and failure patterns of cracks were studied. On this basis, an ABAQUS
finite element model of HDC reinforced damaged RC column compression specimens was estab-
lished. ABAQUS was used to numerically simulate the tests on HDC reinforced damaged RC col-
umns with different thicknesses, with its stress mechanism analyzed. Finally, by analyzing ex-
perimental and simulated data, considering the influence of HDC material strength utilization co-
efficient on the bearing capacity of damaged RC columns., a calculation method for the ultimate
bearing capacity of HDC reinforced damaged RC columns is proposed. The feasibility of the simu-
lation results and calculation results is verified through experiments, which can provide a strong
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reference for practical engineering using this reinforcement method.

Key words: high ductile concrete; strengthening damaged reinforced concrete columns; compres-

sive performance; finite element analysis; carrying capacity
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Fig. 1 Schematic diagram of specimen design
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Tab. 1 Parameter table of mechanical properties of steel bars

R HEd/  UREEE Eﬂlﬁ?ﬁg
mm E/MPa fy/MPa

HPB300 8 2.1X10° 316

HRB335 12 2.0X10° 361. 6

K2 MBSO %

Tab. 2 Reinforced specimen design plan

WS INEEEE /mm U A/ mm R/ Vo
RC-1 0 200X 200 0
RC-2 10 220X 220 100
RC-3 15 230X230 100
RC-4 20 240X 240 100

1.2 #MBh=iee
IR LT 4 TR IR LT 4 (PVA) AR B 2
2%, FEVEREFE AR UL 3, R T SCERL 13 XS
FLIRF ST A3 HDC BeA b W3 4.,
F#3 LFYEEREISIR

Tab. 3 Fiber performance index

g4 KE/ 5L/ Pibiam hkER/ PLPEA
2R mm pm  fE/MPa % H#/GPa
PVA 12.0 40.0 1630.0 6.9 43.0
F#4 HDCEAL
Tab. 4 HDC mix ratio
7K APy ¥ 7K WK
1 1 0.72 0. 58 0.03

IR HT R SRR DG AR AE I3 T R B i e A
HDC 8-V B350 H 38 BE B (S o) FP ST L5 B (H
Srm) s HIT#PERESRBR LR 5.

%5 HDC R 1917
Tab.5 Mechanical properties of HDC and concrete
PURSRIE fawm / PUPLRIE fim /

PR MPa MPa
TR 33. 28 1.78
HDC 54,57 5.71
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Fig. 2 Test loading device and its schematic diagram
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Fig. 3 Failure pattern diagram of specimen

2.2 WORRESSH

ARINERE RC-1 BRI, 2448 Bl S8 11 1 J 2
A7, BB TS TAE B IR BE 1 B RIG VR  Fil 75 0%
N P R 2e SN R L U m W N7 &= A B
IR AN A S A A R Y R 1 )
B4 WO IR AT, &2 322 R 35 A )
PURRES . MR AR RS i v A B g 3
G UL I 200 A% O TR B8 b i 1] A2 T2 A 29 RAE
Mo SRR G G SR S IR RS B RC-2
DAL/ BB T 2L IR A, LA NN T A g 2 B v R 58 Tl
IS HDC &z 8 1 )5k R o 1R BE 4k
Fefi, oAy HDC in 2 5 IR BE - K45 RS R 4r,
BT HDC #4172 fE ) FIBH 2L RE
2.3 RBWERSH

HIP 4 W71 A% T RC-1, RC-2,RC-3, RC4

B L TR o 200 RS il 2R B B B N
[ J22 L EE R34 0, 32 48% RC E 14 b R R 28 ) RS T2
fIE 7 AN W 3800 e K A B R IR AL 20 O 1704 ~
4005 ARG AZ AR R (EZ 0 300~1804.

17001

1 S00f
L L gote A‘A

1400 £ A
1300 \
1200 i %, A
1100 A wemny

Z1000 5 "

2 900 o -

= 800 g
700f 4
600 Fe =—RC-1
500 —+-RC-2
400} "4 —+—RC-3
300 ) 4 RC-4
200 A%
100}

%%/ mm
B4 BT - LR fh Zoxt oA

Fig. 4 Load-displacement curve of specimen
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Tab. 6 Finite element simulation results
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RCG-1 1208 1153 1. 048 5. 60 8. 46
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Fig. 8 Comparative analysis of load-displacement curves
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Fig. 13 Confined stress-strain curve
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Tab. 7 Comparison of calculation results

B W/ HRE BEUE/
kN

m/% /%

ErREs kN kN

RC2 1356 1377.5 1419 1.59  —2.9
RC-3 1483 1 506. 5 1525 1. 58 —1.2
RC4 1611 1643.5 1653 2.02 —0.6
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