=5 ilH 3 1k

Acta Materiae Compositae Sinica

Btk UHPC-RACA & A S R 1A

RHR ALSR R

Axial compression performance of precast UHPC-RAC composite short column
QIN Chaogang, DU Jinlin

FELRR1EE View online: https://doi.org/10.13801/j.cnki.thelxh.20231020.002

LT RIS HA SO

Articles you may be interested in

LT YRR IR S 5P R 2 U i P RE TR R Al M RE A 2 UL A (B A AL
Meso—scale numerical simulation of axial compression performance of fiber reinforced polymer composite—confined ultra—

high performance concrete

A MR 2020, 37(7): 1629-1638  https://doi.org/10.13801/.cnki.fhelxh.20190827.001
o ST A 24 SR e PR BB TR i R PR

Axial compression behavior of ultra—high performance concrete columns confined by high—strength stirrups

A MR 2020, 37(10): 2590-2601  https://doi.org/10.13801/j.cnki.fhelxb.20200203.002
[ 1 2 AR Bl 2T 33 8 B A ) BB AR 24 R PR AR BB e T S Rl 1 B A 52 )

Effect of corner radius on axial compressive performance of steel reinforced concrete rectangular short columns confined

by carbon fiber reinforced polymer composite

A MRIEAR. 2020, 37(4): 775-785  https://doi.org/10.13801/j.cnki.fhelxb.20190627.001

FRPAT AR EE LAl 32 R 3
Compression behavior of FRP bars/coral concrete columns under axial compression loading

B AMRIEAR. 2021, 38(10): 3530-3541  https://doi.org/10.13801/j.cnki.thelxh.20201217.001

ST A i 2R H B BUGFRPAS i R P R
Axial compression performance of pultruded GFRP tube based on casing buckling restraint

AR, 2021, 38(10): 3255-3269  https://doi.org/10.13801/j.cnki.fhelxb.20201222.002
CFRPZHUNAS TG PN A TR BE 1 S8 ATl e M e

Axial compression behaviour of CFRP confined reactive power concrete filled steel tube stub columns

EARRIEEAR. 2021, 38(2): 439448 hitps://doi.org/10.13801/j.cnki.fhelxb.20200608.003



https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20231020.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190827.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200203.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190627.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20201217.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20201222.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200608.003

FIREMBEARAS, FREZHINGEE



§é$j*4$*ﬁ EaE O FeM 6H 20244

Acta Materiae Compositae Sinica Vol.41  No.6  Jun 2024

DOI: 10. 13801/ j. cnki. fhelxb. 20231020. 002

¥l UHPC-RAC HE FEHEEE 4 BE

AN, BB E

(KRS IR TRSBE, V9% 710061)

W OE . KA S M BB YR BE 1 (Ultra-high performance concrete, UHPC) £ 75 4E iR % + (Recycled
aggregate concrete, RAC) & %11 ATl UHPC-RAC 4 & . LIS A1 & . UHPC %#JE fll UHPC-RAC 45 &
T HLRE BE 28, R THIAE T 7 A Wil UHPC-RAC 41A %A, i eiRes, A0 TRIRES . MR A
k- MLk . AREH . I L RIBUG S RES B, SRR TiH] UHPC-RAC 4 & A% T RAC JEHE
HIIEIRIEAS, ESME UHPC 546 M % A A 1 X PIE8 RAC ZYBRACR AN, 43 58 29 B A9 B V) R it i 36
S LY W SMEE UHPC BF 43R csi UHPC S JLEBE 34 I, 458 T 41ME UHPC MZYRAIE, &8 T
il UHPC-RAC 2H & J A ) %l F W B2 F0 32 R ER 1, S KT $27F 93.3% i1 97.4%,  FEAIR T YA A L A 5538 54,
e b L Y 28 A6 S R 0.26~0.18; UHPC-RAC 45 & 1h FHRS B2 X0 il e 1k R 2 B0 Al 2l H 22 R, TR EY
FRCRARIE T B REM B 12 R RE RO &8, SRASINEE, 87 T ol MER T B5R 4R Bl UHPC-RAC 41 4&
R 32 AR E AR, IR T Hithl UHPC-RAC 414 S A IR HE0R, 42T RN FE %,
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Axial compression performance of precast UHPC-RAC composite short column

QIN Chaogang’, DU Jinlin
(School of Civil Engineering, Chang'an University, Xi'an 710061, China)

Abstract: The combination design of ultra-high performance concrete (UHPC) and recycled aggregate concrete
(RAC) forms the precast UHPC-RAC composite columns. Seven precast UHPC-RAC composite short columns were
designed and fabricated with the parameters of stirrup position, UHPC thickness and UHPC-RAC interface
roughness. The failure form, material strain, load-displacement curve, bearing capacity, Poisson's ratio and
damage were analyzed through the axial compression experiments. The results show that the precast UHPC-RAC
composite short columns improve the failure pattern, which can be divided into strong confining shear collapse
failure and weak confining of UHPC splitting due to the difference in the binding effect of the combination of
external UHPC and stirrup on internal RAC. The increase thickness of hooped UHPC ensures the enhancement of
external UHPC restraint. The restraint effect of the outer UHPC is enhanced with the increase of the hoop UHPC and
its thickness. The axial compressive stiffness and compression capacity of the prefabricated UHPC-RAC short
column are increased by 93.3% and 97.4% at the maximum, and the Poisson's ratio and damage index are
decreased, with the Poisson's ratio varying from 0.26 to 0.18. The roughness of UHPC-RAC bonding surface has
little difference on the favorable influence of axial compression performance parameters. The strong constraint

effect can make full use of the mechanics of high performance materials. Based on the superposition principle, the
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calculation formula of the compression capacity of the strongly constrained precast UHPC-RAC composite column

is established, and the design requirements of the precast UHPC-RAC composite short column are proposed to

improve the utilization rate of the material.

Keywords: ultra-high performance concrete; recycled aggregate concrete; precast composite short column; re-

straining effect; axial compression performance; compressive capacity
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Fig.1 Main ingredients of ultra-high performance concrete (UHPC)
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Fig.2 Basic mechanical properties test of UHPC
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Table1 Mechanical properties of recycled aggregate concrete (RAC), UHPC and reinforcements
Material Compressive strength/MPa  Tensile strength/MPa  Material  Yielding strength/MPa  Ultimate strength/MPa
RAC 26.20 — Cé6 400.5 568.4
UHPC 101.78 9.30 C10 456.5 621.3

Notes: C6—Steel bars with a diameter of 6 mm ; C10—Steel bars with a diameter of 10 mm.

1.1.2 FRA IR 1 A i

R0 AR TR BE i B A R, RIER
B V4 A T 2t B S B £ A B 2 A Bk 45 A ) A
S SRR, W CTREE AR R )
(GB/T 25177—2010)" H 11 2 1 4= #1519 o B
TR, AR ORH IO R S 50%,  TK 8 R i R
[ P-042.5, W hiab, FAETREE - PR
WITAE9h €35, BLA ekl - 00+« KRR BB
FAERE KB FREL R 1:1.26:1.17: 117 :
0.57. 0T R K A 100 mmx 100 mmx300 mm
P AR, IR R WL 1,

Tl ] UHPC-RAC 41 & 8 A rb 80 A 5 B 25 9
HRB400, 2\ 32 H i 4% 0 10 mm, i /i B 45
Sy 6 mm, XA A HT R 5E B SEIAE WL R 1,

1.2 XHFi&it

AP BT T 8 AN AR, G 7 AT
UHPC-RAC 414 % A1 F1 1 /> X L 43 B 09 74 A= T g
TR, YR CIREE - 450 ik e )
(GB/T 50010—2010) #1032 HAG 44 (1 S5 T4
KPP AR USSR, Y 750 mm,
o R oA 250 mmx250 mm., ] UHPC ¥ 754 1R
5 - 0 R AR AN S B — B ) RAC B, B K
UHPC-RAC 4 & I 4 A #0182 B LAFR A i il
HEmA, BT dnk7e R, i A BE
UHPC 5 RAC IS HE K BEMY 2218, £9°H 10d (d J 8%
T H O\ 1) A A5 0 ELAR )P, TR BT O 1 A A 4 4 i
PR 25 5 %€ TE B K 48 I8 0 B 50 mm A [T AL
V£ 4 5 3 UHPC % #: 32 J1 #1938 1 , UHPC 78
W2 I8, SEBRZH A R R T B, LR R
AR . T RS AR S B RAC A A2
B, Gl B R T R RAC A NER,
8C10, BECHlIF N 1.01%. 4 N Co@60, i i fifi
LA R SE A8 Ak (FL 4l R A AR /N 22 5), Sl
A A A AR [ A i i 1. ild UHPC-RAC 41
HEERNTTSEGE L 2, BBt anE 3 s,

il UHPC-RAC 4 & i AE A it 281, 4%
§ifi 77 {7 & . UHPC BE J& FIl UHPC-RAC 45 4 Ifil kL K
A B S8R HE RAC NS (1-1). UHPC

F2 T UHPC-RAC A&EHIIZITSH
Table 2 Design parameters of the precast UHPC-RAC
composite short columns

Specimen 0% pl% Thickness/ Roughness/
mm mm
R-C1 0.97 — —
U20}S/L/R-C2 0.92 20 —
U20,S|L/R-C3 0.90 20 —
U20/S|L/R-C4 0.87 101 20 0
U15/S|L/R-C5 0.83 ' 15 —
U30/S!L/R-C6 0.96 30 —
U20/S|L/R-11.6-C7  0.87 20 1.6
U20/S|L/R-13.2-C8 0.87 20 3.2
Notes: U—UHPC; R—RAC; S—Stirrup; L—Longitudinal bar;
"/"—S or L locating in RAC or UHPC; ""—Interface between

UHPC and RAC; I—Interface roughness; p,—Volume-stirrup
ratio; p—Longitudinal reinforcement ratio. For example,
U20/S|L/R-13.2-C8 represents the eighth column whose UHPC
thickness is 20 mm, the “S” stirrup locating in UHPC, “L”
longitudinal bar locating in the RAC, and the bonding surface
roughness is 3.2mm; and UZ20|S/L/R-C3 represents the third
column whose UHPC thickness is 20 mm, “S” stirrup locating
in the interface between UHPC and RAC, “L” longitudinal bar
locating in the RAC.
PN i 775 (W 41 UHPC)(1-3) F1 UHPC-RAC %5 4 1 b
fili /7 (1-2), BBt g Al b0 2k 5 UHPC-RAC 45
AT S, R T — 2 T RAC, — 2R TE
UHPC, N7 5% 30 51l UHPC /i, i RAC .t 4
A1 3R T WS 7 A1 iR i A i i, LL4E R UHPC
5 RAC %5 & 1 1) kG 25 58 B #7 )L 20 mm 2 Jic 4
UHPC 11 i 4 U20/S|IL/R-C4 Jy 2 IR, 7% fk A} BE
UHPC JE J¥ , # it T 15 mm Fl 30 mm J5 (¥ fiQ 4
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FLRE B2 o8 0 mm (193 44 U20/SIL/R-C4 Jy LAt #b
7. T UHPC-RAC £5 4 A 24 1.6 mm 1 3.2 mm
ML A FE C7 R C8, 2545 THRURE B2 SR “HEAD 7
PEAT IO, MR T P R TR SR AR R, MR R
B KA 30mm, T €N 20mm, JEJE 40N
10 mm 1 20 mm, i ffil UHPC-RAC 41 45 %5 kA9 %
s an & 3 i, Hid UHPC 5 RAC 45 4 i Hl
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U20/SIL/R-C4 F [a], ALAE i) RAC S5 A 2 1 Ab
o0 R B, BB SR ST Y o A 1E O a0
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ZEWI W45 . T UHPC-RAC 2H 4 %5 A %l Mg

- 3133 -

Stirrup Steel bar-RAC UHPC -RAC Steel bar/Stirru

N [°
:‘ -~ ‘_‘4 . AR I
B BRUREERRE N B el S
N ST S lolo o| o
 EEEETRE [EES e
.2'4' 4-'

. R IR

B R i

e I A
R EREREE

5 200 5 d 210 )

250 250
(a) R-C1 (b) U20'S/L/R-C2

IR

%

250

AL

%%%%%%%
250

(f) U30/S|L/R-C6

#

NHPC-RAC interfacg
1-2(C3)

HPC-RAC interface

(g) Location of stirrups Unit: mm

R—Radius of the UHPC core column
3 Wil UHPC-RAC A MEAE MR T IS
Fig.3 Section design of the precast UHPC-RAC composite

short columns
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Fig.4 Construction of the precast UHPC-RAC composite short columns

(b) Composite section (d) Specimen
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Fig.5 Loading and testing device of the precast UHPC-RAC composite

short columns
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Fig.6 Arrangement of reinforcement strain gauges
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Fig. 7 Failure pattern of the precast UHPC-RAC composite
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Fig.9 Load-displacement curves of the precast UHPC-RAC composite

short column specimens under the influence of different factors

Tl RAC A1 51l &2 & UHPC, 5 4 i i A
4431, T UHPC 5 RAC A& #k i, ol
DA RAC IS AE $ HE A [A] i 20 oA, 520 T far 2% -
MR Z, 2% RAC MY Z Ead #2 . 5 RAC M
FEXF LG, 40l /i A RAC N 28 UHPC-RAC 45 45 T

E A UHPC, i i 2 A 40 4 (0 WI B 22 3 4, 1%
KRR 26.7% . 69.5% Fl 76.7%, 1 WLALK RAC
T AT 4 A A DR 4P 2 B B S UHPC, il e Pk g
Bk SO SS, 5 UHPC % Jf 55 RC J A 09 4
o, T4 5 UHPC 414 T2 B A0 i 46 UHPC 52
ARAIE R, BEHMCR R B . 4 UHPC
iR B N 15 mm 34 50 o4 20 mm A1 30 mm B, &2
JE W 58 0% 43 ) A 65.1% . 76.7% Fl 93.3%, 1 iF
B K, A, BC 4 UHPC (9 J5 )N, % FR
PERE RN, AR AR B B . 4 BiC 4 UHPC J&
FEARFFAAS , W2 UHPC-RAC 45 4 T LR £ (1 33
hn, 2 R EE 59k 76.7% . 77.3% Al 87.3%, faf
- RS LR BN 22 5

24 15 il UHPC-RAC 41 45 6 A 14 il R 28 T 48 1
W R RS i ABEIR Y B, AR 3 ) 2 B R B
Ht KT RAC HIAH:, R WRE B 5 40 B oy 2 iy 2 7
FEEEAH G, R UHPC N4 44k h ks, 5571
LR A Y RAE RIS . BlJE , 7R3 %%
8RR, BEE MR, 5 BA 8BS Z
JERE S, REBUEAIES, PR
3.2 ZEAEAN

A Ao T 2 A A b A Y kAR R T R
- ik, #i%E T Wik UHPC-RAC & FERY
FEZAq0 38 . Jer R A 26 0 A IR Aoy 28 B HL XoF 3 11 %% i)
ik, TEUWR 3, HohJm R A5 R 32 He 4 Al ik ) s
IR 10 A8 B A A, AN () DR 3R R I i R R #R T i AR
R AN 10 B .

5 RAC @ HEXT H, A it il UHPC-RAC 41 & i
Horft UHPC W EF 4 M 827 AR ok 1 R A4
246877, MR T2 AT G N, AN A B S
£ b L 4 UHPC 1Y f K4 T 73.01%, L 4 UHPC
BE JE 30 mm i} fz K 2 Tt 164.15%, UHPC-RAC %5
AT B R R R e K4 0 85.9%, b E Al UHPC
RE JEE G T 24 £ 28 1 52 e e K . UHPC 5 4 177 11 41
BT, T R T RAC AR AE T 9 B
YR, NI P T IR ar 2R AR B ey 2, K
2 RSP B AL TEN AR S 808 RAC
FE R B 52 R 3 g, B
S'i = Nuynpc/Nrac (1)
HH . Nygpc N Tl il UHPC-RAC 4 & 4 1Y 532 JE &
#J1; Npac N RACHEMAZ R E T, 45 5 W,
%3,

b 25 4t 73 137 # M RAC 22 UHPC-RAC 4545 T 1t



ZERAW5F . T UHPC-RAC 24145 4 A 4l Fi M g 3137 -
*3 Fisl UHPC-RAC A& EHMMEEESH
Table 3 Axial compression performance parameter of the precast UHPC-RAC composite short columns

Specimen N, /KN Jo/mMm N,/kN §,/mm N,/kN 6y/mm K/(kN-mm™) S

R-C1 1010.40 2.11 1305.36 2.78 1984.20 4.79 437.01 1.00
U20;S/L/R-C2 1290.32 2.23 1 960.04 3.43 2 351.40 4.52 553.78 1.19
U20}S|L/R-C3 1 463.40 2.15 2 549.60 3.45 3 024.60 4.46 740.73 1.52
U20/S|L/R-C4 1747.84 2.40 2 488.52 3.20 3 370.40 4.74 772.26 1.70
U15/SiL/R-C5 1 645.40 2.11 2331.64 3.16 2692.20 4.21 721.44 1.36
U30/S|L/R-C6 2668.98 3.16 3612.99 4.37 3779.52 4.94 844.79 1.90
U20/S|L/R-11.6-C7 1878.40 2.63 3 430.56 4.40 3792.12 5.03 774.96 1.91
U20/S|L/R-13.2-C8 1682.02 1.96 3598.72 4.36 3916.36 4.83 818.66 1.97

Notes: N.,—Cracking load; 5.,—Cracking displacement; Ny—Yielding load; 6,—Yielding displacement; N,—Ultimate load; 6,—Ultimate
displacement; K—Compressive stiffness; S;—Coefficient of increase of axial compressive capacity.
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Fig. 10 Compressive capacity of the precast UHPC-RAC composite
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Table4 Compression capacity calculation of the precast
UHPC-RAC composite short columns

Specimen NJ/KN N /KN N./N,
R-C1 1984.20 1924.18 0.97
U20;S/L/R-C2 2351.40 3463.18 1.47
U20;S|L/R-C3 3 024.60 3463.18 1.15
U20/S|L/R-C4 3 370.40 3 463.18 1.03
U15/S|L/R-C5 2692.20 3138.19 1.17
U30/S|L/R-C6 3 779.52 4 067.82 1.08
U20/S|L/R-11.6-C7 3792.12 3531.32 0.93
U20/S|L/R-13.2-C8 3916.36 3598.93 0.92

Notes: N,—Test ultimate load of the precast UHPC-RAC
composite columns; N,.—Calculated ultimate load of the precast
UHPC-RAC composite columns.
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