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# E . B MR % - (Ultra-high performance concrete, UHPC) F1 F 4 JR #E 1 (Recycled aggregate
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Experimental and theoretical study on flexural behavior of precast UHPC-RAC

composite beams

QIN Chaogang’, WU Tao , LIU Boquan , WANG Bo, LI Yu
(School of Civil Engineering, Chang'an University, Xi'an 710061, China)

Abstract: Ultra-high performance concrete (UHPC) and recycled aggregate concrete (RAC), with a low carbon foot-
print, belong to the "Low Carbon Concrete". A portion of RAC on the tensile side or side wall of the RAC beam was
replaced with UHPC to form a "green and low carbon" UHPC-RAC composite section to improve mechanical pro-
perties. The precast UHPC-RAC composite beam was fabricated by precast technology. The influences of tensile
UHPC thickness, roughness of UHPC-RAC joint surface and UHPC height of side wall on failure mechanism, bear-
ing capacity, deformation and initial stiffness of precast UHPC-RAC composite beams were analyzed by four-point
flexural tests, then the calculation formula of bearing capacity were proposed. The results show that, comparing
precast UHPC-RAC composite beams with RAC beams, the UHPC-RAC bonding surface traversed by the stirrups
with the increase of UHPC thickness on the tensile side limits the peeling off of UHPC after cracking. The increasing
roughness of the interface further retards the extension of horizontal cracks and improves the initial stiffness about

16.6%. With the failure of steel fiber pulling out in the UHPC on the tensile side, the load-displacement curves de-
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crease obviously. The precast composite beams still have a high residual strength when the compression concrete is

crushed. Compared with RAC beams, the cracking load and ultimate load of precast UHPC-RAC composite beams

are increased by 63.1% and 22.9%, respectively, and the section flexural stiffness and initial stiffness are signifi-

cantly improved. In the composite section, reinforcement, UHPC and RAC work collaboratively, and the strain

changes linearly along the section height, conforming to the assumption of plain section. After equivalent section

stress distribution, the calculation formula of the bending capacity of the precast UHPC-RAC composite beams is

deduced, and the calculated results are in good agreement with the experimental values.

Keywords: precast UHPC-RAC composite beam; ultra-high performance concrete; recycled aggregate concrete;

static test; failure mechanism; flexural capacity
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o, Bedl TR ARk C35 (AR IR BE T, UHPC
AR A, IR AN, KE R 12~
14mm, P/ H0.18~0.23mm, KFEBE K 2vol%.
T A4 IR % - f UHPC # 4 & (100 mmx100 mmx

300 mm) Pt 5% AR IR I E M E 2 s . W
5 %5 2% iy HRB400, i fifi 5420 8 mm, 2 H 80 i
AR N 14mm, Ji iR 55 B AR R BT b7 o R an 4 2
iR o

*1 BERBELT (RAC) WEALL
Table1 Mixture ratio of recycled aggregate concrete (RAC)

kg/m®
R Coarse aggregate
ecycled coarse.aggregate Wa.ter cement Cement gseres Sand Water
replacement ratio ratio Natural Regeneration
50% 0.42 488.1 570.99 570.99 614.92 227.84
%2 RAC. BHMHAERE T (UHPC) FSHIMAT 1 14RE
Table 2 Mechanical properties of RAC, ultra-high performance concrete (UHPC) and tensile reinforcements
MPa
Material categories Compressive strength Tensile strength Material categories Yield strength Ultimate strength
RAC 37.9 — Tensile 4734 603.4
UHPC 113 9.70 reinforcement ’ )

1.2 XFigit

iz FR TR BE 1 45405 11 GB 50010—2010[S] ™!
Wit T 14 RAC 32 F1 7 #i Fiil il UHPC-RAC 41 & %,
KN 2300mm, # MmN 5~ 200 mmx300 mm,
Z P i A 3C14, BC i % N 0.85%, i A M
C8@100, 7 J& X [ 28 57 4N il o~ 2C10, & it S 4L
M 3ME 1R, 5 RC A E Yk e 5
UHPC AN 6], RHAWIH T2, # UHPC 5 RAC 7
il — WA B4 G, TR BAUZ Z PN, L
PR S S EYE . Wik, REFRAC R
BN S ANAE ] UHPC #5461 o sz 4 00 s )
BE /)3 43 RAC, ¥ B ¥l il UHPC-RAC 41 4 # Ifif ,
M A % $i UHPC J& & . UHPC 5 RAC %5 4 i KLk

JE A BE UHPC (5 8, R 58 A W) 152 48 T 991 ) 241
G2 T ERE

76 K [ B B 4% AL T P, UHPC 5 RAC 454 T
a1l K VAR RE LA B R TN 0 A B R T e A L
W, RGTE BT A R 2 A A RN 2E A I
X 07 P4 £ - 48 1 A2 B2 UHPC R 43 5118 13 mm
21 mm Fl 35 mm, ko035 P 2 A 92 R 45 A T T
AT R AR, 7F 3% H1 UHPC J& & 4 35 mm
W25 AT, Wit TR A, S8 20 mm, WE
10 mm 1 20 mm, 287158 A [F] 45 A T X R ) A R
52 2.0 mm #1 4.0 mm, 20 -& 3% i ) B2 UHPC
R B, AT LR RAC B2 1 52 5 ¥ MM RE
16321 UHPC JEEE N 35 mm B |-, &3t UHPC

®3 MHASROTSH

Table 3 Design parameters of the precast composite beams

UHPC
Specimen number Tensile Side wall Longitudinal bar  Stirrup Roughness/mm
thickness/mm height/mm
RAC-B1 — — 3C14 —
UHPC13-RAC/S/T-B2 13 — 3C14 —
UHPC21/S-RAC/T-B3 21 — 3C14 —
UHPC35/S/T-RAC-B4 35 — 3C14 —
C8@100
UHPC35/S/T-12-RAC-B5 35 — 3C14 2.0
UHPC35/S/T-14-RAC-B6 35 — 3C14 4.0
UHPC35/S/T-RAC-B7 35 160 3C14 —
UHPC35/S/T-RAC-B8 35 300 3C14 —

Notes: S—Stirrups; T—Tensile reinforcements; / —S or T locates in RAC or UHPC; I—UHPC-RAC interface.
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Erection reinforcement

(e) UHPC35/S/T-RAC-B7

Lapyage
UIPC 2300
(g) UHPC35/S/T-I2-RAC-B5

Erection reinforcement
— —

Tensile reinforcement

UHPC 2300 Tensile reinforcement
(h) UHPC35/S/T-14-RAC-B6

Unit: mm
B B4 AR

Fig. 1 Design drawing of the precast composite beams
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ANBEFE Sy & ¥ UHPC 1 12 ERERY, 55 —Fp 2 &
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Fig.2 Surface design between UHPC and RAC
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Fig.3 Loading design of the precast composite beams
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The left fulcrum of the prefabricated composite beam is the starting point
and the coordinate is 0 mm; and the right fulcrum is the end point and
the coordinate is 2000 mm; The coordinates 500 mm to 1500 mm are pure
curved areas

5 T 45 AR DA 4]

Fig.5 Surface strain cloud map of the precast composite beams
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Fig.6 Typical failure patterns in the pure bending zone of the precast composite beams
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LRI S B B8 a5 Bu 23 B BUE N 0.878
H10.740%,

(16)

x4 BHASENZTTHRESY

Table 4 Flexural performance parameters of the precast composite beams

Specimen number Fy/kN  6g/mm  F/kN 6/mm F,/kN  6/mm K/(KkNmm') g FS/KN  F,/F¢
RAC-B1 46.6 3.2 230.19 9.78 270.4 24.73 22.44 2.53 273.91 0.99
UHPC13-RAC/S/T-B2 73.2 4.2 262.22 10.34 316.2 27.33 23.51 2.64 296.62 1.07
UHPC21/S-RAC/T-B3 76.8 3.6 264.44 10.67 300.2 27.68 25.05 2.59 311.07 0.97
UHPC35/S/T-RAC-B4 72.2 4.8 287.36 11.18 335.8 24.97 25.28 2.23 330.89 1.01
UHPC35/S/T-12-RAC-B5 75.6 4.4 238.44 9.39 318.4 20.13 25.49 2.14 330.89 0.96
UHPC35/S/T-14-RAC-B6 78.8 3.0 280.79 9.45 326.8 20.82 26.17 2.21 330.89 0.99
UHPC35/S/T-RAC-B7 75.2 4.8 290.62 10.95 361.2 28.24 26.51 2.57 353.84 1.02
UHPC35/S/T-RAC-B8 80.2 4.0 288.62 10.73 366.8 29.81 26.82 2.78 394.58 0.93

Notes: F,—Cracking load; F,—Yielding load; F,—Ultimate load; 6.,— Cracking displacement; §,— Yielding displacement; §,—Ultimate

displacement; K—Initial stiffness; y—Ductility factor; F; —Calculated value.
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Fig. 15 Stress-strain distribution of U-shaped precast composite beams: (a) Section; (b) Strain distribution of section; (c) Stress distribution of section of

RAG; (d) Stress distribution of section of UHPC
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Fig. 16 Stress-strain distribution of shallow U-shaped prefabricated composite beams: (a) Section; (b) Strain distribution of section;

(c) Stress distribution of section about RAC; (d) Stress distribution of section about UHPC
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