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Properties of flowable backfill materials using recycled fine

aggregates of brick and concrete waste
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(1. Beijing Key Laboratory of Traffic Engineering, Beijing University of Technology. Beijing 100124, P. R. China;
2. Department of Civil and Architecture Engineering, Heilongjiang Institute of Technology, Harbin 150050, P. R. China)

Abstract: A new type of backfill materials using recycled brick and concrete waste as fine aggregates was
designed with three cement-to-sand ratios (C/Sa) and five fly ash-to-sand ratios (FA/Sa). A series of
measurements were conducted to investigate the fluidity and bleeding and mechanical properties including
uniaxial compressive strength, stress-strain relationship, constitutive relation model and elastic modulus.
The results showed fluidity had linear correlation on water-to-solid ratios(W/So) ; the range of the bleeding
rates was in 4% ~ 8% when the fluidity was within 200 ~ 250 mm. The compressive strengths had an
exponential relationship to the cement-to-sand ratios and water-to-solid ratios. A constitutive relation

model was put forward to describe the stress-strain relationship curve of backfill material on the base of the
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model of the concrete. The relationship between the unconfined compressive strength and elastic modulus

was established, which could be used to calculate the modulus of backfill materials by the compressive

strength directly.

Keywords: recycled fine aggregates of brick and concrete waste; flowable backfill materials; constitutive

relation;stress-strain relationship curve;elastic modulus
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Fig. 1 Recycled brick and concrete waste
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Fig. 2 Recycled concrete waste
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Fig.3 X-ray diffraction pattern of brick and concrete waste
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Fig.5 Relationship of fluidity and water-to-solid rate with different cement-to-sand rates
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Fig. 6 Relationship of fluidity and water-to-solid rate
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Table 2 Occurrence number of bleeding rate with different fluidity range

Fluidity 190~219/mm

Fluidity 220~249/mm Fluidity 250~270/mm

Bleeding rate

FA/Sa 0.1 FA/Sa0.15 FA/Sa0.2 FA/Sa0.1 FA/Sa0.15 FA/Sa0.2 FA/Sa0.1 FA/Sa0.15 FA/Sao0.2
0.04~0.06 3 1 1
0.06~0.08 3 3 3 1 2 1
0.08~0.10 3 1 1
0.10 LAk 2 1
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Table 4 Results of the uniaxial compression tests

28-day unconfined compressive strength/MPa

Average Coefficient
C/Sa W/So
1 2 3 4 5 6 value/MPa  of deviation/ %

0. 31 0. 36 0. 35 0. 37 0. 35 0. 36 0. 33 0. 35 4
0.03 0.32 0.28 0. 25 0. 28 0. 26 0.25 0. 31 0.27 9

0. 33 0.23 0. 24 0.22 0.17 0.22 14

0. 31 0. 94 0.92 0.94 0.93 0. 94 0.92 0.93 1
0.05 0.32 0.91 0. 89 0. 87 0.76 0.76 0. 81 0. 83 8

0.33 0.72 0.75 0.73 0.70 0.68 0. 69 0.71 4

0. 31 2.25 2.38 2.21 2.37 2.35 2.25 2. 30 3
0.08 0.32 1.94 2.09 2. 00 2.04 1.98 1.98 2.01 3

0.33 1. 67 1.70 1.75 1.74 1. 81 1. 88 1.76 4
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Fig.8 Typical total stress-strain curves of backfill materials
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Fig. 9 Failure mode of different stages

fih £ R A AN RAE A S VEER Z SR R . M ea/ens
ec/es~ep/en FANFHIE R A (C.D [N 48 51 &5 B
N AR AR s 04 /o oc /o5 vop/os TR ALC.D 3 g
B )5 AR A B D B LE R, AR Rk 28 LE Y
KNI LAHIE ALC.D 3 RAEM PO E ., £ 5
JEF T AR BAD LE [T SECRE R 14 2% 48 AE A5 LU AEL
x5 EBISHETESEEMEL.
MAOSIEBEM AL
Table 5§ Strain and peak strain ratio and stress

and peak stresse ratio of the fature points

Modulus/
C/Sa  ea/es oa/os ec/es oc/op epn/es on/on
MPa

0.03 0.3 0.45 1.7 0.75 2.9 0.3 100~150

0.05 0.3 0.5 1.65 0.8 2.6 0.3 260~385
0.08 0.8 0.7 1.55 0.8 300~400

Concretel!) 0.5 0.4 1.35 0.91 3 0.4 30000
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Table 6 Constitutive relation model of the backfill materials

stress-strain curve parameters
Constitutive o
C/Sa and standard deviation
relation model

a. S. ad Sq

y=3.4x—3.8x2+ 1. 4x°
x<1

y=x/[0.9(x— 1% +x]
=1

y=3.5x—4x*+1.52°
r<1
0.05 3.5 0.07 0.95 0.07
y=x/[0.95(x— 12+ ]

=1

y=a+ta*—a°
r<1
y=x/[0.95(x—1)2 4]

=1
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Fig. 10 Fitted stress-strain curves and test curves
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