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Abstract: The optimal mass fraction of fly ash was determined based on the principles of maximum strength and appropriate

stiffness, with cement and recycled brick aggregate mass fractions and curing age set as control parameters. Mechanical properties of
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15 recycled brick mix water stabilizing materials ( recycled brick mix water stabilizing material, RBSM) under different mix designs
were investigated. The comprehensive performance of RBSM was evaluated using the entropy-weighted TOPSIS ( technique for order
preference by similarity to ideal solution) model, yielding optimal values for each parameter. Results indicate, (1) Early-age
splitting tensile strength and unconfined compressive strength first increase then decrease with rising fly ash content, peaking at 10%
mass fraction. Compressive rebound modulus increases with fly ash content, confirming 10% as the optimal fly ash content in
cement. (2) The optimum moisture content of RBSM gradually increases with the mass fraction of recycled brick aggregate, while
the maximum dry density decreases accordingly. (3) During the early curing stage, the splitting strength of RBSM gradually
decreases with increasing recycled brick aggregate mass fraction, while the unconfined compressive strength first increases and then
decreases, peaking at a mass fraction of 50%. As the curing age increases, the mechanical strength of RBSM improves. (4)
Through entropy-weighted TOPSIS theory, optimal mass fractions for cement and recycled brick aggregate were determined. The
final recommended optimal mix design for recycled brick-based water-stabilized materials was 10% fly ash mass fraction in cement,
7% cement mass fraction in recycled brick-based water-stabilized material, and 50% recycled brick aggregate mass fraction in
recycled brick aggregate.

Keywords: recycled brick-concrete water-stabilizing material; mechanical properties; entropy weight TOPSIS; comprehensive

performance evaluation; optimal quality score
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Fig.1 Recycled brick mix aggregate morphology and components
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Tablel Cement performance indicators

e mEy e 7K - Yk2E At ]/ min P58 FF/ MPa PiroE E/ MPa
(m*-kg™) PR/ % = VI 25t 3d 28 d 3d 28 d
387 27.38 ot 118 24 255 50.4 3.9 8.1

#2 ARG
Table 2 Grading of stone chip particles

F7 L R /mm 9.500 4.750 2.360 0.600 0.075
Wit %/ % 100.0 91.5 60.4 274 7.0

®3 ORISR

Table 3 Physicochemical parameters of fly ash

PR/ %o KR/ % SO, M4/ % WRE/(geem™) LRI % TH TR %
3.4 0.5 0.51 2.34 3.9 83.1
WHESCHR[ 16 ], TR EE LB R S B T BORSERRAL
S 2APERE TN, I -5 FE AR LR S b AWFFER A SCHR [ 17 ] b B B4 SV R R AT

HATXTEE a3k 4 o, AR B R T AR i, LA R LR 5,
HE LA BHA L R WK RS 2 R B R R R A
F 4 CERHTEARE R Y EPERE
Table 4 Aggregate rating criteria and physical properties

EEEST L FWER, R % R % BkF/%
(grem™) (grem™) 10 min 24 h
I >2.450 <10.0 <12.0 <3.0 <3.0
2 >2.350 <10.0 <20.0 <5.0 <5.0
M >2.250 <10.0 <30.0 <8.0 <8.0
TRBE 1 E R 1.305 2.515 5.8 29.3 4.1 5.3

ik i At 1.544 2.333 20.1 41.5 4.5 16.8
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Table 5 Recycled brick concrete aggregate skeleton dense grading
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i FLAE 1T /% 100 75 54 27 20 14 2

12 KEHR

FRAESCHk [ 18] Hp o 52356 1 7 Ik 1 2 TR 5 R
MEAE T KR MR KT %, TRk %
TRE B RRIRNE ARG L TR BT i /0 BN [R), Tk S
AR B SRR 22 0.5% ; W 5 85— 43 7K
A RR A 2 A YRS LR 6 h, FREE IR
KA EHR & ¥15), #4785 50K 5, 15 8 A&
KEGRRTHEE,

HR A o S0 25 5 He e A S K R IS )
e K T4 B (RS2 98% ) 3l ik i 1 8L 1) Ty
g B BRI 150 mm B BRAE AL, X
A TRR SRS, -2 RSk [ 18 ] #7211 Je Ml R
USRI B 400 | BT [ s ASE  vk R AT
WH, =AU EGE %444 1 mm/min,

1.2.1 RBSM Byt ot 2 0 Bt 5%

B R e — o 2 36 7K e 65 T L J2 T 24
ARMBAREAR, M T NB, MBI OK b
BEEA ENAL S I8 B K BEARPERB LT | b R 2
R ERE S, L HEH FRERAEKEZN
B,

AGRIS R FHAMB L B K AE K e i i i
SR 0.5% 10% 15% , T4 1% 5 BHE P AR
Bl R R Y S Bk 50% , K U8 7E T 2E % TR
IRFSRE R Y T i 53 B0CR 5% ., AAS[R) Ry B K 7
KU H AR S5 A A R B G 7 d TR BR T
SR R, BEZISRE R 90 d iR [A] AR A K
VEAN b U, B 2 By MK AE 7K U8 b 1Yy fe f T i
Vo /e
1.2.2  Ji2EtEReifraR

FE TR B IR 1 B ot 0 5, AR 5 LURLAR
4.75~31.50 mm BYFFAE G BB R ARG TR R Y
A E0.25% .50% 75% 100% Fl 7K Je 75 4= %
TRAKFSH L 1 BT i 53 8K 3% 5% (7% R 78 &, Xt
RBSM A [d] 35 12 3 7,28 .90 d &9 Jy 2% Mk fig
(R.,R,) AT,

2 Z#R54%
21 BARREKEMEMERERRESH

FEJZAE NN B R 2 I R 2 AT 4 4 R AR
JH, 38 5 T 8 ) D 22 3 b 20 i — R BEOR A fiE

ARSI 5805, MR35 SCER118],% 7 d &
MRR ST R 5 RN 7 d 8% 2845 B A by ik B 48 B, 7K T8
FUERFRA W 90 d,FF 90 d F N HTHs Bl sAR 5
A 3522 W 1 B R 38 A

TR 5T £ 4345055 T M BIR Bt He i B R B i
BE )5 2R A 2 fiiR .,

6.0
R,
5.4 fmrmimim i -
SOF  gsm w 1
N : :
= i i
=] | |
= ao0f | |
A g Ay Sy SR -
FRifER, | |
! [
3.0 P - Y
0 5 10 15
() JC M B e e 5k 3
0.40
»=0.299+0.016 8x-0.000 8x>
R*=0.99
0.35
<
Ay
= 030
=
0.25}
0.20 =
0 5 10 15
AR 5T £ 535 %o
(b) BFHLaE
B2 By A0S 7 d o PR R A
17 BERR R RIE

Fig.2 Relationship between fly ash mass fraction
and 7-day unconfined compressive strength
and 7-day splitting strength
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Fig.3 Compaction test of recycled brick aggregate
under different cement contents
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Fig.4 7-day unconfined compressive strength
under different influencing factors
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Table 9 Initial evaluation value of performance index of water-stabilized material of recycled brick
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