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Abstract: A double-layer placed-fill method was utilized to introduce aggregates in two layers during the concrete
pouring process, with the aim of optimizing the aggregate skeleton structure of pumice lightweight aggregate concrete.
This method improved the concrete strength and established a quantitative evaluation system for the particle size
range and placed-fill rate of the aggregates. The results show that when the maximum particle sizes of the aggregates
are 19 mm and 31.5 mm, and the placed-fill rates are 10% and 20% , the compressive strength of the concrete
increases by 16.45% and 8.98% compared to the control group, respectively, and the splitting tensile strength also
improves concurrently. The aggregates optimized the microstructure of the matrix. As the throwing-in rate increases,
the number of harmful pores decreases, and the width of interfacial microcracks narrow. Dimensionless fitting analysis
of the stress-strain curve shows that the variance reaches up to 99% , indicating a good fitting accuracy. Furthermore

the established toughness analysis system indicates that when the particle size range of the aggregates s 4.75-19 mm
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and the placed-fill rate is 20 %, the toughness index increases by 51.9 % compared to the control group, while the brittleness

index decreases by 47.2%. The aggregate concrete achieves a brittle-to-tough transition. This research provides a process

optimization scheme and theoretical support for the engineering application of lightweight aggregate concrete.
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Table 1 Main physical properties of pumice and oval pebble

Type Apparent density/(kg-m *) Bulk density/(kg-m ) Absorption(by mass)/ % Tensile strength/MPa
Pumice 1593 810 16.7 2.95
Oval pebble 2665 1560 0.8 3.76
x2 AERANEHIESBRE
Table 2 Gradation(by mass) of coarse aggregates with different maximum particle sizes
Unit: %
Maximum particle size/mm 2.36 mm 4.75 mm 5 mm 19 mm 26.5 mm 31.5 mm 37.5 mm
19 97 92 58 6 0 0 0
31.5 97 95 72 26 0 3 0
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Table 3 Mix proportions of concretes
Mix proportion/(kg-m*)
Placed-fill Placed-fill grain
Group : . Water rate/ % size/mm
Cement Fly ash Water River sand Pumice )
reducer
PO 320 80 180 750 650 0.40 0
F19P10 288 72 162 675 585 0. 36 10 4.75-19
F19P15 272 68 153 637 552 0.34 15 4.75-19
F19P20 256 64 144 600 520 0.32 20 4.75-19
F31.5P10 288 72 162 675 585 0. 36 10 4.75-31.5
F31.5P15 272 68 153 637 552 0.34 15 4.75-31.5
F31.5P20 256 64 144 600 520 0.32 20 4.75-31.5
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Fig.2 Concrete preparation process and testing methods for the placed-fill construction method
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Table 4 Slump of concretes

Group PO F19P10

Slump/mm 124 118 108

F19P15

F19P20 F31.5P10 F31.5P15 F31.5P20

102 113 106 95
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Fig.3 Compressive strength of concretes
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Table 5 Calculation results of distribution parameters
Fitted equation R*
Group
Incremental portion Descending branch Incremental portion Descending branch
PO y=—0.712"+2. 170 —0. 24 y=2.91Xexp(—x2/0.56)—0. 21 0.93 0.99
F19P10 y=—0.762"+2.03r—0.10 y=2.78Xexp(—ax/1.11)—0.01 0.97 0.97
F19P15 y=—0.592"+1.87xr—0. 14 y=2.85Xexp(—x/2.57)—0.85 0.96 0.98
F19P20 y=—0.972"+2.24x—0.17 y=3.55Xexp(—x/0.78)+0.12 0.94 0.98
F31.5P10 y=—1.682"+2.70x—0.08 y=2.70Xexp(—x/1.38)—0.18 0.98 0.97
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Fig. 8 Stress-strain fitting curve comparison chart
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SRHETE  TE T, BAE T 4 00 H D R A i o
TR AL K, B Rk R B 3 O, (K e AR 1 B 25 2 AR
TR BE T BIEREAL

F6 HERELHTMMIEY BEY

Table 6 I and B values of each group concrete

Group I B

PO 2.39 0.72
F19P10 2.56 0. 64
F19P15 2.61 0.62
F19P20 3.63 0.38
F31.5P10 2.39 0.72
F31.5P15 2.52 0.40
F31.5P20 2.43 0.69

A

3 HHig

(D) X2 I T2 48T 7% A % BHR EE
FEL B RE AR R A3 5, T8 BT B S A 0 R R A
%, YPhHERRIAR K 4.75~19 mm JBIEE N 10%
i, XUZ P T2 IR EE 1) 28 d Bt R B L R ETR
LIS T 16.450% , B TR BE AR T 29.20,
2 4l 45 B R RLAR R 4.75~31.5 mm 3 K Ry 20%

A, RUZ M3 T AR B 4 09 28 d 4T 1 i 3 4 i v 2
PETHT 8.98 %  BE PRI T T 25.7%

(2) 2 b4 BORE A2 X 18] Y XUZ M 32007 A B RHER
HE 1 SOV AL B 14 78 i 3R 2000 B B S BUE , N
ZELLH G H R 8.93% F15.68% , Bk i FL Y 5
b3 51 30.8% F137.2% . A EFLMEZELLM 5 1L
WD AR TR B R R T

(3) 38 2t A 0 JE0 -1 (VR O 1= N BB I Sk 2
A 1B RHT B 25 R, AT AR N S T A U X 4 4
YR RRLAR N 4.75~19 mm EIE K 10%
A VR BE 1 1Y) 5% 58 FE AR/ BB IFL R Oy 20 00 B FREAIR
T 28.30% . Mifly 3 LR AR Ry 4.75~31.5 mm . 4
WO 2090 B TR BE - R aE 5B 100 H T RE T
24.24%

(4) 53 BEA K 77 B 5 M350 BHR BE + 1 ) — R AR
M2 Il A R B R Ar . PIMERE 80D SR 2 o 2 1E
A B Y4 BB R R AR N 4.75~19 mm il 35K
209 B TE fe K Wi tEFE 80(B) fe/h o TEFK PO4H
WK T 51.9% ,BIEEPOA TR T 47.2%,
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