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Mix Design of Vacuum Mixing Lightweight Aggregate Concrete Based on
Particle Densely-Packing Theory

DING Bo, OU Zhihua, FENG Ruiping
( College of Civil Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of the preparation of lightweight aggregate concrete, a selection has been made of hollow glass
beads and shale ceramsite as weight reducing materials, with the composition and dosage of cement glass beads silica
fume system determined based on the particle densely-packing theory. The mix proportion is calculated according to the
absolute volume method, followed by a design of three groups of concrete with different proportions of cementitious
system and aggregate system. Finally, the group with the highest specific strength is selected, and the vacuum mixing
technology is used for a further improvement of the mechanical properties of concrete. A comparison has been made
of the 3 d and 28 d compressive strength and apparent density of concrete of different vacuum degrees. A successful a
preparation has been achieved of the lightweight aggregate concrete with an apparent density less than 1 350 kg/m’ and
a compressive strength greater than 40 MPa, thus providing a theoretical basis for the development and application of
lightweight aggregate concrete.

Keywords: particle densely-packing theory; absolute volume method; vacuum mixing; apparent density;
compressive strength
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1) KIE. R4 PO 42.5 KIE (LR fai fR
KUYE) L 28 d AKIe b BT 8 B 61.9 MPa, AL
IR 1,

F1 KERKZEARK

Table 1 Chemical composition of cement %

Co, Na,0 MgO ALO, Sio,
3.323 0.182 3.9 6.674 20.607
P,0, SO, cr K0 Ca0
0.07 3.734 0.05 0.85 57.225
ZnO Fe,0O, SrO TiO, MnO
0.051 2.622 0.08 0.422 0.11
Cu0 710, MoO; PbO e it
0.058 0.024 0.007 0.011 0

2) BORRER. WA RSCHCFEoRR, I
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FEMBE N 560 kg/m®, 400 HA A, SN,
3) K. WABREAVEEARAR], Hib2Ed
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Table 2 Chemical analysis of silica fume %
Na,O SiO, K,0 CaO P,0;
0.4 90.83 3.03 0.55 0.06
AL O, SO, MgO MnO Fe,O,
0.43 0.53 1.77 0.13 2.27

A)b, ARab IR ), s GBT 17431.2—2010¢ %%
AR RIS ik 55 A RARNATR L)
TR AL I A AR 1=1.845,

5) Mk, R ESCR R R A RS
Fi) AR PR TS R, S 800 SRS T A ek, 2
HHEBUEE R 708 kg/m®, Fife Ay 5~20 mm, 3L 1 h
KN 6.3%.

6) WK, BEFHT MR B A A R AR P
BRI, [E] 55N 40.06% , 8 BRI A

7) Ko HFIK,

22 RWAHE
22.1 KA L

1) K BT A R AR R . A B 01 Wi b e B2 4
FEBCA FUAR AT, LR AR BRI b 7 SR 1 48 L
SEIRGIS), RIEEABPERETN T 1~2 min, 7R
R 1 h BFREILA, S BRI R RT,
BHEBFEIL, IR

2) FaEAERE, FTESR, HEHEENNR
e ioE W EAE, RREE LRSS, B
HIBL, PP EE L, TERPE R RIS s 3R
Ak, BERRORIEITT, A R AU IR BOE R R
WA mZE AL +0.002 MPa;

3) BEZASHEE 26~30 min J5, EHBERENLITE,
P TH AR, WER R N R E

4) FTHFBFEIL, BRI E ARSI &

N\

RS 3~4 s, BLASEKBFEHLUIE 1 FiR.

B 1 E=RMHEFH

Fig. 1 Vacuum pump and the mixer
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Fig.2 Lightweight aggregate concrete blocks
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Table 3 Consumption amount of cementing material ~ kg/m’

i K [ER JECEEA AR Bk
LCI1 483 60 543 207.0
LC2 451 56 507 1932
LC3 419 52 471 179.4

322 HREFE

B RHEBE 1 b0 AR 2, fEAR T
X LA RHATIRD R, 78 JGIT 12—2019 (R RRREE
T FHEARRE ) T HEFERD 5 40%~55%, i@ i I
bR, (REE AW /N T 1400 kg/m®, 4
T, AR IRAETE N 40%~45%, kit
BER 42%,
323 4., mEH

AR H =S (3) ~ (6) At

VS: 1- ﬁ+%+%+& Sp , (3)
pc pw pbo psf

m=V,p,., (4)

Va: 1— ﬂ+%+%+&+ﬂ , (5)
pc pw pbo psf ps

ma:VapapO (6)

e VOB R B RRRBE L i A BB AT,

my R BRSO R R IR BE Y a0 R
kg;

m, NEEST TR RHERE K Je i, kg;

My NEEST ARG B RN EE - g KR, kg

my, AR R RHR BE L B B ek FH
kg;

mg N TR B RHREE ORI, ke;

S, WUSHEF 2, %;

V, RAEEST J ARER i BHREE L AR A R e AR,

m, K ST T A B R TR B A A R R
kg;

pe JIKVERIFB R, BL 3 150 kg/m’;

Py JIIKHIFUEE , B 1 000 kg/m’;

po NANE EHAZWE E, B2 650 kg/m’;

Poo FBEHETHER I FEU B 560 kg/m’;

per NEEIRIZEWE L, XL 2 300 kg/m’;

pap FALERHGFEE T, B 1 100 kg/m’,
324 JKEL

ZrL TR, A EIK AL R 0.20 FRHREE 119
TahbEg2s, SORBKIR R 037 AL EA R
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Table 4 Lightweight aggregate concrete

mix proportionk gm’
[[ieEgid

ekl LCl LC2 LC3

KU 483 451 419
LIk 207.0 193.2 179.4

Tk K 60 56 52
s 251.5 308.9 366.4
Kephr 144.1 177.1 210.0

IR (B4 2.7%) 15.0 13.7 12.7
WK R 202.5 189.0 175.5

T 3 ARSI A 037,

4 RBLER

4.1 BORERFBRHMEREOIXRE LEEFRMN
ZEHRM

Fie e 4 Ry 3 A el £ B LCT, LC2 A
LC3, SRJFMNAILRE B 7 d BURIREE, Fridas

i 5 Fos.
35 _ 1400
w7 d compressive strength;

mm apparent density 1380
© 1360 _
S E
= 1340
g 13202
s 1300 £
: :
2 1280 =
g 25t 5
e 1260 £
3 &
1240 =

1220

20 LC1:543 LC2:507 LC3:471 1200

different mix ratios

Bs5 RBgt7dREMRAEZE
Fig. 5 7 d compressive strength and apparent density of
the concrete

i 3 ZHBLA H il A5 TR BE 7 d B4R
1324, 1343, 1 374 kg/m’, PUIEHEEE /05100 32.1, 28.1,
26.6 MPa, HIE 5 AT, Bl BCEER R L
A, TRBE L (B B O, (AR, B
JE SR FE R BN T HCREEE 430 0.024 24 x 10°,
0.020 92 x 10°, 0.019 36 x 10° N-m/kg.

42 EZEWRELEEMRNEERZI
MR S TR TREE A B, 4% Lo B A K
) —dlRLA e LCL, g — BRI B A bt 7 2
PEEREE R, AT T 4 AR EA
0, -0.03, —0.06, —0.08 MPa, X MBI 58 75 A ) BL 25 JiF
NIREBE R SR ERE, ARSI NE 6 IR .

11r . -1300
—a— 3 d compressive strength;
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5 {1260 =
7 st s
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27T ]
E o
8 oL {1220 &
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11340
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LC30 1300
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Fig. 6 Variation of compressive strength and apparent density

of concrete with vacuum at different ages

4 EA T RERHREE L0 3 d U551
1200, 1228, 1277, 1 286 kg/m’; 3 d BL J& 38 2 4
51°h 7.60, 8.75, 10.75, 5.60 MPa, 4 E.25 & M 0 i/
£ —0.08 MPa B}, JREE T HFRWH R K, £
0 | -0.08 MPa If, 2434 K 2.3%, 6.4%, 7.1%,
ifii A —=0.06 MPa 5] —0.08 MPa I}, Z54 K 1 0.7%,
JUF 45 78 M 0 3] -0.08 MPa i, 3 d i JE 58 J&
Y BIEK T 15.1%, 41.4%, -26.3%, i A —0.06
MPa %] -0.08 MPa i, $1T 5 E2508/0 48%.

4 AT R BHERE 119 28 d R B 435
912199, 1250.4, 1 306.3, 1 299.8 kg/m’; 28 d FitJE
SRS 35.84, 38.51, 41.62, 31.94 MPa., 7EM 0 Ui
F1|-0.06 MPa I, JREE 1 193 W2 B2 29 73 15K 2.5%
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