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RAGRR. - ARSI ERERE MR 12,

TR BE T Wi T PR IR BE - AR AR E MERT F1 OKRMARDE ) FIAE
FERYIA T o AR AR BE WA TR R A Table 1 Basic physical and mechanical properties of cement
ACI209 \MC90 MC2010 &1 ok SE 45140 35 2% 1 - Sere it P HoE
T4 R IRBEIE 374 I 1] % 1R 30 L i | e | e
VB WO 7 I B S0, (EL X T P 0 R 22 1 % LI IEIETETEEY
%mu%ﬁ%%o &%m?ﬁ%ﬁﬁ E"J% Mcgo;’:ﬁﬂ’{ﬂ 3100 3.0 4.5 4.5 7.7 24.5 46.8

R2 RRACF R B E 5K
Table 2 Chemical composition and its mass fraction of cement %
w(Ca0) w(Si0,) w(ALO,) w(MgO) w(Fe,0,) w(Ca0) w(S0,)
65.6 22.5 4.4 3.3 2.3 1.2 0.7

2) MBI R T OB, o w(Si0,)= BN 2 600 kg/m’,
56.7% ,w(AL,0,)=21.4% , 55 2.5% , T KN 5) AR SRR IR 5 AR K T IBOK #E>25%
95.0%. 1.2 REEEEEIEIT

3) ML R AR AR R F i o i A1 78 1L S Bk
NC & SCCRF5 ~ 10 mm B A1 o 014 B s 114 3L A

PERESE bR LR 3,

4) ANARE VTRV AN RN 3.0, W
R3O BB E AL

Table 3 Basic performance index of shale ceramsite

AWFFE BT T 45 8 HHLC50,SCC50 . NC50
1 3 A, WS8R [R] 5 BE 45 92 ) HHLC . SCC )
NC W 46 PE B 1 22 7 5 I T 4 5 HHLCS0,
HHLC40, HHLC30 1) 3 4138 14, Hook i b 43 531 0
0.28.0.33.,0.43, i 58 7K Ji¢ Lb X TR 5 A L 0T i 4 1
AE MY 52 W) 5 BT T 4 5 o~ HHLCS50-1, HHLCSO0 .,

R | | AemlEi | BRI | LB ROk HHLC50-2  HHLCS0-3 B9 4 413 0F , JERH I I 5 Bt
JE/MPa | (kg-m™) | (kg-m™) | 1h |24h | F/% | #/ N W N
P | (g ™) | (keem | B 200 25% 30% .35% BRI B BE RS B X
6.5 860 1 800 3.2 6.1 45.5 N ” S
e R A Re s . IR R A L L 4.
R4 RBmAK
Table 4 Test mix proportion
. B m i AR R R kg :
R4 - —— — — - K | BB R %
K | K 7K VUABER | WA AR
HHLC30 374 125 215 540 798 0.43 25
HHLC40 426 142 190 540 798 0.33 25
HHLC50 462 154 173 540 798 0.28 25
HHLC50-1 494 122 178 540 798 0.28 20
HHLC50-2 430 186 168 540 798 0.28 30
HHLC50-3 399 217 173 540 798 0.28 35
SCC50 462 154 173 804 798 0.28 25
NC50 483 0 153 1133 694 0.32 0
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Table5 Workability and mechanical performance of concrete

- TR -
e | I 28 d¥iiHE
5 PR | BRSO IR
| 5 & /MPa
] TSO/S JERE /mm | & /mm
HHLC30 0.43 2.92 760 285 30.5
HHLC40 0.33 4.88 685 275 41.8
HHLC50 0.28 5.78 695 270 51.2
HHLC50-1 | 0.28 5.96 660 260 50.3
HHLC50-2 | 0.28 2.32 765 275 44.7
HHLC50-3 | 0.28 4.21 680 265 43.2
SCC50 0.28 4.32 690 268 51.5
NC50 0.32 270 75 49.0
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Fig. 1 Shrinkage strain of concrete specimen
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strain of HHLC

#H/d
0 5 10 15 20 25 30

—e— HHLC50-1 (BRI 10 20% )

—®— HHLCS0 OBy ci 4tk 25% )
4= HHLCS0- 2Ky IR 48 44 30% )

> HHLC50-3 (BRI I2 44t hy 35% )

(a) A AW A2

KRB, F XA RS REEHRE LT IR ERFBAR 139
#&1/d
0 5 10 15 20 25 30
0 T T T T T
—e— HHLC50-1 Ry 5K 12 5 20% )|
50 | —®— HHLCSOCWBEIR B 1l 25% )
# HHLCS0- 2B A% ity 30% )
— HHLCS50-3CB IR B A 35% )
e -100 |
2
o150 |
-200
-250

(b) e 1 A%
B3 rkkisE A HHLCOK 4% B K 69 %06
Fig. 3 Effect of fly ash on shrinkage strain of HHLC
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Fig. 4 Comparison between model calculation value and

test value
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Study on early-age shrinkage characteristics of high workability and high
strength lightweight aggregate concrete

ZHANG Dengxiang'?, WU Fei'*, XU Rongrong’, XIAO Niu’
(1.School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114, China;

2.Key Laboratory of Water-Sediment Sciences and Water Disaster Prevention of Hunan Province, Changsha University of Science &
Technology, Changsha 410114, China; 3.Hunan Changsha South Nanfang New Material Technology Co., Ltd.,
Changsha 410115, China)

Abstract: [ Purposes ] The shrinkage characteristics of high workability and high strength lightweight aggregate
concrete (HHLC) were explored to provide reference for the popularization and application of HHLC.
[ Methods ] HHLC was produced with high strength shale ceramsite, and the autogenous shrinkage and total
shrinkage deformation were measured by laboratory test. [ Findings | The 28 d autogenous shrinkage strain of
HHLC is only 57x10°°, and the total shrinkage strain is 203xX107°. The early-age aulogenous shrinkage sltrain
and the total shrinkage strain of HHLC are the smallest compared with self-compacting concrete (SCC) and
ordinary concrete (NC) of the same strength grade. The development law of HHLC shrinkage deformation is
basically consistent with SCC and NC, but HHLC autogenous shrinkage appears micro expansion in the first
three days, and the expansion value is about 10X107. In the total shrinkage strain of HHLC, autogenous
shrinkage accounts for a relatively small proportion. The shrinkage strain is mainly the drying shrinkage caused
by external drying, and the smaller the water binder ratio is, the greater the drying shrinkage is. Fly ash has
obvious effect on reducing the early shrinkage of HHLC , but the content should not exceed 25%. MC90 model is
suitable for ordinary concrete, but the model has large calculation errors for SCC and HHLC. Considering the
influence of admixture and aggregate characteristics on shrinkage of HHLC, a modified MC90 model is
proposed. [ Conclusions ] HHLC produced with high strength shale ceramsite with low water absorption has good
workability and volume stability, and it has a broad application prospect in structural engineering. The modified
concrete shrinkage calculation model MC90 adopted in the current code also has good applicability to HHLC.

Key words: high workability and high strength lightweight aggregate concrete ; shrink age deformation; water-

binder ratio; fly ash; calculation model
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