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Mechanical properties and microstructure of high-strength

lightweight aggregate concrete with shale ceramist

ZHAGN Yu ,LIU Boquan ,WU Tao,CHEN Xu
(School of Civil Engineering,Chang’an University,Xi'an 710061)

Abstract: Five types of shale ceramists with different apparent shapes and strengths were used to produce the
lightweight aggregate concretes (LWAC). The most appropriate aggregate for the LWAC were determined through
analyzing the results of compression tests. The high strength lightweight aggregate concretes (HSLLAC) of about
LC40—LC60 were prepared to investigate the influences caused by the shape and the diameter of aggregate, the dry
apparent density, and the ratio that water to binder on the compressive strength of LWAC. Further, the apparent
and the inner morphology of the crushed shale ceramist, as well as the microstructure features of interfacial
transition zone in HSLAC were studied in terms of the micro-scale, besides, the action mechanism of silica fume on
the ITZ in LWAC was revealed. The test results showed that the grade 900 shale ceramist was proved to be the
most optimal aggregate for casting the HSLWC. Either the dry density was increased or the W/B ratio was
decreased; an improvement in the compressive strength of LWAC was observed, and, the inclusion of silica fume
caused a significant increase in compressive strength but this effect was limited by the strength of the coarse
aggregate. A better bond property of ITZ in LWAC, compared to that of ITZ in normal weight concrete, was
obtained in the experimental investigation. Meanwhile the properties of ITZ could be modified by a proper content
of silica fume, thereby the triaxial compressive action of aggregates and the compressive strength of LWAC were
improved. Additionally, the failure surface of LWAC with a strength of LC60 was not smooth, which is differ from
that of LWAC with a lower strength.

Key words: high-strength lightweight aggregate concrete; mechanical properties; microstructure; influence factors
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Tab. 1 The performance of lightweight aggregates

— tﬁﬂ%ﬁ i%yrmg fLER R NS WK =R 8 1 9 1 12 /mm
/(kg=m™)  /(kg-m*) /% 1h/% 24 h/% /MPa
Y1 1019 1933 47.28 8.1 9.1 13.2 5~14
Y2 869 1538 43.50 7.0 7.5 10. 4 5~16
S1 755 1471 48. 67 8.2 10.1 6.2 5~16
S2 856 1471 41. 81 8.2 10.1 6.2 5~10
S3 860 1512 43.12 2.2 2.6 6.9 5~16

. BRR T, SRR 2, KR
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Tab. 2 Performance of the sand

g

He B 2 WL B
plifEg e 2 AR EL HERE/Y% B » TKRE/% K ALAR /mm
/(kg+m?*) /(kg-m?)
b 2.56 1.7 1510 2 620 1.9 4
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Tab.3 The performance of cement

YUE B /MPa Py ok /MPa
3d 28 d 3d 28 d
K 203 250 32.5 56. 4 5.9 8.4

W H VIEERTE) /min - ZREERFE) /min
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1.2 EELEITRIAEER

I W 5T I 25 R AR o v e i R R R 4t
FESRBEM SEm, [E]IF, b SRl ) i s s LR e
TRt E U R, K (R R TR B R R )
(JGI51-2002)"™ it A HFL A, W& 4. Ak
IEFEA PR T/ETERE, WERM 457, Hpikm
B BERAGER . o AR & UL E & b3S
Yr. AR SF A 100 mm X 100 mm X 100 mm 375
iR, B4 34, PUEIRIAE WAW31000 R 5
BUEEAT , T IR i e o iy >R AV 8 42 o) 280
JE 0.1 mm/s, $EMGE R RS, B A
6 kN/s, IRIR4E R T RSB R%0.95, E

bR gE R, BRI 45 R L 4.

WRYEEL 4 450, ZEHEHEENREFRE, &
B Y2, S1 A1 S3 &g & T LC40, LC50, LC60O
= B S R B B 1, T K RE R 5 B 1
M, XitT BABR A, Hyfa kR R Y2
11 S v B B 7 2 2 gy o < S 8 A T 2 5 AR 21
35%, HLIERRA S1 B, KR UEFE S Y0 0 B
P, BPERECASY, HERERA S3 B, LA IEIR
Bedam B . FES Y TAE PR % =l K 3%,
PRI 4000, HIB ARk 3 BOR 35 ¢ R E 2K 1) 240 &
F, BARE A BRI 45 R L 5.

1=
o
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Tab. 4 Mix proportion of A group

gy F BEBERT KL/ (kg - m ™) R BOKR, WR KK e/ fas far o fan
i kve BExR oF k. (keem?) (kgem ) /% b (kg+m™®) /MPa  /MPa  /MPa
Y1-1 672 1933 33.7 48. 4 59. 3
Y2-1 558 1839 34. 2 48. 3 60
Al SI-1 66 — 44 503 4 0.28 1841 37.8  51.3 63.1
S2-1 531 1895 40. 2 54. 3 66. 7
S3-1 548 1869 38.4  48.4 62.5
400 45
Y1-2 682 1940 34.1 50. 5 63.7
Y2-2 566 1848 34.8 515 66. 1
A2 S1-2 — 55 55 517 5.5 0.26 1859  40.6 53 67.6
S2-2 539 1910 43.9 56. 1 70. 8
S3-2 558 1921 44. 2 51.3 71.6
*5 BARKHERALLIET
Tab.5 Mix proportion of B group

M5 Rk JEEER B/ (kg - m™*) K/ R/ WHER KK pa/ fas/  fail  fans/
Kie  BEsR ke (keem ) (kgemt) /% . (kg m®) MPa MPa MPa
LC40-Y2-1 360 90 — 2.2 671 0.38 1720 32.8 38.8 45. 8
LC40-Y2-2 360 90 — 2.8 680 0.36 1740 34. 1 41.7 48. 6

LC50-Y2-1 400 100 — 3 657 0.34 1754 36.5 43.2 51
LC50-Y2-2 400 100 — 3 666 o 0.32 1776 37.9 45. 8 53.3
. LC50-Y2-3 400 100 — 3.5 676 % 0.3 1796 41. 4 46. 4 54. 7
LC60-Y2-1 440 66 44 4.8 656 0.28 1826 44. 2 47.7 59. 6
LC60-Y2-2 440 66 44 5 666 0.26 1830 44.5 49.0 63.6
LC60-Y2-3 440 66 44 6 677 0.24 1836 44.1 49.5 65.1
LC50-S1-1 440 110 — 4 499 0.3 1838 38. 2 49.7 59. 7
LC60-S1-1 440 66 44 4 508 0.28 1841 40. 7 51.3 63.1

B2 45

LC60-S1-2 440 66 44 5.5 517 0.26 1850 40. 3 52.5 66. 3
LC60-S1-3 440 66 44 6 525 0.24 1857 43.7 53.2 68.5
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M5 Wk JieE AL B}/ (kg « m™*) K/ Bk % KK oa/ Sews/  Sar/  Sewrs/
K kR sk (kgem ) (kgem ) /% b (kgem *) MPa MPa MPa

LC40-S3-1 360 90 — 2.6 606 0.4 1824 22.9 29. 5 44. 8
LC40-S3-2 360 90 — 2.7 615 0.38 1796 29.6 36. 3 45.5
LC40-S3-3 400 100 — 3.2 590 0.36 1836 28.9 35.4 50. 1
LC40-S3-4 400 100 — 3.4 600 0.34 1807 30. 7 38. 6 52.9

B3 LC40-S3-5 400 100 — 4 608 40 0.32 1845 32.1 42.2 53.8
LC50-S3-1 400 100 — 4.3 617 0.3 1832 32.0 42.4 55. 2
LC50-S 3-2 440 66 44 5.3 598 0.28 1827 39.7 49.5 61.6
LC50-83-3 440 66 44 5. 4 602 0.27 1861 41.9 48.6 65. 4
LC60-S3-1 440 66 44 5.5 607 0.26 1871 43.7 49.9 72.9
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on compressive strength
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Fig. 4 The influence of water-binder ratio on
compressive strength
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Fig. 5 The influence of coarse aggregates on
compressive strength
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Fig. 6 Strength-weight ratio on high-strength lightweight

aggregate concrete with different aggregate
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Tab. 6 Mix proportion of Micro-examination specimen
; oKk B
S
. . B Ja\ oL
#we ke KB/ke K/ke /ke o
kg HT

MNC 360 1010 90 0 180 C40
MB 360 606 90 0 180 L.C40
MD 440 607 66 44 143 L.C60

MPC 484 607 66 0 143

x7T BEMERIMUAARABRES

Tab.7 The details of Micro-examination specimens
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Fig. 8 The surface and internal microstructure

of shale ceramsite
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Fig. 10 The influence of silica fume on microstructure
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