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Mechanical properties of ultra-lightweight high
ductility cement composites

HUANG Zhengyu'*, SUI Lili '*, WANG Fang '
(1. Department of Civil Engineering, Shenzhen University, Guangdong Shenzhen 518000, China;
2. Guangdong Provincial Key Laboratory of Durability for Marine Civil Engineering, Guangdong Shenzhen 518060 ,China)

Abstract: This paper developed a new type of multi-functional ultra-lightweight high ductility cement composites
(ULHDCC)incorporating three types of glass microspheres which leaded to the reduction of the composite density.
Based on the strength energy principals, this paper utilized the polyethylene fibers(PE) to improve the ductility of
composites. The mechanical properties such as compressive strength, direct tensile strength, thermal properties
and microstructures have been explored through experimental tests. Results showed that the dry density of
ULHDCC was 850~920 kg/m® while the compressive strength was up to 20~33 MPa. The strain in direct tensile
test could still reach to 8% even with low fiber content of 1% PE fibers by volume. The thermal conductivity of
ULHDCC is only 0.152 W/m -« K. Such ULHDCC could be potentially applied to the lightweight floors,

prefabricated external and internal walls of the constructions and repairing materials.

Key words:lightweight concrete; strain hardening; ultra-lightweight; high ductility
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Fig. 1 The particle size distribution of Microspheres
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Tab. 1 The properties of modified PE fibers

o AR/ pm K & /mm /g em 9 J& /MPa SRR & /GPa W7 S 4 e 2 / %
24 12 0.97 3000 120 2~3
F2 BEHWLIET
Tab. 2 Mixture proportion

P KV kR NN K WK T4
D38-PE1% 1 0.12 0. 50 0.70 0.03 1%
D42-PE1% 1 0. 20 0. 60 0.70 0.03 1%

D46-PEO 1 0.17 0.70 0.70 0.03 0
D46-PE1% 1 0.17 0.70 0.70 0.03 1%

T MR, D38-PELY RIS D38 M Bkim MRS L 12010 PE £F 4, HACh IR N .
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Tab.3 Properties of ULHDCC
%5 KO kg - m™ PUE B/ MPa PLhi s B/ MPa SR W/mk
D38-PE1 % 900 27.5 2.5 /
D42-PE1% 909 28.1 2.9 /
D46-PEO 917 32.9 / 0.152
D46-PE1% 842 20. 8
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Fig. 2 Static tensile setup & dog-bone

specimen
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Fig. 3 Relationship between compressive

strength and density
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Fig. 4 Failure mode ofD46-PE0-splitting failure
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Fig. 5 Failure mode of D46-PE1%-squashed
J&, BRPRPUBIIREERT LUK E] 2. 9 MPa, AR R Hr {7
AYIr R F) 600, WAL R ME 6 Bros . Hodr,
D38-PEL Y0 AR BR B AR B 1 806, & jd i
B - AR BRAE B AZ (0. 000 1~0. 000 17) iy JLAE %,
BERRE TAOR B RE T, B T R R
Bt ECCH . [ 7 W 7R i it o 4 0% 1) 2 P R B+
S G R £ RS TF e i ML BUHRAE

350
——D38-PE1%
3.0r \ww  —D42-PEI%
[ (8L, ——Da6-PE1%
ST
£ A AR
R L
E >‘
\
0.5
1
0% 2 4 6 8 10 12

B 6 B AL -R &

Fig. 6 The stress-strain curve of direct tensile test
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Fig. 7 Multi-cracks failure mode
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Fig. 8 Relation between thermal conductivity and density

for different lightweight concrete
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Fig. 9 Microscopic morphology
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Fig. 10 Schematic diagram of energy criterion
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