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Basic mechanical properties of ultra lightweight cement composite

GAO Xiaolong, WANG Junyan

(Key Lab of Advanced Civil Engineering Materials ( Tongji University) , Ministry of Education, Shanghai 201804, China)

Abstract : In order to investigate the mechanical properties and constitutive relation of stress-strain for ULCC (ultra
lightweight cement composite ), four types of ULCC with different densities ranging from 1 250 kg/m’ to
1 550 kg/m’ and the corresponding compressive strengths ranging from 47.9 MPa to 70.0 MPa were developed in
this paper. These ULCC consisted of microlightweight aggregates ( cenospheres) , cementing materials ( cement and
silica fume) , concrete admixture (shrinkage reducing admixture and superplasticizer) and steel fiber with volume
fraction of 1% . An experimental campaign including uniaxial compressive strength tests and uniaxial tensile
strength tests was undertaken to investigate the uniaxial compressive and tensile mechanical properties, and the
compressive strength, tensile strength, elastic modulus, poisson ratio, uniaxial compression stress-strain curves and
uniaxial tension stress-strain curves were obtained. The results show that compressive strength, tensile strength,
and elastic modulus all increased with the increasing of densities. The compressive strength and elastic modulus of
ULCC were linearly related to densities. The segmented constitutive equations of ULCC under uniaxial compression
and uniaxial tension were proposed based on the uniaxial compression stress-strain curves and uniaxial tension
stress-strain curves obtained from the tests. The research results can provide theoretical basis for the design and
nonlinear finite element calculation of ULCC structure.
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Tab.1 Mechanical properties of the steel fibre

HAZ/mm  KBEE/mm KN HURIREE/MPa SRR/ GPa

0.16 13 81.3 2 500 200

ARSCELH] T 28 d FEMAEEANT 1250 ~1 550 kg/m’
(1 4 FIANRIBSEE 400 ULCC, LG L I3 2.

*2 AEZTEZZ ULCC #HME St

Tab.2 Mix proportions of ULCC with different densities kg/m’
ULCC 2k 28 d % FEAK 7K G/ K R A4 U4 77 TH I
U1250 1 257.61 236.98 499.55 55.52 8.21 366.33 73.64 15.48 1.89
U1350 1 355.79 240.08 611.71 67.95 8.33 345.41 73.81 6.62 1.89
U1450 1 458.23 264.92 716.76 79. 64 9.21 307.05 74.84 3.84 1.92
U1550 1552.14 283.70 801.31 88.52 8.51 290.61 73.78 3.81 1.91
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Fig. 1 Dimension of ULCC specimen for axis tension test
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Fig.2  Test set-up for ULCC compression test
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Tab.3 Fitting results of ULCC compression stress-strain

constitutive relation

Type ©4/10°0 fo/MPaE,/MPa v o m 1, E./MPa
U1250 4672 47.86 12021 0.25 1.50 1.12 0.44 426
U1350 4192 52.27 13839 0.24 1.51 1.19 0.46 301
U1450 4 260 61.23 15589 0.24 1.47 1.18 0.46 171
U1550 4 558 70.99 17336 0.25 1.47 1.09 0.33 1274
Ave — — — — 1.49 1.15 0.42 543
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Fig.5 Relationship between compressive strength and density

of ULCC
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Tab.4  Fitting results of ULCC tension stress-strain constitutive

relation
Type £4/1076 fu/MPa E,/MPa E,./MPa
U1250 206 2.14 10 403 113.29
U1350 173 2.22 12 733 62. 64
U1450 233 3.65 15 074 73.62
U1550 250 3.98 16 468 187.62
Ave 216 109.29
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Fig.8 Siress-strain model of ULCC in uniaxial compression
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