§51 % 6 MmOk OE T Rk % ¥ W Vol. 51 No.6
201946 A JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jun. 2019

DOI.10. 11918/j. issn. 0367-6234.201808105
r—u VAN <H =4 ab Yo
EEHEERRERE T NIEZ1HEE KW EEH4
ER - EE E =2
(Soitk + AR TREA B2 P E S S = ([R5 k) , [ 201804)

W OE. MRS R L (ultra-high performance lightweight concrete , UHPLC) 2 — A w5 9 A JB K | 72 3k Fm 4F 4 40 Ak oY
HEAKT 1950 kg/m’ W37 AR LM AT R, A SCHFE T Bl 3% 47 41 5 K 5k 3744 3 2t UHPLC 45 385 B 41 7 5 4 8 Ao
Ta iy, kA AH e FENET UHPLC FER M H ALK, £R KW MA BB K, UHPLC By 41 E 8 &  H
P A AR e P I B N R BRI R, WA SR P B xh UHPLC SRk 58 % A & 4 -UHPLC Stk ey R 45 B2
WAL EREER B IRAARSAT 3 d Tt UHPLC K FH 8 E K &, UHPLC oy JE 58 JZ A 8 dh o b 0 3 ik B A7 55
P28 A AT, BEEH AR BN, BN FE-EERRTEEREN TR AR, BEEEN £ E LW W%, UHPLC = %
J& #1.815.2 kg/m* 100 mm ST J7 (R4 & 5% & 3k 103. 1 MPa, A% [R 4747 5% & 3k 7. 60 MPa, A% [R 4 51 % 1k 0.431% , 1 I & oY i
RRAIME, Tt g8 3k 22.43 MPa, 3% & 7 RPCI60 &y 447 #Z E K, L3 T AR LS M AR5 i 38 o B Ao

KERE: AmER B RRE L HA T R S

hE 43S TU528 XERFRERD: A NERS: 0367 -6234(2019)06 - 0018 - 07

The mechanical property and microstructure of ultra-high
performance lightweight concrete

WANG Junyan, YAN Zhuhua, GENG Liping
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Abstract; Ultra-high performance lightweight concrete (UHPLC) is a new type of cement-based structural material
with a density of less than 1 950 kg/m’ and is composed of high-strength cement paste, cenospheres, and fibers.
This study investigated the effects of different curing systems and curing ages on the mechanical properties of
UHPLC, which includes compressive strength, tensile performance, and flexural performance. Besides, the
microscopic morphology of the cenospheres was also observed by scanning electron microscopy ( SEM). Results
show that, the compressive strength, tensile strength and bending peak strength increased obviously as the curing age
increased, and UHPLC exhibited strain-hardening behavior. It indicates that curing age has a significant effect on
the strength of UHPLC matrix and the interfacial bond strength between fiber and UHPLC matrix. High-temperature
steam curing for 3 days, which can make the compressive strength and bending properties of the UHPLC matrix to
the level of standard of curing for 28 days, can promote early strength development and shorten the curing age.
However, it contributed less to the bond strength, which is still mainly affected by age. The actual density of
UHPLC was 1 815.2 kg/m’ and its cubic compressive strength reached 103.1 MPa. During direct tensile test, its
ultimate tensile strength and ultimate tensile strain was 7. 60 MPa and 0.431% respectively, and it exhibited strain-
hardening behavior. Moreover, its bending strength reached 22. 43 MPa, meeting the strength demand of RPC160.
The required lightweight and high-strength cement based structural materials has been achieved.
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UHPLC LRI & e W3R 1, R I3 B
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Tab.1 Mixture proportions of UHPLC kg/m’
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R2 WFHRNFMERE

Tab.2 Mechanical properties of steel fiber
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Fig. 1 Particle size distribution of cenospheres
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RoF 2050 mm x 100 mm , 35 0T £ 4 < B8 A =A%
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YR A B 520 . T DO s 3 A A
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Tab.3 Specimen classification and numbering

Passing/%

B it
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215 ' gl
A UHPLC - N28d PRifEFEd 28 d
B UHPLC - N120d FRfEFES 120 d
C UHPLC - H3d EEFEFE3 d
D UHPLC - H3d - N120d EiEZEEFE 3 d+ 4REFedr 117 d
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Fig.2 Dimensions of specimens( mm)
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Fig.3  Set-up of direct tensile test
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Fig.4 Set-up of four-point bending test
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Tab.4  Cubic compressive strength of UHPLC MPa

415 i VURME ARz
A UHPLC-N28d 93.5 1.6
B UHPLC-N120d 103.1 0.8
C UHPLC-H3d 96.8 0.3
D UHPLC-H3d-N120d 98.6 2.0
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Fig.5 Average stress-strain curve and envelope diagram
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Fig. 6 Summary of average stress-strain curves
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Tab.5 Characteristic parameters of tensile performance

% Jue/MPa fu/MPa ey, /% 1 BRIIALSFEL
UHPLC - N28d 4.10 5.05  0.072 uo
UHPLC - N120d 5.72 7.60  0.431 UB
UHPLC - H3d 5.91 — — uo
UHPLC - H3d -N120d  5.65 7.55  0.364 UB
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strength ) g ik B IGe (93 B2 , 4% BRATT 198 BE iy, (tensile strength)
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HAk) JUA (B AL A BRI A > 0. 15% ) A1 UB (3 4k B BRI 2% >
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Fig.7 Average load-deflection curve and envelope diagram
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Fig.8 Summary of average load-deflection curves
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Tab.6 Flexural parameters according to ASTM C1609

R fp/MPa 8,/mm P,/kN S0 /MPa % /MPa n%/J
UHPLC - N28d 18.93 1.03 63.12 15.51 14.66 145.53
UHPLC - N120d 22.43 1.23 74.77 17.53 20.12 181.93

UHPLC - H3d 20.30 1.10 67.65 16.81 17.13 166.78

UHPLC - H3d - N120d 20. 81 1.49 69.37 15.71 19.86 176.20

TEf, VREBRIY 56, JWREHEIE (WAL SR I TG R BRI ) 5 Py by e A7 2 (I 508 38 T 8 RO 2RAEE) 5400 10 23818 0.5 mm 2 mm $8J%
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