55 45 525 6 1) SREIAXFZFIR

Vol. 45 No. 6 2024 Journal of Qingdao University of Technology

R IR M T M R R ) S B R K AL 5

[ A

GEBMTRY EARTHSRE, 5 266525)

o E RS rERRIREE 1 (UHPO) R B L 5 09 07 2 PE R AT APk, et 5t AR 30 T 7z B9 R 58 Az A .
SR UHPC AR —FoK e & 5 &5 K TR S ), 277 A8 B 5% B A 777 AR L) BB R A A5 3 . 38 a1 P 4l
BIEEEA BE(SCMs) X UHPC H /K ie » B 2 lioh —Fhisi oK IR THFE A g e . SRR3R , 2R U8 (RMD B 4
FEAE %6 B EEE AT RS UK TR . (B Z AT HRIFSR 2R B . T RM R REPEAIG, RM AR BE & UHPC 1
RERRAR . AT TR0, ISR AL P R SR AR AT L S5 e IR 45 2 A Db IV S A2t K Ak 7= RO TG 5 » 2 1 AR 1 1 i
T RM A £ WA K RM 50K 08 (LP) BRI AE K TR JF & —Fh T #5220 UHPC, @il
F12ARI KAEIA T X SR AT S | FL B SR i DA B e HE O iR, 9T T RM BB % UHPC Jg 24k
8 Kb FLBREGE 8 L R e HERC A 52 . 455 B, 38 A RM AT LP [ UHPC F 0158 B 35 (K T2 % 4, H
F RM,LP FUKIRZ 8] 0 U RIAE A, HL5 B0 & R, B2 RM B2 R, RM 19 i 850 B =4 4t
) vy B B P 2 B T TR R 0 1 IS (R T, AR AR S R R . T RMB3EFE/E I A A, RML LP Rk e
Z A B I R L RM T LP B9 7N AT LAFEAR UHPC JEARRFLEBREE, A, RM FI LP I A SR AR T
UHPC AL .

SRSBIA) M REVRLRE 5 IRV WAL L 5 J1 2= R B s KAk 5 FLBR S s Ak

HPESES: TU28 SERERERS: A MBS 1673-4602(2024)06-0010-08

Study on the mechanical properties and hydration of red
mud-limestone powder ultra-high-performance concrete

CHEN Qiang, HUANG Yue”
(School of Civil Engineering. Qingdao University of Technology, Qingdao 266525, China)

Abstract: Ultra-high-performance concrete (UHPC) has been widely studied and applied in
the world because of its excellent mechanical properties and durability, However, as a ce-
ment-based material with high cement content, UHPC can lead to higher production costs
and greater environmental harm. The use of supplementary cementitious materials (SCMs)
to substitute the cement in UHPC has become an effective way to reduce cement consump-
tion. In recent years, red mud (RM) is frequently used as a supplementary cementitious ma-
terial to partly replace cement. However, previous studies have shown that incorporating
RM may undermine the performance of UHPC due to its low reactivity. It is well known

that the aluminum phase in cementitious materials can synergistically interact with carbonate
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to promote the production of hydration products and improve the performance of the matrix.
Since RM is rich in aluminum phase, a sustainable UHPC is developed in this study by a
synergistic use of RM and limestone powder (LLP) to partially substitute cement. The effects
of the admixture amount of RM on the mechanical properties, hydration, pore structure and
carbon emission of UHPC are investigated through mechanical tests, calorimetry analysis,
X-ray diffraction, porosity tests and carbon emission tests. The results show that UHPC in-
corporated with RM and LP generally exhibits lower early-age strength than the reference
mix, but its late-age strength develops more rapidly due to the synergistic reaction among
RM, LP and cement. As the RM dosage increases, the main exothermic rate peak occurs
earlier and the hydration reaction is accelerated owing to the nucleation effect and high alka-
linity of RM. The coupled addition of RM and LP could lower the porosity of UHPC matrix
due to RM’s filling effect and the synergistic effect among RM, LP and cement. Moreover,
the incorporation of RM and LP effectively reduces the carbon emissions of UHPC.

Key words: ultra-high-performance concrete (UHPC) ; red mud(RM) ; synergistic reaction;

mechanical properties; hydration; porosity; carbon emission
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