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Abstract

This study investigated the application of ceramic powder in an alkali-activated UHPC system, re-
placing mineral powder with waste ceramic powder at mass fractions of 10%, 20%, and 30% on a
weight-for-weight basis. From a macroscopic perspective, the study preliminarily examined the in-
fluence of ceramic powder on the high-temperature performance of alkali-activated ultra-high-
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performance concrete (UHPC). Through systematic testing of the specimens surface morphology,
mass loss, and residual compressive strength after high-temperature treatment at 200°C, 400°C,
600°C,and 800°C, the study aimed to reveal the behavior patterns and mechanisms of ceramic powder.
The results showed that the incorporation of ceramic powder effectively enhances the high-temper-
ature stability of alkali-activated UHPC, reduces surface damage, and minimizes mass loss. Specifi-
cally, specimens containing 20% ceramic powder exhibited the best overall mechanical properties
after high-temperature treatment, with residual compressive strengths of 86.25 MPa and 77.50 MPa
at 600°C and 800°C, respectively. The study suggests that ceramic powder generates more heat-re-
sistant phases through physical filling and potential pozzolanic reactions, thereby improving the
material’s high-temperature performance.
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Table 1. Variable design of experimental mix proportions (kg/m?)

% 1. TRHRALTER T (kg/m?)

NazSiOs IK B 7 TR 7K TRIKF
138.6 205.7 72.93 55.44 134.2

Table 2. Variable design of concrete mix proportions (kg/m?)

2. RBRLSIRE ST ER I (kg/m?)

A5 ik B K TR AgEwd b Bk
GGBS-CO0 1108.69 277.2 72.93 583.55 0
GGBS-C10 997.821 277.2 72.93 583.55 110.87
GGBS-C20 886.95 277.2 72.93 583.55 221.74
GGBS-C30 776.08 277.2 72.93 583.55 332.61

E: “GGBS” Rl #y, “C” FosB&EN, #lu0 GGBS-C10 FK/x M & B0 2= N 10%.
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Figure 1. Mortar fluidity
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Figure 2. Appearance before and after high-temperature treatment
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Figure 3. Mass loss after high-temperature treatment at different ce-
ramic powder loading levels
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12.3%. XKLE 400°CH, FEEk (145 N BeA RN S KA =) 43 il BUR SR FESR R . 600°C 4 A

DOI: 10.12677/hjce.2026.155130 202 TARTH


https://doi.org/10.12677/hjce.2026.155130

LSV 3

GGBS-C10 3Z 5> B % 71.8 MPa #1 72.6 MPa, IR K. GGBS-C20 1R+ 86.25 MPa, NATH
5 e B EL IR 20.1%. GGBS-C30 2N 75.8 MPa, B i T3 #E 4 {H T GGBS-C20, 7] i, GGBS-
C20 7£ 600°C Iy R I H f HE AU Sl e BE: 800°C v ZH SR FE (T 52.4 MPa, #1147 60%. GGBS-C10 A
68.45MPa, GGBS-C30 N 64.8 MPa, 1fii GGBS-C20 3{# 4 77.5 MPa, HIEHEHIER 47.9%, NS

e

B XU 20% M Bk 15 R AL S 2 OB B UHPC 1R el A a5k e e bk

160 120
[ GGBs-co —@—GGBS-CO

140 I 6GBs-c10 ° —@—GGBS-C10

[ GGBs-C20 o —9—GGBS-C20

1009 —@—GGBS-C30

Il GGBS-C30

R (R FEER (%)
4 /

/,
/

YL 3 (MPa)

60 -
40 9|
40 |

20T

20

200 400 600 800 20 200 400 600 800
BECO) e
(a) PUEGRSE (QE:EZiES

Figure 4. Compressive strength of the cube after high-temperature treatment
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BRI RHG AR R A AT BRI, G50 R AR SE » FERRIICAA S, PRt R e S 5 M
A R v B A SR, JCHAE 20% B RN TR R T 25 6 . 30%45 5 BAE il fRfr R R IR
H, HHARERERIR, LR REARR FIKT 20%5 8. Xafeth T 30%MEmisame 1
JRBERTRL, HIS8 T HIAR KA =W IN 2% o

3.4. MEMUESRIEREIERIG

Ve by o PR B e 2 e LR R R IR T A, L R LR AR (A 98 BERAT55)AE 800°C LA L
AR REAAL . W TR BACEE T e, A R b AR E I B IO R I S B IR 655 5 o0 AR
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(2) Jo A R BEIR T S 3 0, 400°C LA i3 5 M ok v G sl i &= 45 2% . 800°C I, GGBS-C30
JR BRI HE A PRI 16.7%.

(3) MENMBEX FRFR AR R 2L AN, 20 RMBE. ZBEE 600°CAHl 800°C Nk
AR5 )I5 86.3 MPa Ml 77.5 MPa, HHEMEZLIR 5 20.1%F1 47.9%; GGBS-C30 B frErR s, H
DAIUE SR A, 48558 % A K GGBS-C20.
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