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Analysis of the Effect of Fly Ash Content on the Mechanical Properties and Microstructure
of Ultra — High — Performance Fiber — Reinforced Concrete
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Abstract: In order to explore the synergistic effect of fly ash content on multiple properties of ultra — high performance fiber
concrete, six groups of ratios were designed, including blank group, 10% , 20% , 30% , 40% , and 50% , and analyzed
through mechanics, durability and microscopic testing systems. The results show that the mechanical properties are optimal at
20% of the content, and the 28 — day compressive strength reaches 158.2 MPa, which is 58.2% higher than the UCI100
specification limit; the durability reaches the peak at 30% of the content. The chloride ion diffusion coefficient is 1.17 x 10> m*/s,
the gas permeability coefficient is 6.7 x 10, and the electric flux is 690C, which are 35.7% , 31.6% and 42.0% lower than
the blank group respectively. Microstructural analysis showed that the peak value of C—S—H content was 1. 15 at 30% doping
content, and the total porosity dropped to 9. 5% , which was consistent with the best advantage of macro durability. The multi -
performance comprehensive index and the performance balance index are 0. 98 and 0. 95 respectively at 30% doping content, the
fitness index R =0.97, and the predicted optimal doping range is 25% ~ 32% . The research reveals the nonlinear law of

" appropriate optimization and excessive weakening" of fly ash content on UHPFRC, providing a quantitative basis for green
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design of high — performance concrete.

Key words: ultra — high — performance fiber — reinforced concrete; fly ash; mechanical properties; durability; microstructure;

multi — performance index; balance index
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Table 1 Main performance indicators of cement
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Fig. 1 Particle size distribution curve of fly ash
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Table 2 Main chemical properties of cement and fly ash / %
Sio, Al, 04 Fe, 05 Ca0 MgO SO, K,0 Na, O TiO, e B
ke 20.3 5.4 3.2 62.5 2.8 — 0.57 — 2.5
IR 52.6 25.3 6.8 4.2 0.9 1.2 0.5 1.1 1.8

1.2 Xkt

RN RL R, REFRTRIKE EZL
XhHE e PERELT HE 4 s R 5 £ (UHPFRC) Jr2f
St APERERFR G R AL . 1 P RCE R K
w R 10% . 20% . 30% . 40% . 50% It 5 /KA
i, HAMAR 7 S5 S 8RR — B, DUHRRR
ZNR T, ks 82 P RE R £ T 8015
PAMERG R, A TRDBREK 8 & UHPFRC BC 45 L
W3,

W &r

*3 ATEHEKIEBET UHPFRC B &Lt
Table 3 Mix proportions of UHPFRC with different fly ash contents

we KR WK AR g K sk
Bik/% ke/m’®
10 783 87 1 050 156 200 26
20 696 174 1 050 156 200 26
30 609 261 1 050 156 200 26
40 522 348 1 050 156 200 26
50 435 435 1 050 156 200 26
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Fig.2 Compressive strength of UHPFRC with different fly ash contents
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Fig.3 Flexural strength of UHPFRC with different fly ash contents



72 RS SR

40 &

2.3 BARBFRAE

HiTE 4 IR, BYRpTHiom B AL A, SS90k,
YU tERE— 2, 1 20% SR ALK FIIE( (28 d
12.3 MPa) , B/5REZ RN TR, R R
FHRNE . T Ok LK BE SR T 5 T B 45 0 5 T4l
ECEE, A B TR R AEY I Mg EBA
DUV 555 B AR DR 2 S £ R IV RE , FRARTARABE T o

=34

—--7d
—4—28d

BUATHRE/MPa
=)

3
0 10 20 30 40 50 60
Y IRAB %%
E4 ATEBERBET UHPFRC B8 RTH R E
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with different fly ash contents
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