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Experimental study on mechanical properties of silica fume modified steel fibre

reinforced geopolymer recycled aggregate concrete

XIA Dongtao , CHANG Wenjie , LI Biao , WU Chen, YU Shiting, WANG Yu, GAO Aoxing
(School of Civil Engineering, Architecture & The environment, Hubei University of Technology, Wuhan 430068, China)

Abstract: Steel fiber reinforced geopolymer recycled concrete (SFRGRAC) presents several benefits, including
reduced carbon emissions, conservation of natural minerals, and enhanced ductility and toughness, rendering it a
promising material for broad applications. This study aims to augment the mechanical characteristics of SFRGRAC
by incorporating silica fume as a reinforcing agent. It examines the influence of silica fume content, steel fiber
volume fraction, and recycled aggregate substitution ratio on mechanical performance of SFRGRAC through cube
compression, split tensile strength, flexural strength, and modulus of elasticity test. Additionally, the study
elucidates the modification mechanism of silica fume via SEM and low field NMR test. The findings indicate that
silica fume addition extends the setting time of SFRGRAC, with 15wt% content of silica fume leading to a 29.68%
increase in initial setting time and a 22.98% increase in final setting time. The accelerated hydration reaction,
prompted by the prompt pozzolanic reaction between silica fume and the alkali activator, results in the SFRGRAC
achieving over 85% of its 28 d compressive and tensile strengths within 3 d. The compressive strength improves by
17.44% as steel fiber volume fraction increases from 0vol% to 1.5vol%, whereas a 50% substitution of recycled ag-

gregate causes a 9.79% reduction in strength than 0% substitution rate. A 10wt% silica fume content diminishes total

WS B H: 2024-05-14; fEE B 2024-06-18; KA EH: 2024-07-10; LKL HEZ A : 2024-07-24 08:02:25

M4 E & #idk: https://doi.org/10.13801/j.cnki.fhelxb.20240723.001

HEE&UH: BEAREAILETIH (52308248); 104 A RF#FE 4T H (2023AFB309)
National Natural Science Foundation of China (52308248); Natural Science Foundation of Hubei Province (2023AFB309)

BEIEE: 200, WL, BB, 12 SR, BF5 771609 %5K0 TR 560K E-mail: libiao@hbut.edu.cn

SIAME: AL, WIEGE, 2%, S5 i RN AT ARG SR P A IR E 1 M RE G [1]. S8R EAR, 2025, 42(4): 2090-2101.
XIA Dongtao, CHANG Wenjie, LI Biao, et al. Experimental study on mechanical properties of silica fume modified steel fibre reinforced
geopolymer recycled aggregate concrete|[J]. Acta Materiae Compositae Sinica, 2025, 42(4): 2090-2101(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20240723.001
mailto:libiao@hbut.edu.cn

BLAHE, A5 Bk IR BT 4 94 50 1 3R ) T AL R ) 2 AR i

2091 -

porosity by 23.79%, substantially enhancing compressive, tensile, and flexural strengths. When the silica fume

content reaches 15wt%, the excessive silica fume reduces the alkalinity of matrix, resulting in an incomplete

hydration reaction of the geopolymer. Consequently, this causes a decline in its mechanical properties. These

findings offer valuable insights for the revision and enhancement of specifications related to recycled concrete.

Keywords: geopolymer recycled aggregate concrete; steel fiber; silica fume; mechanical properties; modifica-

tion mechanism
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Table1 Chemical composition of cementitious materials
Binder Composition/wt% Specific surface ~ Density/
CaO  Si0, ALO, TFe,0, MgO SO; K,0 Na,0 MnO TiO, area/(cm*g") (kg'm™)
Slag 36.82 26.75 19.66 0.32 11.1 2.65 0.29 0.84 0.37 0.94 428 2.9
Silica fume 0.12 96.65 0.31 0.07 0.11 1.21 0.22 0.67 0.17 0.83 200 000 2.1

F2 WAL RMRYBERE L (SFRGRAC) iZiItE&LL
Table 2 Designed mix proportions of steel fiber reinforced geopolymer recycled aggregate concrete (SFRGRAC)

Proportion/(kg:-m™)

No. Specimen Slag Sand NA RA Silica fume Steel fiber Water S,O 'dlum SOdlun,l Plastisizer
silicate hydroxide
1 R50F00S00 417 724 724 543 0 0 61.08 161.75 3.59 3.3
2 R50F00S05 396.15 724 724 543 20.85 0 66.77 168.68 12.08 3.3
3 R50F00S10 375.3 724 724 543 41.7 0 72.47 159.80 11.45 3.3
4 R50F00S15 354.45 724 724 543 62.55 0 78.17 150.93 10.81 3.3
5 R50F10S00 417 724 724 543 0 78.5 61.08 161.75 3.59 3.3
6 R50F05S10 375.3 724 724 543 41.7 39.25 72.47 159.8 11.45 3.3
7 R50F10S05 396.15 724 724 543 20.85 78.5 66.77 168.68 12.08 3.3
8 R50F10S10 375 724 724 543 41.7 78.5 72.47 159.8 11.45 3.3
9 R50F10S15 354.45 724 724 271.5 62.55 78.5 78.17 150.93 10.81 3.3
10 R25F10S10 375.3 724 724 271.5 41.7 78.5 72.47 159.8 11.45 3.3
11 ROOF10S10 375.3 724 818 0 41.7 78.5 72.47 159.8 11.45 3.3
12 R50F15S10 375.3 724 626 543 41.7 117.75 72.47 159.8 11.45 3.3

Notes: R—Addition of recycled aggregate; F—Volume fraction of steel fiber; S—Addition of silica fume. R50F10S10 represents the 50%
recycled aggregate content, 1.0vol% steel fiber volume fraction and 10wt% silica fume content.
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Table 3 Testresults of machine strength and elastic modulus of SFRGRAC

Compressive strength/MPa

Splitting tensile strength/MPa

Flexural strength/MPa  Modulus of elasticity/GPa

Specimen
3d 7d 28d 3d 7d 28d 28d 28d

R50F00S00 38.07 43.05 47.51 3.39 3.71 4.16 3.79 13.02
R50F00S05 39.15 48.53 51.24 3.72 4.10 4.41 4.18 13.35
R50F00S10 41.36 48.60 53.96 3.91 4.27 4.32 4.26 14.75
R50F00S15 28.95 36.39 47.80 2.66 3.10 3.19 3.64 11.29
R50F10S00 40.30 48.44 54.05 3.98 4.42 491 4.30 13.85
R50F05S10 47.78 49.31 55.68 4.57 5.26 5.80 4.48 18.48
R50F10S05 49.15 53.75 57.25 5.54 591 6.26 4.83 16.43
R50F10S10 49.85 54.30 58.76 5.61 6.15 6.61 5.18 22.51
R50F10S15 40.75 46.93 55.91 5.00 5.51 6.16 4.06 14.22
R25F10S10 52.15 56.62 60.21 5.64 6.56 6.88 5.32 24.37
ROOF10S10 55.91 61.27 65.14 6.16 7.01 7.24 5.68 27.52
R50F15S10 53.49 58.95 65.39 5.75 6.46 6.68 5.34 24.35
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Fig. 3 Effect of silica fume content on the setting time of SFRGRAC
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Fig.5 Splitting tensile strength of SFRGRAC
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# R BRI R N 0% 1 2 50%, SFRGRAC T
Prom 43 ) F W 6.34% F1 2.63%, 3% & i T FAE B
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FAIK T SFRGRAC Hidfrak Ji . [ifiE P 2F 4R 1A F 45 &
M Ovol% 14 % 1.5v0l%, SFRGRAC WYL J& 43 5
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Fig. 6 Flexural strength of SFRGRAC
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JE 3 5 e RE K B R R 10wt% B R [ T 14.55% Fil
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Sy PR TEFE, T EOK AL RO TR K b, R
SN ) JE 5 R R URE 25 e AR R s AR T, T
ALK B 5%, 3 i GRAC N FF B [, DT B
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GRAC Hi 4T 5 B V- Y 82 7+ 1 18.74% Fl 27.22%, &
I RE K 55 4 2T 2 I R A 38R T 4
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[ 7(a) Ay A 5 A i i e ) A8 Ak R
o ATAL, YRR RN 0% 1 F 50% B,
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X FEH T HAS R IR R B & AL
Bt AT 2 iy [k R R Y N BRI A, S 3K
A B RS B I R S5 YRR AR, RRAIR T
FsRbERiE . ME 7(b) FTLLE 1, M6k KB E N
owt% % % 15wt%, K15 A 2F 4 ) GRAC 5 %
B 43 i 48 0 T 2.69% . 13.46% 1 13.15%, 18 A
1vol% ¥ £F 4k 19 GRAC it Pk A5 & 4 i 35 Jn 1T
18.63% . 62.53% fil 2.67%, X2 T GRAC Ay 51
R B e T EL AL T e 3 IXORD R A g B ) A PR
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i P X S . R, RE KK AR AR BOK R C-S-H
5 B I AR AL R =S B, (i GRAC fHOWE 45 449 5 Jim
%, ML S T GRAC B s PEA i . M kK5
B 10wt%, T AE K 25 A1 S 30 GRAC it
P B AR
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Fig.7 Modulus of elasticity of SFRGRAC
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ARG, TRk K FE A AR 4 5 SR SLBR
R S AL B AR W s, nf#] 8(e) R

Jy it — 2 WM EE 1B A KE K X SFRGRAC WL #L
il g 52 w3 A SEM K 1 1 RO B, a0
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ITZ—Interfacial transition zone; GC—Geopolymer concrete; C-S-H— Calcium-silicate-hydrate; C-H— Calcium hydroxide; AFt—Aluminum trisulfate

8 SFRGRAC HIIEIRIEZS
Fig.8 Typical failure surfaces of SFRGRAC
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Fig. 10 Pore size distributions of SFRGRAC
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Fig.9 XRD patterns of SFRGRAC with different contents of silica fume
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Table 4 Total volume fraction of porosity in the concrete matrix

Specimen Curing age/d Small pores (<4 pm) Medium pores (4-6 pm) Large pores (=10 um) Total
1 2 .61 4.
R50F10S00 3 3.15 0.29 0.6 05
28 231 0.08 0.94 3.32
R50F10S05 3 3.06 0.12 0.72 3.91
28 2.11 0.06 0.61 2.78
R50F10S10 3 3.13 0.061 0.86 4.06
28 2.07 0.08 0.37 2.53
R50F10S15 3 4.01 0.38 0.80 5.19
28 2.71 0.12 0.88 3.71

LR aS B, M > T LB A R S g, E
ik KB 8 B 15wt% B, SFRGRAC LB %% 10wt%
ERABEINT 26.79%., HE T LLE W, FE#HE K

% & M owt% 9 & 10wt%, SFRGRAC i fL [ K [
KT 23.79%, JUHJE KALIAFE T 60.64%, X %
NI T8 AR K E T 0 4 eRE . BEE RE
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KB IR ) 15wt%, H . KRFALAEEM L, X &
H Tl i A K S R K AL A L, — S R A R
LT 1) AL 75 B I s Ho A 2% o i A B T8 Tk w7
() R ALIR T,

B 11 i AL R S PR . Bihn . PR
JEMB R RN R, TTREH, WAL R
5 7 25 B A SRR R 26 AR OG, R SFRGRAC )
2 5 J3E RIS A T B 2 L BRI B R T A,
I, B AREK AT A 808 % SFRGRAC 11 7] 24 PR RE .

€l 12 iy SFRGRAC 4 {4 5 i i % [X. SEM &[4
MR R R E R, WE 12 FTAEH, KB
ABEJK () GRAC T 3 8 X B ki, KR A

VEZALI , RS SR Y 2 B K . B ARE K
&, RERKILEAE RS SR AL, s T
b5 LR T, (R B B AR A OO
FLAA Bt K e sk /D>, fE K5 Ca(OH), 7K Ak K 1
A BB R M BN TR R AL, ML R SRR R
2ok i X AR SR R . BT 12(c) B i, LR
2 J5) BBl eR i OK AR SR AE B C-S-H. C-H Fil AFt
2, IR UE A e LR A ITZ R SE I o>, il
TR BE + 25K AR AR R , W T A RE K
TEWOR AR R R ok Ab, ZETREE - Nk A
N A UK AERTRES . KA RERR S 55 7= 4, X sk
=Wyt E R M i m, I SN RRLEE S,

80 25
% % RS50F00S00
o @ RS0F10S05
y=78.55-6.97x @ = RS0F10810
£ - R=0.95 A A RSOFIOSIS
= = P Compressive strength nc:j
%1) 60 3 ” j ----- Elastic modulus 4 20 Q
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g . e
i 2
g 40 115 %
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(a) Fitting relationship curve of
compressive strength and elastic modulus

(b) Fitting relationship curve of
splitting tensile strength and flexural strength
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Fig. 11 Fitting relationship curves of porosity and mechanical characteristics of SFRGRAC
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Fig. 12 Microscopic mechanism of silica fume modified SFRGRAC
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(1) B JK X 4K 2T 4 1 % b 23R W A R
(SFRGRAC) 1ty i 14 2% AL B dub P T b 2R 40y 7 A T
+ (GRAC). I 5wt%~15wt% fif: JK J5 , GRAC HY
5 85 B T B A 7% /oA, T SFRGRAC i B 48 5
W B T 2 2] 20% LA L B A 1owt% BEK S, BEE
LT AR i 0.5v0l% 1S % 1.5v01%, SFRGRAC
BISE T PRBTE B S0 H0 AN BT 3 o8 B 43 50 388 T
18.52% . 10.59% #l 25.35%.,

(2) BE BN A TT A 8K AMB A BT 2 J5 1 RS 45
T 55 AR R0 X GRAC 5 B (1) B T 52 ) o ik KB
o0 10wt% I, SFRGRAC 7. 7 KB JE . BF BT
PUAT o B AP AR A A3 ) L AR B R GRS T
8.72% . 34.62%. 20.47% F1 62.53%.

(3) Kk K 1 3 8 R0 Kl KRR A R ek T
SFRGRAC M fOZEH . #58 A 10wt% ik B AR T
WK S A ACES (C-H) & I3 s 7K fL kR 55
(C-S-H) & &, %5 T R 5k 4 SLR R -H k) 3L 4 5 ifi
i P X (ITZ) B OW 25 48 o SR, M Rk K45 31
& 15wt% B, B TIREEM BRI R, S 505 %
A RRR IS K K& C-S-H BB Rk /D, AT 55 1
SFRGRAC 1A 1) 2% S FE HE o ik K45 5t owt% 34
Z 15wt%, )5k A28 [R] 4 0 £ R T 29.68% A1
22.98%.

(4) FE K 19 m A fE A R % AIK SFRGRAC 1Y £L B
F W IN 10wt% B JK J5 , SFRGRAC Al fL B % [%
i 23.79%, %k KB &N 16wt% i, 3 12F A fLER
R PRAR M B W e o B L B R AT o
JEE 0 L A 47 I L B 3R KT 4 M PRI
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