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Abstract: Through fiber toughening composite technology, a fiber-reinforced geopolymer composite with
quasi-strain-hardening characteristics was designed and prepared, effectively addressing the shortcom-
ings of traditional geopolymers such as poor toughness and crack sensitivity. First, the initial mix propor-
tion design of the composite was proposed through orthogonal experiments, followed by single-factor
experimental studies. The optimal mix ratio was determined based on test results including rheological
properties, compressive strength, flexural strength, X-ray diffraction (XRD) , and scanning electron
microscopy (SEM). Finally, direct tensile tests and four-point bending tests were conducted to investi-
gate its tensile behavior. The results demonstrated that under alkali activation, silicon-aluminum sub-
stances in the matrix gradually dissolved and condensed into a —Si—O-—Al— network structure. The
formation of C-S-H and N-A-S-H gels within the material contributed to its strength. When the water-to-

binder ratio was 0. 5, fiber dosage was 2%, sodium silicate modulus was 1. 2, and alkali activator con-
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tent was 20%, the composite exhibited excellent mechanical properties (28-day compressive strength:

46.25 MPa, flexural strength: 7.70 MPa, tensile strain: 3%, and bending strength: 13.3 MPa).

During tensile testing, multiple fine cracks appeared on the specimen surface, and the stress-strain

curve displayed distinct quasi-strain-hardening characteristics.

Keywords: engineering geopolymer composites; geopolymer; fly ash; GGBS; Metakaolin
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Table 1 Chemical composition of thematrix material %

Mok si0, ALO, Ca0 Fe,0, Ti0,
FA 38.68 42.85 7.04 6.22 2.38
GGBS 12.55 9.31 65.34 1.12 3.35
MK 36.19 49.32 1.79 4.43 6.35
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Fig. 1 Particle size distribution of manufactured sand
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Table 2 PE fiber performance characteristics

L KEL HAZD D Poprom s R iR/
(g.em™)  mm pm GPa GPa %

0.97 12 24 500 3 116 1~3

1.2 XHFEe 4k it

I E A, AT 45 IR 3R R R REZ 43 7K 3
TSR R R 4B R KR LG ) X R A AR 5
XFHEAR A RHEC A L AT AT, IR ZE R Al A
Ui B RS 27 4 A B N AR AR I R Y A
MRE IESRAR A B i 3 FiR .
1.3 &XIeJ*

%M GB/T 17671—20214 /K I8 Ji& b 58 Ji 46 46 77
P (IS0 ¥6) YRy IR 0k i v 08 - HIL I A0 A1 PE
CT 2 43 B 3T L B B A b R ) e D it O
o AE 928 % (RE 20 “C+2 °C, MR FE >50% ) 97

169



B 55 0 TR S AT 4R N AR AL L SR W S S R ) S PEREF Y

®3 EXKBEAIIET

Table 3 Mix proportion design for orthogonal experiments

S FEARBPRE BRI KR BICR R KR
L8 N - =
ML BHE(A) Bi%(B)  BHE(C) (D)
1 0.2 1.2 0.2 0.50
2 0.3 1.2 0.2 0.50
GGBS+
3 0.5 1.2 0.2 0.50
MK
4 0.7 1.2 0.2 0.50
5 1.0 1.2 0.2 0.50
6 1.0 1.2 0.2 0.50
7 1.0 1.4 0.2 0.50
8 FA 1.0 1.6 0.2 0.50
9 1.0 1.8 0.2 0.50
10 1.0 2 0.2 0.50
11 0.2 1.2 0.2 0.50
12 0.3 1.2 0.2 0.50
FA+GGBS
13 0.5 1.2 0.2 0.50
14 1.0 1.2 0.2 0.50
15 1.0 1.2 0.1 0.50
16 MK 1.0 1.2 0.15 0.50
17 1.0 1.2 0.25 0.50
18 0.2 1.2 0.2 0.50
19 0.3 1.2 0.2 0.50
MK+FA
20 0.5 1.2 0.2 0.50
21 1.0 1.2 0.2 0.50
22 1.0 1.2 0.2 0.30
23 1.0 1.2 0.2 0.35
GGBS
24 1.0 1.2 0.2 0.40
25 1.0 1.2 0.2 0.45
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Fig. 2 Test instruments and experimental apparatus
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Fig.3 XRD patterns of samples cured for 28 days
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Fig. 4 SEM micrographs of geopolymer composites at 28-day curing age
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Fig.5 Flowability test results from orthogonal experiments
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Fig. 6 Compressive strength test results of geopolymer matrix materials
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Table 4 Test results of mix proportion design and mechanicalproperties of geopolymer composites

= Ny o o Pt HE 58 /M Pa LY IR FE /M Pa
| D E o
FA GGBS MK /% 3d 7d 28 d 3d 7d 28 d
F1 0.4 0.3 0.3 1.0 2 11.86 30.32 46.23 2.40 4.45 5.96
F2 0.5 0.3 0.2 1.0 2 15.66 37.10 4222 3.39 3.82 8.11
F3 0.4 0.2 0.4 1.0 2 24.74 40.31 52.31 7.59 6.65 7.70
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