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Green high-performance fiber-reinforced cement (GHPFRC) matrix composite is 

prepared by mixing matrix composites like slurry, mortar, or concrete with reinforcing 

materials like metal or inorganic nonmetal fiber, synthetic fiber, or natural organic fiber 

by a certain method. This composite is more energy-efficient, ductile, low-carbon, 

economic, and environmentally friendly than ordinary concrete. However, the 

performance of GHPFRC matrix composite has not been fully studied. The existing 

research only deals with the seismic performance and fire resistance of the material, 

failing to systematically discuss the optimal mix ratio. To solve the problem, this paper 

presents an optimization strategy for multielement GHPFRC matrix composite, and 

carries out multiple tests on its basic mechanical performance, toughness, impact 

resistance, shrinkage cracking, dry shrinkage performance, and durability. The test data 

on various indices verify the superior performance of the prepared multielement 

GHPFRC matrix composite. Further, the optimal mix ratio of the material was 

determined as: 60% cement, 30% fly ash, and 10% silica ash, with the water-cement ratio 

of 0.4, water reducer dosage of 1.5%, and quartz sand dosage of 500g. 
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1. INTRODUCTION

Cement concrete is a widely used building material, thanks 

to its low production and curing cost, and strong pressure 

resistance. However, the material faces some intrinsic defects, 

such as a high susceptibility to cracking, and a small tensile-

compressive strength ratio. Composite material and fiber 

addition are necessary means to help cement concrete 

overcome problems in dry shrinkage, durability, and 

brittleness [1-4]. In recent years, a new material called green 

high-performance fiber-reinforced cement (GHPFRC) matrix 

composite has emerged, which is prepared by mixing matrix 

composites like slurry, mortar, or concrete with reinforcing 

materials like metal or inorganic nonmetal fiber, synthetic 

fiber, or natural organic fiber by a certain method. This 

material enjoys much better performance than any of its 

component [5, 6]. 

GHPFRC matrix composite can be used as a bridge 

connecting board to facilitate the maintenance and repair 

problem of the expansion joints for corrosive beams, slabs, and 

rebars of bridges. It can also serve as the airstrips and parking 

aprons that are repeatedly under static/dynamic load and 

hot/humid load, as well as shear walls that absorb seismic 

energy [7-9]. With the maturity of production technologies and 

processes, there is a declining trend in the price of green high-

performance fibers. Therefore, the widespread use of 

GHPFRC matrix composite is foreseeable in new projects. 

GHPFRC matrix composite is more energy-efficient, 

ductile, low-carbon, economic, and environmentally friendly 

than ordinary concrete [10-13]. With the aid of finite-element 

software, Environment et al. [14] numerically simulated 

cement matrix members, which are unfired, fired in single 

cavity, fired in two cavities, and damaged in fire, respectively, 

and explored how the seismic performance of cement matrix 

frame is affected by parameters like axial compression ratio, 

integral point, rebar yield strength, reinforcement thickness, 

and replacement dimensions. Combined with an actual case, 

Mutisya et al. [15] demonstrated that GHPFRC matrix 

composite members/structures have better carrying capacity, 

energy efficiency, and seismic performance than ordinary 

concrete frames, and their seismic performance improves with 

the increase in rebar yield strength and decrease in axial 

compression ratio. Nguyen et al. [16] conducted fire resistance 

tests on the fire endurance and ignition methods of the beams 

and columns in GHPFRC matrix composite members or 

structures, established a finite-element constitutive model 

under thermal coupling, and performed verification tests with 

changing temperature field and beam end displacement. To 

improve the fire safety of components and structures in 

engineering applications, Pisello et al. [17] explored the 

bonding performance between green cement matrix composite 

and rebars after high temperature, analyzed the influence laws 

of five factors of mix ratio that affect material performance, 

namely, water-cement ratio, sand-cement ratio, fiber dosage, 

fly ash replacement rate, and water reducer dosage, and ranked 

these factors in descending order of performance influence by 

Minitab; Finally, the bond slip curve of the material was given, 

the bond slip features were analyzed, and the bond failure 

mechanism was discussed. 

Similar to seismic performance and fire resistance, the 

dynamic mechanical properties are an important indicator of 

the macro performance of green cement matrix composite 

structures [18-22]. Tran et al. [23] investigated the dynamic 

mechanical properties of two typical green composites, i.e., 
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cement matrix regeneration composite and alkaline-activated 

material, studied how the graphene oxide content enhances the 

macro dynamic mechanical properties of cement matrix 

regeneration composite, analyzed the influence of different 

renewable rubber replacement ratios on the fluidity and static 

mechanical properties of alkaline-activated material, and 

evaluated the ecological and economic performance of the 

materials through mix ratio optimization. Seto et al. [24] 

carried out monofilament pulling test and breakage test on 

high ductility cement matrix composite, which is more than 

200 times as ductile as ordinary concrete, acquired the friction 

and elastic modulus of different matrices, and computed the 

residual energy index of the bridging between fiber and matrix, 

which characterizes the material’s strain hardening potential; 

in the end, the rheological properties of the matrix slurry and 

the dispersion properties of the fibers were tested and analyzed 

with a rotary viscometer. 

Currently, basalt fiber boasts good application prospects in 

reinforcing cement matrix structures, owing to its excellent 

high-temperature performance, corrosion resistance, and 

tensile strength [25-27]. Following the design philosophy of 

strong nodes and weak members, Fantous and Yahia [28] 

tested the node refractory performance and component seismic 

resistance of cement matrix frames reinforced by basalt fiber, 

and concluded that the pouring material and stirrup ratio of the 

core area of frame nodes are not key influencing factors of the 

deformation and stiffness degradation in plastic hinge area. 

The existing studies have not thoroughly explored 

multielement cement matrix composite, nor systematically 

discussed the optimization of mix ratio. Thus, this paper 

carries out the following research: Section 2 introduces the 

mix ratio optimization strategy for the prepared multielement 

GHPFRC matrix composite, and details the calculation 

methods for dispersion coefficients, dispersion spacing, 

bending toughness, breakage energy consumption, impact 

resistance, crack resistance, and crack index; Section 3 

analyzes the test results on basic mechanical performance, 

toughness, impact resistance, shrinkage cracking, dry 

shrinkage performance, and durability. Based on various test 

indices, the authors verified the superiority of the prepared 

cement matrix composite, and identified the optimal mix ratio 

of the material. 

 

 

2. MIX RATIO OPTIMIZATION STRATEGY 

 

2.1 Calculation of dispersion coefficients and dispersion 

spacing 

 

The multielement GHPFRC matrix composite sample was 

cut into 60mm×60mm small blocks. Each small block was 

meshed into 25 grids of the size 5×5. Then, the dispersion 

effect can be characterized by the difference between grids in 

the number of fibers. Let Ni be the number of fibers in each 

grid, and N΄ be the mean number of fibers in all grids. Then, 

the variation coefficient of the multielement GHPFRC matrix 

composite can be expressed as: 
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where, D is the standard deviation of 25 fibers: 
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Then, the fiber dispersion of multielement GHPFRC matrix 

composite can be expressed as: 

 
-e  =   (3) 

 

Formula (3) shows, η=1 when λ value approximates zero. In 

this case, the fibers are dispersed uniformly in different grids. 

Table 1 presents the fiber dispersion parameters of the 

multielement GHPFRC matrix composite at different fiber 

dosages. 

 

Table 1. Fiber dispersion parameters of the multielement 

GHPFRC matrix composite 

 
Test number N΄ λ η 

1 62 0.219 0.832 

2 69 0.206 0.846 

3 61 0.281 0.741 

4 59 0.272 0.785 

5 67 0.196 0.864 

6 56 0.242 0.817 

7 55 0.274 0.827 

8 63 0.214 0.839 

9 66 0.189 0.876 

10 57 0.163 0.881 

 

As shown in Table 1, the GHPFRC matrix composite block 

10# achieved the best dispersion coefficients among all blocks 

in the fiber dispersion tests. The harmless cracks, which are 

shorter than the center distance of the fibers, in the cement 

matrix will not further expand into harmful cracks, due to the 

crack resistance of the fibers. Let d, ε, and rV be the diameter, 

directional effective coefficient, and volume ratio of fibers, 

respectively. Then, the cross-sectional area of each test block 

can be calculated by: 

 

0.886 VA d r=    (4) 

 

where, rV can be calculated by: 
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where, mc, mfa, mw, ms, mq, mgf, and mwr are the masses of the 

components; ρc, ρfa, ρw, ρs, ρq, ρgf, and ρwr are the densities of 

the components. Table 2 provides the physical densities of the 

multielement GHPFRC matrix composite blocks. 

 

Table 2. Physical densities of test blocks 

 
Density ρc ρfa ρw ρs ρq ρgf ρwr 

Value 3.25 2.37 1 2.06 2.33 1.46 1.12 

 

Suppose the fibers obey chessboard distribution in cement 

matrix. Then, the center distance of the fibers, i.e., the 

dispersion spacing of fibers, can be calculated by: 
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where, NA is the number of fibers on A. Table 3 records the 

test results on fiber dispersion spacing. 

 

Table 3. Fiber dispersion spacing of test blocks 

 
Test number rV Calculated value Test value 

1 0.892 1.311 1.124 

2 0.921 1.270 1.337 

3 0.875 1.323 1.315 

4 0.865 1.363 1.512 

5 0.915 1.279 1.425 

6 0.922 1.271 1.464 

7 0.879 1.348 1.548 

8 0.896 1.303 1.514 

9 0.857 1.376 1.383 

10 0.907 1.290 1.397 

 

As shown in Table 3, adding quartz sand and water reducer 

can promote the dispersion of natural organic plant fibers in 

the cement matrix (blocks 1-3 and 9-10). The fiber dispersion 

spacing was the closest to the ideal value in cement matrix 

blocks 3 and 9, which contain fly ash and silica ash. Hence, 

the mix ratios of blocks 3 and 9 give full play to the crack 

resistance of the fibers. 

 

2.2 Quantification of bending toughness 

 

When the composite cracks under pulling or bending, the 

crack propagation in the matrix is slowed down, as the 

deformable fibers carry a part of the tensile force. As the 

cracks gradually widen, the residual stress of the matrix 

continues to decrease, while the tensile force borne by the 

fibers tends to increase. Eventually, the fibers are broken or 

pulled out (Figure 1). The toughening effect of the fibers is 

manifested in the delay of crack propagation.  

 

 
(a) Pulling out 

(b) Breakage 

 

Figure 1. Tensile damage of fibers in the composite 

  

Considering the influence of the type and volume ratio of 

natural organic plant fibers on the composite toughness, the 

length of the test block was denoted as δ, deflection δ/150 as 

KSu, the area under the load-deflection curve with deflection in 

[0, δ/150] as Su, the width of the cracked cross-section as w, 

and the height of the cracked cross-section as h. Then, the 

bending toughness of the prepared multielement GHPFRC 

matrix composite can be characterized by the bending 

toughness coefficient: 
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Ignoring the accuracy of the initial crack-induced deflection, 

the loads corresponding to deflections 0.6, 0.9, 1.2, and 1.5mm 

were denoted as L0.6, L09, L1.2, and L1.5, respectively. Then, the 

bending toughness of the composite under secondary loading 

can be characterized by residual strength: 
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2.3 Calculation of breakage energy consumption 

 

Figure 2 gives the displacement-load curve of the cement 

matrix with no fibrous tissue. It can be seen that the load of 

pure cement matrix quickly dropped to zero at the moment of 

cracking. If cracking takes place in multielement GHPFRC 

matrix composite, the bridging effect of fibers could quickly 

reduce the load, such that the matrix will not be broken or will 

be broken after a much longer time. 

 

 
 

Figure 2. Displacement-load curve of pure cement matrix 

 

Let K0 and Q0 be the deflection and energy of the block at 

the moment of cracking, respectively; M be the mass of the 

block. Then, the toughness of cement matrix can be expressed 

by the breakage energy consumption: 
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Table 4. Breakage energy consumptions of composites 

 
Test number K0 M w h Q0 Calculated value Test value 

1 0.51 784.31 60 60 419.64 157.31 152.44 

2 0.62 769.14 60 60 452.97 129.67 120.85 

3 0.69 718.47 60 60 439.02 147.89 141.76 

4 0.58 756.84 60 60 452.16 152.93 160.01 

5 0.64 772.91 60 60 475.91 143.90 148.67 
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Table 4 lists the parameters of the energy consumed during 

composite breakage. It is intuitive that the composites with 

different mix ratios differed in toughness. 

 

2.4 Calculation of impact resistance, crack resistance, and 

crack index 

 

Currently, there is no unified test method for impact 

resistance of cement matrix. This paper applies load quickly 

on cake blocks by weight dropping. The impact tests were 

carried out cyclically, and the number of impacts NS leading 

to the first crack was recorded. Let mL and H be the mass and 

fallen height of the load, respectively. Then, the anti-impact 

toughness of the composite can be calculated by: 

 

9.8S S LT N m H=   (10) 

 

The cracking of cement matrix mainly comes from the fact 

that the tensile stress surpasses the tensile strength of the 

matrix, or the tensile strain exceeds the ultimate tensile 

strength of the matrix. The possible causes of cracking include 

the dry shrinkage of cement matrix, changes in ambient 

temperature difference, and uneven load. The primary 

evaluation indices are ultimate tensile strength, crack 

resistance, and crack index. Let αST, αSH, TS, and ETM be the 

ultimate tensile strength, dry shrinkage, axial tensile strength, 

and tensile elastic modulus of the cement matrix composite 

cured for n days, respectively. Then, the crack index can be 

calculated by: 
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It can be seen that the cement matrix with large ξp and Rf, 

and small Ef and ξd has relatively good crack resistance. That 

is, the fiber-reinforced cement concrete with good crack 

resistance must have large ultimate tensile strength and axial 

tensile strength, and small dry shrinkage and elastic modulus. 

Table 5 presents the crack resistance test results on the 

composite cured for 30d. 

 

Table 5. Crack resistance of the 30d composite 

 
Test number Fiber dosage per unit volume αST αSH TS ETM τ 

1 0 144.52 247 4.11 3.41 67.5 

2 1 168.45 216 4.34 3.05 98.5 

3 3 181.20 198 4.65 2.56 112.6 

4 6 198.70 182 4.94 2.11 132.0 

 

As shown in Table 5, the addition of 1, 3, 6kg/m3 plant 

fibers increased the crack index by 45.9%, 66.8% and 95.5%, 

respectively, compared with the pure cement matrix. The 

higher the dosage, the larger the crack index, and the better the 

crack resistance of the matrix. 

Further, the multielement GHPFRC matrix composite was 

subject to shrinkage cracking test without curing. To speed up 

surface evaporation, an 8m/s wind was applied on the block 

surface for 24h, and the width bi and length li of each surface 

crack were recorded. The weight of the crack width ωi was also 

defined. Then, the crack index, which reflects the cracking 

degree and crack resistance of multielement GHPFRC matrix 

composite, can be calculated by: 

( )i iC b l=    (12) 

 

 

3. ANALYSIS OF TEST RESULTS 

 

3.1 Basic mechanical properties 

 

Figure 3 shows the test results on compressive and bending 

strengths of multielement GHPFRC matrix composite with 

different dosages of natural organic plant fibers and binding 

materials. 

 

 

  
(a) Compressive strength (b) Bending strength 

 

Figure 3. Test results on basic mechanical properties 

 

Figure 3(a) compares the 5d and 30d compressive strengths 

between 10 samples with different mix ratios and 1 pure 

sample. It can be seen that the addition of natural organic plant 

fibers and binding materials slightly reduced the compressive 
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strength of pure cement matrix. Excessive amounts of fly ash 

and silica ash would weaken the hydration and rheology of the 

composite, which in turn affect the fiber dispersion in the 

matrix. From the perspective of bending resistance and 

roughness, the mix ratios of the 10 samples are all acceptable. 

Figure 3(b) compares the 5d and 30d bending strengths 

between 10 samples with different mix ratios and 1 pure 

sample. The results show that the addition of natural organic 

plant fibers and binding materials improved the bending 

strength of pure cement matrix. The binding materials could 

increase the dispersion of natural organic plant fibers. Thus, 

making the fibers an important element can effectively 

enhance the bending strength of cement matrix. 

 

Table 6. Test results on mechanical properties of the composite 

 

Test number Fiber dosage per unit volume Fiber length 
Tensile strength Bending strength 

5d 30d 5d 30d 

1 0 / 3.65 4.17 3.09 4.03 

2 1 12±2 3.69 4.71 3.12 4.11 

3 3 12±2 3.81 4.88 3.28 4.24 

4 6 12±2 3.68 4.76 3.17 4.15 

 

 
 

Figure 4. Mechanical strength curves 

 

The composites with different mix ratios were also subject 

to splitting and bending tests. The results in Table 6 indicate 

that the pure cement matrix, which contains no admixture, had 

low splitting strength and bending strength. After being added 

1, 3, or 6kg/m3 of natural organic plant fibers, the splitting and 

bending strengths of 5d composites did not change much, but 

those of 30d composites increased significantly, as compared 

with the pure cement matrix. 

Figure 4 presents the mechanical strength curves of the test 

samples cured for 30d. The tensile and bending strengths of 

the composite followed basically the same trends, peaking at 

the dosage of 1.85kg/m3. 

 

3.2 Toughness  

 

Figure 5 shows the test results on the bending-compressive 

strength ratios and breakage energy consumptions of 

multielement GHPFRC matrix composite with different 

dosages of natural organic plant fibers and binding materials. 

As shown in Figure 5(a), the composites added with fibers 

were tougher than pure cement matrix.  

Figure 5(b) compares the breakage energy consumptions 

between composite blocks and pure cement matrix. The 

toughening effect of natural organic plant fibers on the 

composite was verified from the angle of energy consumption. 

From the test results, the best toughness was observed on 

the composite prepared from the matrix of 60% cement, 30% 

fly ash, and 10% silica ash, with the water-cement ratio of 0.4, 

water reducer dosage of 1.5%, and quartz sand dosage of 500g. 

This composite achieved good matrix surface adhesion and 

fiber dispersion effect. 

 

  
(a) Bending-compressive strength ratio (b) Breakage energy consumption 

 

Figure 5. Test results on toughness 
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(a) Before addition (b) After addition 

 

Figure 6. Load-deflection curves of composite before and after fiber addition 

 

The breakage of multielement GHPFRC matrix composite 

covers two stages: elastic deformation and persistent 

microcracking. The second stage begins from the appearance 

of the first micro-crack, and lasts until the breakage of most 

fibers and pulling out of the rest. Figure 6 presents the load-

deflection curves of composite before and after fiber addition. 

Obviously, the multielement GHPFRC matrix composite 

absorbed a huge amount of energy as the fibers were broken 

and pulled out. The declining softening segment in Figure 6(b) 

testifies the large toughness and deformability of the 

composite, even if its load capacity was falling. 

After the breakage of composite, different types of natural 

organic plant fibers deform differently. The load-deflection 

curve of cement matrix mixed with plant fibers cannot be 

described accurately with a fitting function. In this paper, the 

deflection at block breakage point is measured by 

displacement sensors, and the deformations of different blocks 

are compared by the area under the load-displacement curve 

between point zero to the breakage point. 

Table 7 displays the calculated toughness of composite 

blocks after bending breakage. With the fiber dosage of 1 and 

3kg/m3, the breakage toughness of composite was 17.5% and 

44.7% higher than that of pure cement matrix. As the dosage 

increased to 6kg/m3, the breakage toughness of composite 

decreased. This is consistent with the test results on 

compressive and bending strengths. 

 

3.3 Impact resistance  

 

Table 7. Calculated toughness of composite blocks after bending breakage 

 
Test number Fiber dosage per unit volume Fiber length Toughness 

1 0 / 546.1 

2 1 12±2 662.5 

3 3 12±2 989.4 

4 6 12±2 1014.3 

 

Table 8. Calculated impact resistance of composite blocks 

 
Test number Fiber dosage per unit volume Number of impacts per unit time Impact energy Impact strength 

1 0 22 658.3 152 

2 1 24 698.2 175 

3 3 28 714.5 188 

4 6 31 757.4 215 

 

As shown in Table 8, compared with pure cement matrix, 

the impact resistance of multielement GHPFRC matrix 

composite continued to improve with the fiber dosage. As the 

dosage grew from 1, 3, to 6kg/m3, the number of impacts 

tolerable by the matrix composite increased by 9%, 27%, and 

40%, respectively, and the relative impact strength rose by 

15%, 23.6%, and 41.4%, respectively. This is because, when 

the composite faces continuous impacts, part of the external 

load is borne by the fibers; lots of impact energy is absorbed 

by the fibers, which effectively mitigates the damages on the 

composite. 

 

3.4 Cracking performance 

 

Table 9 shows the results of the cracking test on the 

multielement GHPFRC matrix composite. Figure 7 provides 

the crack indices of composite blocks with different fiber 

dosage per unit volume. 

As can be seen from Table 9 and Figure 7, the crack indices 

of the composites with 1, 3, and 6kg/m3 fibers were 24.7%, 

20.1%, and 23.7% that of pure cement matrix, respectively. 

The crack index gradually decreased with the growth in fiber 

dosage. The smallest crack index belonged to the composite 

with the fiber dosage of 6kg/m3. This composite has the 

strongest early shrinkage ability and crack resistance. 

The addition of natural organic plant fibers reduced the 

early elastic modulus and tensile stress of the composite, and 

carried more shrinkage stress, making the dry shrinkage cracks 

fewer and thinner. The cracking situation of different blocks is 

illustrated in Figure 8. It can be seen that the composites with 

1kg/m3 and 3kg/m3 fibers contained no >4mm crack after dry 

shrinkage; the cracks in the width interval of [3mm, 4mm] and 
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[1mm, 2mm] decreased by 81.5% and 86.3%, respectively; 

those in [2mm, 3mm] slightly increased, but with apparently 

smaller width. Meanwhile, the appearance of the first crack 

was clearly delayed, which further verifies the improved crack 

resistance of the composite. 

 

Table 9. Results of cracking test 

 

Crack width Weight 
Fiber dosage 

0 1 3 6 

>4mm 2.5 37 / / / 

[3mm, 4mm] 1.5 134 / / / 

[2mm, 3mm] 0.8 103 18 13 9 

[1mm, 2mm] 0.4 68 239 164 121 

<1mm 0.2 62 47 31 25 

Weighted crack index / 415.5 119.4 82.2 60.6 

 

 
 

Figure 7. Crack indices of composite blocks with different 

fiber dosage per unit volume 

 

 
 

Figure 8. Cracking situation of different blocks 

 

3.5 Dry shrinkage performance 

 

The samples for dry shrinkage test were prepared by Test 

Code for Hydraulic Concrete (DL/5150-2001), and relocated 

to a standard curing room for 24h of molded curing. Then, the 

initial length of each sample was measured, and taken as the 

benchmark sample length. To prevent the offset of the metal 

probe, the probe was fixed with 701 adhesive after the mold 

was removed. 

Immediately after the measurement, each sample was 

placed in a dry shrinkage room to be dried at the temperature 

of (20±2)℃ and relative humidity of (60±5)%. The dry 

shrinkage age was counted from the measurement of the 

benchmark length. The samples were cured for 1d, 3d, 7d, 14d, 

28d, and 60d, respectively, before length measurement. The 

length at each curing age was measured by the same method 

for the benchmark length. The results of dry shrinkage test are 

presented in Figure 9. 

 

 
 

Figure 9. Results of dry shrinkage test 

 

As shown in Figure 9, after being cured for 1d in the 

standard curing room, the dry shrinkage of samples with 

1.4kg/m3 and 2.8kg/m3 fibers was 19%-47.6% smaller than 

that of pure concrete; the sample with 5.6kg/m3 fibers almost 

did not shrink. After 60d of dry curing, the dry shrinkage of 

samples with 1.4kg/m3, 2.8kg/m3, and 5.6kg/m3 was 11.5%, 

19.3%, and 36.1% smaller than that of pure concrete, 

respectively, indicating that plant fiber-reinforced concrete 

has a stronger suppression effect on shrinkage in the early 

phase than in the late phase. 

The fiber-reinforced concretes with different fiber dosages 

varied in dry shrinkage. The higher the dosage, the smaller the 

dry shrinkage. Pure concrete shrank significantly in dry curing, 

due to the water loss of cement. By contrast, the numerous 

plant fibers, which are evenly distributed in concrete, produce 

a constraining tensile stress opposite to the shrinkage direction 

of cement. This stress limits the further shrinkage of cement, 

and thus reduces the dry shrinkage of fiber-reinforced concrete. 

 

3.6 Durability  

 

For strong alkaline cement matrices, the reinforcing fibers 

must have strong anti-aging resistance. Our multielement 

GHPFRC matrix composite adopts natural organic plant fibers, 

rather than organic synthetic fibers. Thus, it is necessary to 

probe deep into the corrosion of the plant fibers in alkaline 

solutions, and the long-term durability of the composite. 

Figure 10(a) presents the bending strength curves of the 

composite after multiple dry-wet cycles. As shown in Figure 

10 (a), the bending strengths of pure cement matrix and the 

composite after 30d curing stood at 10.14MPa and 11.57MPa, 

respectively, which dropped to 6.12MPa and 10.11MPa, after 

30 dry-wet cycles. Pure cement matrix saw a deeper decline in 

bending strength than the composite, during the accelerated 

aging. 

Figure 10(b) shows how the adjustment of fly ash ratio 

affects the bending strength of the composite. It can be seen 

that increasing the fly ash ratio could speed up the aging of the 

composite to a certain extent, but bending strength of 

composites with different fly ash ratios declined by the same 

trend. Comparatively, it is more effective to enhance the 

durability of the composite by increasing the fiber dosage. 
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(a) Dry-wet cycles (b) Fly ash ratio adjustment 

 

Figure 10. Bending strength of composite after different treatments 

 

 

4. CONCLUSIONS 

 

GHPFRC matrix composite is a mixture of matrix 

composites like slurry, mortar, or concrete with reinforcing 

materials like metal or inorganic nonmetal fiber, synthetic 

fiber, or natural organic fiber. Compared with ordinary 

concrete, GHPFRC matrix composite is energy-efficient, 

ductile, low-carbon, economic, and environmentally friendly. 

However, there is not yet any research on the optimal mix ratio 

of this novel composite. 

To make up for the gap, this paper details how to calculate 

and quantify the dispersion coefficient, dispersion spacing, 

bending toughness, breakage energy consumption, impact 

resistance, crack resistance, and crack index of the prepared 

GHPFRC matrix composite, and performed multiple tests on 

the its basic mechanical performance, toughness, impact 

resistance, shrinkage cracking, dry shrinkage performance, 

and durability of the composite. 

The test results verify the excellence of the prepared 

GHPFRC matrix composite in toughness, compressive and 

bending strengths, impact resistance, crack resistance, and 

durability. On this basis, the authors provided the optimal mix 

ratio of the composite: 60% cement, 30% fly ash, and 10% 

silica ash, with the water-cement ratio of 0.4, water reducer 

dosage of 1.5%, and quartz sand dosage of 500g. 
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