
229104/2 (2025)

Zaozhuang University, Zaozhuang Shandong, China

Study on polymer-based concrete pavement for high-capacity roads
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Wet road cement was mixed with silica fume by stirring and poured into 

studied for mech. properties, durability and impermeability. When sil-
ica fume was added alone, the compressive strength of the pavement 
polymer-based material was increased by 23.2% compared with that 
of the pure cement-based material. When the proportion of cement 
replaced by the pavement polymer was 25% to make concrete, the 

-

road base of the high level highway.
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With the continuous investment in the field of China 
national infrastructure as well as the development and 
improvement of road network construction, foam concrete 
is used more and more frequently in road engineering due 
to its advantages of low density, easy adjustment of density 
and strength, and convenient application. The foam is used 
to reduce the load or earth pressure as a substitute for 
filling, and can be widely used in the field of road engineer-
ing such as filling the back of bridge abutment with soft 
foundation, road expansion, filling of steep road sections in 
mountainous areas, road extension, old road bridge head 
replacement, and refilling of the roadbed of the bridge head 
of the old road1–3). There have been many results on the 
research of foam concrete’s own characteristics4–7) and its 
engineering application8–10). At this stage, the China State is 
vigorously advocating the promotion of green development. 
Cement production is a high energy-consuming industry 
but the use of large quantities of cement is not in line with 
energy saving, emission reduction and protection of the 
ecological environment of the country’s major policy. The 
resourceful use of industrial waste (geopolymers) should be 
adapted to energy saving, emission reduction and protec-
tion of the ecological environment. The resource utilisation 
of geopolymers has emerged11). The concept of geopolymer 
was firstly proposed by French Joseph Davidovits. It was 
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an inorganic polymer composed of AlO
4
 and SiO

4
 4-planar 

structural units with 3-dimensional mesh structure. When 
ordinary silicate cement hardens, a small amount of NaOH 
can have a catalytic effect, promoting the dissolution of 
Si and Al compounds in the cement, and accelerating the 
reaction with Ca(OH)

2
 to form calcium silicate and cal-

cium aluminate minerals, and then hardening the cement 
to regenerate NaOH. This is known as “alkali activa-
tion”12–15).

There are not many studies and engineering examples 
of pavement polymer-based foam concrete as roadbed 
filler, and the proportion and road performance of pave-
ment polymer-based foam concrete and the road properties 
of pavement polymer-based foam concrete are not yet 
known, so the proportion, performance and road proper-
ties of pavement polymer-based foam concrete need to be 
studied in depth and examined in practice. Based on this, 
this study adopts fly ash and mineral powder as the raw 
geopolymer materials to replace part of the cement dosage 
to formulate pavement polymer-based foam concrete, and 
tests its road performance through indoor tests, and selects 
the foam concrete made by replacing 25% of cement with 
the geopolymer to be used for filling the test section of 
highway foundation, and evaluates the road performance 
of the pavement polymer-based foam concrete through 
numerical analyses and comparative analyses of actual 
measurements.

Fundamentals 

Particulate matter like silica fume is easy to agglome-
rate, especially nano-sized fine powder, and agglomerated 
particles or agglomerates contain more than two particles. 
Each pellet has a different degree of binding strength, and to 
separate it into individual particles, an external force must 
be applied. In addition to the dispersion of the dispersion 
medium, it must also apply its dispersion technology. From 
the thermodynamic point of view, the interaction of particles 
is described by the formula (1):

where F
d
 is proportional to the particle diameter d, T is the 

slump time, aT and bT are the porosity of 2 silica fumes, and 
the gravity of the particle is proportional to T

d
, so when d 

decreases to a certain value, there it must be more func-
tional force bigger than the interaction.

In aqueous solution, when the temperature is higher 
than a certain level, the calcium sulfate will nucleate and 
crystallize out. When the relationship between the particle 

deduced, the following formula (2) is obtained:

(2)
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where r
a
 and r

b
 are diameters of 2 classical model particles 

is density of silica fume model. According to the classical 
model, cement mixed with silica fume can be regarded as 
a binary system. The maximum filling rate of the binary 
system and the volume fraction of particles with smaller size 
at this time can be calculated according to the following 
formulas (3) and (4):

(3)

where 
d 
is the maximum filling rate of the binary system, T 

is the volume fraction of the smaller particles at the maxi-

a
 is the average diameter of the smaller 

particles, aT is the average diameter of the larger particles, 
bT is the porosity of larger particles when the component 
is stacked. The relationship between the slump of cement-
based materials and the yield stress is given by formulas 
(5) and (6):

a b
 is the yield stress value, 

d
 is the slump value, 

a
 and 

b
 are the model viscosities.

Experimental 

Materials
The raw materials used for the preparation of geo-

polymer-based foam concrete had standard quality. The 
cement adopted P-O 42.5 grade ordinary silicate cement. 
The geopolymer consisted of Grade I fly ash and Grade 
S95 blast furnace slag powder, and its performance was in 
accordance with the provisions of “Fly Ash Used in Cement 
and Concrete” (GB/T1596) and “Granulated Blast Furnace 
Slag Powder Used in Cement and Concrete” (GB/T18046), 
respectively. The properties of the geopolimer were col-
lected in Tables 1–3.

Methods 
The specimen size of cement paste is designed as 50 mm 

× 50 mm × 200 mm (Fig. 1). In the processes, the cement 
was firstly mixed with water according to the amount 
of silica fume added in the blending ratio, and then the 
metered water was incorporated with the mixture of silica 
fume and cement while stirring. After stirring well, it was 
poured into the mold, tamping, scraping, covering with 
a damp cloth, and demolding after 24 h. The specimen was 
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placed in the hydration tank and was cured to the specified 
age, and then was performed property test.

The flexural strength was controlled by a microcom-
puter-controlled universal material testing machine and 
a cement flexure fixture. The loading rate is set to 0.50 
mm/min, and the compressive strengths of 1, 3, 7, 28 days 
are tested respectively. The compressive strength is the test 
piece that is broken after the flexure test and the universal 
material testing machine and the cement compressive fix-
ture are controlled by a microcomputer. The loading rate 
is set to 1.20 mm/min. Both the flexural and compressive 
strength tests use the two flat surfaces of the mortar test 
block as the load plane.

-

-
-

-

-

Table 1. Physical and mechanical properties of cement

Sieve residual rate 
(0.08 mm)/

Condensation time Flexural strength Compressive strength -

initial

103 225

Table 2. Physical properties of silica fume

Density 3 Melting temperature Average particle size
2

200–250 1500–2000

Table 3. Physical and chemical properties of calcium sulfate whisker

Item Unit Value
Density 3

Length
Melting point 1445
Tensile modulus 181
Water soluble
Calcium sulfate content

- 7–8
Bulk density 3

Diameter
Tensile strength
Refractive index -
Mohs hardness - 3–4
Whiteness
Water content

Fig. 1. Experimental model
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Results and discussion 

Mechanical properties 
The tensile strength and elongation at break of cement-

based materials added with surface-treated calcium sulfate 
whiskers were higher than those of conventional addi-
tives. As the whisker content was less than 1.67% of mass 
fraction, the tensile strength and elongation at break of 
cement-based material increased with the increase of the 
whisker content, and the increase rate increased linearly. 
As the whisker content exceeded 1.67% fraction, the tensile 
strength of the cement-based material decreased slowly. 
When the whisker content was 1.67%, the tensile strength 
value of the cement-based material was the largest (45.27 
MPa) and higher than that of the pure matrix. The tensile 
strength increased up to 43.98% (Fig. 2). When the content 
of calcium sulfate whiskers was small, the viscosity was low 
before the system was not cured, and the calcium sulfate 
whiskers were uniformly dispersed in the system. After 
the system was cured, the calcium sulfate whiskers played 
a role in strengthening the skeleton in the matrix. When 
the material was pulled by the outside world, local resist-
ance strain would be generated around the calcium sulfate 
whiskers, so that most of the stress acted on the whiskers, so 
that the whiskers played a role in transmitting loads. When 
the content of whiskers was large, the permeability of the 
whiskers in the matrix became poor, and the dispersion was 
uneven, and defects such as bubbles were easily generated, 
resulting in the tensile strength of cement-based materials 
significantly decreased when the content of calcium sulfate 
whiskers exceeded 1.67% fraction.

Wet density 
The effect of geopolymer dosage on wet density was 

shown in Fig. 3. As the polymer dosage increased, the wet 
density gradually decreased, and the value varied from 
613 to 733 kg/m3, which could meet the corresponding 
requirements of the specification. The density of ordinary 

-
whiskers

-

-

-

-

-

-
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silicate cement was 3,000 kg/m3, the density of fly ash 
was 2,650 kg/m3, and the density of slag was 2,900 
kg/m3. On the one hand, the density of polymer was 
smaller than that of the cement, and the replacement 
of cement by equal amount of polymer would increase 
the volume, thus the increase of polymer dosage under 
the same quality resulted in the density decrease. On 
the other hand, the particle size of cement particles 
and air bubbles contributed to the increase of the 
density. As the particle size of cement particles and 
bubbles belong to the same order of magnitude, when 
the cement content is higher, the bubbles and cement 
particles squeezed and punctured each other, resulting 
in an increase in defoaming rate, which makes the wet 
density relatively larger. Therefore, with the increase 
of polymer dosage, the wet density tended to decrease.

The effect of geopolymer dosage on the flow value is 
shown in Fig. 4. With the increase of geopolymer dosage, 
the flow value showed a decreasing trend, and the values 
were within the range of specification recommendations 
(170 to 190 mm), which was not much changed. The effect 
of geopolymer dosage on the flow values was not obvious. 
The flowability was mainly related to the water content 
and bubble content, and the water content and the amount 
of blowing agent in the ratio of the test groups were the 
same, so the effect on the flowability was small. Under the 
condition that the wet density met the requirements, the flow 
value only affected the construction performance, and the 
flow values of the three groups of tests met the specification 
requirements.

Mechanical strength 
In the case of adding silica fume alone, when the silica 

fume volume fraction was 0.55%, the compressive strength 
of the cement-based material increased by 23.14%, com-
pared with the pure cement-based material compressive 
strength. Single-mixed calcium sulfate whiskers could 

-
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increase the flexural strength of cement-based materials by 
27.19% when the amount was 1.54%, and when the single-
mixed silica fume was 0.28%, the flexural strength of the 
cement-based materials could be increased by 19.07%. The 
single-doped calcium sulfate whiskers had then a stronger 
effect on the compressive strength of cement-based materi-
als than single-doped silica fume16–18). When calcium sulfate 
whiskers and silica fume were added at the same time, the 
flexural strength of cement-based materials was basically 
lower than that of pure cement-based materials. Only when 
the amount of calcium sulfate whiskers was 0.62%, silicon 
content was 0.38%, and the flexural strength of the cement-
based material reached a maximum value of 7.54 MPa, 
which was 3.97% higher than that of the pure cement-based 
material. When the content of calcium sulfate whiskers 
reached 0.62% and the content of silica fume was 0.27%, 
the flexural strength of cement-based materials reached 
a minimum value of 4.92 MPa, which was 22.17% lower 
than that of pure cement-based materials (Fig. 5).

Durability 
The compressive strength and flexural strength of 

cement-based materials increased first and then decreased 
as the amount of silica fume was increased. There were 
relatively consistent changes in the samples mixed with 
2 silica fumes. When the silica fume dosage was in the 
range 21.45–23.50%, there was a highest point which 
continued to increase the dosage and the strength gradu-
ally decreased. The maximum compressive strength of the 
samples with silica fume and untreated silica fume was 
254.27 MPa and 184.25 MPa, and the maximum flexural 
strength was 37.59 MPa and 29.42 MPa, respectively. In 
addition, the highest strength value of the sample doped 
with untreated silica fume appeared at the dosage of silica 
fume at 15.75%, while the sample doped with silica fume 
appeared at 20.50%. It was found that the latter had more 
stable mechanical properties and higher strength. When 
the amount of silica fume was 18.50%, the reduction ratio 
was 0.314, which was an increase of 46.38% compared 
with no silica fume, indicating that the appropriate amount 
of silica fume could significantly enhance the toughness 
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of the cement-base material. The compression ratio was 
an important indicator to evaluate the toughness of the 
material. The increase of the compression ratio indicated 
that the addition of silica fume significantly enhanced the 
ductility and tensile capacity of the cement-based mate-
rial19, 20).

Conclusions 

The mechanical properties, durability and imperme-
ability of pavement polymer-based concrete materials 
modified and admixed with silica fume were studied. 
The results show that the incorporation of silica fume 
improves the early strength of cement-based materials, 
and the early strength develops rapidly, while the later 
strength increases slowly, indicating that the early effects 
of silica fume is significant, and the contribution to the 
early strength is greater than the later strength. Therefore, 
silica fume significantly improve its mechanical properties 
and durability properties.
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