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Abstract-As a result of resin mineral composite (RMC) 
possesses excellent vibration alleviating properties, it has 
attracted much attention in the field of elementary machine 
components. However, applications of RMC are restricted 
due to its limited mechanical properties. In this paper, the 
effects of baking time on the aggregate moisture content and 
the effects of aggregate moisture content on the mechanical 
strength of RMC were investigated. Experimental results 
show that the aggregate moisture content decreases with the 
aggregate baking time increases. And mechanical strength of 
RMC decreases with the increase of aggregate moisture 
content, which was attributed to the interface bond, uniaxial 
compressive strength and curing degree decreases as the 
aggregate moisture content increases. The best mechanical 
strength is obtained when the baking time of aggregate at 
105°C exceeds 6 h. Compressive strength of RMC decreased 
from 130.25 MPa to 109.65 MPa and flexural strength of 
RMC decreased from 35.68 MPa to 32.07 MPa when the 
aggregate moisture content increased from 0% to 0.0741%.  

Keywords:  Resin Mineral Composite (RMC); Compressive 
Strength; Flexural strength; Aggregate Moisture Content; 
Interface 

1. INTRODUCTION 

Machine tool bed plays an important role in the 
manufacturing industry, which could provide mechanical 
products of better precision and surface quality. However, 
vibration generated in the machining process has much 
more influence on the dimensional precision and surface 
quality of the workpiece, which prohibits high-speed and 
high-precision machining from developing rapidly. How 
to minimize vibration during the manufacturing process is 
now an important factor that affects machining precision 
and the stability of machine tool [1] [2].  

Resin mineral composite (RMC) is a composite 
material similar to plain concrete that it is composed of 
granite particles as solid aggregate. The difference is that 
the binder is organic resin. With the development of 

high-speed and high-precision machining technology, 
RMC has attracted more and more attention for its good 
vibration alleviating properties [3]. Compared with gray 
cast iron and welded steel, RMC has ten times the 
damping ratio that it can better absorb vibrations 
generated in the machining process, especially in 
high-speed and high-precision machining processes[2] [4]. 
However, the application of RMC is restricted by its 
limitation in mechanical strength, and considerable 
research should be done to improve its mechanical 
properties in order to satisfy the requirements of 
high-speed and high-precision machining. 

The mechanical strength of fully cured RMC is highly 
related to its components and the interface between the 
resin matrix and filler [5]. Many previous studies focused 
on the effects of resin dosage [1] [6], fly ash [7] [8], types 
of the aggregates [1], mass content of aggregate [2], glass 
fiber [9-11], carbon fiber [9][12] and types of resin [13] 
on the mechanical strength of RMC. However, little 
information has been focused on the influences of 
aggregate moisture content on the mechanical strength of 
RMC. As the key component in RMC to bear loads, the 
aggregate weight of the total composite material accounts 
for more than 85%, the physical and chemical properties 
of the aggregate has a significant impact on the 
mechanical properties of RMC [5]. Influence of aggregate 
moisture content on the mechanical strength of RMC was 
not received sufficient attention. Fontana and Reams [14] 
revealed that 3% of pre-existing water in aggregates 
reduces the compressive strength of the PC by half. 
Header and Mohammad [15] found that the polymer 
concrete’s flexural strength decreased from 25.8 MPato 
0.68 MPa and compressive strength from 190MPa to 85 
MPa when the initial moisture added to the aggregate 
content increased from 0% to 5%. However, data is still 
scarce. We need to provide more documents. In this 
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article, the effect of aggregate moisture content on the 
mechanical strength of RMC was investigated. Research 
results show that the mechanical strength of RMC 
deteriorated with the increasing moisture content of the 
aggregate. 

2. EXPERIMENTAL PROCEDURES 

2.1 Materials 

The aggregates used in this study were granite particles 
produced in Jinan, China. These aggregates were classified 
into several different groups according to their diameters. 
Fly ash was used as the filler, which is a by-product from 
burning coals in local power plants. Epoxy resin 615A 
was used in this study. The stabilizer was ethylenediamine, 
and the flexibilizer was dibutyl phthalate (DBP). Acetone 
is used as the diluent to make the liquid composite less 
mucous. 

2.2 Measurement of aggregate moisture content 

Measurement of the water that dry out of the 
aggregate according to GB6284-86. In this article, granite 
particles are dried for 2 hours, 4 hours, 6 hours, 8 hours 
and 10 hours, respectively. Each experiment is measuring 
5 samples, and then calculating the mean value.  

2.3 Preparation of mechanical samples of RMC 

Preparation of RMC samples composed of the 
composite forming process and machining process after 
samples are formed. Granite particles were dried for 2 
hours, 4 hours, 6 hours, 8 hours and 10 hours at 105°C 
respectively before pouring molding, and then the 
establishment of a set of aggregate that doesn’t dry as a 
reference. Both liquid and solid raw materials were mixed 
evenly, and then mixed together to set on a vibration table . 
The vibration frequency is 45HZ and amplitude is 
0.25mm. The vibration lasted during the whole mixing 
process and continued for another 20 minutes after the 
mixing process ended.  

2.4 Preparation of mechanical samples of granite 

Granite is a kind of anisotropic inorganic composite 
material. In order to reduce experimental error, 
mechanical properties testing must be along the same 
direction of granite. So, granite must be marked before 
cutting. Granite is cut into 50 mm x 50 mm x 50 mm cube 
for compressive strength test and 160 mm x 40 mm x 40 
mm for flexure strength test. Processing methods of the 
different granite moisture content are given in Table 1. 
Measurement of the water that granite moisture content 
according to GB/T 23561.5-2009. 

2.5 Measurement of resin curing degree 

Curing degree was measured on a accelerated solvent 
extraction apparatus (ASE 300, made in USA) and the 
extraction solvent is methylbenzene. 

 
 
 
 
 
 
 
 

TABLE 2. PROCESSING METHODS OF THE DIFFERENT 
GRANITE MOISTURE CONTENT 

Processing 
methods 

Mositure content (%) 

Compressive samples Flexural samples 

Soak in water for 
24 h 

0.108 0.095 

Soak in water for 
12 h 

0.0719 0.0723 

No processing 0.0576 0.0555 

105°C for 3 h 0.0487 0.0432 

105°C for 6 h 0.0173 0.0181 

105°C for 24 h 0 0 

2.6 Mechanical properties testing 

Mechanical strength was performed on a YE-2000 
hydraulic pressure test machine and the maximum 
pressure allowed was 2000kN. RMC samples of 
50mm×50mm×50mm and 40mm×40mm×160mm in 
dimension were prepared for uniaxial compression tests 
and flexural tests respectively after curing 10 days at 
room temperature. 

2.7 Scanning electron microscopy (SEM) 

A scanning electron microscopy imaging was obtained 
using JSM-6510LV (JEOL) to investigate the surfaces of 
RMC.  

3. RESULTS AND DISCUSSION 

3.1 Effects of baking time on the aggregate moisture content 

TABLE 2. MEASUREMENT AND CALCULATION OF 
AGGREGATE MOISTURE CONTENT 

Baking time 2 h 4 h 6 h 8 h 10 h 

The water that 
dry out of the 
aggregate (%) 

0.0576 0.0664 0.0737 0.0746 0.0739

 
Aggregate moisture content is highly dependent on the 

weathering grade of aggregate [16]. Aggregate used in 
this paper is made of natural granite after crushing and 
screening, which have the same storage time and 
conditions. So that all aggregate have the same 
weathering grade and the same moisture content. The 
baking time and the corresponding water that dry out of 
the aggregate are shown in Table 2. The results of baking 
6 hours, 8 hours and 10 hours are approximately equal, so 
that aggregate moisture content is the average of the 
results of baking 6 hours, 8 hours and 10 hours. 

3.2 Effects of aggregate moisture content on the mechanical 
properties of RMC 

Effects of aggregate moisture content on mechanical 
strength of RMC are shown in Fig.1. It is clearly shown 
that the compressive strength and flexural strength of 
RMC decreases as aggregate moisture content increases, 
which was attributed to the interface bond, mechanical 
strength of granite and curing degree of epoxy resin 
decreases as the aggregate moisture content increases. The 
compressive strength and flexure strength of RMC that 
aggregate moisture is zero equal to the average of the 
results of baking 6 hours, 8 hours and 10 hours. 
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Figure1. Influence of aggregate moisture content on 

the mechanical strength of RMC 
 

3.2.1 Effects of aggregate moisture content on the 
interface between aggregate and resin matrix 

The interface between epoxy resin and granite 
aggregate is a weak part in RMC [5]. Failure crack under 
uniaxial compression is always along the interface 
between granite aggregates and epoxy resin. The surface 
of the granite aggregate is easy to infiltration by water. 
Moisture absorption can partly form a water film on the 
surface of granite aggregate, which can seriously affect 
adsorption effect and the adhesion strength between the 
aggregate and resin matrix (see Fig.2).  

 
Figure 2. SEM image of interface adhesion property 

between matrix and aggregate 
 

The curing process of epoxy resin is an exothermic 
reaction [17-21], water in granite aggregate turns into 
steam with the rise of temperature [15] [17]. Water vapor 
can adhere to the interface between aggregate and resin 
that it is difficult to remove in the process of vibration 
molding. Water vapor becomes pores after curing reaction 
[15](see Fig.3) , pores act as stress concentration weak 
points in the resin structure and result in resin failure 
during loading tests. The increased water content 
increases the number of these fatigue points, further 
weakening the mechanical properties of RMC. 

 

 
Figure 3. SEM image of visible pores near the 

interface 
 

3.2.2 Effects of aggregate moisture content on the 
mechanical strength of granite 

As the key component in resin mineral composite 
(RMC) to bear loads [5], the physical and chemical 
properties of the aggregate have an important impact on 
the mechanical properties of RMC. Many researchers 
have studied the effect of moisture content on the 
engineering properties of rock [21-25]. Moisture content 
is one of the most important factors influencing rock 
strength [26]. With a slight increase in moisture content 
may lead to a marked reduction in strength [27]. Granite 
aggregate moisture can weaken the adhesion strength of 
inside material, and reduce the uniaxial compressive 
strength of the aggregate. The relationship between water 
content and uniaxial compressive strength [18] [23] [24] 

could be described by an exponential equation. 
                  caew bw

c  )(            (1) 

Where, σc(w) is the uniaxial compressive strength, w is the 
aggregate moisture content (%), a, b and c are constants. 
The parameter b is a dimensionless constant defining the 
rate of strength loss with increasing water content. 

 
Figure 4. Effects of moisture content of granite on the 

mechanical strength of granite 
 

Fig.5 shows the fracture appearance of RMC samples 
after compression test. Fig.5 was taken by a digital 
camera, where (a) is the compressive failure samples of 
aggregate doesn’t dry, (b), (c) and (d) are the compressive 
failure samples of aggregate that baking 2 hours, 4 hours 
and 6 hours,  respectively. There are a lot of cracks 
across the granite aggregate in no-baking sample. Baking 
2 and 4 hours samples have some cracks across the 
granite aggregate. Baking 6 hours sample have no crack 
across the granite aggregate, but only have the crack along 
with interface between granite aggregate and resin.  
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Figure 5. Fracture appearance of RMC samples after the 

compression test.  
(a) is the compressive failure samples of aggregate don’t 

dry, (b), (c) and (d) are the compressive failure samples of 
aggregate that baking 2 hours, 4 hours, 6 hours 

respectively. Loading direction is from up to bottom. 
 

3.2.3 Effects of aggregate moisture content on epoxy 
curing degree 

Thermal conductivity is an important material 
property controlling the transport and exchange of thermal 
energy [28]. Aggregate moisture content has a great effect 
on thermal conductivity of granite aggregate. The 
effective thermal conductivity of granite [29] k0 can be 
described by:  

             
gf knnkk )1(0               (2) 

Where n is fluid content of granite, kf is the thermal 
conductivity of the fluid, and kg is the thermal 
conductivity of anhydrous granite aggregate. 

A similar relation can be written for the thermal 
conductivity of the fluid. 
              

vwf krrkk )1(               (3) 

Where kw is the thermal conductivity of the water, kv is the 
thermal conductivity of air or void, r is the water accounts 
for the proportion of the fluid. 

The thermal conductivity of the granite aggregate with 
no water, the water content of the aggregate, and the air or 
void content of the aggregate can be described by: 

              gggg ck                   (4) 

wwww ck                   (5) 

             
vvvv ck                    (6) 

Whereρg, ρw, andρv is density of the granite aggregate, the 
water, and the air or void, respectively, cg, cw and cv is 
specific heat of the granite aggregate, the water, and the 
air or void, respectively, ηg, ηw andηv is the thermal 
diffusivity of the granite aggregate, the water, and the air 
or void, respectively. Under normal conditions, ρg, ρw, ρv, 
cg, cw, cv, ηg,ηw,ηv, kg, kw are constants, kw>kv. 

Substituting (3) into (2) yields:  
      gvwv knkkrknk )1()(0            (7) 

The space that aggregate water was occupied by 
vacuum or air with the baking time of aggregate increases, 
and r decreases with baking time increases accordingly. 
Thus, the thermal conductivity of granite aggregate 
increases with aggregate moisture content increases [28]. 

The curing process of epoxy resin is an exothermic 
reaction, and raise the temperature of resin curing is 
conducive to curing reaction. The relationship between 
curing rate and temperature can use the following 
equation. 

       )1ln()ln()ln( 
 n

RT

E
Z

dt

d a         (8) 

Aggregate with low thermal conductivity is not 
conducive to dissipation of curing heat, and it is 
conducive to improving the curing degree and the 
mechanical strength of RMC will be higher [30]. Resin 
curing degree of different aggregate moisture content was 
shown in Fig.6. It is clearly shown in Fig.6 that the curing 
degree of resin decreases as granite moisture content 
increases. 

 
Fig.6 Effects of aggregate moisture content on curing 

degree of RMC 
 

As a summary, the best mechanical strength is 
obtained when the baked time of aggregate at 105°C 
exceeds 6 h. The interface wettability between resin and 
aggregate deteriorated with the increasing moisture 
content of the aggregate, and the porosity of the interface 
between resin and aggregate increases with the increasing 
moisture content of the aggregate. In addition, uniaxial 
compressive strength of granite and curing degree of resin 
decreases as the aggregate moisture content increases, 
which further reduced the mechanical strength of RMC. 

4. CONCLUSIONS 

Mechanical strength of RMC is highly related to the 
aggregate moisture content. Based on the results and 
discussion obtained in the present work, the following 
main summary remarks and conclusions can be drawn. 

(1) With the increase of baking time, aggregate 
moisture content decreases. The aggregate moisture 
content is 0.0741%. 

(2) The interface wettability between resin and 
aggregate deteriorated with the increasing moisture 
content of the aggregate, and the porosity of the interface 
between resin and aggregate increases with the increasing 
moisture content of the aggregate. 

(3) The uniaxial compressive strength, flexure strength 
and resin curing degree decreases with the increase of 
aggregate moisture content, which can further reduce the 
mechanical strength of RMC. 

(4) Mechanical strength of RMC decreases with the 
increase of aggregate moisture content, the best 
mechanical strength is obtained when the baked time of 
aggregate exceeds 6 h at 105°C. Compressive strength of 
RMC decreased from 130.25 MPato 109.65 MPa and 
flexural strength of RMC decreased from 35.68 MPa to 
32.07 MPa when the aggregate content increased from 0% 
to 0.0741%. 
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