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Abstract. The axial compressive strength test of oilfield solid waste concrete 

after freezing and thawing was carried out by rapid freezing and thawing method 

to analyze the mass loss rate, axial compressive strength loss rate and relative 

dynamic elastic modulus loss rate of solid waste concrete under freezing and 

thawing cycles with different water-cement ratios and oilfield solid waste admix-

tures. The results show that: when the number of freeze-thaw cycles is the same, 

the loss rate of dynamic elastic modulus, ultimate strain and modulus of elasticity 

of concrete decreases with the increase of the content of oilfield solid waste ad-

mixture, and with the increase of the water-cement ratio, the section of the ulti-

mate bearing capacity decrease after freezing and thawing is more stable, and the 

decrease of the ultimate bearing capacity is more slow. When the dosage of oil-

field solid waste is 5% and the water-cement ratio is 0.55, the mass loss rate and 

the dynamic elastic modulus loss rate of oilfield solid waste concrete are 0.57% 

and 16.50%, respectively, and its freezing resistance is optimal; the stress-strain 

curves of oilfield solid waste concrete are fitted by using the ordinary concrete 

constitutive model, and the relevant control parameters show that the curves have 

good predictive ability, and the mechanical properties of the post-freeze-thaw 

oilfield solid waste The mechanical properties of oilfield solid waste concrete can 

be analyzed after freezing and thawing. 

Keywords: drilling solid waste concrete; freeze-thaw cycles; axial compressive 

strength; mass loss rate; relative dynamic modulus of elasticity 

1 Instructions 

As the main solid waste generated in the process of oil and gas extraction and pro-

cessing, the effective and harmless treatment and disposal of oilfield solid waste has 

become a hot spot of current research. In this paper, we will consider from the perspec-

tive of resource utilization, using cement and other cementitious materials to solidify  
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petroleum hydrocarbons and other harmful components in drilling wastes, and reduce 
the toxicity of drilling solid wastes and their migration to the biosphere. 

In response to the problem of freeze-thaw damage, many scholars have carried out 
a large number of studies on the frost resistance of concrete.Khalifa Al-Jabri[1] and 
Ablieieva Iryna[2] mainly studied the composition and environmental protection tech-
nology of drilling sludge, providing a theoretical basis for the treatment of oilfield solid 
waste in this paper.Kangshen Fu[3] , Jialin Chen[4] and Hai-tao Wang[5] have carried 
out detailed macro and micro analysis of concrete with different freeze-thaw cycles 
under different admixtures, but there is a lack of research on oilfield solid waste admix-
tures.Yijie HUANG[6] and Xun Wang[7]'s analysis of the axial compression perfor-
mance of concrete under different mix ratios provided a good method for the study of 
different mix ratios in this paper.Combined with the above discussion, the study of the 
performance of drilling solid waste concrete after freeze-thaw cycle for drilling solid 
waste concrete has high research necessity and engineering significance, and more im-
portantly, it is important for the construction of resource-saving and environment-
friendly society. 

2 Materials and Methods 

2.1 Experimental Material 

In this paper, 42.5 ordinary silicate cement is used, and the test ratios are shown in 
Table 1. The maximum grain size of 5mm medium sand with a fineness modulus of 2.8 
is used in the test, and the grain size of crushed stone in the range of 10-20mm is used 
in the test. 

Table 1. Drilling Solid Waste Concrete Strength Test Proportioning Design Sheet 

Amount of material/10kg 
Experiment 

number 
water-cement 

ratio 
sand 
rate 

Drilling solid waste 
blending clinkersandscree 

Solid waste from 
drilling 

wa-
ter 

#1 0.5 50% 2.5% 1.60 3.68 3.68 0.25 0.80 
#2 0.5 50% 5% 1.60 3.55 3.55 0.50 0.80 
#3 0.5 50% 7.5% 1.60 3.43 3.43 0.75 0.80 
#4 0.55 50% 2.5% 1.60 3.64 3.64 0.25 0.88 
#5 0.55 50% 5% 1.60 3.51 3.51 0.50 0.88 
#6 0.55 50% 7.5% 1.60 3.39 3.39 0.75 0.88 

2.2 Experimental Methods 

2.2.1 Concrete Cube Specimen Preparation. 
Concrete specimen preparation: with reference to the Standard for Testing Physical 

and Mechanical Properties of Concrete (GB/T 50081-2019), a cubic compressive spec-
imen of concrete with standard compressive specimen size 150mm×150mm×150mm 
was prepared. In the preparation process, the cement, sand and drilling solid waste are
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first added to the mixer and stirred for 1min, so that it is fully mixed, and then the water 
is evenly added while stirring, stirring for more than 3min. After the concrete is poured 
out of the mixer, the concrete mix is molded in one go. When loading, the spatula should 
be inserted and rammed along the wall of each test mold, and the concrete mixture 
should be placed above the test mold opening and vibrated on the shaking table until 
the surface is out of pulp to avoid over-vibration. After the specimen is moulded, the 
surface is covered with a wet cloth to maintain the test humidity, and the specimen is 
left to stand for one to two days and nights at a room temperature of 20°C ± 5°C and a 
relative humidity of more than 50%, and then the mould is removed and numbered in 
Figure 1. 

Fig. 1. Match ratio concrete cube test block diagram. 

2.2.2 Freezing and Thawing of Concrete Cube Specimens. 
In this paper, the freeze-thaw cycle test was carried out by using the quick-freezing 

method to make 6 kinds of proportions. Cube specimens were used for freeze-thaw test, 
and 5 specimens were produced for each mix ratio. The test steps were as follows: (1) 
Put the marked cube specimen after release into the standard curing box 24d, and then 
immerse the specimen in the constant temperature water tank (20±2℃) for continuous 
curing for 4d. (2) The specimen with a curing period of 28d is taken out of the tank, 
and the surface moisture content is recorded on the appearance size after drying, and 
then weighed one by one and put into the freeze-thaw box. (3) The freeze-thaw exper-
iment was recorded as one freeze-thaw cycle. The temperature is lowered from room 
temperature to -18 ℃, and then from -18 ℃to 20℃ for a cycle, each freezing time is 
4h, and the melting time is not less than 1/4 cycle. (4) After freeze-thaw cycles of 0, 
25, 50, 75, 100 times, the specimen was weighed, the surface damage of the specimen 
was observed and recorded, and the compressive strength test was carried out. The test-
ing machine is composed of four parts: test host, hydraulic power source, measurement 
and control system and test apparatus. It can control electro-hydraulic servo by micro-
computer, collect and process data by computer, and take average value of test data.
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3 Test Results 

#1FT0 #1FT25 #1FT50 #1FT75 #1FT100 

#2FT0 #2FT25 #2FT50 #2FT75 #2FT100 

#3FT0 #3FT25 #3FT50 #3FT75 #3FT100 

#4FT0 #4FT25 #4FT50 #4FT75 #4FT100 

#5FT0 #5FT25 #5FT50 #5FT75 #5FT100 

#6FT0 #6FT25 #6FT50 #6FT75 #6FT100 

Fig. 2. Surface appearance of specimens after freeze-thaw cycles
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Freeze-thaw damage of concrete is the process of damage accumulation, i.e., with the 
increase of the number of freeze-thaw cycles, mud shedding starts to appear on the 
surface of concrete and continues to expand, eventually leading to mortar shedding on 
the surface and edges of concrete. When the number of freeze-thaw cycles reaches 100 
times, a large amount of coarse aggregate is exposed and concrete is missing at the 
corners. Figure 5 shows the apparent phenomena of six groups of concrete specimens 
after different freeze-thaw cycles, respectively. 

As can be seen from Fig. 2, after the specimen was subjected to different numbers 
of freeze-thaw cycles, the following gradually occurred with the increase in the number 
of freeze-thaw cycles. (1) Surface spalling: during the freezing process, the freezing 
stress caused cracks in the concrete. These cracks are numerous and small, but under 
the repeated alternation of freezing and thawing, these small cracks continue to expand 
and penetrate each other, making the surface mortar begin to peel off. (2) Internal struc-
tural damage: with the increase of the number of freeze-thaw cycles, the internal struc-
ture of the concrete specimen produces more serious damage. The initial microcracks 
continue to expand, and even produce new microcracks. (3) Aggregate spalling and 
specimen structure loosening: after a certain number of freeze-thaw cycles, the mortar 
between aggregates is obviously reduced, and aggregate spalling is serious. The test 
block structure becomes loose, coarse and fine aggregates are separated, and the adhe-
sion between aggregates is almost lost. 

As can be seen from Fig. 2, after 25 times of freeze-thaw cycles, many holes have 
appeared on the surface of the test block; after 50 times of freeze-thaw cycles, even the 
surrounding area and corners are partially missing. 75 and 100 times of freeze-thaw 
cycles, a large number of coarse aggregates on the surface are bare and leaking, and the 
surrounding area and corners are missing to different degrees, and the integrity of the 
surface of the test block in group #5 is high. 

3.1 Compression Damage Patterns of Concrete Specimens 

Fig. 3. Damage dia-
gram of specimen after 
25 cycles of freezing 

and thawing 

Fig. 4. Damage dia-
gram of specimen after 
50 cycles of freezing 

and thawing 

Fig. 5. Damage dia-
gram of specimen after 
75 cycles of freezing 

and thawing 

Fig. 6. Damage dia-
gram of specimen after 
100 cycles of freezing 

and thawing 

As can be seen from the Figures 3 to 6, when the pressure on the test block exceeds its 
elastic limit, the test block will enter the plastic deformation stage. At this time, the 
cracks on the surface of the test block will continue to expand to the depth, forming
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more obvious cracks. The direction of expansion of these cracks is related to the direc-
tion of the pressure on the test block and the internal structure of the concrete. On 
reaching the ultimate strength, the test block will generate tensile and compressive 
forces to both sides, leading to rupture of the block. Upon rupture, significant longitu-
dinal cracks will appear on the surface of the test block, and these cracks will eventually 
run through the entire block, leading to complete destruction of the block. After ex-
ceeding the ultimate load-bearing capacity, the test block will completely disintegrate, 
forming multiple fragments. At this point, the specimen has lost its load-bearing capac-
ity and is no longer able to withstand higher pressures. 

The test block with 0 times of freezing and thawing is consistent with the damage 
phenomenon of normal test block, which is inverted cone-shaped damage, and there is 
no damage to the internal structure. Freezing and thawing cycle 25 times, the damage 
pattern of the test block surface cracks appear on the surface of the part of the surface 
of the whole piece of cement paste surface fall; follow the increase in the number of 
freezing and thawing cycle, the internal structure of the specimen damage is more and 
more serious, when the freezing and thawing cycle reaches 100 times, the test block 
internal damage is more serious, the damage pattern is crushed, the internal adhesion is 
low, the coarse aggregate is almost completely separated. 

4 Test Results and Analyses 

4.1 Quality Loss Rate 

Where the rate of mass loss of oilfield solid waste concrete shall be calculated according 
to equation (1):

∆ ேܹ = ீబିீಿ
ீబ

× 100% (1) 

Where: ∆W୒ is the rate of mass loss of concrete after N times of freezing and thawing;
G଴is the mass of concrete without freezing and thawing (kg);G୒ is the mass of concrete 
after N times of freezing and thawing (kg); N and 0 are the number of freezing and 
thawing cycles. 

The relationship between the mass loss rate and the number of freeze-thaw cycles is 
shown in Figures 7 and 8. Due to the action of freezing and expansion force and osmotic 
pressure, the pores inside the concrete are enlarged and increased, which leads to the 
increase of water absorption and the phenomenon of peeling off of the skin, and then 
the quality of the specimen of the oilfield solid waste coagulum is changed. For the 
concrete test block with a water-cement ratio of 0.5, when the number of freeze-thaw 
cycles is 25 times, its mass loss rate has a transient negative value, that is, the macro-
scopic manifestation of the increase in quality. The hydrated calcium silicate and hy-
drated calcium aluminate produced by the hydration reaction of cement constitute a 
cementing matrix. These hydrated products can connect, encapsulate and bond between 
the gaps of aggregates, so that the loose aggregates form a skeleton and become the 
main structure to form the strength of concrete. The main reasons for this are as follows:
①The specimen with 0.5 water-cement ratio has less water content when making the
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specimen compared with the specimen with 0.55 water-cement ratio, so it will absorb 
part of the water in the freezing and thawing. In 0-25 freeze-thaw cycles, the concrete 
spalling mass due to freeze-thaw damage is smaller while the water absorption is larger, 
resulting in a negative mass loss rate. ②With the increase of the number of freeze-
thaw cycles, the micro-cracks and holes inside the concrete expand under the action of 
free water freezing expansion and thawing, which makes its internal damage serious, 
and the mortar and aggregates on the surface and inside are detached. At this time, the 
shedding mass is greater than the water absorption mass, resulting in the overall weight 
gain of the concrete. ③With the accumulation of freeze-thaw damage, the damage to 
the contact interface between the incorporated oilfield solid waste and the concrete it-
self becomes more severe, resulting in a further reduction in its interfacial bonding 
properties. This resulted in a large amount of dislodging of aggregate or paste, making 
its mass loss rate increase. After 100 freeze-thaw cycles, the rate of mass loss reached 
a maximum value of less than 5 per cent for both groups of concrete, indicating that the 
concrete was not damaged by freeze-thaw at this time. 
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Fig. 7. Variation of mass loss rate at 0.5 
water-cement ratio 

Fig. 8. Variation of mass loss rate at 0.55 wa-
ter-cement ratio 

4.2 Rate of Loss of Dynamic Modulus of Elasticity 

The rate of loss of dynamic elastic modulus of oilfield solid waste concrete can be 
calculated by equation (2): 

ேܧ∆ = ாబିாಿ
ாబ

× 100%                (2)  

Where: ∆ܧேis the rate of loss of kinetic elastic modulus of concrete after N times of 
freezing and thawing;  ଴is the kinetic elastic modulus of concrete without freezing andܧ
thawing (MPa);  ேis the kinetic elastic modulus of concrete after N times of freezingܧ
and thawing (MPa). 

The relationship between the loss rate of dynamic elastic modulus and the number 
of freeze-thaw cycles is shown in Fig. 9 and 10. The loss rate of dynamic elastic mod-
ulus of the two groups of concrete in the figure is proportional to the number of freeze-
thaw cycles, in which the loss rate of dynamic elastic modulus is larger for the 0.5
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water-cement ratio. Compared with ordinary concrete, the space between the cementing 
materials is larger, and the concrete structure is not dense enough. In addition to the 
formation of cementing materials calcium silicate hydrate and calcium aluminate hy-
drate, which have a good effect on the strength of concrete, needle rod crystal high-
sulfur hydrated calcium sulfoaluminate, also known as ettringite (AFt), is also formed. 
Ettringite crystals are insoluble in water and will precipitate around the hydration prod-
ucts, which not only blocks the participation of water in the reaction, delays the strength 
of cement condensation, but also produces volume expansion, making the cement struc-
ture loose. The interface between solid waste and ordinary concrete exists inside the 
concrete mixed with oilfield solid waste, and when experiencing freeze-thaw action, 
the interface between the two will be weaker with the action of freeze-thaw cycles, so 
the concrete specimens will face more serious freeze-thaw damage after mixing with 
drilling solid waste. The loss rate of dynamic elastic modulus of the concrete in the two 
groups reaches the maximum after 100 times of freeze-thawing and the peak value of 
the two groups reaches more than 20%. 
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Fig. 9. Changes in the rate of loss of dynamic 
elastic modulus at 0.5 water-cement ratio 

Fig. 10. Changes in the rate of loss of dynamic 
elastic modulus at 0.55 water-cement ratio 

4.3 Axial Compressive Strengthy 

The number of freeze-thaw cycles has a significant effect on the compressive strength 
of concrete cube specimens. As the number of freeze-thaw cycles increases, the com-
pressive strength of concrete cube specimens usually decreases gradually. 

This is due to the fact that freeze-thaw cycles cause the water inside the concrete to 
freeze and expand in volume, generating additional freezing and expansion pressures, 
as shown in the Figures 11 and 12. Repeated freeze-thaw cycles lead to an increase in 
microcracks within the concrete, further reducing its compressive strength. In addition, 
repeated freeze-thaw cycles can lead to deterioration of concrete, further reducing its 
performance.
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The main reasons for the decrease in compressive strength of concrete with the in-
crease in the number of freeze-thaw cycles are as follows: 

1. Increase in internal cracks and voids: Freeze-thaw cycles can lead to cracks and 
voids within the concrete, and these defects will increase with the increase in the num-
ber of cycles, thus reducing the compressive strength of concrete. 

2. Decrease in density: During freeze-thaw cycling, the pore water inside the con-
crete freezes and expands in volume, generating additional freezing pressure. This pres-
sure causes deformation of the internal structure of the concrete and a decrease in den-
sity, which reduces its compressive strength. 

3. Increase in water absorption: Freeze-thaw cycling leads to an increase in the po-
rosity of the concrete interior, which results in an increase in its water absorption. This 
increase in water absorption further reduces the compressive strength of concrete. 
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Fig. 11. 28d axial compressive strength at 0.5 
water-cement ratio 

Fig. 12. 28d axial compressive strength at 0.55 
water-cement ratio 

5 Conclude 

(1) With the increase in the number of freeze-thaw cycles, the surfaces of all six groups 
of oilfield solid waste concrete specimens gradually became rough; after the specimens 
were damaged by compression, the number and width of cracks on the specimen sur-
faces increased, the integrity of the specimens decreased, and the rate of mass loss of 
the specimens increased; the rate of loss of dynamic modulus of elasticity increased; 
and the axial compressive strength decreased. 

(2) Compared with other 5 groups, Group 5 has better overall performance after 
freeze-thaw cycle, which proves that the specimen has better freeze-resistance when 
the mix ratio is 0.55, which provides theoretical support for the use of oilfield solid 
waste in freeze-thaw environment. 

(3) The performance of oilfield solid waste under freeze-thaw conditions is the first 
study, which can not only solve the current situation of oilfield solid waste treatment 
difficulties, but also conform to the national green, environmental protection and low
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carbon policy. The study shows that it is feasible to apply oilfield solid waste concrete 
to freeze-thaw environment. The systematic research on solid waste concrete drilling 
has high research necessity and engineering significance, and is of great significance to 
the construction of resource-saving and environment-friendly society. 
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