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Chapter

Construction Technology of 
Precast Pier Foundation Filled 
with Demolished Concrete Lumps
Wengui Li, Bin Lei, Zhiyu Luo and Fuzhi Yang

Abstract

Applying of demolished concrete lumps (DCLs) in the pier foundation is an 
effective way to improve the efficiency of construction waste resource utiliza-
tion. Fifty-two cylindrical specimens with the size of ∅ 250 mm × 500 mm were 
fabricated by mixing of DCLs with the fresh concrete (FC) and used to investigate 
the influence of two key factors, the gradation of the DCLs and the height setting 
of layered “steel mesh,” on the uniaxial compression and flexural strength proper-
ties of the compound concrete specimens. Results indicate that the layered “steel 
mesh” in the specimens can restrain the settlement and segregation of the DCLs 
and improve the compressive and flexural strength of the specimens significantly. 
Normally, there are two types of failure damage mode of the test pieces, the failure 
of the interface between DCLs and the FC and the fracture failure of the DCLs. 
When the stress level is below 0.5, the test piece is in the elastic stage. Crack devel-
opment occurs when stress level further increase to 0.7–0.9. The pieces with the 
layered pouring height of H2 and the DCLs of R3 present the optimum compressive 
strength and flexural strength and also best construction effect.

Keywords: demolished concrete lump, precast pier foundation,  
construction technology, uniaxial compression test, flexural test

1. Introduction

Currently, China is in an important stage of urbanization development.  
A large number of construction wastes are generated in a series of projects such 
as the large-scale reconstruction of old cities and demolition of temporary or 
illegal buildings. It has become a trend to accelerate the resource utilization of 
construction waste. Literature [1] proposed a new method of recycling of waste 
concrete components, which use the large size of waste concrete block directly 
in the member. Instead of the normal way of using the waste concrete aggregate 
(fine aggregate size of 0.075–4.75 mm and coarse aggregate size of 4.75–40 mm) 
[2, 3], this method reuses the construction waste at the large block scale or even 
segmental level (scale 40 mm or higher), which thereby avoids the cumbersome 
process of production of recycled aggregate and results in a significant reduction 
of cost. The material obtained by mixing the waste concrete block with the new 
concrete is called as the regenerated block concrete. A large number of relevant 
studies have been conducted, which mainly include strength prediction of the 
compound concrete made of demolished concrete lumps (DCLs) and fresh concrete 



Advances and Technologies in Building Construction and Structural Analysis

2

(FC) [4–8], failure characteristics [9, 10], size effect [10, 11], basic creep [12–14], 
freeze–thaw mechanical properties [15, 16], pouring process [7, 17–19], hydration 
temperature rise [20, 21], impermeability [21], etc. Abundant theoretical achieve-
ments have been made based on these experimental studies. For field application, 
the exploration on the application of this compound concrete mainly focuses on 
the steel-concrete composite structure. There are good theoretical basis and broad 
prospect for the engineering application of the compound concrete [18].

Pier foundation is a foundation form between the rigid independent foundation 
and the manually dug pile foundation [22, 23]. Combining with the favorable geologi-
cal conditions of Nanchang city, it is of great value to carry out the research on pier 
foundation, which will have a good application prospect in the foundation and foun-
dation reinforcement treatment of multi-storey houses (such as villas and houses). 
Due to the large volume of the pier foundation, the large-diameter DCLs can be 
directly poured into the pier foundation with the FC in an appropriate ratio, thereby 
improving the efficiency of building resource utilization. At the same time, under 
the background of green, energy-saving, environmental protection and sustainable 
development as well as from the motivation of simplifying the material consumption 
and energy consumption for recycling of DCLs, the concept of precast pier founda-
tion with DCLs mixed with FC is put forward. By the method of prefabrication, the 
quality of pier foundation filled with DCLs and FC can be well guaranteed. At the 
same time, it can achieve benefits such as more convenient construction, no noise 
[24], and construction cost-efficiency. This method is especially helpful when there 
is no favorable condition for site construction, the pump truck cannot arrive at the 
scene, there is a need to speed up the construction progress, etc. Research on precast 
pier foundation filled with DCLs and FC of the research has very important value.

In order to apply the compound concrete better in the pier foundation, the 
experimental research on the construction technology of the precast pier foundation 
filled with DCLs and FC was carried out. For related literatures mentioned above, 
it was found that current experimental studies for the compound concrete mainly 
concentrate on several factors including size of DCLs, mass replacement rate, strength 
difference of waste concrete strength, different proportions of FC and the shape of 
test piece shape, etc. However, there is no research for the gradation of DCLs, and the 
engineering problem of concrete segregation is likely to occur during the pouring and 
vibration process. In this paper, the corresponding test plan is proposed for these prob-
lems, and the suggestions for guiding the construction of precast pier foundation of 
compound concrete are obtained through test analysis. It provides theoretical basis for 
the engineering application of precast pier foundation filled with compound concrete.

2. Experimental procedures

2.1 Raw materials

The component materials of the compound concrete are the following: (1) Cement: 
Nanchang conch brand with 42.5 grade ordinary Portland cement (P.O 42.5) is 
adopted. The initial setting time of the cement is 203 min, and the final setting time 
is 250 min. (2) Fine aggregate: Ganjiang sand with apparent density of 2468.4 kg/m3 
and particle size less than 4.75 mm is adopted. It is a medium sand and is graded in 
zone II. (3) Coarse aggregate: crushed stone was used as coarse aggregate in the test, 
with particle size range 4.75–20 mm. (4) Water: the test water used is the potable tap 
water. (5) DCLs: in the test, the DCLs were taken from the concrete removed from 
the back street of Nanchang University and then processed into DCLs with particle 
size of 40–80 mm by crushing tools. According to the needs of this research, the 



3

Construction Technology of Precast Pier Foundation Filled with Demolished Concrete Lumps
DOI: http://dx.doi.org/10.5772/intechopen.90091

original DCLs were sorted into two piles of DCLs with particle size of 40–60 mm and 
60–80 mm, respectively, as shown in Figures 1 and 2. Before pouring, the DCLs must 
be wet, and the saturated surface-dry aggregates were used for pouring. (6) Fly ash: 
Hougang grade I fly ash was used in the test. The main components of fly ash are SiO2 
and Al2O3, accounting for more than 60% of the total content. (7) High-efficiency 
water-reducing agent: SM-F ultra-dry powder active high-efficiency water-reducing 
agent was used in the test, and the commonly used dosage was 0.5–1.5% of the 
cementitious materials.

2.2 Specimen design and production

A total of 52 cylinder specimens with size of ∅250 mm × 500 mm are used for 
this research, which consist of 13 groups of specimens with 4 specimens for each 
group. Research involves the following two factors: (1) The grade of DCLs. Four 
kinds of gradation with 40–60 mm to 60–80 mm DCL ratios of 2:8, 4:6, 6:4, and 
8:2 are designed [25]. (2) The setting of the layered barrier “steel mesh.” The design 

Figure 1. 
Demolition and transformation of DCLs.

Figure 2. 
Test DCLs after treatments.
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considered three kinds of layered method, which are 0, 100, and 200 mm layer. The 
quality of the construction technology are reflected and estimated by the mechani-
cal properties of the specimens.

Specimens were made by mixing of DCLs with FC, and the same mixture ratio 
with water to cement ratio (w/c) of 0.49 is adopted for FC as given in Table 1. 
The compressive strength value of the FC test cube is 36.37 MPa. According to 
the results from rebound hammer, the compressive strength value of the DCLs is 
determined as 22.12 MPa. The replacement ratio η of the DCLs is set as the constant 
value of 30% [10], which is defined as the mass proportion of the DCLs to the 
overall specimen. The samples designed with different parameters are summarized 
in Table 2. The manufacturing process of compound concrete specimen is shown in 
Figure 3.

2.3 Test loading scheme

2.3.1 Uniaxial compression test of the specimen

Microcomputer-controlled servo universal testing machine (model: SH-T4306) 
in Nanchang University mechanics laboratory is used for uniaxial compres-
sion test. Four YWC-30 type displacement meters with the range of 30 mm and 
accuracy of 0.005 mm are set around the specimen with a space of 90° to measure 
the displacement changes in the process of compression. The displacement meters 

Notation Number of 

specimens

Height of the 

layered pouring

Particle size grading 

of DCLs (40–60 mm: 

60–80 mm)

fcu,new 

(MPa)

fcu,old 

(MPa)

η (%)

H1-R0 4 0 mm layer — 36.37 22.12 30

H1-R1 4 2:8

H1-R2 4 4:6

H1-R3 4 6:4

H1-R4 4 8:2

H2-R1 4 100 mm layer 2:8

H2-R2 4 4:6

H2-R3 4 6:4

H2-R4 4 8:2

H3-R1 4 200 mm layer 2:8

H3-R2 4 4:6

H3-R3 4 6:4

H3-R4 4 8:2

Note: fcu,new and fcu,old represent the compressive strength of DCLs and FC, respectively. H represents the height of 
layered pouring, and R represents the gradation of waste concrete blocks.

Table 2. 
Specimen parameters.

w/c Water  

(kg/m3)

Cement 

(kg/m3)

Coarse aggregate 

(kg/m3)

Fine aggregate 

(kg/m3)

Fly ash  

(kg/m3)

Water reducer 

(kg/m3)

0.49 190 282 1087 688 98 6.46

Table 1. 
Mix proportions of fresh concrete.
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are placed in the middle of the specimen and the measuring distance is 0.4 times 
the height of the specimens. During the test of cylindrical specimens, the pressure 
direction was consistent with the pouring direction. The flatness of the upper 
surface of casted cylindrical specimens could not easily meet the compression test 
requirements. Therefore, 1 cm standard fine sand was laid on the upper surface of 
uneven specimens during the test. In order to prevent the sand laid on the upper 
surface of the specimen falling into the oil cylinder and damaging the press equip-
ment, the specimen is firstly put into a stainless steel basin and then placed on the 
press machine. According to ASTM C39 (Standard Test Method for Compressive 
Strength of Cylindrical Concrete Specimens) [26], the loading rate was set as 
0.3 mm/min, and the test data were collected using UT7116Y static strain gauge 
with a collection frequency of 1 HZ. Before loading the press machine, the pre-
loading value is set at about 30% of the peak load. The test device is shown in 
Figure 4.

Figure 3. 
Construction process of specimens.
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Figure 5. 
Flexural strength test equipment.

2.3.2 Flexural strength test of specimens

Microcomputer-controlled universal electronic testing machine (model: 
LD26.305) in the structure laboratory of Nanchang university is adopted for the 
flexural strength test. The range of this machine is up to 300KN and the accuracy 
grade is 0.5. For the size of ∅250 mm × 500 mm of the casted specimens in this 
research, it does not meet the requirements for the flexural strength test. However, 
according to the bending test study for rectangular pavement brick with different 
spans between two supports [27], when the cross/thickness ratio is 2:1 or 3:1, there 
is no significant influence of the support span on the flexural strength of the rectan-
gular road brick. As a result, it is feasible to use this kind of sample for bending test. 
According to the provisions of 4.6.3 in the code [28], the specimen is preloaded. The 
preloading load value is equal to 20% of the peak load, and the load is continuously 
and uniformly applied at the rate of 250 N/S. The test device is shown in Figure 5.

3. Uniaxial compression

3.1 Experimental phenomena

In this study, uniaxial compression tests were carried out on 13 groups of 26 
specimens, and the results showed that no cracks were observed on the surface of the 

Figure 4. 
Uniaxial compression test device.
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specimens at the initial stage of loading. Besides, when the load increases continu-
ously to about 70–90% of the peak loading, tiny cracks start to appear at both ends of 
the specimen, as shown in Figure 6(a1). Further increasing the load to the peak load 
leads to the gradual expansion of the micro-cracks on the surface of samples, and the 
place where the “steel wire mesh” is placed generates cracks around the specimen. 
With the increase of the load, the crack propagation on the surface of specimen is 
relatively slow, and only few penetrative cracks are formed, but the crack ratio will 
gradually increase. After achieving the peak load, the specimen damage slows down 
with the loading. When the load decreased to 50–65% of Pu (Pu represents peak 
load), the load remains almost unchanged with the increases of displacement. At this 
period of time, the “wire meshes” restrain the rapid crack of specimens, improve the 
ductility of the specimens, and also improve the compressive strength of recycled 
concrete block, as shown in Figure 6(a2) and (a3).

As revealed in Figure 6(a3) and (a4), when constrained by “wire mesh” for 
crack, specimen maintains its integrity. At the same time, the “wire meshes” in the 
specimen also help to decrease the settlement of DCLs in the process of casting the 
samples, making it distribute uniformly in the specimen. In Figure 6 (b), it can be 
seen that the interface between the DCLs and the FC is well poured without any 
cracks. By observing areas A and B in the figure, it can be found that the DCL is 
cracked, while the interface between the DCLs and the FC is not cracked, indicating 
that the DCLs and FC interface are not the obvious weak parts of the specimen.

3.2 Analysis of test results

The top surface treatment method and test values of each specimen are given in 
Table 3. Compared with the test results in literature [5, 10], the test results in this 
study are relatively low. The main reason is attributed to the absence of transverse 
constraint effect, namely, the “hoop effect” on the test piece due to the addition of 
sand on the uneven test surface. Besides, the size effect of the test piece also exacer-
bates this phenomenon.

3.3 Influence of gradation of DCLs on compressive strength

Based on the compressive strength values of each specimen in Table 3, the change 
of compressive strength with the gradations of DCLs for H1, H2, and H3 specimens 
classified by layered pouring height is given in Figure 7. According to the trend in 
Figure 7, the following conclusions can be drawn: (1) the compressive strength of 
compound concrete increases with the increase of the proportion of DCLs with 

Figure 6. 
Failure modes of typical samples. (a) Failure of H2 and H3 in various loading stages, (b) Failure of H1.
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particle size of 40–60 mm until it reaches 60%. When exceeding 60%, further 
increase in the content of DCLs with particle size of 40–60 mm would lead to strength 
reduction. (2) With the change of DCL grade, the specimens H1, H2, and H3 all show 
the maximum compressive strength when the grade is R3, which corresponds to the 
case that the ratio of 40–60 mm DCLs to 60–80 mm DCLs is 6:4. It is caused by a rea-
son that under this gradation, the bulk density of DCLs is the highest, namely, a better 
natural gradation [29]. (3) The gradation of DCLs has a certain impact on the strength 
of compound concrete. For H1-type specimens, the compressive strength of H1-R3 
is 24.57% higher than that of H1-R1. Similarly, the compressive strength of H2-R3 is 
5.62% higher than that of H2-R4, and the compressive strength of H3-R3 is 18.98% 
higher than that of H3-R1. (4) With the same proportion, the strength of compound 
concrete specimens mixed by both FC and DCLs is lower than the specimens just 
made of FC. The greatest reduction occurs for H1-R1 sample. Compared with H1-R0, 
the compressive strength of it decreases by 37.7%.

Notation Surface Compressive strength 

(MPa)

Notation Surface Compressive strength 

(MPa)

Test 

results

Average 

value

Test results Average 

value

H1-R0–1 Place 

sand

15.77 15.95 H2-R3–1 Place 

sand

12.71 12.02

H1-R0–2 Place 

sand

16.12 H2-R3–2 Place 

sand

11.33

H1-R1–1 Place 

sand

9.93 9.93 H2-R4–1 Place 

sand

11.49 11.38

H1-R1–2 No sand 14.13 H2-R4–2 Place 

sand

11.27

H1-R2–1 Place 

sand

11.27 11.02 H3-R1–1 Place 

sand

10.72 11.38

H1-R2–2 Place 

sand

10.77 H3-R1–2 Place 

sand

12.04

H1-R3–1 Place 

sand

12.52 12.37 H3-R2–1 Place 

sand

12.21 11.67

H1-R3–2 Place 

sand

12.21 H3-R2–2 Place 

sand

11.12

H1-R4–1 Place 

sand

11.07 11.26 H3-R3–1 Place 

sand

12.34 13.54

H1-R4–2 Place 

sand

12.04 H3-R3–2 Place 

sand

14.75

H2-R1–1 Place 

sand

11.73 11.73 H3-R4–1 No sand 14.28 11.51

H2-R1–2 No sand 15.32 H3-R4–2 Place 

sand

11.51

H2-R2–1 Place 

sand

10.11 11.86

H2-R2–2 Place 

sand

13.61

Note: For average compressive strength of H1-R1, H2-R1, and H-R4, the compressive strength is taken directly from 
the sample with sand.

Table 3. 
Results of compressive strength test.
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3.4 Influence of layered pouring height on compressive strength

According to the compressive strength values of each specimen in Table 3, the 
influence of different layered pouring heights on the compressive strength of classi-
fied samples R1, R2, R3, and R4 with different DCL gradations is shown in Figure 8. 
The following conclusions can be drawn according to the results in Figure 8: (1) the 
compressive strength of compound concrete increases by 1.05–12.27% after steel 
wire mesh is put into each layer when layered pouring is adopted for R1, R2, and R4 
gradations. (2) With the increase of the height of the layered pouring, the overall 

Figure 7. 
The compressive strength of compound concrete with different DCL gradations.

Figure 8. 
The compressive strength of compound concrete with different layered casting heights.



Advances and Technologies in Building Construction and Structural Analysis

10

performance change is not the same for all samples. The compressive strength of 
samples with R1 and R2 gradation DCLs increases first and then decreases with the 
increase of layered pouring height, which may be because the “steel wire mesh” is 
more in layered height of H2 specimen than in H3 specimen. The “steel wire mesh” 
inhibits the transverse deformation of the specimen, consumes part of the energy, 
and improves the compressive strength of the specimen. The compressive strength 
of sample with R4 gradation DCLs remains stable, indicating that this gradation 
is reasonable and plays a major role in the strength of compound concrete. The 
compressive strength of sample with R3 gradation DCLs is decreased first and then 
increased with the increase of the layered pouring height. The compressive strength 
value of this sample is higher than that of other gradation specimens when has the 
same layered pouring height. (3) When the height of layered pouring is set as H2, 
the measured compressive strength is more stable and less discrete.

3.5 Analysis of stress: strain relationship curve

Studying the changing trend of stress–strain curve is an important way to under-
stand the deformation properties of specimens. In this paper, 13 groups of tests were 
carried out. Based on the analysis and consideration of both the two factors, it can 
be seen that the casting quality of the specimens is better when the gradations are R3 
and R4, and it is easier to ensure the casting quality when the height of the layered 
casting is H2. Therefore, the stress–strain curves of R3 and H2 specimens were 
selected for comparative analysis in this paper to provide the theoretical basis for the 
application of compound concrete in prefabricated pier foundation.

As shown in Figures 9 and 10, the following conclusions can be drawn from the 
analysis: (1) the slope of the origin tangent line of the stress–strain curve of the 
FC specimen is greater than that of the specimen with DCLs, and the development 
trend of the stress–strain curve of the specimen with DCLs is consistent with that 
of the FC specimen. (2) The greater the compressive strength of the specimen in 
the steeper rising section of the curve, the greater the stiffness of the specimen. 
(3) Increasing the proportion of DCLs with particle size ranging from 40 to 60 mm 

Figure 9. 
Comparison of stress–strain curves of R3 specimens.
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leads to the steeper rising section of the stress–strain curve and the smaller peak 
strain. When the particle size exceeds 60%, with the increase of the content of 
corresponding DCLs, the rising section of the stress–strain curve becomes gentle, 
and the peak strain increases. (4) The peak strain of the compound concrete speci-
men is in the range of 1800 × 10−6 to 2200 × 10−6. The specimens are in elastic stage 
when the stress is around 0.5 fc

0 fc0 ( fc

0 fc0 refers to the peak stress) and in crack 
development stage when the stress reaches 0.7–0.9 fc0 fc

0.

4. Results and analysis of flexural strength

4.1 Experimental phenomena

In this study, 13 groups and 26 pieces of specimens were tested. The results show 
that:

1. In the loading process, micro-cracks are found in the tensile area of the pure 
bending section, which is, at the bottom of the pure bending section. With 
the increase of the load, the crack of the specimen gradually develops toward 
the compression region, and the final typical failure form of the specimen is 
shown in Figure 11. The failure crack of the specimen in the pure bending sec-
tion is not through the whole section, which is affected by the steel wire mesh 
added into the specimen. The ultimate failure of the crack is parallel to the 
direction of stress, that is, the included angle is about 900.

2. As shown in Figure 12, two types of damages are identified for the fracture 
surface:

a. In terms of the interfaces between the DCLs and FC as shown in Figure 12, 
the DCLs in the areas A and B correspond to the groove in areas A and B, 
indicating that the damage fracture of the specimen in bending test is due to 
the weak bond between the DLCs and FC interface.

Figure 10. 
 Comparison of stress–strain curves of H2 specimens.
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b. The fracture failure of DCLs. Micro-cracks are generated on the DCLs 
during the crushing process. Besides, the strength of the DCLs is lower 
than that of the FC. Those factors lead to the fracture of the DCLs during 
flexural test.

4.2 Influence of gradation of waste concrete blocks on flexural strength

Based on the flexural strength results of each specimen in Table 4, the variation 
of flexural strength of specimens H1, H2, and H3 classified according to the height 
of layered pouring with the gradation of DCLs is present in Figure 13. The follow-
ing conclusions can be drawn from Figure 13: (1) flexural strength of the fresh 
concrete specimen is higher than that of the recycled concrete specimen. Flexural 
strength of compound concrete arises with the increase of content of DCLs of the 
particle size from 40 to 60 mm. However, the limitation content for 40–60 mm 
DCLs is 60%, and the flexural strength of compound concrete would decrease if 
there is a further increase in its content. (2) As the gradation of DCL changes, the 
specimens H1, H2, and H3 classified according to the height of layered pouring 
all show the best flexural strength when the gradation is R3, namely, the ratio of 
40–60 mm to 60–80 mm DCLs is 6:4. The flexural strength of H3-R3 specimen was 

Figure 11. 
Typical flexural failure modes.

Figure 12. 
Typical fracture surface.
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14.28% higher than that of H3-R1. (3) Flexural strength of H2 type specimens is 
generally more regular than that of H1 and H3 type specimens. Except for differ-
ences for few situations, for instance, flexural strength of H2-R3 is 0.63% lower 
than that of H3-R3 and flexural strength of H2-R4 is 1.66% lower than that of 
H1-R4, the H2 type specimens generally show the best flexural strength.

Figure 13. 
Flexural strength of compound concrete with different gradations of DCLs.

Notation Flexural strength (MPa) Notation Flexural strength (MPa)

Test results Average value Test results Average value

H1-R0–3 3.43 3.62 H2-R3–3 3.13 3.18

H1-R0–4 3.82 H2-R3–4 3.23

H1-R1–3 2.84 2.81 H2-R4–3 2.92 2.96

H1-R1–4 2.78 H2-R4–4 3.00

H1-R2–3 2.76 2.81 H3-R1–3 2.78 2.80

H1-R2–4 2.86 H3-R1–4 2.81

H1-R3–3 2.99 3.04 H3-R2–3 2.91 2.91

H1-R3–4 3.09 H3-R2–4 2.92

H1-R4–3 3.30 3.01 H3-R3–3 3.18 3.20

H1-R4–4 3.38 H3-R3–4 3.23

H2-R1–3 2.88 2.92 H3-R4–3 2.83 2.86

H2-R1–4 2.95 H3-R4–4 2.88

H2-R2–3 2.99 3.02 — — —

H2-R2–4 3.06 — — —

Table 4. 
Results of flexural strength test.
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4.3 Influence of layered pouring height on flexural strength

The influence of layered pouring height on flexural strength of compound con-
crete with R1, R2, R3, and R4 grade DCLs is displayed in Figure 14. The following 
conclusions can be drawn from Figure 14: (1) the flexural strength of compound 
concrete with R3 gradation DCLs is higher than that of compound concrete with R1, 
R2, and R4 gradation DCLs. The R1 and R2 graded compound concrete achieve their 
maximum flexural strength value when the lamination height of them is 100 mm, 
which is not the same for R3 and R4 graded compound concrete. It is hard to reveal 
the change law of the flexural strength as it is affected by many factors. (2) The 
flexural strength of the compound concrete with R1, R2, and R3 gradations of DCLs 
are improved with the addition of the layered steel wire mesh. However, with the 
addition of steel wire mesh, the flexural strength of the compound concrete with 
R4 gradation of DCLs decreases, which may be due to the poor casting quality of the 
samples under this grade, resulting in the reduction of the flexural strength.

5. Suggestions on construction technology of precast pier foundation

Based on the phenomenon and results of uniaxial compression test and flexural 
test, suggestions are provided for the construction of precast pier foundation 
filled with DCLs and FC in practical engineering. In the uniaxial compressive test, 
the specimens are layered pouring according to the height of “steel wire mesh,” 
which can increase the compressive strength of the compound concrete specimens 
by 12.27% at most. Adjusting the gradation of DCLs can realize a maximum 
improvement of 24.57% for the compressive strength of the compound concrete 
specimens. In the flexural test, the flexural strength of compound concrete is 
also improved with the adjustment of the above two factors. Therefore, both the 
gradation of DCLs and the setting of layered “steel wire mesh” at suitable height 

Figure 14. 
Flexural strength of compound concrete with different layered casting heights.
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can effectively improve the casting quality and construction technology for the 
construction of precast pier foundation filled with DCLs and FC. Combining the 
results of uniaxial compression strength test with those of flexural strength test, 
the specimen can achieve the optimum strength performance when the gradation 
of DCLs in it is R3.

According to the results of uniaxial compression test and flexural test, the speci-
mens with layered pouring height of H2 can reach the optimum strength value. 
Namely, “steel wire mesh” is set according to the height of 100 mm for layered 
pouring. In the test, when the ratio of the diameter to the height of the specimen 
is set as 1:2 and the pouring layer ratio of the specimen is set as 1:5, better casting 
quality is achieved. In order to serve as a reference for the construction technology 
of the precast pier foundation filled with DCLs and FC, the concept of “pouring 
layer ratio” is proposed which refers to the ratio of the height of the pouring layer to 
the height of the specimen. According to the size of precast pier foundation filled 
with DCLs and FC, the height of layered pouring is set according to the “pouring 
layer ratio.”

There are important points that should be noted during the pouring process 
of compound block: (1) the DCLs should be wetted before pouring to prevent the 
DCLs from absorbing too much water during pouring. Otherwise, it would affect 
the workability of FC and reduce the construction quality. (2) The sample should be 
vibrated by handheld vibrator during pouring. According to the code [30], there are 
three points to be noted as follows:

1. The insertion depth in the vibratory process should be controlled within the 
range of 50–100 mm. Besides, it cannot be too close to the mold, and suitable 
distance is around 50–100 mm. The other side should not collide with the steel 
cage to avoid damaging the strain gauge and affecting the measurement of test 
data.

2. The vibration time of each vibration point is determined by satisfying aspects 
that the FC would no longer sink (the surface appear floating slurry, the DCLs 
being surrounded by FC, and no over vibration and leakage vibration).

3. After completing a vibration process and needing to exchange the vibrate posi-
tion, the vibrator has to be raised vertically slowly instead of being dragged 
horizontally in concrete.

The coarse aggregate particle size of the FC used in the casting of compound con-
crete should be no more than 20 mm, and the slump of FC should be at large value of 
about 160 mm. In the pouring process, the FC and the DCLs are put into the concrete 
repeatedly and alternately, which should be accompanied by sufficient vibration.

6. Conclusion

1. The failure phenomenon of the specimen in the uniaxial compression test 
shows that adding “steel wire mesh” to the specimen for layered pouring can 
restrain the settlement and segregation of the DCLs. In addition, during the 
unloading stage, the added “steel wire mesh” inhibits the rapid cracking and 
improves the ductility of the specimen and thus enhances the compressive 
strength. In the flexural test, two failure forms are present on the failure surface 
of the specimen, namely, the failure of interface between the DCLs and the FC 
and the fracture failure of the DCLs.
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2. The compressive and flexural strength of the compound concrete would 
increase gradually with the increase of the proportion of 40–60 mm DCLs 
until it reaches 60%. The maximum strength achieved at the gradation of R3 
(40–60 mm DCLs: 60–80 mm DCLs = 6:4) and further increase in the propor-
tion of 40–60 mm DCLs would results in decrease of strength. The compres-
sive strength of H1-R3 specimen was increased by 24.57% compared with 
H1-R1. The flexural strength of H3-R3 specimen was 14.28% higher than that 
of H3-R1.

3. Stress–strain curve of the compound concrete filled with DCLs and FC  
was analyzed. It is concluded that the slope of the origin tangent line of the 
stress–strain curve of the FC specimen is greater than that of the specimen 
with DCLs and the development trend of the stress–strain curve of the speci-
men with DCLs is consistent with that of the FC specimen. The peak strain of 
the compound concrete specimen is in the range of 1800 × 10−6 to 2200 × 10−6. 
The specimens are in elastic stage when the stress is around 0.5 fc

0 ( fc

0 refers 
to the peak stress) and in crack development stage when the stress reaches 
0.7–0.9 fc

0.

4. It is concluded from the analysis that the compressive strength and flexural 
strength of the specimens are best when the height of layered pouring is H2 
and the grade of DCLs is R3, and it also reflects that the construction process 
has the best effect under this condition. The suggestions for the construction 
technology of precast pier foundation filled with DCLs and FC are proposed.
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