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This paper studies the no-bracket construction technology for reinforced concrete 

reinforcement, and uses planting-bar technology as support to solve the problem that the 

scaffolding cannot be erected for construction due to site factors. Firstly, the steel bar 

pullout test was carried out to study the influence of concrete strength, planting bar 

diameter, planting bar depth, and concrete structure type on the pullout force of the 

planting-bar. Secondly, the finite element method was used to simulate the selection of 

formwork and planting-bar parameters under different working conditions. The 

simulation results were basically consistent with the planting-bar pullout test, which 

provided appropriate formwork parameters and planting-bar parameters for different 

construction situations and a theoretical reference for the reconstruction and expansion 

project under the factors such as insufficient site for erection of supports. 
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1. INTRODUCTION

The reinforcement of concrete structures is generally 

carried out with the scaffolding method [1-5], in which the 

wall thickening construction is carried out with the scaffold, 

which requires a lot of space. However, the uncertainty of the 

site makes it necessary to find appropriate construction 

methods and techniques for the reinforcement of concrete 

structures. 

The no-bracket construction technology put forward by a 

large number of scholars is mainly applied to new reinforced 

concrete structures, while the research on the reinforcement 

and reconstruction of existing reinforced concrete structures is 

relatively shallow. The relatively mature reinforcement 

methods in concrete structure research include: reinforcement 

by increasing the cross-sectional area, FRP reinforcement [6-

8], carbon fiber sheet reinforcement [9], external pre-stressing 

reinforcement [10-12], wrapped steel reinforcement [13], 

external sticking steel plate reinforcement, shotcrete 

reinforcement technology [14, 15], etc. Among them, the 

method of increasing the interface area is widely applied for 

its simple construction technology. It can also ensure the 

strength of the connection while increasing the structure 

strength and stiffness. Based on the method of reinforcement 

by increasing the cross-sectional area, this research proposes a 

technology of no-bracket reinforcement of reinforced concrete 

structure with the planting-bar method, which uses the 

planting-bar reinforcement technology to take the original 

reinforced concrete structure as the load-bearing structure. In 

this method, the steel formwork system has fewer supports, 

which saves the construction cost and solves the problem of 

insufficient construction site for structural reinforcement. 

This paper explores the influence of concrete strength, 

diameter of the planted-bar reinforcement, planted-bar depth, 

concrete structure type and other factors on the failure form 

and ultimate pullout force of planted-bar components by 

carrying out pullout tests both on the project site and in the 

laboratory [16-19]. Then, the Abaqus finite element model is 

established to analyze the stress distribution, bonding state and 

concrete damage of the planted-bar reinforcement concrete 

and the reinforcement with planted bar in the process of 

drawing [20]. The causes of damage in various drawing tests 

are analyzed, and reasonable suggestions on various 

parameters of the planted bar are put forward. The lateral force 

[21-23] of the concrete pouring on the formwork is calculated 

and the finite element model of the formwork system is set up. 

In addition, the stress and displacement of relevant 

components of the steel formwork under different working 

conditions are analyzed, obtaining the construction parameters 

for different situations to ensure the construction safety of the 

formwork. 

2. DRAWING TEST OF PLANTED BAR IN CONCRETE

STRUCTURE

2.1 Theoretical basis 

The no-bracket construction system of reinforced concrete 

structure consists of three parts: planted-bar bearing system, 

steel formwork and connection system. The force transfer path 

is as follows: the concrete pouring load is transferred to the 

steel formwork first, then the load is transferred to the planted 

bar bearing system through the connection system, and finally 

the load is transferred to the original structure by the 

reinforcement with planted bar. 

The strength of planted bars is determined by the bond 

strength between the adhesive of planted bars and the concrete 

surface as well as the surface of reinforcement with planted 

bars. The load transfer path of plain concrete structure is 

planted-bar reinforcement, planted-bar adhesive [24], and the 

concrete around the adhesive in turn. This force transfer path 

also determines that the size of its adhesive force is affected 

by the fullness of the interface between the adhesive and the 
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concrete and the reinforcement, concrete strength, planting 

reinforcement bar depth, and the distance between the planted 

bars. After the external load of the reinforced concrete 

structure is transferred to the adhesive, it is transferred to the 

concrete in the length direction of the planting reinforcement, 

and then transferred to the built-in reinforcement by the 

concrete between the planted-bar reinforcement and the built-

in reinforcement. Therefore, the spacing of the planting 

reinforcement has little impact on the strength of the planting 

reinforcement. 

2.2 Test materials and manufacturing 

In this test, by controlling the variables, the failure forms 

and causes of planted –bar reinforcement under the pull out 

force under different conditions are studied, and the length 

range of planted reinforcement in reinforcement construction 

is further analyzed. The test is divided into six groups. See 

Table 1 and Table 2 for the specific conditions of the test 

pieces. The pouring size of the plain concrete test specimen is 

designed to be 350mm × 350mm × 350mm. The reinforced 

concrete test shall be carried out on the project site, and the 

spacing between each planting points shall be 200mm. The 

specific materials are as follows: 

(1) Structural materials of test pieces: plain concrete

members and reinforced concrete members. The reinforced 

concrete specimen use the abutment materials at the site of 

Beijing-Harbin Expressway Project, and its concrete strength 

is C30 (mix ratio is as follows: cement: medium sand: crushed 

stone: water=459:542:1206:188). C25, C30 and C35 are 

selected as the plain concrete test pieces. The mix proportion 

of C25 and C35 is calculated by referring to the design 

specification [25], and the same mix proportion of the 

abutment material test piece is used for C30. 

(2) Planted-bar reinforcement: HRB400 is adopted, with 3

diameters (Φ 12, Φ 16 and Φ 20) and 5 planting depths (6d, 8d, 

10d, 12d, and 15d). 

(3) The planting adhesive used in the test is a modified

epoxy adhesive. 

2.3 Test plan and results 

Number and naming of test piece: the meaning is in order 

of structure type (RC reinforced concrete, C-plain concrete), 

concrete strength, diameter of planting bar reinforcement and 

depth of planted bar. For example, RC-30-16-6 indicates that 

the test piece is a C30 reinforced concrete test piece, the 

diameter of the planted bar reinforcement is 16 mm and the 

depth of the planted bar is 6d.  

The specimen is loaded step by step by using a drawing 

machine, and the loading value increases step by step 

according to the yield drawing force of the reinforcement, and 

the increment is one tenth of the yield drawing force. (Taking 

RC-30-16-6 specimen as an example, the theoretical yield 

strength of HRB400 reinforcement is 400MPa, the nominal 

section area of the Φ16 reinforcement is 201.1mm2, the 

theoretical yield pullout force of the planted-bar reinforcement 

is 80.4KN, and the loading increment is 8.04KN. For the 

convenience of the test, 8 KN is rounded.) If the loading value 

of the test piece reaches the yield pullout force without damage, 

loading is kept going on until the test piece is damaged. 

See Table 1 and Table 2 for specific values of test results. 

The following is obtained through analyzing the data in 

Table 1 and Table 2: 

(1) When the depth of the planted bar is shallow, the

ultimate pullout force increases significantly with the increase 

of concrete strength; when the embedded bars are deep, the 

increase of concrete strength has little effect on the ultimate 

pullout force. 

(2) The increase of diameter can greatly increase the

ultimate pullout force of the specimen, and the greater the 

depth of the embedded bar is, the greater the influence of the 

diameter of the embedded bar will be, and the more obvious 

the increase of the ultimate pullout force becomes. 

(3) The ultimate pullout force increases significantly with

the increase of planted bar depth: the larger the planted bar 

diameter is, the greater the pullout force is; However, for 

concrete specimens with different strength, the ultimate 

pullout force increases little when increasing the depth of 

embedded bars.  

Table 1. Pulling test data of reinforced concrete specimens 

Specimen 

number 

Ultimate drawing 

force / kN 

Average ultimate 

drawing force / kN 

RC-30-12-6 

21.5 

19.1 19.2 

16.7 

RC-30-12-8 

26.7 

25.4 25.5 

24.6 

RC-30-12-10 

30.2 

30.7 32.6 

29.2 

RC-30-12-12 

36.4 

35.7 35.6 

35.2 

RC-30-12-15 

42.4 

40.8 40.2 

39.7 

RC-30-16-6 

35.2 

34.7 32.4 

36.6 

RC-30-16-8 

46.2 

43.7 44.4 

40.4 

RC-30-16-10 

54.5 

58.7 59.2 

62.4 

RC-30-16-12 

74.6 

77.1 79.2 

77.5 

RC-30-16-15 

90.1 

87.6 84.4 

88.3 

RC-30-20-6 

55.5 

58.8 61.3 

59.5 

RC-30-20-8 

66.5 

71.4 70.2 

77.4 

RC-30-20-10 

97.2 

94.3 93.4 

92.2 

RC-30-20-12 

112.4 

118.1 119.3 

122.5 

RC-30-20-15 

133.3 

135.1 137.7 

134.3 
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Table 2. Pulling test data of plain concrete specimens 

Specimen 

number 

Ultimate drawing 

force / kN 

Average ultimate 

drawing force / kN 

C-25-16-6
26.2 

25.7 
25.2 

C-25-16-8
35.0 

36.2 
37.3 

C-25-16-10
44.5 

46.1 
47.6 

C-25-16-12
70.7 

72.7 
74.7 

C-25-16-15
85.3 

86.8 
88.5 

C-30-16-6
30.5 

30.0 
29.5 

C-30-16-8
38.8 

39.4 
40.0 

C-30-16-10
49.9 

48.5 
47.1 

C-30-16-12
73.6 

74.7 
75.7 

C-30-16-15
85.1 

88.3 
91.4 

C-35-16-6
33.2 

31.9 
30.5 

C-35-16-8
40.5 

42.7 
44.9 

C-35-16-10
53.3 

51.8 
50.3 

C-35-16-12
79.1 

78.2 
77.2 

C-35-16-15
88.1 

89.3 
90.5 

(4) The ultimate pullout force of reinforced concrete is

higher than that of plain concrete when the depth of embedded 

bars is shallow; when the embedded bars are deep, the type of 

concrete structure has little effect on the ultimate pullout force 

of embedded bars. 

3. FINITE ELEMENT SIMULATION OF PLANTING

BAR DRAWING AND FORMWORK SYSTEM

In this section, the finite element method is used for 

numerical analysis, and the Abaqus finite element model of the 

specimen is established, focusing on the constitutive 

relationship of the concrete base material, the reinforcement 

base material, and the parameter selection of the planting glue. 

3.1 Establishment of planting bar drawing model 

The ideal elastoplastic constitutive model is used for the 

reinforcement constitutive model. The concrete constitutive 

model uses the concrete plastic damage model (CDP model), 

and the damage performance of the concrete materials [26, 27] 

is described by the damage factor parameter. Tensile and 

compressive damage factor dt and dc are as follows: 

𝑑𝑡 =

{
 
 

 
 1 − √𝜌𝑡[1.2 − 0.2𝑥

5]   (𝑥 ≤ 1)

1 − √
𝜌𝑡

𝛼𝑡(𝑥 − 1)
1.7 + 𝑥

 (𝑥 > 1)

𝑑𝑐 =

{
 
 

 
 1 − √

𝜌𝑐𝑛

𝑛 − 1 + 𝑥𝑛
  (𝑥 ≤ 1)

1 − √
𝜌𝑐

𝛼𝑐(𝑥 − 1)
2 + 𝑥

 (𝑥 > 1)

Table 3. Plastic damage model parameters of C25 concrete 

𝝈𝒄/MPa 𝜺𝒄
𝒊𝒏/×10-3 dc 𝝈𝒕/MPa 𝜺𝒕

𝒄𝒌/×10-3 dt 

13.306 0.000 0.000 2.129 0.000 0.000 

19.028 0.766 0.314 2.026 0.022 0.126 

17.496 1.445 0.450 1.847 0.053 0.254 

14.988 2.159 0.553 1.605 0.085 0.365 

12.748 2.862 0.629 1.399 0.116 0.451 

10.955 3.550 0.684 1.235 0.146 0.517 

9.543 4.223 0.726 1.106 0.174 0.569 

8.425 4.885 0.759 0.919 0.229 0.645 

7.526 5.539 0.784 0.697 0.332 0.735 

6.473 6.509 0.814 0.489 0.530 0.821 

5.338 7.946 0.847 0.209 1.680 0.933 

4.217 10.077 0.878 0.084 6.235 0.978 

2.865 14.786 0.917 0.052 12.271 0.988 

Table 4. Plastic damage model parameters of C30 concrete 

𝝈𝒄/MPa 𝜺𝒄
𝒊𝒏/×10-3 dc 𝝈𝒕/MPa 𝜺𝒕

𝒄𝒌/×10-3 dt 

15.969 0.000 0.000 2.390 0.000 0.000 

22.835 0.754 0.290 2.274 0.025 0.132 

21.137 1.332 0.411 2.027 0.059 0.267 

18.175 1.952 0.512 1.709 0.095 0.386 

15.435 2.565 0.590 1.453 0.128 0.476 

13.207 3.160 0.649 1.259 0.160 0.543 

11.447 3.739 0.695 1.111 0.191 0.596 

10.053 4.305 0.730 0.903 0.248 0.670 

8.936 4.862 0.759 0.669 0.357 0.757 

7.636 5.684 0.792 0.458 0.567 0.838 

6.244 6.898 0.828 0.191 1.790 0.940 

4.887 8.691 0.864 0.120 3.409 0.966 

2.773 14.796 0.921 0.075 6.635 0.981 

Table 5. Plastic damage model parameters of C35 concrete 

𝝈𝒄/MPa 𝜺𝒄
𝒊𝒏/×10-3 dc 𝝈𝒕/MPa 𝜺𝒕

𝒄𝒌/×10-3 dt 

18.631 0.000 0.000 2.629 0.000 0.000 

26.641 0.695 0.257 2.502 0.026 0.129 

23.678 1.375 0.403 1.947 0.096 0.373 

19.120 2.105 0.525 1.682 0.131 0.460 

15.414 2.809 0.613 1.315 0.196 0.579 

12.687 3.480 0.676 1.083 0.257 0.654 

10.685 4.128 0.723 0.815 0.371 0.743 

9.184 4.759 0.758 0.374 1.021 0.892 

7.120 5.990 0.808 0.152 3.566 0.963 

4.866 8.389 0.865 0.095 6.941 0.979 

2.584 14.806 0.925 0.060 13.655 0.988 

Table 6. Other parameters of concrete plastic damage model 

𝝍 𝜺 𝒇𝒃𝒐/𝒇𝒄𝒐 𝑲 𝝁 

30 0.1 1.16 0.6667 0.005 

According to the formula, the relevant parameters of the 

plastic damage model of each numbered concrete were 

calculated, and the specific results were shown in Table 3, 

Table 4 and Table 5. 

According to Abaqus modeling experience and 

convergence trial, other relevant parameters of plastic damage 

model of C25, C30 and C35 concrete are set in Table 6. 
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Establishment of planted bar pullout model: the concrete 

element and reinforcement element adopt the three-

dimensional solid reduced integral element C3D8R type 

which can shorten the calculation time, and the concrete 

density is all set as 2,400kg/m3; the simulation of planting bar 

glue is simplified as the viscous behavior in Abaqus. The 

stiffness and damage mode of rebar planting glue are 

simulated through the viscous behavior. The specific 

parameters are set according to the test results. The elastic 

modulus Knn of rebar planting glue is 2,700 MPa, and the 

shear modulus Kss and Ktt are set as 785 MPa. In the process 

of mesh generation for finite element modeling, the area with 

complex local stress at the interface between planted-bar 

reinforcement and concrete shall be densified. 

3.2 Analysis results of the planted-bar drawing model 

The simulation results of specimens are shown in Table 7. 

According to the finite element simulation results of planted 

bar drawing, the ratio of the simulated maximum drawing 

force to the tested maximum drawing force is in the range of 

0.89~1.07, which is more accurate for the simulation of the 

real drawing test, and the failure analysis conforms to the 

actual situation. The displacement of simulated reinforcement 

ends under the maximum drawing force is within the range of 

0.84~1.33mm. 

Table 7. Finite element simulation results of each specimen 

No. of specimen 
Ultimate pulling force 

simulation Fq /kN 

The ultimate pulling 

force testing Ft /kN 

𝑭𝒒
𝑭𝒕
⁄

The Displacement of the end of the steel bar 

under the simulated pole drawing force /mm 

RC-30-12-6 19.5 19.1 1.02 1.15 

RC-30-12-8 26.0 25.4 1.02 0.97 

RC-30-12-10 32.1 30.7 1.05 1.10 

RC-30-12-12 35.7 35.7 1.00 1.12 

RC-30-12-15 41.4 40.8 1.01 1.32 

RC-30-16-6 32.1 34.7 0.93 1.18 

RC-30-16-8 44.6 43.7 1.02 0.84 

RC-30-16-10 55.5 58.7 0.95 1.11 

RC-30-16-12 77.9 77.1 1.01 1.17 

RC-30-16-15 85.7 87.6 0.98 1.27 

RC-30-20-6 55.9 58.8 0.95 1.21 

RC-30-20-8 68.2 71.4 0.96 0.91 

RC-30-20-10 88.3 94.3 0.94 1.22 

RC-30-20-12 110.7 118.1 0.94 1.05 

RC-30-20-15 133.4 135.1 0.99 1.28 

C-25-16-6 27.2 25.7 1.06 1.02 

C-25-16-8 37.9 36.2 1.05 1.00 

C-25-16-10 48.2 46.1 1.05 1.09 

C-25-16-12 65.0 72.7 0.89 1.13 

C-25-16-15 86.5 86.8 1.00 1.32 

C-30-16-6 29.3 30.0 0.98 1.22 

C-30-16-8 42.5 39.4 1.08 0.98 

C-30-16-10 51.3 48.5 1.06 1.06 

C-30-16-12 69.3 74.7 0.93 1.24 

C-30-16-15 87.8 88.3 0.99 1.27 

C-35-16-6 31.1 31.9 0.97 1.11 

C-35-16-8 45.7 42.7 1.07 1.03 

C-35-16-10 53.4 51.8 1.03 1.21 

C-35-16-12 72.4 78.2 0.93 1.12 

C-35-16-15 88.6 89.3 0.99 1.33 

3.3 Formwork system model 

According to the provisions in Appendix A.0.4 of Code for 

Construction of Concrete Structures (GB50666-2011) [28], in 

order to make the checking calculation of formwork and 

planting bar parameters uniform and universal, the standard 

value of lateral pressure of newly poured concrete on 

formwork chooses the larger value in the above formula, i.e. 

𝐹 = 𝛾𝑐𝐻

The steel plate adopts the three-dimensional solid reduced 

integration unit C3D8R, and the steel strength is defined by 

the parameters of Q235 steel in the specification. The 

influence of different construction parameters on the 

formwork engineering is discussed through finite element 

modeling. When meshing, the area with complex local stress 

at the interface between the steel formwork transverse rib and 

the fixed steel pipe is densified. The side pressure of concrete 

pouring is affected by the pouring height and has nothing to do 

with the pouring width, so the width of the established 

formwork is selected as 1m, the height is selected as 4m, the 

thickness of the steel panel is 4mm, the spacing between 

transverse ribs is 330mm, the spacing between longitudinal 

ribs is 250mm, and the height of ribs is 55mm. The formwork 

system has established the common Q235 steel panel, round 

steel pipe (Φ48×3.5) supporting components and butterfly 

fasteners models and overall model system.  

The pressure load applied on the surface of the steel 

formwork is simulated, and the stress and deflection of the 

formwork system under 9 different working conditions (three 

different pouring heights: 2m, 3m, 4m and three different 

circular steel tube strut member spacing: 600 mm, 500 mm and 

400 mm) during the concrete pouring process are analyzed, 

and calculation is made to check whether it meets the 

requirements. 
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Table 8. Maximum stress of steel formwork under different 

working conditions (unit: MPa) 

Support interval (mm) 

Casting height (m) 
400 500 600 

4 190 201 212 

3 132 167 186 

2 100 135 156 

Table 9. Maximum displacement of steel formwork under 

different working conditions (unit: mm) 

Support interval (mm) 

Casting height (m) 
400 500 600 

4 1.49 1.79 2.32 

3 1.25 1.54 2.11 

2 0.98 1.21 1.55 

The simulation results of all working conditions are 

summarized in Table 8 and Table 9. 

Taking the one with an height of 4m and the spacing 

between round steel tubular supports 600mm as an example, 

the maximum pouring load under this working condition is 

𝛾𝑐𝐻=25kN/m3×4m=100kN/m2/. The supports are placed at the

most unfavorable position of the steel formwork according to 

the transverse spacing of 600mm, and the connectors are 

placed according to the spacing of 1,000mm. The maximum 

stress of the formwork and supports is calculated to be 

212MPa (as shown in Figure 1), which is less than the design 

value 215MPa of tensile strength of Q235 steel. The strength 

meets the requirements, and the maximum displacement of the 

formwork is 2.32mm (as shown in Figure 2). It is larger than 

the allowable deflection of steel formwork panel specified in 

4.4.2 of the Technical Code for Composite Steel Formwork 

(GBT50,214-2013) [29], and the rigidity does not meet the 

requirements. 

It can be seen from Table 8 that all working conditions with 

pouring heights of 2m, 3m and 4m meet the requirements that 

the steel formwork stress is less than the design value of Q235 

steel tensile strength. It can be seen from Table 9 that there are 

four working conditions that meet the formwork displacement 

limit for concrete pouring: the building height is 4m, and the 

interval between round steel tubular supports is 400mm; the 

building height is 3m, and the spacing between round steel 

tubular supports is 400mm; the building height is 2m, and the 

spacing between round steel tubular supports is 400mm; the 

building height is 2m, and the spacing between round steel 

tubular supports is 500mm. 

It can be seen from the above results that the building height 

4m, and the spacing of round steel tubular supports 400mm 

meet the requirements of the specification for the strength and 

stiffness of steel formwork. Therefore, the spacing of planting 

bars is selected according to the horizontal spacing 400mm 

and the vertical spacing 1,000mm. At this time, the maximum 

pulling force of the planting bar system is 34.8kN. In view of 

the influence of factors such as the difference in the 

performance of different planting glue, the difference in the 

construction environment, and the difference in the operating 

level of the construction personnel, 20% safety reserve is 

considered for the selection of the diameter and depth of the 

planted-bar reinforcement, that is, the pulling force of the 

planted rebar should not be less than 1.2 times the maximum 

pulling force obtained from the test, that is, the pulling force 

of the planted rebar should not be less than 41.8kN. According 

to the pull-out test and finite element simulation results, the 

diameter of planted bar can choose to be Φ16 and above, and 

the depth of planted bar shall not be less than 8d or the 

diameter of planted bar can choose to be Φ20 and above, and 

the depth of planted bar shall not be less than 6d. 

Figure 1. Stress nephogram of steel panel and steel pipe 

support under working condition 1 (unit: MPa) 

Figure 2. Displacement nebulae of steel panel and steel pipe 

support under working condition (Unit: mm) 

Under various requirements, the remaining three working 

conditions meeting the stiffness shall be adjusted: 

Working condition 1: the building height is 3m and the 

spacing between round steel tubular supports is 400mm; the 

maximum pulling force of planted reinforcement is 25.2kN 

and the pulling force of the planted reinforcement after 

considering the safety reserve is no small than 30.2kN. Under 

this condition, the steel reinforcement with the diameter of 
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Φ12 or above and with the depth not less than 12d or with the 

diameter of Φ16 or above and with the depth not less than 6d 

can be chosen. Working condition 2: the building height is 2m 

and the spacing between round steel tubular supports is 

400mm; the maximum pulling force of planted reinforcement 

is 10.0kN and the pulling force of the planted reinforcement 

after considering the safety reserve is not smaller than 12.0kN. 

Under this condition, the steel reinforcement with the diameter 

of Φ12 or above and with the depth not less than 6d can be 

chosen. Working condition 3: the building height is 2m and 

the spacing between round steel tubular supports is 500mm; 

the maximum pulling force of planted reinforcement is 12.5kN 

and the pulling force of the planted reinforcement after 

considering the safety reserve is not smaller than 15.0kN. 

Under this condition, the steel reinforcement with the diameter 

of Φ12 or above and with the depth not less than 6d can be 

chosen. 

4. CONCLUSION

Selection of appropriate planted bar parameters for different 

construction conditions: 

(1) When the pouring height is 4m, the spacing between

round steel tubular supports should be 400mm, and the spacing 

between longitudinal connectors can be 1,000mm. After 

considering 20% of the safety reserve, the steel reinforcement 

with the diameter of Φ16 or above and with the depth not less 

than 8d or with the diameter of Φ20 or above and with the 

depth not less than 6d can be chosen. 

(2) When the pouring height is 3m, the spacing between

round steel tubular supports shall be 400mm, and the spacing 

between longitudinal connectors can be 1,000mm; After 

considering 20% of safety reserve, the steel reinforcement 

with the diameter of Φ12 or above and with the depth not less 

than 12d or with the diameter of Φ16 or above and with the 

depth not less than 6d can be chosen. 

(3) When the pouring height is 2m, the spacing between

round steel tubular supports shall be 500mm, and the spacing 

between longitudinal connectors can be 1,000mm; After 

considering 20% of safety reserve, the steel reinforcement 

with the diameter of Φ12 or above and with the depth not less 

than 6d can be chosen. 
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