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ABSTRACT 

In paper, according to the concrete compression damage constitutive relationship of energy loss, a cylindrical reinforced 

concrete shear wall with a rectangular section was simulated using ABAQUS software. The skeleton curve for structural 

ultimate bearing capacity was drawn under the theoretical condition, and the comparative analysis of fitting was carried 

out, consequently the macroscopic approximate relationship between material damage and structural failure was 

established, which also proved the rationality of the hypothesis. The advantages of this method are fewer parameters, 

simple and practical, and high precision, which can provide another solution for the simulation analysis of compressive 

damage of concrete structures. 
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1. INTRODUCTION 

Currently, the research of damage theory has been widely used in concrete1-6. Using the damage force theory for 

analyzing concrete mechanical properties is appropriate and reasonable. It is very important to introduce the damage 

variables. First, according to the Najar damage theory, References7-12 define the damage of concrete with energy loss. 

Then, using this kind of concrete compression damage model, we establish a new concrete compression curve damage 

model and evolution equation about damage. They are given that damage equations of concrete having different 

strengths. In paper, a rectangular shear wall model of reinforced concrete tubular is established using the constitutive 

model, and the skeleton curve of ultimate bearing capacity for the model structure is drawn. By fitting comparative 

analysis, the macroscopic approximate relationship between material damage and structural damage is established, which 

also proves that the model assumption is reasonable. 

2. ESTABLISHMENT OF CONSTITUTIVE MODEL 

The shear wall is simulated by 4-node reduced integral shell element in ABAQUS software. The shear wall section   

without holes is 8000×300 mm, the shear wall with opening section is 3000×300 mm, and the opening size is 900×300 

mm. The storey height is 3 m. It is a ten-layer structure with full symmetrical and the bottom is consolidated. The steel 

reinforcement bar adopts HRB335, where fy=335 N/mm2, Es=2×105 N/mm2, εy=0.001675, Es’=0.01, Es=2×103 N/mm2, 

v=0.3. The reinforcement ratio of section is 0.5%. The concrete is C35. The function curve of stress-strain relationship 

under non axial compression is as shown in Figure 1. The proposed plastic damage model of concrete under non axial 

compression is used6, as shown in Figure 2. Without considering the tension damage of concrete the tension stress-strain 

relationship is simplified: 

𝑓t =
1

10
𝑓ck                                                                                  (1) 

Under non axial compression the stress-strain relationship of concrete: 

𝑥 ≤ 1   𝑦 = αa𝑥 + (3 − 2αa)𝑥2 + (αa − 2)𝑥3                                            (2) 
𝑥 > 1     𝑦 =

𝑥

αd(𝑥−1)2+𝑥
                                                         (3) 

𝑥 =
𝜀

𝜀𝑜

， 𝑦 =
σ

𝑓𝑐
∗
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where, αa , αd  are the parameter values of curve between stress and strain  under non axial compression  for the 

ascending and descending sections ; 𝑓𝑐
∗ is the non axial compressive strength for concrete (𝑓ck, 𝑓c, 𝑓cm); 𝜀𝑐 is the peak  of 

concrete compressive strain corresponding with 𝑓𝑐
∗ . 

The variable relationship of concrete damage under non axial compression: 

0 ≤ 𝑥 ≤ 1 ， 𝑑𝑐 = 1 − √
αa+(3−2αa)𝑥+(αa−2)𝑥2

αa
                                          (4) 

𝑥 > 1, 𝑑𝑐 = 1 − [
1

αa[αd(𝑥−1)2+𝑥]
]

1

2                                                      (5) 

εo = (700 + 172√fc
∗) × 10−6, αa = 2.4 − 0.0125fc

∗, αd = 0.157fc
∗0.785 − 0.905, fc

∗ = fck = 0.7R. 

  

Figure 1. The relation of concrete compression between stress and 

strain. 
Figure 2. The relationship curve between compression damage 

variable and plastic strain (C35). 

3. ELASTIC ANALYSIS 

First, the stress, vertical displacement and vertical reaction at the bottom section of the structure were examined 

respectively in the elastic range under the action of self-weight, and the model was verified to be reasonable and effective. 

Selecting a section on the wall with hole at the bottom of the structure, and the stress values of nodes 1 to 7 on this section 

are 0.760, 0.717, 0.675, 0.674, 0.674, 0.716, 0.759 N/mm2, respectively. The stress distribution for the section is shown 

in Figure 3. From Figure 3, at the end of section stress concentration occurs, with continuous diffusion of stress to the 

middle section, the stress gradually reaches a uniform distribution in the middle position, and for the symmetric nodes 

stress is basically same, and stress value for each section is almost same. 

The vertical reaction values of the seven nodes of this section are 62.7, 110.5, 106.4, 104.6, 106.2, 110.0 and 62.6 kN 

respectively (Figure 4). Axial reaction is generated at the bottom node, and the stress concentration occurs at the corner. 

Here the vertical reaction is small, the vertical reaction of the middle section is large, and the joint reaction for 

symmetrical section is almost same. The vertical displacement values of 7 nodes in this section are all 0.34 mm, which 

indicates that the numerical simulation conforms to the theory, so we can get that model is reasonably available. 

  

Figure 3. Stress distribution of bottom cross-section. Figure 4. Reaction force distribution. 

4. ELASTOPLASTIC ANALYSIS 

This model is applied to the elastoplastic analysis. The different combinations are selected and the horizontal loads and 

vertical loads on the model are applied at the same time, that is, the horizontal loads are input but the axial forces remain 

unchanged. The axial pressure and bending moment of the biased member are interrelated when the member is in the 

limit state of normal section bearing capacity. Using software Matlab the program of Nu-Mu curve is drawn according to 
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the following steps, in order to obtain the skeleton curve of Nu-Mu theory for the ultimate bearing capacity of the 

structure under bias pressure: 

(1) The compressive strain at the compressive edge of concrete is selected as εcu; 

(2) Selecting the edge strain of the tension side; 

(3) According to the non axial tensile and compressive constitutive model for concrete, the non axial tensile and 

compressive constitutive model for steel bar and the strain distribution of cross-section, not only concrete stress but also  

tensile and compressive stress for steel bar are obtained; 

(4) The pressure Nu and bending moment Mu are calculated according to the equilibrium condition; 

(5) Selecting another edge strain on the tension side, as shown in Figure 5, and repeat steps (3) and (4). 

 

Figure 5. Computing model. 

In the actual situation, when the vertical load is applied, the member is in a state of full section compression, due to 

stress concentration and other reasons, the cross sections of the left and right ends will appear false damage. So, we do 

not consider the false damage in the end section, and only study the middle section. The results show that the damage 

variable values of the whole section reach the critical value of damage, and the whole section is destroyed. When the 

horizontal load and vertical load are applied to the model at the same time, the right section enters the damage state first. 

With the increase of load, the damage expands, and the left section begins to be damaged gradually. In the study of all 

combinations under the action of bias pressure, the critical value of damage first appears at the compression edge of the 

section. 

It is assumed that when 7% of the compression section reaches the critical value of damage, the structure is defined as 

failure. At this time, it is the ultimate bearing state, and the internal force SFi is obtained. After processing the internal 

force SFi data, the Nu-Mu combination is obtained,  

where 

𝑁𝑢 = ∑ 𝑆𝐹𝑖
16
𝑖=2                                                                              (6) 

Assuming that the pressure is in a positive direction, SFi takes a moment to the middle point 

2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9

10 10 11 11 12 12 13 13 14 14 15 15 16 16
         

Mu SF a SF a SF a SF a SF a SF a SF a SF a

SF a SF a SF a SF a SF a SF a SF a

=  +  +  +  +  +  +  +  +

 +  +  +  +  +  + 
                    (7) 

where 

a
2
=3.5, a

3
=3.0, a

4
=2.5, a

5
=2.0, a

6
=1.5, a

7
=1.0, a

8
=0.5, a

9
=0, a

10
=0.5, a

11
=1.0, a

12
=1.5, a

13 
=2.0, a

14
=2.5, a

15
=3.0, a

16
=3.5 

By using equation (7), the total structural axial force Nu and total bending moment Mu under actual bias can be obtained. 

By applying the existing program of drawing Nu-Mu skeleton curve, the theoretical skeleton curve of ultimate bearing 

capacity can be obtained. Between the total axial force Nu and total bending moment Mu the theoretical skeleton curve 

were obtained through comparative study and analysis. It is shown in Figure 6. All failure cases of the structure under 

eccentric compression are included in the ultimate bearing capacity skeleton curve, in which the tensile failure of 

concrete is the stage when the axial force is negative. We only study the actual compression failure, including large and 

small bias: 
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(1) When the bending moment is 0, the axial force reaches the limit value; 

(2) When axial force is 0, bending moment does not reach the breaking point. The bending moment reaches the breaking 

point when the boundary failure occurs; 

(3) In the stage of small bias pressure, the axial force decreases with the increase of bending moment; In the stage of 

large bias pressure, the axial force increases as the bending moment increases. 

 

Figure 6. Simulation and comparison of Nu-Mu. 

The structural failure is all under this damage degree, and the internal force combination conforms to the theoretical 

curve. It indicates that the macroscopic failure assumption of the whole section is reasonable. 

The results show that no matter what the strength level of concrete is, when the compression damage value of 7% of the 

structure is close to or beyond the critical value of the compression damage, the structure reaches the limit state and the 

failure occurs. 

Being different from previous studies, it mainly relies on the microscopic properties of materials to determine whether 

the structure is damaged, this study establishes a macroscopic relationship between damage and damage based on the 

theoretical skeleton curve when the compression damage value of 7% of the section of the member approaches or 

exceeds the critical value of the compression damage, the member reaches the limit state and the failure occurs. 

5. CONCLUSION 

By using this mathematical model, the nature and variation rules of non axial compression damage of concrete are 

revealed, and the data and reference of the damage mechanism for concrete structure are provided. The constitutive 

model has many advantages, such as few parameters, very simple formula, practical method, high precision. It reveals 

the macroscopic relationship between the material damage degree and the structural damage in the actual situation. 
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