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Abstract: Using slag in construction is a promisingly research direction for sustainable development in Vietnam. The 
properties of slag are expected to replaceable large particles in concretes. The article discusses the process of validating 

computational models of concrete beams in which large particles is replaced by steel slag. The model evaluation was 

conducted on the basis of experimental results and covers the process of modeling and identification of parameters in the 

model. The modeling and analysis is conducted in supported environment of Abaqus. Two models of stress-strain 

relationship of concretes are chosen for consideration in beams modeling processes. Each model has two curves representing 

behaviors in both stages of concretes. Concretes material is simulated both compression and tension processes. They are 

combined with two steel reinforcement models to find suitable models of slag concretes. A meshed size is also proposed for 

the beams modeling. Small errors between two relationship curves of load and mid-span deflection indicates that the 
validation is successes. 
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1. Introduction 

Reinforced concrete using steel slag is to reduce polluted 

environment. It is a topic of the current researches in 

Vietnam. Steel slag is a waste product from steel factories 

and non-stop increase volume in Vietnam. Researchers 
think that it should be used in construction parts. Steel slag 

is considered as materials alternative of rocks in concrete. 

There are several researches for slag material in reinforced 

concrete, which is composed of experimental and 

simulation methods. Experimental method could show the 

real value of the load carrying, volume, stiffness, total 

deformation. Meanwhile, the development of simulation 

methods using finite element method could clarify behavior 
of structural materials under loads. Simulation methods are 

popular and widely developed in recent years with the 

support of some software such as ANSYS, DIANA, and 

ABAQUS. The paper uses ABAQUS [4] software for 

calculations of reinforced concrete beams. 

Three-point flexure testing of the reinforced concrete beams 

having slag have been done in the laboratory of the UTE 

(HoChiMinh City University of Technical and Education). 
The reinforced concrete beam, in which have steel slags, is 

hereafter named as SRCB. It is known that computational 

simulation methods help reducing fund of experiments. 

Simulation methods are flexible to adapt changing 

experiments and also intuitive than empirical methods. So it 

needs a validated simulation model of SRCB for further 

development related to current topic. 

Besides, the simulation calculations needs to manage all 
components that can affect the accuracy of the model such 

as concrete material model, the model of the steel material, 

the model of contact between two different materials. The 

size elements and boundary conditions also affect the 

analysis results. Success models of concrete and steel 

reinforce will be used and validated in the paper. 

 

2. Experimental test of slag reinforced concrete beam 
SRCB is conducted 3-point flexure test as shown in Fig. 3, 

under the effect of compressive force to the speed 

0.05KN/sec until the vandalism. In the process of the 

experiment, the LVDTs (Linear Variable Differential 

Transformers) are installed at locations of 1/4 and 1/2 girder 

spans for measuring displacement. Strain gage is attached at 

1/4 beams length for deformation measurement. The total 

length of the beams is 3300mm. The cross section is 

300x200mm. Reinforcement in the beams is shown in Fig. 
1. Five longitudinal reinforcement of 14mm dia. are 

arranged at the bottom of beam, and two longitudinal 

reinforcement of 12 dia. are arranged at the top layer of 

beam. Shear reinforcement uses 6 dia. at 150 center-to-

center. Reinforced protective layer is 25mm.  

 
Fig.1 Elevation layout of reinforcement in beam and cross-

section 
 

 
Fig.2. Bending test of beams. 

 

Table 1 shows a summary of mixture ratio using in     

SRCB. This ratio of mixture is for concrete grade of 

40MPa. 

 

Table 1 Mixture ratio of concrete using steel slag 

Cement 

(kg) 

Sand 

(kg) 

Steel slag 

(kg) 

Water 

(l) 

Water / 

Cement 

Additives  

(ml) 

411.7 687.1 1431.3 190 0.46 4.1 

 

3. Computational models 
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The process of validation estimates the degree of similarity 

between the computational model and the real word. 

Several chosen elements are applied and discussed to find 
out the best model. Different model for behavior of 

concrete, different model for behavior of reinforced steel, 

and preliminary verification of the model with parameters 

having a significant influence on the work of model are 

consider  in the following paragraphs [9]. 

 

 3.1 Models of concrete material 
There are two models selected for concrete material that are 

Hsu - Hsu (1994) models [6] and Hognestad models (1951) 

[7]. 

 

3.1.1 Models of Hsu and Hsu 

The stress-strain curve for concrete under compression and 

tension obtained from the experimentally verified numerical 

method by Hsu and Hsu [1].  
The model is presented in Fig. 3. Eq. (1) is used to 

calculate the compressive stress values (
c ) in the 

softening curve of concrete material.  
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where c is compressive stress which depends on c , in 

curve of stress-strain relationship. The parameter   and the 

train at peak stress 0  are given in Eq. (2) and Eq. (3), 

respectively. 
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5 3

0 1.291 10 2.114 10cu                       (3) 

 

Modulus 0E is given by Eq. (4). The d is train 

at 0.8c cu  . 

 
2 3

0 1.8 10 3.28312 10cuE                       (4) 

 
The stress-strain relationships for concrete under tension are 

assembled by linearly portions as presented in Fig. 3. 

Where, 0t is maximum tensile stress at critical tensile 

strain cr . 

 

 
Fig.3 Stress-strain curve for concrete under tension and 

compression (Hsu – Hsu) 

 
3.1.2 Models of E.Hognestad 

The models of E.Hognestad are presented in Fig. 4. Stress-

strain curve for concrete under compression is a constitutive 

model. The relationship of axial compression stress and 

strain is expressed in Eq. (5). 
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where 
cf  is uniaxial compressive strength of concrete, 

0 is 

yield strain,  and 
u is ultimate strain. 

Constitutive model for unidirectional tensile is expressed 

in Eq. (6). 
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where, tf  is uniaxial tension strength of concrete, and t is 

concrete tensile strain at peak of the curve. 

 

 
Fig.4 Stress-strain curve for concrete under tension and 

compression (E.Hognestad) 

 

3.2 Models of steel reinforcement material 

The models of steel reinforcement are needed in ABAQUS 

environment. Two different steel material models are 

applied. Each model is assumed in both stages of steel 
material. They are elastic and plastic behavior. The first 
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model used a simple elasto-plastic law. The second model is 

an improvement of simple elasto-plastic law. 

 
3.2.1 Simple elasto-plastic law (SEPL) 

SEPL was defined by a curve of stress-strain relationship, 

as showed in Fig. 5. The curve is fully defined by the 

Young’s modulus
sE , a standard value of steel 

reinforcement, and the tensile yield strength
yf . 

  
Fig. 5 Elasto-plastic constitutive law of reinforcement 
 

3.2.2 Improvement of a simple elasto-plastic law (IEPL). 

The second model is an improvement of simple elasto-

plastic law. The curve of stress-strain relationship is defined 

by the Young’s modulus, the tensile yield strength yf and the 

tensile critical strength
uf . Model has been successfully 

applied by number authors such as Ngo and Scordelis, Vebo 

and Ghali [3]. 

 

 

Fig. 6 Improvement of elasto-plastic constitutive law of 

reinforcement 

 

4. Simulation 

A concrete beam is modeled in the form of solid elements. 
The material required parameters for non-linear analysis are 

presented in Table 2. In ABAQUS environment, the 

elements named as C3D8R [5] are used for concrete 

material models. The choice of the wire form is applied for 

the reinforced bars. The reinforcing bars are worked 

together with concrete by embedded method. 

  

Table 2 The parameters for non-linear analysis 

 

Fig. 7 shows a model of SRCB in 3-point flexure testing 

simulation. Load is applied using displacement control 

method. Analysis result is presented in Fig. 8. 

 
Fig. 7 Model of SRCB 

 
Fig. 8 Result of calculation 

 

5. Mesh size 
 

The mesh size affects to convergence, and results of 

analysis. Suitable elements sizes are selected so that they do 

not affect to analysis results. Several elements sizes used for 

exploration. They include element size of 200mm (Mesh-
200), element size of 100 (Mesh-100), element size of 80 

(Mesh-80), element size of 50 (Mesh-50), and element size 

of 20 (Mesh-20). The analyze results of different element 

sizes are presented in the Table 3.  

In the table, mid-span deflection is d. Pm, Pt are flexural 

load of simulation and test, respectively. Total measurement 

time spent for an analysis is of CPU Intel core i7 (3.2GHz). 

 
Table 3 Results for beam for different mesh sizes 

d 

 (mm) 

Mesh 

sizes 

200 

Mesh 

sizes 

100 

Mesh 

sizes 

80 

Mesh 

sizes 

50 

Mesh 

sizes 

20 

Test 

mP   

(kN) 

mP   

(kN) 

mP   

(kN) 

mP   

(kN) 

mP   

(kN) 

tP  

(kN) 

0.01 42.5 80.1 74 69.8 70.1 72 

0.015 63.2 93.2 96.2 97.8 98.2 100.8 

0.018 64.4 100.7 98.4 99.1 99.8 110.2 

0.02 67.5 114.7 113.6 114.2 114.4 115 

0.025 71.4 112.9 115.7 116.4 117.2 119 

0.03 73.2 114.9 118.6 119.2 119.4 120.2 

0.035 42.5 80.1 74 69.8 70.1 72 

Time 

(min) 
15.3 30.43 51.2 162.05 216.1 

Time 

(min) 

 

Concrete 

cE  

[Mpa] 
c  

cf  

[Mpa] 

tf  

[Mpa] 

cE  

[Mpa] 

40.4  0.2 40.86  3.97 40.4  

Steel 

sE  

[Mpa] 

  
yf  

[Mpa] 

uf  

[Mpa] 

sE  

[Mpa] 

210 0.3 365 420 210 

Other 

parameters 

cK    
b c       

0.667 0.1 1.16 30
0 

0.00005 
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(Sua lai hinh cho phu hop voi text, vi du Mes 200 

thanh Mesh-200) 
  

Fig. 9. Value comparision chart of mesh sizes in 0.03 of 

value of mid-span deflection 

 

A deviation parameter 1 m

t

P
P

   is defined to explore the 

exact ratio of analysis load corresponding to a certain mid-

span deflection. The relationship of deviation parameter and 

total analysis time corresponding to mid-span deflection 

value of 0.03m is drawn in Figures 9.  
Figures 9 shows deviation parameter decreased, but 

analysis time increased as meshed sizes decreased. Based 

on the figure, Mesh-80 is recommended for simulation of 

SRCB.  

 

6. Validation and discussion 
The validation process is performed through comparison of 

several cases, which are based on the combinations of two 
models of concrete and two models of steel. The first is 

conducted on IEPL model. Fig. 10 shows the mid-span 

deflections increased with load. Two concrete material 

models mentioned above combined with the IEPL model of 

steel reinforcement are represented by discontinuous lines. 

Test results are represented by a continuous line. The 

combination of IEPL model and Hsu - Hsu models is 

STAGE-1. The combination of IEPL model and 
E.Hognestad model is STAGE-2.  

 

 
Fig. 10 Mid–span deflections versus loading of STAGE-1, 2 

 

It could be seen in Fig. 10, the beam is in elastic stage 

having high stiffness and loading under 80kN. Deflections 

increase linearly with the increasing of load. There is no 
difference between the two models of concrete material. 

Above load of 80kN, behavior of beams is in elasto-plastic 

stage, mid-span deflections are accelerated with loading. 

Load of 120kN is the failure load of beam. E.Hognestad 

model shows the failure load of 132.5kN. The other model 

shows the failure load of 120.2kN, which is similar to 

experiment results. It can be seen that the Hsu-Hsu models 

basically consistent with the actual test results. 
The second is conducted on SEPL model. The 

combination of SEPL model and Hsu - Hsu models is 

STAGE-3. Combination of SEPL model and E.Hognestad 

models is named as STAGE-4. Fig. 11 shows the curves of 

mid-span deflections versus loading.  

 

 
 

(Sua lai hinh cho phu hop voi text) 
Fig. 11 Mid–span deflections versus loading of STAGE-3, 4 

 

STAGE-3 shows the failure load of 132.2kN. It is similar 

to STAGE-2. It could be said that E.Hognestad models is 
not influenced by steel models.  

There is a drop of loading in the STAGE-4 curve. It 

occurs when loading reaches 110.2kN. Following, failure 

load of beam is 101.2kN. It might be caused by steel model. 

Tensile stresses in steel reaches to yf , deformation is 

assumed reaching to infinity.  

Analysis results show that concrete models of Hsu-Hsu 

combined with the IEPL of steel model could help simulate 
SRCB successfully. In this 3-point flexure test, the 

maximum error is approximately 5% corresponding to 

deflection of 0.015m at mid-span of beam.  

 

6. Conclusions. 

The reinforced concrete bending beams having slag is a 

object of simulation. Processes of development and 

validation computational models are presented. Reinforced 
concrete beams with sizes of 200x300x3300 in 3-points 

bending test is simulated by ABAQUS supported 

environment.  

In simulation process, several parameters could affect 

the accuracy of analysis results are considered. Parameters 

could be listed such as concrete material model, the model 

of the steel material, and elements mesh size. 
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It is found that concrete material models proposed by 

Hsu-Hsu (1994) combined with a improvement of 

reinforcement steel material model could predict exactly 
testing results. Testing results mentioned is relationship of 

loading and deflections at mid-span. Besides, meshing size 

of 80mm is proposed for similar modeling of steel-concrete 

beams having slag. 

 

Acknowledgement 

This research was partially supported by HCMUTE. We 

thank our colleagues from Faculty of Civil Engineering and 
Applied Mechanics who provided insight and expertise that 

greatly assisted the research. 

.  

 

References  

[1] Wahalathantri, Thambiratnam, Chan, Fawzia, “A 

material model for flexural crack simulation in 

reinforced concrete elements using Abaqus”, 
Queensland University of Technology, Brisbane, 

Australia, 2011. 

 [2] Deng Silhua, Qie Ze, Wang Li, “Nonlinear Analysis of 

Reinforced Concrete Beam Bending Failure 

Experimentation Based on ABAQUS”, Beijing 

University of Civil Engineering and Architecture, 

Beijing China, 2015. 

[3] Veo, A. Anh Ghali A. (1977), Moment Curvature 
Relation of Reinforced Concrete Slads, journal of 

Structural Division, ASCE, Vol. 103, No.ST3, pp.515-

531 

[4] S.V.Chaudhari, M.A.Chakrabarti, “Modeling of 

concrete for nonlinear analysis Using Finite Element 

Code ABAQUS”, Department of Applied Sciences & 

Humanitie Rajiv Gandhi institute of Technology, 

Andheri(W), Mumbai, India, 2012. 
[5]  Abaqus Theory Manual. Version 6.13, ABAQUS Inc., 

2013. 

[6] Hsu, L.S., & Hsu, C.-T.T. (1994). Complete stress-strain 

behaviour of  high-strength  concrete  under  

compression.  Magazine  of Concrete Research, 

46(169), 301-312,1994. 

[7] Eivind, Hognestad. “A Study of Combined Bending and 

Axial Load in Reinforced Concrete Members”. 
ENGINEERING EXPERIMENT STATION, University 

of Illinois, Urbana, November 1951. Bulletin Series No. 

399, ENGINEERING EXPERIMENT STATION, 

University of Illinois, Urbana, Vol. 49, No. 22. Bulletin 

Series No. 399A, Vol. 49, No. 22. 

[8] Thi-Thuy-Hang NGUYEN, Ứng xử chịu uốn dầm bê 

tông cốt liệu xỉ. Người Xây Dựng, Viet Nam, 2015. 

[9]Agnieszka PEŁKA-SAWENKO1, Tomasz 

WRÓBLEWSKI, Maciej SZUMIGAŁA2, “Validation 

of Computational Models of Steel-Concrete Composite 

Beams”, West Pomeranian University of Technology of 

Szcze Faculty of Civil Engineering and Architecture, 

Poznań, 2014 

 

 

 



BÀI BÁO KHOA HỌC 
THỰC HIỆN CÔNG BỐ THEO QUY CHẾ ĐÀO TẠO THẠC SỸ 

Bài báo khoa học của học viên 

có xác nhận và đề xuất cho đăng của Giảng viên hướng dẫn 

 

 

 

 

 

 

 

 

 

 

 
Bản tiếng Việt ©, TRƯỜNG ĐẠI HỌC SƯ PHẠM KỸ THUẬT TP. HỒ CHÍ MINH và TÁC GIẢ 
 
Bản quyền tác phẩm đã được bảo hộ bởi Luật xuất bản và Luật Sở hữu trí tuệ Việt Nam. 
Nghiêm cấm mọi hình thức xuất bản, sao chụp, phát tán nội dung khi chưa có sự đồng ý 
của tác giả và Trường Đại học Sư phạm Kỹ thuật TP. Hồ Chí Minh. 
 

ĐỂ CÓ BÀI BÁO KHOA HỌC TỐT, CẦN CHUNG TAY BẢO VỆ TÁC QUYỀN! 

 

 

Thực hiện theo MTCL & KHTHMTCL Năm học 2017-2018 của Thư viện Trường Đại học 
Sư phạm Kỹ thuật Tp. Hồ Chí Minh. 


