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DEM Distinct Element Method, Discrete Element 
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3 Concrete Models (Yamamoto et al. 2008)

kn kt
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Normal spring

Shear spring

.

20



Reinforcement : beam element
beam nodes : attach to the concrete particles 

through zero-size link element
stress strain relationship : bi-linear model.  
Bond property: introduced into the shear spring

of linked element

fy

fy
Stress strain relationship

Zero  size 
link elementBeam 

element
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High strength
Prestress
Hollow circular section

252013 PC

Dynamic torsion behavior of RC building
International benchmark SMART 2013 
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Experiments by Iizuka et al. 2011.
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C: 30 mm
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Influence of Confinement on Bond 
Behavior (CEB-FIP model)

SS1 S2 S3

Low 
confinement
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confinement

Pullout failure

Split failure
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Experiments by Xu et al. 2012
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Numerical modelling in RBSM

Pull out tests with lateral pressure were simulated.
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Numerical deformation in post-peak. Slip: 3.0 mm
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pull-out test 

Analytical model

Stress-slip relationship of test and simulation

Straight+
Mechanical Anchor

Straight
+ Hook

Hook
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No/ Stress 100N/mm2 400N/mm2 600N/mm2 800N/mm2

P-SH          
(Full-bonded 

rebar)

P-M       
(Mechanical 

anchored 
rebar)

P-H           
(Hook-bonded 

rebar)

The stress distribution of 3 specimens for pull out simulation

Deformation of Hook

Stress distribution

Inner Strain

Outer Strain

36

H
R
-1
.5

H
R
-2
.5

H
R
-3
.5

at Peak



37

T
E-

0

Inner Strain Outer Strain

T
E-

4

38

39

,1994

HT-46/49

HT-46/49 HT-51/54

HT-51/54
40

0

1

2

3

4

5

6

-1 0 1 2 3 4

(N
/m

m
2 )

( )

+10%
-10%HT49

HT46

HT50

HT53

HT54
HT51

HT52

HT55

0

1

2

3

4

5

6

0 0.5 1 1.5 2 2.5 3

(N
/m

m
2 )

( )

0

1

2

3

4

5

6

0 0.5 1 1.5 2 2.5 3

(N
/m

m
2 )

( )

0

1

2

3

4

5

6

-1 0 1 2 3 4

(N
/m

m
2 )

( )

HT-46 *10

RBSMEXP

EXP RBSM

&

(N
/m

m
2 )

(N/mm2)

(N
/m

m
2 )

( )

(N
/m

m
2 )

( )

(N
/m

m
2 )

( ) ( )

(N
/m

m
2 )



41 42

ls

ls=5db

1100 5050

ls+h 2D10

PVC Tube

200

2cs

cs

cb

200

ls/4 ls/2 ls/4

D6@100

LVDT

a. Side view.
b. Section.

c. Bottom view.

B.S. Hamad, S. Najjar, Evaluation of the role of
transverse reinforcement in confining tension lap
splices in high strength concrete, Mater. Struct.
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Nguyen et al, JCI, 2017
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Hook End fiber

Smooth/
Straight fiber
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Local spalling effects

Yang et al. (2008)

Smooth steel fiber

Crack bridging part

55

Horizontal 
Distribution

Random 
Distribution

Smooth-0.5%

FIBER3D-0.5%

Smooth-1.0%

FIBER3D-1.0%

Tensile strength 
= 3.7 MPa

Tensile strength 
= 3.4 MPa

Tensile strength 
= 3.7 MPa

Tensile strength 
= 3.4 MPa

2023 CCC
560 2 4 6 8

0

5

10

15

B
on

d 
St

re
ss

, M
Pa

End Slip, mm

 Test-PC

 Test-(SFRC-0.5%)

 Test-(SFRC-1.0%)

 Ana. (PC)

 Ana. (SFRC-0.5%)

 Ana. (SFRC-1.0%)

0 2 4 6 8
0

5

10

15

B
on

d 
St

re
ss

, M
Pa

End Slip, mm

c45

 Ana. (PC)

 Ana. (SFRC-0.5%)

 Ana. (SFRC-1.0%)

 Test-PC

 Test-SFRC (0.5%)

 Test-SFRC (1.0%)

0 2 4 6 8
0

5

10

15

B
on

d 
St

re
ss

, M
Pa

End Slip, mm

c65

Specimen (c45) Specimen (c65)Specimen (c25)

Specimen (c25)

Specimen (c45)

Specimen (c65)

SFRC0.5% SFRC1.0%
Fiber#
3316

Fiber#
6632

Benger et al. (2021)

FIBER3D
Fiber length 30 mm

Diameter 0.6 mm



57

c45

c65

-1.0%

Deformation (x1.0) at slip level = 2.0 mm

c25

58

10
0

8080
400
240

10
0

32
0

0 0

3 5

10
0

10
0

10
0

100mm
1.0%

3D

: 30N/mm2

20

D10

59

SFRC

0.01                     0.05mm -20.0                     0.0   1.78MPa

60

SFRC

0.01                     0.05mm -20.0                     0.0   1.78MPa



61

0 3 5
320 200 100 45 21mm

0 0.5 1 2%

62

2. Yamamoto, Nakamura, Kuroda, Furuya Crack propagation analysis of reinforced concrete wall under cyclic
loading using RBSM, European Journal of Environmental and Civil Engineering, Vol.18, Issue7, pp.780-792,
2014.2

3. Hikaru Nakamura, Takuya Iwamoto, Li Fu, Yoshihito Yamamoto, Taito Miura and Yasar Hanifi Gedik Shear
resistance mechanism evaluation of RC beams based on arch and beam action, Journal of Advanced Concrete
Technology, Vol. 16, 563-576, November, 2018

5. Usman Farooq, Hikaru Nakamura, Taito Miura, Yoshihito Yamamoto : Proposal of bond behavior simulation model
by using discretized voronoi mesh for concrete and beam element for reinforcement, Cement and Concrete
Composite, 110, 2020

6. Usman Farooq, Hikaru Nakamura, Taito Miura: Bond Behavior Evaluation of Deformed Rebar Dependent on
Lateral Pressure Confinement Including Various Structural Parameters, Cement and Concrete Composite,
Vol.119, 2021

7. Usman Farooq, Hikaru Nakamura, Taito Miura : Evaluation of Failure Mechanism in Lap Splices and Role of
Stirrup Confinement using 3D RBSM, Engineering Structures, Volume 252, February 2022

9. Atik Sarraz, Hikaru Nakamura, Toshiyuki Kanakubo, Taito Miura, Hiroya Kobayashi : Bond behavior simulation of
deformed rebar in fiber-reinforced cementitious composites using three-dimensional meso-scale model, Cement
and Concrete Composite, Volume 131 August 2022

10. Atik Sarraz, Hikaru Nakamura, Taito Miura: Mesoscale modeling of steel fiber based on 3D RBSM considering the
effects of fiber shape and orientation, Cement and Concrete Composite, Volume 139, May 2023

63


