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A Study for the Adaptation of Simulation of Uniaxial Compressive Strength
Test for Concrete in 3-Dimensional Particle Bonded Model

Hee-Kwang Lee"*

and Seok-Won Jeon"

YSchool of Civil and Urban & Geosystem Engineering, Seoul National University, Seoul 151-742, Korea

ABSTRACT In an uniaxial compressive test of a concrete standard specimen (150%300 mm) the crack initiation and extension
with the stress increase are the major reason of the failure, which is similar to the breakage of the particle bonding in the simulation
by using particle bonded model, especially particle flow code in 3 dimensions (PFC3D) developed by Itasca Consulting Group Inc.
That is the main motive to study the possibility of an uniaxial compressive strength test simulation. It is important to investigate
the relationship between the micro-parameters and the macro-properties because the 3-dimensional particle bonded model uses the
spherical particles to analyze the physical phenomena. Contact bonded model used herein has eight micro-parameters and there are
five macro-properties; Young's modulus, Poisson's ratio, uniaxial compressive strength and the crack initiation stress and the ratio
concerning the crack propagation with the stress. To simulate the compressive test we made quantitative relationships between the

micro-parameters and the macro-properties by using the fractional factorial design and various sensitivity analyses including regres-
sion analysis, which result in the good agreement with the previous studies. Also, the stress-stain curve and the crack distribution
over the specimen given by PFC3D showed the mechanical behavior of the concrete standard specimen under the uniaxial com-
pression. It is concluded that the particle bonded model can be a good tool for the analyzing the mechanical behavior of concrete

under the uniaxial compressive load.
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Fig. 1 Calculation cycle in PFC”
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Fig. 2 Constitutive behavior for contact occurring at a point”
(F"/F*: normal/shear contact force, F.'/F;: normal/
shear contact bond strength, K'/K®: normal/shear
stiffness at the contact, and U": relative normal displace-
ment, where U"> 0 indicates overlap)
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Table 1 Micro parameters for generation of a contact bonded

in PFC3D
Miero- | it | Abbrevi Factor levels
parameter Low(-1) | High(+1) | Average
Yol kg/m’ A 2,000 2,500 | 2,250
Pinin mm B 3 5 4
U - C 0.3 0.7 0.5
cM GPa D 20 80 50
k,/ k - E 1 3 2
o (mean)| MPa F 20 80 50
7(mean) | MPa G 20 80 50
S?;m:;‘“ - H 0.1 03 0.2
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Table 2 Significant micro-parameters affecting each macro-

property
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Table 3 Coefficient of determination of each second-order
polynomial regression model

Y1 Y2 Y3 Y4 Y5
R’ 0.9996 | 09994 | 0.9904 | 0.9705 | 0.9311
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Fig. 4 Plot of macro property Y1 versus micro-parameter D
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Table 4 Macro-properties of Young's modulus (Y1) and uniaxial
compressive strength (Y3) of the virtual specimens

No. Y1 (GPa) Y3 (MPa)
1 214 20
2 23.92 25
3 2621 30
4 2831 35
5 30.26 40
6 29.18 45
7 30.38 50
8 31.53 55
9 32.62 60
10 33.67 65
11 34.68 70
12 35.66 75
13 36.6 80
14 37.52 85

Note) Y2 =0.18, Y4 =Y3 x 0.7



Table 5 Macro-properties for the simulation of uniaxial com-
pressive test in the particle bonded model

No. D (GPa) F=G (MPa) H (MPa)
1 46.01 17.26 1.73
2 51.56 21.62 2.16
3 56.61 25.97 2.60
4 61.23 30.33 3.03
5 65.79 34.68 3.47
6 63.15 39.04 3.90
7 65.79 43.39 434
8 68.33 47.74 4.77
9 70.73 52.10 5.21
10 73.04 56.45 5.65
11 75.26 60.81 6.08
12 77.42 65.16 6.52
13 79.49 69.52 6.95
14 81.52 73.87 7.39

Note) A =2,324 kg/m’, B=4 mm, C=0.5, E=2.3981

Table 6 Macro-properties after the uniaxial compressive test
in the particle bonded model

No. |Y1(GPa)| Y2 [Y3(MPa)|Y4 (MPa)| Y5 (%)
1 2168 | 0.1882 | 2043 | 1255 | 6143
2 2299 | 0.1885 | 24.97 | 1687 | 67.56
3 26.13 | 0.1900 | 2946 | 19.86 | 6741
4 28.63 | 0.1902 | 36.15 | 24.69 | 6830
5 2992 | 0.1990 | 3946 | 2440 | 61.83
6 2828 | 0.1893 | 44.85 | 2941 | 6557
7 30.77 | 0.1888 | 49.49 | 3493 | 70.58
8 30.01 | 0.1960 | 54.07 | 35.69 | 66.01
9 30.79 | 0.1878 | 59.62 | 3922 | 65.78
10 3072 | 0.1923 | 6544 | 50.09 | 76.54
11 3438 | 0.1916 | 68.19 | 41.16 | 6036
12 36.84 | 0.1897 | 73.06 | 4889 | 66.92
13 38.63 | 0.1893 | 7693 | 4870 | 63.30
14 3752 | 0.1969 | 84.16 | 53.08 | 63.07
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Fig.- 6 Relative errors for each macro-properties
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Table 7 Macro-properties of the target specimens*

No. Unit we}ight Compressive strength | Young's modulus
(kg/n) (MPa) (GPa)
1 2,324 22.81 23.01
2 2,324 24.00 23.6
3 2,324 25.40 24.28
4 2,324 26.78 2493
5 2,324 27.17 25.11
6 2,324 29.00 25.94
7 2,350 34.89 28.26
8 2,330 35.97 28.69
9 2,290 40.57 3048
10 2,270 42.73 28.61
11 2,310 43.90 289
12 2,350 4498 29.17
13 2,200 46.94 29.65
14 2,270 48.90 30.12
15 2,350 57.72 32.13
16 2,324 62.62 33.18
17 2,310 63.01 33.26
18 2,260 64.48 33.57
19 2,324 66.25 33.93
20 2,290 66.35 33.95

* These values are from the references of [2], [16], [21], [22] and
are sorted by the magnitude of the strength.
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Table 8 Micro-parameters for the simulation of uniaxial
compressive test in the particle bonded model

No. |A (kgm’)| D (GPa) | F =G (MPa) H
1 2,324 49.56 19.71 1.97
2 2,324 50.86 20.75 2.08
3 2,324 52.36 21.97 2.20
4 2,324 53.79 23.17 2.32
5 2,324 54.18 23.51 2.35
6 2,324 56.01 25.10 2.51
7 2,350 61.12 30.23 3.02
8 2,270 61.89 37.06 3.71
9 2,330 62.07 31.17 3.12
10 2,310 62.53 38.08 3.81
11 2,350 63.13 39.02 3.90
12 2,200 64.18 40.73 4.07
13 2,270 65.22 42.43 424
14 2,290 66.01 35.18 3.52
15 2,350 69.65 50.12 5.01
16 2,324 71.96 54.38 5.44
17 2,310 72.14 54.72 5.47
18 2,260 72.82 56.00 5.60
19 2,324 73.61 57.54 5.75
20 2,290 73.66 57.63 5.76

Note) B=4 mm, C=0.5, E=2.3981
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Fig. 8 Stress-strain curve of No.1 specimen in Table 8
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