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A study on the Change of Uniaxial Compressive Strength and Young's
Modulus According to the Specimen Size of Intact Material
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Abstract

Rock and discontinuities are main factors consisting of a rock mass and the physical properties
of each factor have direct effects on the mechanical stability of artificial struciures in the rock
mass. Because physical properties of the rock and discontinuities change a lot according to the
size of test materials, a cloge attention is needed when the physical properties, obtained from
laboratory tests, are used for the design of field structures, In this study, change of physical
properties of intact materials due to the change of their size are studied, Six kinds of artificial
materials including crystal, instead of an intact rock, are adopted for the study to guarantce the
homogeneity of specimen materials even with relatively large size. Uniaxial strength and Young's
modulus of each artificial material are checked cut for a size effect and compared with the predicted
values by Buckingham's theorem — dimensional analysis, A numerical analysis using PFC (Particle
Flow Code) is also applied and primary factors influencing on the size effect are investigated.

Keywords ; Dimensional analysis, size effect, intact material, crystal, particle flow code
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Uniaxial Compressive Strength {MPa)
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Core Diameter (mm)
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Uniaxial Compressive Strength (MPa)

(@) AAS A= (b)

*
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e
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250 4—— » -
20 F—— = ] -
150 —.—— o '/ " i -
I Slope=0.79
s R= :1596 i
: . ; i |
o 15 30 45 B0 73 a0
Diameter (mm)

a3 8 3B|AS A ZAN

S

A2 ME

C—-1-1 22,6227 41,0 2.50 1257
C—2-1 27x214 415 2.54 140.0
C—1-2 46.0 = 46.0 80.4 2,53 210.3
c—2-2 459 =462 81,2 2.49 253.7
Cc-1-3 66.0 <687 120.8 | 2.51 3585
C—2-3 68,5« 68,4 121.0 253 3842

4. PFC3DE °lg¥ 32 {5

PFC (Particle Flow Code) 3DE o825 2] 43
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Fdx, Hu Fre] 20%54E =R Pt oA
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R

D ball density [kg/m']
E, ball-ball centact modutus [Pa]
k. /&, ball stifiness ratio
A parallel-bond radius multiplier
E: parallel-bond modulus [Pa]
% /k. | parallel-bond stiffness ratio
o ball friction coefficient
U, parallel-bond normal strengih, mean
{mean) | [Pal
CT.: parallel—bond normal strength,
(std. dev.)| standard deviation [Pa]
T, {mean}| paraliel-bond shear strength, mean [Pa]
E parallel—bond shear sirength,
(std. dev.) standard deviation [Pa]
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e S e &%&gf” ';ﬁi@%@mﬁ
1.8 1,66 100.0 25,0
1.8 1.66 100.0 25.0
1.8 1.66 100.0 250
100 200 2,700 1.8 1.66 100.0 250
150 300 2,700 1.8 1.66 100.0 25.0

UCS of specimen
UCS of 25mm speciman

[ . z 3
Core diametar of 25mm spacimen

i O teholstddevi=0.0 : y=0.2614 x +D.797 {R=0.960} °
1Ot ko tstd.daviD.l @ v =0.2255 x + 0.531 {R=0960)
A cBosttdevist.d © y = 11819 x + 0,856 (R=0.963)
¥ rhalstddevi=b.3 v =0.2058 x + 0.522 [R=0.973)
| <1 tcBolstd.devi=Dd : y=0.2002x +0.824 (R=0.930}
!t c ko std.devi=D.5 © y = 0.1692 x + 0.870 (R=0.982)
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k-4 ‘!cﬂxﬂe(std.dav)=0.9 @ y=0.2515 x + 0.739 {(R=0.978)
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@ Parallel-bond radius multiplier(X)

I8 138 parallel-bond radius multipher(i)ﬂ‘
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i [COV(strength) = 0.25

LUCS of specimen
UCS5 of 25mm specimen

3
Core diameter of spacimen

4

Core ciameter of 25mm speciman

i hond radius multiplier =0.1

i o bond radius multiplier=0.2 :
. O bond radlus multiplier=0.3 :
* & hond radius multiplier=0.4 :
* & bond radius multiplier=0.5 :
i<i bond radius multiplier =06 -

| o bond radius muitipiiar =

io hand radius muttiplier =1.0 :

. 7 bond radius multipher=0.7 :
i & bond radius multiplier =0.8 :
1 y=10.1975x + 0.825 (R=0.083) |

: y=0.2269 x +0.795 (R=0.979) |

y = 0.2588 x + 0.761 {R=0.970)

¥ = 0.2583 x + 0.781 {R=0.980] ;
¥ = 0.2367 x + 0.310 (R=0.973)

¥ = 0.2302 x + 0.826 (R=0.963) |
¥= 0.2268 x + 0.833 (R=0.972) -
y= 0.2238 x + 0.839 (R=0.967) |
y=0.1968 x + 0.838 (R=0.982) |

¥= 00876 % + 0.844 (R=0.975) |

8 13, HERst "H AR 37 e ZeEs

5 T T T T
. - [¥=70.0685 X + 02619
' : ; R=-0850
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Bond radius multiplier

O” 14, Aol M2 ZE 71879 Wl
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@ E{parallel—bond modulus)
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i e

]l !COV(strength} = 0,25 i B

Uniaxial Compressive Strangth (MPa)

% bond radius muttiplier
¢ bend radlus multipller
© bond radius multiplier
© bond radius muttiplier
& bond radius multiplier =0.5 -
<1 bond radius multiplier =66
% bond radius multiplier =0.
! A bond radius multiplier
© bond radlus multipiier =0
o bond radius multipiier =1.0 :

200077 x + 0.730 (R=0.967) ;
0.0236 x + 1.900 (R=0.976] |
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