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A Numerical Investigation on End Bearing Capacity of Single Pile Installed
in Fractured Rock Mass

Z ®¥ F'  Kim, Tae-Jung
+ % A Yoo, Chung-Sik

Abstract

This paper presents the results of a two-dimensional finite element analysis of end bearing capacity of single pile
installed in fractured rock mass. A number of cases were analyzed using Hoek-Brown criterion that can consider the
condition of rock joints. Considering a wide range of joint conditions in which the pile is embedded into the rock,
GSI was set as a main parameter. And the effects of pile diameter, unconfined compressive strength of rock and

Hoek-Brown constant m, were considered. Based on parameter study, end bearing load factor graphs were suggested.
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Table 1. Geotechnical conditions and material properties

Load (MN)

Fig.

(Tip diameter 2.25m)

120

Pile length 45.7m

Sediments 0~36.0m

45.7m

Weathered 36.0~43.2m

Soft rock 43.2~61.5m
16.0D |
|

I
H Hard rock 61.5~65.0m

Fig. 1. Numerical modeling scheme
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2. Comparison of the results of the numerical results with

the loading test
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Depth(m) y(kN/m®) E, (MPa) v Model
Pile - 23.0 34,000 0.2 Elastic
Sediments 0~36.0 17.7 150 0.3 Elastic
Weatherd rock 36.0~43.2 20.2 450 0.28 Elastic
Ground Hoek—Brown
Soft rock 43.2~61.5 23.5 3,388 0.26 5.=51MPa, m,=33, GSI=34, D=0
Hard rock 61.5~ 25.4 7,000 0.22 Elastic
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20 0~36.0m

| Weathered Rock
36.0~43.2m

Depth (m)
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60—
L <Modeling Scherme> X X
v-direction stress (MPa)
G=———=%6 Vertical Stress of Pile
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Fig. 3. The axial force distribution of a pile by the depth
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Table 2. FDM analysis conditions

Description
Analysis condition Axisymmetric
Boundary condition y—axis boundary : x displacement restraint The bottom of the x—axis : pinned

Upper stratum

sand (elastic model)

Pile socketed strata

Jointed rock (Hoek—Brown model)

pile tip part & sail Full Bonded
Interface Modeling o sk & soi k,=100MPa/m
pile skin part & soi k.= 0MPa/m
Table 3. Properties of soil and pile used in the FDM analysis
Pile Sand Rock
Modulus of elasticity, E (MPa) 30,000 15 o % 10657 10)/10 5 13
The Poisson's ratio, v 0.25 0.25 0.25
Unit weight, v ( kN/m®) 23 17.5 25
Internal friction angle, ¢ (° ) - 30 -
m _ B e GSI—100
b m=1m Xp728
s - - s:exp@( for GSI>25 )
Gl %
i i e
a - 4= 15
=55
Uniaxial compressive strength of _ B 15 50
intact rock, o, (MPa) ’
mg _ - 5, 10, 25
GSlI - - 80, 70, 60, 50, 40, 30
102} =712 sl 2k 2 AN S WE BEAIAY
E3F ok Afstoll gt ARke] AR A HurS HE A2 stk 7]& olsto| A FElE SRR A HE Hol
317] ¢J5te] W&} X HES] Interface Modeling-2 L A ket 1 = St o= m, =5, 0, =15 MPa, YW =
o] Aekiol xuke Full Bonded 2 A4 3lal ez 0]zlolH] n=2 <l A0] 1= OlILAL Fig, 49} ZTh
Fob zuke] 7 WAZ(k,)& 100MPa/m, H7 a8]a w7} o2 A Q] Aok s-H e
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Estimation chart of end bearing
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o/ 0. (Load factor)

embedment ratio
—H=——+In=10
A—A—An=5
—e—on=2
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Fig. 6. Result of load factor according to embedment ratio(n)
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Fig. 7. Result of Load factor according to the Hoek-Brown constant,
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Table 4. Values of the constant m, by rock group
Rock Class Texture
Type Coarse Medium Fine Very fine
Conglomerate Sandstone Siltstone Claystone
Clast (22) 19 9 4
astic
{(———— Graywacke ————>
(18)
Sedimentary B ) Sparitic
r(ez%?a limestone
Non—clastic (10)
Gypstone Anhydrite
16 13
Non—foliated Magr)ble Ho;ns;‘els Quagr;zne
Metamorphic Slightly foliated Mlg(g]oa)tlte Ampf;bohte Mylz)6r;|tes
) Gneiss Schists Phyllites Slate
Foliated 33 (10) (10) 9
Granite Rhyolite Obsidian
) 33 (16) (19)
Light — -
Diorite Andesite
Dark (28) Dolerite 19
lneous Gabbro (19) Basalt
27 (17)
Extrusive pyroclastic type Breccia Tutf
(18) (15)
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Fig. 8. Load factor changes according to the diameter of the pile
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Estimation chart of end bearing ( o ;=15 MPa, D=0.5m)
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Fig. 9. End bearing results according to the parameter study (o
=15MPa)

Estimation chart of end bearing ( o ;=50 MPa, D=0.5m)
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Fig. 10. End bearing results according to the parameter study
(o,=50MPa)



Estimation chart of end bearing ( ¢ ;=50 MPa, m,=10)
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Pile diameter
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0 1 | ]
0 20 40 60 80 100

GSI

Fig. 11. Load factor changes according to the variation of the
pile diameter
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