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Abstract

Bored cast in-situ pile socketed in to hard rock is the widely used method to transfer the
heavy super structure loads to the rock through soft over burden soil. Finding carrying
capacity of the socketed region is the most significant part in the design of in situ piles.
There are many empirical formulae and factors shall be used to find the ultimate loads.
Finite element analysis offers an excellent opportunity to study pile-soil interaction, pile
response and soil movement under vertical loading in different sub surfaces. The
common geotechnical software PLAXIS 2D which is capable for analyses different

subsurface and bed rock with different loading conditions used for the research studies.

This research was attempted to find out the vertical carrying capacity with settlement of
the bored cast in-situ piles socketed into bed rock and embedded through weathered
rocks. '

The PLAXIS 2D software
The Mohr-Coulonih
applied load is simu’

as.exapined forns yalidationste use{or the research studies.

Odel bxilspminetric probled? iseiknilaed for single pile. The
pressure at the top. The following publications
were examined and has been confirmed its validation; such as “Numerical simulation of
vertical loaded piles” (Proceedings of Indian Geotechnical Conference December 15-17,
2011, Kochi (Paper No. N-118)), “Load distribution curves in Rock Socketed Piles”,
(Based on Kulhawy& Goodman, 1987) and “Distribution of side wall shear stress curve

in relation to socket length and modulus ratio” (after Osterberg and Gill).

For these research studies bed rock parameters were extracted from the table 3.5: Rock
Mass Rating System (After Bieniawski, 1989) for RMR; 20, 40, 60 and 81 rocks. The
parameters are given in Table 3.6 to Table 3.9. Weathered rock, completely weathered

rock and soft soil parameters are assumed based on Tomlinson and given in Table; 3.13.

Axi-symmetry finite element models are developed with the use of PLAXIS 2D

software. The FEM models are developed and run for all type of rocks considered for

ii



this studies with varying embedded lengths. The ultimate carrying capacities and the

settlement of the pile top are found.

The theoretical end bearing capacities are estimated for the bored piles socketed into bed
rock using the method proposed in BS 8004.The equation proposed by William et
al.(1981) (after Tomlinson, 1995) F= afq.. and chart proposed by William et al.(1981)
and Rosenberg & Journeaux (1976) are used to estimate the ultimate shaft resistance for
the same. The theoretical settlement was estimated for bed rocks and weathered rocks
using equation proposed by Poulos and Davis (1996) and the pile head settlement

proposed by Tomlinson.

Results from the FEM analysis and the values determined from the empirical formulae
were compared. From these studies very reasonable agreements were found for carrying
capacities and the settlements for both bed rock and weathered rocks. The vertical
carrying capacity of the pile embedded in to completely weathered rock is significant

value.

Key words: Bore@=Cast vinssitulipilesst Nerfical Carrying capacity, Ultimate Shaft

Resistance, End bearing capacity, FEM Model, PLAXIS 2D
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List of symbols & Abbreviations

fs
fFs
i
Jmax
FOS
G

GSI

Cross-sectional area of pile
Cohesioﬁ

Constant normal load
Constant normal stiffness
Pile perimeter
Pilé diameter
Rock mass modulus

Pile elastic modulus

Soil elastic mgialus University of Moratuwa, Sri Lanka.
€% Electronic Theses & Dissertations
ey ww.lib.mrt.ac.1k

, \ s
Initial tangen

Unit shaft resistapce

Ultimate shear_resiﬁance

28-day compressive cylinder strength of the concrete
Ultimate unit shaft resistance

Factor of safety

Soil shear modulus at small strain

Geological strength index

Settlement influence factor

Xvi



J Mass factor

JCS  Joint wall compressive strength
JRC  Joint roughness coefficient

L Socketed length

- LRP Laser roughness profiler

mp Material constant for rock mass
m; Material constant for intact rock
gmax  Unit ultimate toe resistance

Fg Total shaft resistance on Rock

Riner  Strength Reduc&igg factos

=)

Sored .
- Unconfined comﬁfesswe strength

O«  Ultimate end bearing

gar  Allowable end bearing pressure
Ory  Ultimate total carrying capacity
RMR Rock mass rating

ROD Rock quality designation

u Horizontal displacement

UCS  Unconfined compressive strength

v Vertical displacement

xvii




a Adhesion empirical factor
B Shaft resistance empirical factor
y  unit weight.
dimer  Real Interface Thickness
\ ‘ac Unconfined compressive strength -
O Unconfined compressive strength of intact rock
om  Unconfined compressive strength of rock mass
On Normal stress

T Shear stress

f pile ¢onetetesity of Moratuwa, Sri Lanka.
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Vp Poisson’s ratio @

v Poisson’s ratiG oF;
Vs Poisson’s ratio of soil
J,  Basic friction angle
@, Residual friction angle

oy Dilatation angle
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