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CHAPTER 1
INTRODUCTION
1.1 BACKGROUND

Recently, with the developments of bored pile construction technology, pile can
be designed to carry higher load in comparison with the past. Furthermore, since
piling equipments is developed continuously toconstruct various sizes of pile
designers have more choice”toratrange different options of pile caps or footing
configuration. Generally ingeotechnical aspect the footing shall has small number of
piles to reduce total stress bulb of externaldoad that helpful for settlement decreasing,
pile and footing constrtiction costs. Large diameter bored pile with 1.50, 1.65, 1.80
and 2.00 m diameter and barrette with élfdarious shapes such as cruciform, L-shape,
V-shape and T-shape awe selected for "‘;s-iipborting high rise buildings or bridge
foundation to solve those reasons; , " J!‘ ; /

The main loadscomponent for desigﬁ%ffﬁlé foundation is in vertical direction.
For some structures, horizontal loading direction come from wind load, seismic load
or other force causing lateral load on the piles is need to be taken into account in
design process. Thus, rpiled—foundation might be considered the vertical and lateral
loads independent| of ‘each jother:’ The ‘pile under ‘latéral “loading is the soil-pile
interaction problem witch concern to many parameters in both structure and soil
properties. Fhe«analysis .and~design pile, size, pileslength ;and-number of piles in
footing must be considered ‘with ‘allowable load, allowable“settlement-or movement of

piles.

The lateral resistance of normal barrette pile is very strong in the longer side but
very weak in narrow side. The T-shape barrette pile is, therefore, proposed to be the
alternative bored pile for carrying not only vertical loading but also high lateral pile
resistance. Due to the rectangular geometry in stem and flange component of T-

shape barrette, the side friction and lateral resistance may be controlled by pile section



which may have different responses to circular bored pile. Based on many methods
and criteria, the main parameters from soil and geometry of pile under vertical and
lateral loading must be determined from back analysis with actual full scale load
testing results compared with previous research. The obtained parameters from this

research will be the advantage for design work in the future.
1.2 RESEARCH OBJECTIVES

The principle aims of this research are related to the followings

1. To analysis and investigate parameters from static compression pile load
test results on both T-shapebasreite and bored pile.

2. To investigate the response of lateral loaded T-shape barrette and bored pile
based on the load testss L 4

3. To compare the performance Setween T-shape barrette and bored pile in
relations with their skin friction and end beéfiﬁg capacity under vertical load.

4. To study the effects, of size and fsl}ape factor of T-shape barrette under

lateral or vertical loading condition.
1.3 RESEARCH SCOPE

This research involyes the data collection directly from the full scale load testing
and some data fromn previous tesearchers.“The pile testing pfogram that consists of 2
loading conditions 1n static compression load test and static lateral load test are
performed on beth-bored-pile-and T-shape-barretic. All test-piles, eonstructed under

the same conditions are‘installed 'with the geotechnical instrumentation.

The static compression test are performed on 2.00 m diameter bored pile and
5 m* (1.00x3.00 + 1.00x2.00) T-shape barrette with approximately 55 m length in
both types of pile. To compare the behavior between both piles under test loading,
Vibration wire stain gauge (VWSG) are planned to install in both piles to measure the

strain in each layer. The friction and end bearing resistant can be derived from them to



compare with numerical method with 3D FEM and empirical method from previous

research.

The static lateral load test are performed to compare between 1.65 diameter
bored pile and 5 m” T-shape barrette with 55 m length. Two sets of both types of pile
are planned to install with inclinometer and strain gauges. The test piles will be loaded
act together in each other. In this study the analyses are performed using PLAXIS 3D
Foundations, the 3D Finite Element Program (FEM) program.

2
The limitation of thiS sésearch is study only the behavior of single pile
constructed in Bangkok subsouls condition. All test piles in this research are the part
of piles in mat foundationfor high'rise building project located on Sukhumvit soi 20,

Bangkok. _. L 4
)

1.4 BENEFIT OF THIS RESEARCH
v £
FI/R

e w24
The test results from static-compression, test for large section instrumented T-
shape barrette consist of 2 ﬂc_'c’)ihponents ais’ﬁ‘airige and stem member will give the
information about the performance of load transfer ana ﬁrending shear plane of the

rectangular cross section compare with the cireular cross section in bored pile.

From the lateral load"test program, ‘the results will, give the relationships
between forcetand pile deflection along pile length corresponding with each loading.
The cemparison of the behavier between, bered pile and-T-shape jbarrette, which

have different pile geometry,“under lateral loading are ‘able to'be evaluated.



CHAPTER 11
LITERATURE REVIEW

2.1 STATIC COMPRESSION TEST

In order to appraise the performance of bored pile and T-shape barrette under
vertical and lateral loading tests, the load .ifansfer characteristics, the method to
evaluate the ultimate capacity-and the method to-analyze the lateral movement of pile

are reviewed.

2.1.1 LOAD TRANSFER MECHANISM

Load distribution” along pile shaff can be determined by calculation in
conjunction with the readings from the VWSG which be installed at the rebar cage

(Figure 2.1) during piling construction stage'f:‘and the load at each loading increment.

Load Py
Load

\ 4

ZA\N
Fric:lioan
Load P1
Fric:lionzT
Load P2

— — —

Fric:lion3T
O |, Load B3

Fric:lion4T T

T Load P4

Depth

\/

Figure 2.1 Load distribution along pile shaft



The axial load at each strain gauge level can be calculated by the following

equation
P; = (AE)p x S;

Where
P, = Axial Load ati" VWSG level
(AE)p = Equivalent Axial Pile Stiffness
Si .= Strain at iV WSGlevel

2
Parameter “E” and “A¢ of pile is difficult to taken real values. Because the
modulus of concrete is notknew quite accurately, concrete modulus of sample from
standard concrete compression’ test in laboratory may ¢an not use due to difference
condition between testpilesand sample that testing in laboratory. And the bored pile
has possibility to have aidefect thét make{éﬂ ;;ile diameter reduces or increase, this can
make “EA” value along the pile not necleﬁ*s's&'ry the same. However the methods to
evaluate “EA” of test pile arg shos belov(ifr_ﬂ"_f. '
: eced 4

1. Theory EA s
Modulus of ¢Snerete-can-be-obtamed from-standdrd concrete compression test
in laboratory. If not thave, an empirical formula such as Ec = 15210(f'¢)>’ , by Ec

(ksc) and f’c (ksc) can be used to calculate the “E” Value.

2. Calibrate Pile Stiffness (EA) from strain gauge near the pile head.

This method calculate.from the stress = strain relationship Tfeading from value
of strain gauges installed ' neéar.pile “head 'and Cvalue'of loading.from calibrated
hydraulic jack or load cell. The modulus of concrete can be calculate from the stress —

strain relationship reading and use it with constant value along the pile shaft.

3. Fellenius ‘s method (1989) Fellenius ‘s approach (1989)
This method assume stress - strain relationship of test pile follow a second-

. 2 . . .
degree line: y = ax” + bx + ¢ where y is stress and X is strain.



For a pile taken as a free-standing column (case of no shaft resistance), the

tangent modulus of the composite material is a straight line sloping from a larger

tangent modulus to a smaller. Every measured strain value can be converted to stress

via its corresponding strain-dependent secant modulus.

The equation for the tangent modulus line is:

which can be integrateV .

oxXA =

However,
c

Therefore,
P

Where
M posite pile material
Es [w———————sccantmodu posite pile material
D nodulus line
€ measured strain

fugInemINgINs
AWiaen ST TR Y

With knowledge of the strain-dependent, composite, secant modulus relation,

the measured strain value are converted to the stress in the pile at the gauge location.

Then, the load at the gage is obtained by multiplying the stress by the pile cross

section area.



2.1.2 DETERMINATION OF PILE CAPACITY BY USING STATIC METHOD

Static method is the calculation method, based on limit equilibrium analysis, to
determine pile capacity. The net ultimate pile capacity of a single pile is equals to the
sum of the ultimate of end bearing and skin friction resistance, minus weight of the

pile as shown below.

Pult
where

Py

Ps

W

f For clay

For sand

a (Figure 2.2)

Su ‘

Ktan & 1 fa ( (Figure 2.3)

c’vo Effec ve Overburden pressure

AULINERTHENT oo
= ‘G vo Nq For sand

’QWQMﬂ?WNW‘T’WUW@H

Pile cross section

Nc = Bearing capacity factor
= 9 For pile foundation
Nq = Mobilized bearing capacity factor

(Figure 2.4)
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2.2 LATERAL MO

Analysis of lateral load Di S >am on elastic foundation (BEF) method

which proposed by Wi pile-soil interaction is infinite

row of isolate spri ngaround the ‘pring can be compressed

when subjected to e)ﬁm

C metﬂ}d also assumes that pile is

elastic beam, also shown‘m Figure 2.5.

ﬂﬁﬁ?ﬂﬂﬂiWﬂWﬂﬁ

Figure 2.5 Behavior of pile base on Winkler’s assumption
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Winkler has proposed the following relationship

P _ Constant = K,
y
Where p = Soil pressure [F/L?]
= Deflection [L]
Ky, = Coefficien //eaction [F/L3]
and elastic curve equatio e fﬁbeam is
4
prdY -
dx
substitute p-value int ion he; ce. basic equation for flexible beam analysis
is - —
El
Soil Modulus (Es) is
E
[F/L]

o 5 Z [L]
SHTRIRRAIEINT
RRIITININgaY "

Relationship of p and y-value is non-linearity at various depths as shown in

Figure 2.6. Then, Es is a function of depth (x) and deflection distance (y). Hence,
relationship between Eg and depth (x) is changed when magnitude of external force
changes, as shown in Figure 2.7. However, Eg is normally assumed to function with

depth only, in order to avoid the problem of non linear differential equation.
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Figure 2.7 Relationship between Eg and depth (x)

When assume that Eg = f(x) then, relationship between Eg and x is the same,
although deflection distance or force is changed. Range of Eg-value that is not
changes with external force or deflection is the elastic range of soil only. Hence,

charts of Matlock and Reese (1960), Davisson and Gill (1963) that refer to Es = f(x),
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can only be used when external force is in elastic zone of soil or working load. If

external force has exceeded working load then, analysis shall be p-y curve method.

Matlock and Reese (1960) has proposed non dimension chart, when Eg = kx

then
y = Y(X, T’ Ls ESa EpIps Pta Mt)
Where
T = [L]
L = [L]
P = [F]
M, = [FL]
El = [FL]
kK = [F/L’]
In case that appiiedforce-is-in-the ran; i fléxibility or in the range of

working load, deflec i lue when compare to pile

diameter. Therefore, behav1or of pile shall be in flexible range, in order to use super

P th“”FTﬁﬁ”JIWW’I‘?WHTﬂ“ﬁ
q ‘W’] A NNIINYIN Y

where yA and yg are deflection of pile due to force and moment, respectively. Based

on non dimension analysis, then

3 B 2]
Deflection y = yat+tys = AT A+ MT B
EI | Y |BI | Y

. _ ;
Slope = sa+sg = PT A + M, T B
EPIP s EPIP s




Bending Moment = M, + Mg [PT] A +[M,]B
m m

Shearing Force = V4 + Vp= Pla_ + {Mt} B
! A T \
Soil reaction = pa+pB = P A 4+ M, B
T|] P |[T°] P
‘I
and Depth coefficient Z icient Zpxx=L/T

\

where,, By =

13

In case of fixed-head ; . of pi ad is equals to zero. After apply to

-0.93P,T

substitute into equation,

Deflection B B

~ Augineyi¥nens
BV NI eI RET

where

Cy Deflection Coefficients for fixed head

Cn = Moment Coefficients for fixed head

Coefficient Ay, By, Cy, Ay, By, An, Bn, Ay, By, Ay, By when Eg = kx are

presented in Figure 2.8 and 2.9.
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Figure 2.8 Coefficients of free-head pile in soil with Eg = kx for pile carrying
horizontal load at pile head (Matlock & Reese, 1960)

14



15

Deflection coefficient, B,
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Figure 2.9 Coefficients of free-head pile in soil with Es = kx for pile carrying
moment at pile head (Matlock & Reese, 1960)
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2.2.2 ELASTIC APPROACH FOR ANALYSIS OF LATERALLY LOADED
PILES

The theory of elasticity is often used to estimate lateral movement of piles and
shafts in a variety of geomaterial types. One approach, based on the theory of
elasticity, was suggested by Poulos (1971). As presented by Poulos (1971), the lateral
behavior of a given pile was generally influenced by the length-to-diameter ratio, L/d,
stiffness of the pile, and soil strength and stifin€ssproperties The soil in this case was
assumed as an ideal, -elastic, homegeneous, -isotropic medium, having elastic
parameters of Es and vs withrdepth. The pile was assumed to be a thin rectangular
vertical strip of width (d), length'(1), and constant flexibility (E,l,). In order to apply
the analysis to a circular pile, the/width (d)can be taken as the diameter of the pile. To
simplify the analysis, horizontal shear Stresses, that develop between the soil and the

sides of the pile, were not takeninto accou"pt.'

A dimensionless factor KR descriﬂi_ﬁg_ the relative stiffness of the pile/soil

¥ [ lJ‘I
material was defined as follows (Poulos, 1971):,

S
Where, - X 4 modulustof elasticity-of pile
I, = moment of 1nertia of pile
Es = modulus.ef elastigity, of soil
|5 £ length of pile:

KR has limiting values of o« for an infinitely rigid pile and zero for a pile of
infinite length but with no stiffness. The displacement of the pile at the ground
surface was presented by using equation below and Figures 2.10 and 2.11 as follows

(Poulos, 1971):



p=1

Where,

£ =
([T

pile based on mathe

are highly inelastic

small.
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applied horizontal load

applied moment

the dlsplacement influence factor for horizontal load only,

actin Q% ce (Figure 2.10)
& e factor for moment only, acting
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Figure 2.10 Displacement Influence Factor for Horizontal Load (from Poulos, 1971)
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Figure 2.11 Displace oment (from Poulos, 1971)

(A

2.2.3P-Y CURVE

p-y curve meg(}d ﬂi.s adopted an;l} modified. from Winkler principle, by
assuming that undi gﬁoﬁ ﬂﬂ?tﬁ gjnﬂfﬂaﬁisolate spring and pile
is an elastic bemlgior of non-linear isolate spring can be presented in p-y curve,
also sh. in. Figure 2 ﬁf u ﬁ t eﬁi'nofxandyin
order Qﬁiiﬁqgg ﬁﬁ?ﬁs ‘tﬁﬂﬂ Cﬁoid non-linear

differential issue, Eg is defined as secant modulus of soil in p-y curve and can be

written in form of Es=f(x)=p/y.
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Figure 2.12 Modelfor pileiunder the lateral 1oad with p-y curve (Reese, 1997)

)
I

The definition of the quantities p a_1_1d'l"y as used here is necessary because
other approaches have been used. - The sketch' in Figure 2.13 a) shows a uniform
distribution of unit stresses-normal-to-the-wall-of a-cylindrical pile. This distribution is
correct for the case of-a pile that has been installed without bending. If the pile is
caused to deflect a distance y (exaggerated in the sketch for clarity), the distribution of
unit stresses would,be similar to-that;shown-in,Figure 2.13-b),The stresses would have
decreased on the, back side of ‘the "pile’ and“increased on the front side. Both normal
and a shearing stress component may developed-along the perimeter of the cross
section. \Integration ‘of ‘the unit stresses-will result in the quanity p'which acts opposite
in direction to y. The dimensions of p are load per unit length along the pile. The
definitions of p and y that are presented are convenient in the solution of the
differential equation and are consistent with the quantities used in the solution of the

ordinary beam equation.
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! !
? y ?

a) Before bending b) After bending

Figure 2.13. Distribution of unit stresses against a pile before and after lateral

deflection

In order to solve the problem, the ‘p-y curve have to be created at various
depths and then finely adjust Secant Modfllus (Es) of soil in the curve until both
deflection distance, based on Beain-on elastic f6i1ndation, and settlement of soil in the

curve are compatible,

P-y curves from measured data can be evaluated using principles of statics.
Two sets of equations are used to establish the governing differential equation based
on geometry and istructuralyelement: (the constitutive equiation for the pile and the
equilibrium equations for the pile element, as shown in Figure 2.14. The constitutive

equation for.the.pile is defined. as:

2
M =El¢=E %2
dz
Where, M = bending moment at depth, z
E = modulus of elasticity of the pile
I = moment of inertia of the pile around the centroidal axis

of the pile section

(%) = pile curvature;
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pile lateral displacement; and,

<
1l

zZ = depth.

!l ‘\1 .
Note that the moment oﬁ@r& around the centroidal axis of the pile
: A TN -
cross section. In the’ﬁase of coﬁcr‘e'{’e piles which may crack, the pile cross section is
reduced to account v—---—»—,---;—f-—--:-, —————————————— 1 ‘ first find the neutral axis

of the section, under \‘gﬂm 1S
e

that remains uncracked. Then the centro1da1 axis of the uncracked section is found and

o A
PR mmm AANLUNALL

dM = Vdz

Above Equations are combined and lead to the commonly used governing

differential equation (Reese and Welch, 1975):

4 2
d y+Vd2Z—P:O

EI -
dz dz
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For pile load tests commonly performed in the field, the major data measured
are strains. Stresses acting normal to the cross section of the pile are determined from

the normal strain, € X, which is defined as follows:
go=m =k

Where, y distance to the neutral axis

p - ’ / rvature
%) urv t& e beam.

Assuming the pile 14l 10 near tic W1thin a given loading range,

Hooke’s Law for uniaxi al ituted to obtain equation

Where,

neutral axis is locatedjo c - f the pile. Cﬁen that the moment resultant

of the normal stresses is acting over the gntire cross section, this resultant can be

esumatedasfﬂﬂm NENINEINT
AN anaey, .

the bending moment can be expressed by equation as:

M = —kEI

Where, I = I y 2 dA
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This equation can be rearranged as follows

This equation is known as the moment-curvature equation and demonstrates

that the curvature is directly proport1ona1 to the bending moment and inversely

’, /)ess of the pile.

@Omem data are used to curve fit

e \ phcat1on Through integration
OVid .§ on values with depth. For

«\ Q ve fit the data shown in Figure

proportional to EI, where EI is

During a load tests-
the function plotted wi(
and differentiation,
example, a fourth or

2.15 and correspondi

y o

Where: a,b,c,d, e = coefficients of the regression line

Location _(zf mm Gauge (m)

Strain

Figure 2.15 Typical Measured Strain from Testing
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Once this equation is obtained, it is differentiated, with respect to depth, three
times to estimate the resistance of soil P. This equation can be integrated twice to
obtain y (m). Alternatively, the lateral deflection can be directly monitored during
testing using inclinometer system. These values are then used to create P-y curves

with depth.
2.3 SUMMARY OF LITERATURE REVIEW

Plumbridge et al (2000) presented the results of lateral load tested on large
diameter bored piles and onedateral load test on barrette carried out for the Kowloon-
Canton railway corporationsin Hongkong. The test results showed that the traditional
assumes horizontal soil stiffness; of E-s = IxN" (Mpa) for predicted pile head
deflection, where N is the result of the SP:T , was conservative.

The offshore lateral load test perfo@ed on 1,830 mm diameter pile founded in
marl and located in the riverin water appré{éi__rr_xgtely 15m for the Fuller Warren Bridge
project in Jacksonville, Florida was provideéifs;éjful information presented by Raymond
et al (2002). The performance of the lateféil‘lé?*'l'daded test. pile was governed by the
structural stiffness of-the-shaft:fateral-displacement of a shaft with a cracked cross

section can be mare than twice the displacement computed for an uncracked section.

Zhang ((2003) fperformed (thet full='scale fateral<lpad” tests on barrettes in
Hongkong. One,with a cross section of 2.8 ' m by 0.86 m and a length of 51 m (DB1)
and the.other. with.a cross, section 2.7 m. by.1.2"m_and.a length“of 30 m (DB2) as
shown 1n figure! 2.16. " His study-ainied ‘to inveStigate ‘the respond.of the two test
barrettes by simulate with a numerical procedure using nonlinear p-y curves for soil
and nonlinear stress-strain relations for the barrette concrete and reinforcement. His
study showed upon cracking of the barrette section, the horizontal displacement and
rotation of the barrette increase abruptly under a small lateral load increment and the

depth of load transfer in the ground decrease.
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Hsueh et al (2004) performed load tesfon pllot bored pile with diameter of 1.5
m and length about, 35 m of the ‘high- sp%ed‘ rallway (HSR) project located in
Taipao, Chiayi Courﬁjy—Tarwan—and—arm}yses—byﬁdﬁptmg the available finite element
code , ABAQUS, andconsidering nonlinearity of structtire and material properties of
both soil and shaft for a laterally loaded drilled-shaft analysis, they made some
conclusions in’thé) following:0Forithe numeri¢al fcaseysimulated and examined, the
shaft cracked atsloading level of 630 KN. The respective deflection is 10.1 mm only,
which shows. that the elastic.performance .of. shaft can _be kept. merely within very
small displacement range.. © Neglecting the 'nénlinear..behavior ‘of structure and
material will overestimate the lateral shaft capacity. The ground soil uplift in front of
the shaft along the  loading direction increases with increased loading level.
However, the maximum amount of ground soil uplift is not located at the closed
soil/shaft interface, it occurs at the adjacent place in front of the shaft, probably caused

by the friction between the shaft and the soil.
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Jasim M Abbas (2008) presented the results of the 3D finite element analysis
on the behavior of single pile under lateral loadings. The effect of pile shape for both
circular and square cross-section on pile response was investigated. In addition, an
effect of slenderness ratio L/B is also be carried out in his analysis. Linear elastic
model of pile was used for modelling the piles. Mohr-Coulomb model was used to
simulate the surrounded soil. The pile — soil interaction composed of 16-node
interface elements. A good correlation between the experiments and the analysis was
observed in validation example. He found-that the pile response is affected by the
amount of loading, the pile cross — sectional shape and pile slenderness ratio. The
lateral resisting of pile increase inproportioned to the square shape of the pile. In both
pile shape, a short pile (L/B"=.8.3) gave a small amount of lateral tip deflection than
the long piles with a slenderngss ratio more than 8.3 forthe same amount of loading.
Also, the negative base deflection is higl;r for short pile and reduces to zero for long

piles.

Intraratchaiyakit (2001) collected the Jlateral pile load test data for bored piles
at four locations in Bangkok, and ‘back anzi}fs‘és to obtaining soil parameters comes
from eight single vertical piles. His analySleSQ;were done from computer programs,
which include his program, developed from the theory of beam on elastic foundation.
Com624P, developed based on p-y curve concept (Reesc 1977), His program was
used for the back analyses for obtaining the normalized soil parameters for the design,
based on the behavior of ‘mostly 1.5 m diameter bored piles having the 1.5 to 2.0
percents of reinforced steeld The program Com624P wasiused for single pile analysis
for comparing result of his program. The results-of the back analyses show that the
yield point of the load\deformation plot was resulted from the tension crack occurred
in the reinforced concrete pile, obtained from using several Eg versus depth and also
with S, relations. His Analyzed results show all the back analyses using these
functions are good and the differences of results are small for practical purpose, for

the single pile behavior.



CHAPTER III
RESERCH PROJECT DESCRIPTION
3.1 RESEARCH PROJECT AREA
The research project area is ldbabég Sukhumvit Soi 20, Bangkok as shown
in Figure 3.1. This project— was planned ¢ b gtmcted with four 51 to 53 storey

towers (Figure 3.2). All eﬁéstipiles in'this researeh-were the part of pile arranged in
mat foundation at Tow@jﬁ oundation bored pilc of 1.00, 1.35, 1.65, 2.00 m in

diameter embedded in san Jr( at depth of 55 m were designed to support the

building . The test pil in this ré,scgrch for static compression test and lateral

—
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Figure 3.1 Research project area
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3.2 GEOLOGY AND SUBSOIL CONDITIONS
3.2.1 GEOLOGY OF BANGKOK SOIL

The Bangkok subsoil is relatively uniform throughout the whole metropolitan
area (Phienwej, 1996 and 1997; Shibuya and Tamrakar, 2003). This subsoil consists
of two kinds of deposits: First, the terrestrial or quaternary deposits originated from
the sedimentation at the delta of the ancient’tiver.in the Chao Phraya and second, the
marine deposits occuring.due-to the changes in-sea levels during quaternary period.
Bangkok is located in the lowVing Chao Phraya plain which is about 20 km north of
the Gulf of Thailand (Figure'3.5).

The plain becomes a slope towarels Tanawsri Moutain range on the west along
Thai-Myanmar border and ig'1s developed _iﬁto Khorat Plateau on the east. The Chao
Phraya River and its tributaries such as Tajeen are the major drainage system for the
surrounding highlands. Thegefore; the Chér'(} fPhraya basin is filled with sedimentary
soil deposits, which from alternative layers of gend, gravel and clay. The marine clay
of Bangkok plain, which is the uppermost'eléylayer, extends from 200 to 250 km in
the East-West direction—and250to 300 km in the -North-South direction. The
formation of this layer 1s known as Bangkok clay and it is believed to be
approximately 4000 yeas ago. The deposits, which are confined within the radius of
60 to 80 km from> Bangkok,o had" taken) placed, «during the Pleistocene and
Holocene period (Shibuya and Tamrakar, 2003).

The general Bangkok Subseil profiles for the top.70 m ‘thickness reported by
Teparaksa (1999) based on the Mass Rapid Transit Authority of Thailand (MRTA)
subway project is presented in Figure 3.6. During this MRTA subway project,
which is the first subway project to be built in Bangkok, the subsoil layers along the
route were investigated by means of the first six self-boring pressuremeter tests ever
carried out in Thailand and more than 200 boreholes were made. The subsoils consist
of 13-16 m thick soft marine clay at the upper layer. This clay is sensitive, anisotropic

and creep (time dependent stress-strain-strength behavior) susceptible. These
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characteristics have made the design and construction of deep basements, filled
embankments and tunneling in soft clay

difficult. The first stiff to very stiff silty clay layer is encountered below soft clay and
medium clay varying from 21 to 28 m depth. This first stiff silty clay has low
sensitivity and high stiffness, which is appropriate to be bearing layer for underground
structures. The first dense silty sand layer located below stiff silty clay layer at 21-28
m depth contributes to VanatlonS\\ Wmn and mobilization of end bearing
resistance of pile foundati ions are also contributed by the

second dense and coarse ﬂmouni at a’eﬁﬁ m depth (Figure 3.6).
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Figure 3.5 Map of Thailand (Shibuya and Tamrakar, 2003)



32

NORTH SOUTH
MADE GROUND MADE GROUND

10 - 10

20 - 20

0 | ~ EEmETEEEE o
3 \ : 4 l’”/////// i)
1 i B g ///// 4, L
* / : i1/ :'I’M///% 4

50 r50
_ . = Swup

70 - 70

Figure'3.6/General subseil profile (Teparaksa, 1999)
3.2.2 UNDERGROUND WATER OF BAN GKOK

The piezometric profile has been kfloyvn for Bangkok is hydrostatic starting
from 1 to 2 m below ground level o a deﬁth "léi:bout 7 up to 10 m (Teparaksa, 1999;
Teparaksa and Heidengren, 1999; Shibuya 'Ja'hd'Tamrakar, 2003). However, beneath
this depth (about 10:n); due to deep well pumping froin the aquifers, a successive
reduction of water pressure appeared within the lower part of soft clay and the first
stiff clay layers and the zero water pressure could be seen again at the depth about 23
m below ground surface asyshown inyFigure:3.7 ((Teparaksatand Heidengren, 1999;
Teparaksa, 1999; Yeow et al., 2004). The piezometer profile beyond this depth
becomes a. hydrostatic profile for a second, timé. Teparaksa.and Heidengren (1999)
and Teparaksa (1999) stated that*‘the low piezométric level conttibutes to the increase
in effective stress, causing ground subsidence in this city. However, the benefit of this
low piezometric level is easy to construct bored piles having pile tip in the first stiff
clay using dry process and dry excavation for basement construction up to the silty

clay level without any dewatering or pumping system”.
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Figure 3.7 Piezometuic level of B’éﬁgkok subsoils (Teparaksa, 1999)
T/

3.2.3 SUBSOIL CONDITIONS AT THE ERJOJECT SITE

Soil investigation for this project was planned t6. perform with 10 borings to
the depth of 80 m, némely BHI1 to BH-10 as shown in Figure 3.2. The test area for
bored pile and T-shape barrette are located at the tower No. 4 with the same soil
condition . Figure 49 illustrates theispecified soil profile at'theitest area from borehole
BH-6. Very soft to medium clay layer, approximately 15 m thick lies beneath a two
meter thick. weathered crust.. A stiff to . very_ stiff. clay layer” occurred directly
underneath mediun 'stiff clay‘and its depth goes up to 20.5 m. Below.the stiff to very
stiff clay layer, thin layer of 3m thick medium dense sand layer can be found. Thick
layer of very stiff to hard clay underlies medium dense sand layer and it is found to be
about 25 m thick. Another sand layer which is the embedded depth of pile occurs at
depths between 48 m and 72 m. Within the second sand layer, a thin layer of hard
clay is found. Undrained shear strength obtained from both unconfined compressive

test and field vane shear test and SPT-N value were plotted as shown in Figure 3.8.
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3.3 TEST PILE CO‘I%ST—RUGTIGN—M'E—THGDij 1

3.3.1 BORED PILE

Rotary drilling was employed for bored pile€ excavation. Temporary casing of
15 m length. was used.as.a support in soft clay-layer to assure the stability of the
borehole. Firstly, ‘auger was used-totdrill withinthe temporary casing, followed by
rotary bucket with polymer based slurry down to final depth of excavation. Before
lowering the reinforcement cage special cleaning bucket was used to scrap of the
borehole walls and the base. Reinforcement cages were then lowered inside the
borehole while attaching the instrumentation simultaneously at specified locations.
Soon after lowering the rebar cage tremie concreting was commenced. Construction

sequence for bored piling work is shown in Figure 3.9
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excavate the required dimension of T-shape excavation under bentonite slurry. The
sercive crane was used for excavation and lifting reinforcement cages as well as
construction plant and facilities. A T-shape guide wall with inside clear dimensions
slightly larger than the nominal size of the barrette was used to guide the grab during
initial bites. Circulation of slurry was continuously done to keep the bentonite slurry
agitated, to minimize the building up of filter cake on trench wall surfaces. Properties

of bentonite slurry were maintained within the specified ranges in wide use.
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Sediment or loose materials at the bottom of the trench were removed and any
built-up filter cakes were scraped off by the grab before reinforcement cage
installation.  The reinforcement cage of T-shape barrette was fabricated in two
complete sections. For the purpose of lifting and handling the cage, temporary
stiffeners, lacing and tie bars were necessary. These temporary bars were removed
section by section while the cage was lowered into the trench. After excavation, the
trench profile was checked with K(!)c{qc'-/ illing monitoring equipment. Tremie

n&éﬁﬁs was used for casting the T-shape
barrettes for both flange and—s%em Since the—eusteﬁl level of T-shape barrettes was
ixed concrete vs;;s"ﬁ)ured until all slurry and slime

generally at ground le\;@;—;(
in the trench was completely di .-

Construction

concreting method by using 2 sets of tre

21 and fresh conerete could be seen.

-

arch she!wn schematically in Figure 3.10. The

i3 7

bart'ett (

construction sequence o
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| U I N 78 |

AR RN T DERIRIN I A B

t the project site is shown in Figure 3.11.
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Figure 3.10 Barrette construction sequences (schematic)
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o).Install tébar cage 2N d).concreting by
) J%

‘: ,
r ’lﬁhape barrette

Figurer !11 Construction
3.3.3 QUALI RO} o
AUEINENINEINg
11 drill. hole T Core checkefor verticalit®dhd dimensions by
using %&ﬁh@&(ﬁnﬁ %ﬁ)@ jj {a;ﬁﬁf% gj‘oﬁ ta;glorcement cage

installation to avoid any obstruction associated with trench inclination. In particular,

-

all sides of the trench were checked. If necessary, verticality of trench was improved
by careful chiselling with the grab. As the subsoil conditions varied from one location
to another, they were observed during trenching process and verified with the soil
conditions assumed in design, especially in the lower section of the barrette. Slurry
quality was regularly tested and maintained within the specified ranges. Since test

pile and T-shape barrettes were highly reinforced, in order to achieve a good flow of
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concrete, the concrete mix was checked for appropriateness of slump and

cohesiveness prior to casting.

casting for checking pile 1ntegr1?§héi—s wf@l"‘ gure 3.13 and 3.14.

it A +"
.r-'__, e

Figure 3.13 Pile integrity recorded with Sonic integrity/seismic test



39

pile fusber :
pile = 21.0 m

exp = Mx
fi] =308
vl = 4000 mfs

i )
AULINENINYINT
IR TN TN



CHAPTER IV
RESERCH METHODOLOGY
4.1 TEST PILE CONSTRUCTION

The construction procedure for test/piles in this research are reviewed in topic
3.3. The description and records of the teSi“pile construction in this research are
presented in Table 4.1 and 4.2. Additional procedure to measure the as-built profile of
the drilling/excavating trench.wese performed by drilling monitoring (Figure 4.1). The
drilling monitoring test results arc showq mn Figure 4.2 and 4.3.

Table 4.1 The description and records of the test pile for static compression test

Parameter TestPile .for Static Compression Test

Pile No. T;l P17 " J T4 BP 6

Pile Type Bored pile_";-’»" " T-shape barrette

Pile Size (m) 5500 2 (1x3)+(1x2)

Pile tip (m) “ssog == 55.70

Slurry Type iiélynier based (((( ¢ Bentonite
Viscosity (sec) SU s | 36

Density (g/cc) 1.03 1.05

Sand Content (%) 0.25 2.5

pH Value 9 9

Concrete fc’ (ksc) 280 280

Rebar fy)(kse) 4000 5000

1" Rebar Case 32 DB 25 - 10m 10 DB 25 + 15 DB25 - 6m
2" Rebar Cage 32 DB 25 - 10m 22 DB 25 + 30 DB25 - 10m
3" Rebar Cage 32 DB 25 - 10m 22 DB 25 + 30 DB25 - 10m
4™ Rebar Cage 25 DB 20 - 10m 22 DB 25 + 30 DB25 - 10m
5" Rebar Cage 25 DB 20 - 10m 10 DB 25 + 15 DB25 - 10m
6™ Rebar Cage 25DB 20 - 12m 22 DB 25 + 30 DB25 - 16m
Construction time (Hrs) 15:10 32:30
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Table 4.2 The description and records of the test pile for static lateral test

Parameter Test Pile
Pile No. T4P13 T4 Pl4 T4 BP 6 T4 BP 13
Pile Type Bored pile  Bored pile T-shape T-shape
barrette barrette
Pile Size (m) 2 1.65 Z1.65  (1x3)+(1x2)  (1x3)+(1x2)
Pile tip (m) -55.52 5570 -55.70 -55.20
Slurry Type Polymer Polymer Bentonite Bentonite
based ﬁased
Viscosity (sec) 47 49 36 35
Density (g/cc) 1.03 1.03 1.05 1.05
Sand Content (%) 0.25 4 - 0% 2.0 2.5
pH Value of .0 4 9 9
Concrete fc’ (ksc) 280 ZéL(;) 280 280
Rebar fy (ksc) 5000 . 5000 5000 5000
I"Rebar Cage 44 DB A2 4 D]'SJ'?;’S;Z'_ , 20DB32 20 DB 32
(12m) T T + +
> 206 22 DB25
2" Rebar Cage “4. 44DB32 44DB32  20DB32 20 DB 32
(12m) '+ +
46 DB25 46 DB25
3" Rebar Cage 38 DB 32 - 38 DB.32 52 DB25 52 DB25
(12m)
4" REbA Cage - B2 DB32 | | :2DBB2] 7| 25/DB25 25 DB25
(12m)
5% Rebar Cage  26DB32 26DB32  25DB25 25 DB25
(12m)
6" Rebar Cage  18DB32 [8DB32  25DB25 25 DB25
(10m)
Construction 18:10 18:30 32:30 46:55

time (Hrs)
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4.2 GEOTECHNICAL INSTRUMENTATION
4.2.1 INSTRUMENTATION FOR STATIC COMPRESSION TEST

Direct measurement from four dial gauges placed in diametrically opposite
positions having equidistance from the test pile axis was used as a main monitoring
system of test pile head movement. Precise lgveling and piano wire were also utilized
as backup for pile head movement measur€ments Additional two dial gauges were
also used to monitor the lateral movement of the pile. SINCO load cells of 500 ton
capacity each were installedson«top of the hydraulic jacks to evaluate the actual
applied load. Vibrating wise strain gau%es (VWSG) were fixed at specified 7 levels
along the pile. At each level dwo sets of VWSG were installed for the bored pile
whereas six sets of VWSGwere installe:il-* for the barrette. Details of instrumentation
are presented in Table 4.3 and Figﬁ.r¢~4.4.'?; J;

-

i ~1 ~ ," *;'. .
Table 4.3 Details of gest piles for sté_[_tgc compression test

Test pile Maximum téé;.igad (kN) Instrumentation
Bored Pile SGceEET o VWSG
& 2.00 m—] ; 7 levels
55.0 mtip ~ (2Nos/level)
6 i - (Figure 4.4)
T-Shape'Barrette 52000 VWSG
(1x3) + (1x2) m* 7 levels
-55.0 m tip (6 Nos / level)
| 30 (Figure 4.4)

1.0

2.0

kﬂ)l
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Figure 4.4 (Con’t) VWSG Location for static compression test
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4.2.2 INSTRUMENTATION FOR STATIC LATERAL LOAD TEST

Lateral displacement of the pile head is measured from two dial gauges one
placed in alignment with loading axis and another one place at 0.50m higher.
Displacement along the length of the pile is measured by inclinometer tube that be
provided in both test pile with 40 m in length to make sure that the rotation point of

the pile under lateral load is within the in¢lingmeter length.

SINCO load cells-0f 5000 kN capacity were-installed at each of test pile which

between the test pile and hydraulie jack to evaluate the actual applied load.
)
Vibrating wire'Strain gauges (VWSG) were fixed at specified 5 levels along
the pile for stain measurements of remforcement during applied each load increment.
At each level, 2 sets ol VWSG were ms’talled for the bored pile whereas 6 sets of

VWSG were installed for T-shape barrette_.-_ y-

4
'

d ik #eid o
Details of instrumentation-ate shown in Table 4.4 and Figure 4.5 and 4.6.

Table 4.4 Detar}s ‘of test piles for static compressmn Lateral Load Test

Test pile Max. lateral test Instrumentation
Load (kN) Inclinometer Strain Gauge
Bored Pile 1200 40 m length VWSG
& 1.65m 5 levels
=55 Demetip (2, Nos / level)
2 Nos.
T-Shape Barrette 4000 40 m length VWSG
(1x3) + (1x2) m* 5 levels
- 55.0 m tip (2 Nos / level)

2 Nos.
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4.3 TESTING PROGRAM

4.3.1 SEISMIC TEST RESULTS

Sonic integrity/seismic test was carried out on test T-shape barrette and bored

pile about 14 days after casting for checking pile integrity. The test indicated that

integrity of all test pile were

stroke
Rile

sound. Figure 4.7 and 4.8 shows a signal acquired by

sonic integrity test on both test pﬂ{%‘
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4.3.2 STATIC COMPRESSION TEST

Figure 4.8 Seismic test results for test T-shape barrette

Two bored piles with 1.65m diameter and two T-shape barrettes were used as

anchoring system for test bored pile with 2.00m diameter. Two numbers of built-up

steel girders supported on each side by two cross beams were used as main beams to
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achieve the maximum capacity of 35200 kN. Main beams were supported against the
cross beams. Cross beams in each side were anchored against surrounding anchored
pile using anchor blocks at the top. Specially fabricated rigid transfer girders were
used to distribute the tension force coming from the tie-bars to dowel bars above the
anchor heads. Ten numbers of hydraulic jacks each having 5000 kN capacity were

placed between the test barrette cap and the main beams of the reaction frame.

Test pile layout of T-shape barrete(// ‘_____stmllar to those of static bored pile
load tests .For T-shape baﬁet{e test, four T-shape—barrettes were used as anchoring
system. Maximum test 1oad 0 was carried out from fourteen numbers of
hydraulic jacks. General vi th load test set up is presented in Figure 4.9 and

4.10.

Figure 4.9 Static compression load test layout for bored pile
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4.3.3 STATIC LATERAL LOAD TEST

Static lateral testing programs are proposed to perform static loading test on
bored pile 1.65 m. diameter and 55.0 m. in length compare with T-shape barrette 5 m”
sectional area and 55.0 m length. Each test setup consists of two piles which are either

jacked apart or pulled together using a hydraulic loading system. Test T-shape barrette
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and bores piles layout plans for the static lateral load test are shown in Figure 4.11
and 4.12.

The test was performed in general accordance with the procedures of the
ASTM standard method. Load was applied to the test piles in increments, with each
increment maintained for about 30 minutes to obtain the inclinometer readings. The

test was terminated at a maximum test load of 1200 kN and 4000 kN for bored pile

Y,

rchnemeler

and T-shape barrette, respectivel

|~hinesmeter

- Tube NV N Tube No .2 —_—
2.5m / H 2.5m
Gl
0.50m ; 0.50m
0.65m 0.65m
M:m .T4P43 e \ el P'eMa T 4P14

( hie Stean Gage )

Figure 4.11 Layout for static lateral load test on bored pile with loading frame
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were placed in grid as shown in Figure 4.13.
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4.4 NUMERICAL%DELING ; S
y j

In order to gain ihsight into the behavior of the test piles, Compression and
lateral load tq:st {malysles Mm{ perﬁoqrmed J'lismg’ PI}AXIIS3D Foundations, the
3Dimentional Fﬂnte Element Program The plle and the soil were modeled by 15-
node weﬂlg‘;: ilerTeznns &]‘nat Cor;’[a;qﬁ[ ’qtre’s’s pomts Flgrlre 41 14):A trelatlve fine mesh
was defined near the pile-soil interface while a coarser mesh was used further from
the pile. The lateral boundary of the model was determined on the basic of trial
calculations which the boundaries extended until stresses and deformations have
sufficiently stabilized. It was extended to 55m. on back side in loading direction. The
bottom boundary was set at the depth of 80m. below pile tip level. The 3D finite

element model with generated meshes mentioned above for T-shape barrette and

bored pile are shown in Figure 4.15 and 4.16, respectively.
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Figure 4.15 3D finite element model for T-shape barrette




58

Figure m 1 el for bored pile

4.4.1 MODELING P

1or under load. Based on the

1d Ooi and Ramsey (2003), the

Reinforced concrete pil
ACI code 2005, Reese
effective elastic modulus of a reinforce I oncrete pile can be expressed as

Where n is the ratig® QE /E., E; is t1c modulus of steel and E. is elastic

modumsofcoﬂumwamwmﬂ'ﬁ
TR T T e

effective; moment inertia concept in n the moment less than
cracking moment (M < M,,), the effective moment of inertia is I. =I, or when the
moment is more than cracking moment and less than ultimate moment (M, < M <

M,), the effective moment of inertia is expressed as
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Where M, is maximum moment along the pile, I, is moment of inertia of gross
concrete section about central axis and I, is moment of inertia of cracked transformed

concrete section.

For the numerical simulation in this study, Solid elements are used for modeling
the pile. Separate analyses were performed using the gross flexural stiffness value
along the pile length to model the pile before concrete cracked. For cracked section,
the reduced flexural stiffness was used to model at the region of maximum curvature

of test pile. Material properties used in the analysis-are given in Table 2.

Table 4.5 Material'parameters for in numerical analysis

Pile Pile Size Pite Fip Concrete fc’ Possion’s E
Type oyl N ratio KN/m?
Bored pile F1.65m | - ‘-55.52 <-' 320 0.15 2.8x10°
T-shape (1x3)+(1x2) @, —=55.70 , 1320 0.15 2.8x10°

barrette —

=

4.4.2 ELASTIC-PERFECTLEY PEASTIC MOHR-COULOMB SOIL MODEL

The Mohr-Coulomb model is used to describe the soil behavior. In the Mohr-
Coulomb model used herein] it is assumed that failure’ occurs“when the shear stress on
any point in a material reaches a value that depends linearly on the normal stress in
the same planes, The Mohr-Coulombymodel 4s basedyon pletting Mohr's circle for
states of stress at failure in the'plane of the maximum ‘and minimum principal stresses.
The failure line is the best straight line that touches these Mohr's circles as shown in
Figure 4.17. The definition of soil behavior in PLAXIS includes the elastic properties,
unit weight, angle of friction and cohesive yield stress vs. plastic strain. Soil
parameters used for defining the Mohr-Coulomb model in PLAXIS program and their
assigned values for this particular bored pile simulation in total stress analysis are

shown in Table 4.6
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Where 1 is the sh and ¢ is the angle of internal

friction.

Substituting for ‘ and o, multiplying both sides™k

L ﬁﬁ%ﬁﬁsw 4N

s1n¢+gcos¢ 0

ARIAINIUUNIINYAY

whe?e 61 1s the maximum principal stress, and o3 is the minor principal stress.

cos ¢, and reducing, the
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Table 4.6 Soil parameters for defining the Mohr-Coulomb model in numerical

analysis of bored pile

Layer Soil From to Y Su E Ko
KN/m®  kN/m*  kN/m’
1 Crust 0.0 1.0 18.00 35 20000  0.70
2 Very soft clay 1.0 6.0 16.00 18 9700 0.60
3 Soft clay 6.0 13.0 16.50 22 12000  0.60
4 Medium stiff clay +13.0 1570 18.00 35 19000  0.65
5 Stiff clay 15.0 20.5 17°50 100 110000  0.70
6 Medium dense sand«"20:5 23.5 18.00 - 50000  0.80
7 Very stiff clay 236 4.0.0 18.00 110 120000  0.80
8 Hard clay 4010/4 2530 19.00 200 190000  0.80
9 Very dense sand 53.0__, ’ 7(7):.0,; 19.50 - 120000  0.80

J "
4.4.3 MODELING OF PILE SOIL INTEBFACE

Modeling of the p11e soﬂ 1nterface is crltlcal undér strong loads that cause

separation between the pile and the soil. PLAXIS prov1des a number of an elastic-

plastic models for the modehng of soil-structure interaction. The coulomb criterion is

used to distinguish between elastic behayior and plastic interface behavior when

permanent slip®may oecur. The main| intetface parameter is 'the strength reduction

factor.

The shear stress o is given by:

|T| <c, +0,tang,

Where

2 2
|r| =7, +7,
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Where tiand Tty are shear stresses in the two shear direction, o, is the
effective normal stress ¢; and c; are the friction and cohesion of the interface. The
interface properties are calculated from soil properties in the associated data set and

the strength reduction factor by:

Ci = Rx Csoil

tang. = Rxtang,

In general, for soil=pile structur interactio e value of reduction factor, R

should be less than 1, whichsmean er and more flexible than the

surrounding soil. The c //m C \\t\\\ CthIl model, which defines a
reduction factor/friction ce@ l * ess to the contact pressure, was
used. A value of reduetion faetg a ol a \ e ing on shear strength of soil
was assumed for the reduction fi toﬁ& ‘: e t and Naggar (2000).
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CHAPTER V
TEST RESULTS AND ANALYSES
5.1 STATIC COMPRESSION LOAD TEST
5.1.1 TEST RESULTS

The test results forstatic compression test-on T-shape barrette and bored pile
are shown in Figure 5.1 and+5.2.7At the maximum test load, the rate of settlement for
both pile were more than 0:25.mm./hr. They can be reported that both piles tended to
fail. The failure load defined by Butler & Hoy (1977) is about 48000 kN for T-shape
barrette and 30000 kN«for bored pile” Almost load is carried by friction along the pile.
The end bearing load at'the failure load iior' T-shape barrette and bored pile is 3100
kN and 1100 kN about 5% of faifure load.'_‘;-'*" .

s I
3

o, "JJ

60000

50000

40000

30000

Load (kN)

—a-- Skin Friction

20000 —&-End Bearing

10000

0 5 10 15 20 25 30
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Figure 5.1 Load-settlement curve for T-shape barrette
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5.1.2 NUMERICAL SIMULATION AND ANALYSIS FOR VERTICAL LOAD

S

Figure 5.3 and 5.4 give the results oﬁhé three dimensions and top view of the
finite element meshes considered in the nljrﬁ'ér'iéal simulation and analysis, including
6,120 elements and 7,347 nodes for T-Shapé barrette: Total Stress analysis with the
undrained parameter is the process used to simulate the model in 3D FEM analysis
due to the short term condition of test period. Table 5.1 presented the soil parameter

used to simulate in 3D'FEM analysis.

Fromsthe, compression-load test results-of-1.-shape, barrette, as,shown in Figure
5.1, the results showed"that the load up to about 48000 kN was almest supported by
friction. Based on the FEM analysis as shown in Figure 5.3, the result show that the
shear plane of T-shape barrette under the compression load is not at the shaft
perimeter. The inner soil develop sufficient frictional resistance to prevent further soil
intrusion, causing the pile to become "plugged”. Thus, the shear plane of T-shape
barrette consist of 2 parts. Almost shear plane is boundary interface between pile
shaft and soil around the shaft. Another plane is in the soil mass. To calculate the shaft
perimeter of T-shape barrette with considering soil plug, the results give the unit
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friction in similar as bored pile which all shear plane is located at shaft perimeter.
Figure 5.5 show the unit skin friction calculated from load given by strain
measurement compare with bored pile in each soil layer with using 20% reduction in
perimeter of T-shape barrette due to effect of soil plug. For the mobilized end bearing
of T-shape barrette, the increasing of sectional area about 80% give the unit end

bearing similar to the bored pile as shown in Figure 5.6

Figure 5.7 show the 7 cted Ioar&nt curve for T-shape barrette from

3D FEM compare with Wﬂt ¥ =

Figure 5.3 Shear plane for T-shape barrette under vertical load
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Figure 5.4 Vertical m f T- ‘ ba er the compression load
. 2, (8 4
Table 5.1 Soil parameters si ulaﬁ‘f mert sis of T-shape barrette
Layer Soil ,_; : \ Su E Ko
N \

& N/m® KN/m?  KN/m?

F _“P?_"_.'_a"

1 Crust — 1800 35 109500  0.70
e
2 Very soft : _J18 63000 0.60
3 Soft cl 22 79000  0.60
4 Medium stiff clay : : .00 .. 35 109500 065
5 Stffclay ¢ ., 150 20, 5, 1750 100 580000  0.70
6 MediuP Jense s 205~ | 1235 18 1050000  0.80
7 Very‘!hff clay 235 _ 40. 0 1800 110 608000 080
a @/
8 79 060000  0.80
9 4Very densesand 530 700 1950 - 1190000 0.80
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5.2 STATIC LATERAL LOAD TEST

5.2.1 TEST RESULTS

69

Lateral load with magnitude of 3901 kN and 1139 kN were applied for T-
shape barrette and bored pile, respectively. Deflection profiles obtained from the

inclinometer data at test bored pile and test T-shape barrette are shown in Figure 5.8

and 5.9. Plots of pile head mevement from-dial gages (at about -2.0 m below pile top)

versus applied load from*load cell are presented in Figure 5.10. Similar deflection

pattern can be observed for.poth T-shape barrette and bored pile. It can be observed

that the location of rotation peint (neutral point) at higher load is deeper than lower

load which indicates thatthe both T-shape barrette and bored pile behaves as a

flexible pile despite iis"large eross section. The pile movement measured from dial

garages installed at the pile top shapge of 5pth T-shape barrette and bored pile showed

that both members were behaving as fong ';}i'le’as defined by Tomlinson (1995).
. ¢ i
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Fig. 5.8 Lateral defection profiles for test T-shape barrette
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5.2.2 NUMERICAL SIMULATION AND ANALYSIS FOR LATERAL LOAD

The 3D finite element model for piles under the lateral load include 3,492

elements and 10,337 nodes for T-shape barrette and 3,708 elements and 10,585 nodes
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for bored pile, are shown in Figure 5.11.
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i
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Based on the numerical simulation and analysis, the FEM predicted pile head

load vs. movement is compared with measured value as shown together in Figure

5.12. The following topics will deal with the analysis results.
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5.2.2.1 INFLUENCE OF STRAIN LEVEL

Well understanding of stress-strain relationship is of importance for prediction
of deformation in the design of foundation. From various published papers and back-
analysis from large numbers of field test data, it is also well understood that under
working conditions the strain in the ground surrounding the foundation element is
relatively small. Therefore, it is important 0 measure stiffness at small strain level

since stress-strain relationships are non-lineai(Burland, 1989, Atkinson, 2000).

Figure 5.13 illustrates «the wvariations of the soil stiffness for service
deformation levels of different.foundation elements from the work of Mair (1993).

In this study, ased on the results of instrumented static lateral load tests,
attempt was made to determing the ‘strain -Ievel under lateral loading in relation to
shear stiffness. According to the back- cél'c(]’lated results, T-shape barrette having
lower strain level had higher shear Stiffness than that of bored pile having lower shear
stiffness. Table 5.2 summarized ihe range of shear strain for un-cracked and cracked
section of T-shape barrette and bored pile. It is to bernoted.that upper bound values for

cracked sections showg in Table 4-are of the trains at maximum applied loads.

From the back-analysis results for un-cracked section, for T-shape barrette, at
G/Su ratio of 430; low straintlevel of 0.09%. is estimatedywhereas relatively higher
strain level of 0.40% is estimated at lower G/Su ratio of 150 for bored pile. These
estimated values are plotted on the graph(Figure-5.14) showing.variation in stiffness
ratios with'shear strain‘for Bangkok soft clay, first stiff clay and'sand-layers reported
by Prinzl and Davies (2006). Though it is not advisable to apply these values from
limited test results, they will be used as guideline for initial estimation of strains at

applied lateral loads in the design.
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Table 5.2 Ranw of shes eral Ioa@st results
Condition @ = o Shear strain ( 0/%

AUEINENINEN
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Bn-cracked section 0.00-0.09 0.00-0.40

Crack section 0.09-0.62 0.40-0.76
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Figure 5.14'Strain level of-T-barrette and bored'pile plotted on stiffness ratio

vs shear strain for Bangkok Soft Clay reported by Prinzl‘and Davies (2006)

5.2.2.2 UN-CRACKED SECTION ANALYSES

T-shape barrette and bored pile materials consist of concrete and reinforcement
are taken to be linear elastic with the constant flexural stiffness. The predicted load-
displacement curve under lateral loading with a constant flexible stiffness are plotted
in Figure 5.12. At a virgin loading point up to the load of 2000 kN and 600 kN for T-

shape barrette and bored pile, respectively, the predicted displacement agree very well
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with the measured movement. This may be because of no concrete cracking of pile.
This characteristic can observe with the value of reinforcement strain installed in T-
shape barrette and bored pile as shown in Figure 5.15. The measured reinforcement
strain with the applied lateral load lower than 2000 kN for T-shape barrette and 460
kN for bored pile are in elastic condition. For predicted T-shape barrette head
movement, the results from this analysis indicate that increasing about 3 times of soil
stiffness of bored pile corresponding with the influence of strain level effect give the

result in similar movement as measurement-until.an applied load is up to 2000 kN.

Table 5.3 summarized«the-assigned soil parameters used for T-shape barrette

simulation in total stress analysis.
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Figure 5.15 Measured reinforcement strain under lateral load
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Table 5.3 Soil pér%eters for defining the Mohr-Coulomb model in numerical

analysis of T-shape bar;r_ette

Layer Soil From to y Su E Ko
kN/m® | (KN/m®  kN/m?
1 Crust 0.0 1.0 18.00 35 60000 0.70
2 Very soficlay 1.0 6.0 16.00 18 21700 0.60
3 Soft clay 6.0 13.0 16.50 22 35000 0.60
4 Medium stiffclay  13.0 15.0  18.00 35 60000 0.65
5 Stiff clay 15.0 20.5 17.50 100 310000 0.70
6 Medium dense sand 20.5 23.5 18.00 - 150000 0.80
7 Very stiff clay 235 40.0  18.00 110 350000 0.80
8 Hard clay 40.0 53.0 19.00 200 590000 0.80
9 Very dense sand  53.0 70.0 19.50 - 360000 0.80
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5.2.2.3 CRACKED SECTION ANALYSES

The cracking moments of the T-shape barrette given in Figure 5.16 may be
computed as 3900 KN-m, as shown in Figure 5.15. When lateral load increases to
2,000 kN, the reinforcement strain of the T-shape barrette at depth -7.20 m (Figure
5.15) apparently exceed their cracking moment, resulting in concrete cracking in the
pile. Apparently, possible concrete cracking of the shaft significantly affects the
calculated results of both T-shape barrette ana-bored pile. If concrete cracking effect is
neglected in the numericalanalysis, the results tendto overestimate the pile capacity.
Figure 5.17 shows that for the calculated flexural stiffness by using effective moment
of inertia of a cracked secion.proposed by Branson (1963) and incorporated into the
ACI code, 2005. When tiie pile section cracks under large bending moment, the
flexural stiffness of the' section decreased to about 26% of its original value.  For
predicted pile head mowvément after concete cracking, the results indicate that using
the 70% reduction in the flexural stiffneéjs ‘would be required to obtain a lateral

movement of the pile head similaf to the m'é'ééur.ed movement.
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Figure 5.16 Moment curvature of T-shape barrette and bored pile
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5.2.2.4 EFFECT OFA

Cammm— 9

The calculatetmesults on ground movement around the T-shape barrette under

o | ﬁfﬁﬂﬂﬁﬁ‘;ﬂﬂ At
FRANAT LML HURARE <

test Ioad?ng of 3600 kN is 23.5 mm. and the calculation from FEM agree reasonably

well.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATION
6.1 CONCLUSIONS

This research aim to study the behavior of vertical and lateral load on T-shape
barrette compare with bore pile. The static.compiession test were performed on 2.00
m diameter bored pile and-5:00-m" T-shape basretie-with approximately 55 m length
in both types of pile. TO compare the behavior between both pile under test loading,
Vibration wire stain gauges (VWSG) were installed in both piles to measure the
strain in each layer. The feiction’ and -end bearing resistant were derived to compare

with numerical methodwith PEAXIS-3D Foundations, the 3D FEM Program.

The static lateral load test was prefdrrn’ed to compare between 1.65 diameter
bored pile and 5 m’ T-shape batrette wi'tfljSS_ m length which have different pile
geometry. Two sets of both types-of pile were iir.i"stalled with inclinometer and VWSG.

.

6.1.1 VERTICAL LOAD

Load distribution along the pile length from the test results for T-shape barrette
and bored pile“showedithat almostiload iscearried:by friction=along the pile. The end
bearing load atgthe failure load for T-shape barrette and bored pile is about 5% of

failure load

Based on the 3D FEM analysis, the results show that the shear plane of T-
shape barrette under the compression load must consider the effect of pile plug. Thus,
the shear plane of T-shape barrette will consist of 2 parts. Almost shear plane is a
boundary interface between pile shaft and soil around the shaft. Another plane is in
the soil mass. The calculation method to determine the shaft perimeter and sectional
area of T-shape barrette without considering soil plug, tend to underestimate the pile

capacity.
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6.1.2 LATERAL LOAD

In the numerical analysis for lateral load on piles, the analysis results will deal as

the following:

1. T-shape barrette having lower strain level had higher shear stiffness than that
of bored pile having lower shear stiffness. From the back-analysis results for
un-cracked section, for T-shape barretie; at G/Su ratio of 430, low strain level
of 0.09% 1is estimated whereaws’r relatively higher strain level of 0.40% is

estimated at lower&/Swiratio of 150 for bored pile.

i

2. For predicted TsShape arreite head movement in un-cracked section
condition, the results from- this re;ear_ph indicate that increasing about 3 times
of soil stiffness/of bored pile corrmésponding with the influence of strain level
effect. J :- * ’

add ¥ K Y

3. When the pile section eracks under large bending moment, the flexural

value. For predicted pile head movement atter ‘c—ohcrete cracking, the results
indicate that uSing the 70% reduction in the flexural stiffness would be
required to obtain, a lateral movement of the pilev head similar to the measured

movenient!

4. The ground soil in front 6f and behind, T-shape barrette in the loading
direction tends, to move .upward under the lateral load.' For| the horizontal
movement under the maximum loading, the affected distance in the loading
direction is mainly within about 10 times of centroid or center of gravity (c.g)

of stem for T-shape barrette and 6 times of bored pile diameter.
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6.2 RECOMMENDATION

In order to improve the quality of geotechnical works in terms of academic
research, which is the major sources for updating the knowledge of geotechnical

engineers, the following recommendations are beneficial to future research:

a) To get a realistic da tation, the locations of strain gauges
should be confi ta at the test area.

T——
b) Although the ou 5-\ ~ one to another, the different
kind of soil mo S€ 1\\; al 1 results have to be compared

al: \ ored data obtained from the field

d limited test results, it is not advisable to apply
all suggest value S ed as guideline for initial estimation of

design.

§
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Depth below Ground Surface (m)

STATIC COMPRESSION LOAD TEST

T-shape Barrette
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Depth below Ground Surface (m)
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Depth below Ground Surface (m)

PILE TYPE : T-shape Barrette

STATIC LATERAL LOAD TEST R ﬁ’#/
TEST PILE : T4BPI3 & T4BP6
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STATIC LATERAL LOAD TEST I’@
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Test T-Shape Barrette Shop Drawing
For Compression Load Test
(1.00x3.00 + 1.00x2.00)
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Test T-Shape Barrette Shop Drawing
For Compression Load Test
(1.00x3.00 + 1.00x2.00)
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Test Bored Pile ¢ 2.00m. Shop Drawing
For Compression Load Test
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Test T-Shape Barrette Shop Drawing
For Lateral Load Test
(1.00x3.00 + 1.00x2.00)

AT OFF LEWTL,

& 1r
A7/ ANFUNAS

q
5 @—.‘_ nwmw
-:.:‘”
43
& o
o ;_Emm 4
b

VERTICAL BARS HOR. BARS
1om 1om

wﬂws (&1
1Y

“

k@

ki

Hf@

ke

A<
¢ 3

(&)
B (=}

B o

© it e
H D), Hi
| €

=

ks

g

__ ?.. __T___.
N et

g
e

BRACING AND HANGING BARS
T

102

? @
LFT
@

kg

ke
@

PO P L2 3¢ [ [ PO

deect®

]

et feaiands
L

M

o

kg

H



103

Test T-Shape Barrette Shop Drawing
For Lateral Load Test
(1.00x3.00 + 1.00x2.00)
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Test Bored Pile ¢ 1.65m. Shop Drawing
For Lateral Load Test
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PROJECT  Sukhumvit Sai 18 Banghok Towers
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PROJECT  Sukhumvit Sai 18 Banghok Towers

NY LIMITED
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Sektumnit Soi 18 , Banghok
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SUMMARY OF FiELD "JANE SHEAR TEST
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LOG OF BORING

No. BH-6
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LOG OF BORING No.
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LOG OF BORING No. BH-6

PROJECT @ Sukhumvit Soi 18 Bangkok Towers
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