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: | FOREWORD

The Sri Lankan Geotechnical Society has as one of its objectives the dissemination of knowledge

- e

to engineers in the field of Geotechnical Engineering by holding regular seminars. Past seminars

" have been held on

6)) Shallow Foundations for Buildings

(i)  Design and Construction of Deep foundations

(iii) = Earth Retaining Structures

(iv)  Ground Development Techniques - e B
W) Computer Applications in Geotechnical Engineering e
(vi) = Geotechnical Practices in Difficult Ground Condiﬁons

(vi) Geotechnical Engineering in River Basin Development

In all these seminars the focus has been to record for the benefit of our engineers the experience

that is available in the country.

The past few years have seen several projects being done in which deep foundations have been
used. . We are now moving into a phase where both economy and safety require a greater

understanding of the behaviour of sub-surface structures. The society, therefore, felt it

e

opportune to record the Experiences of Deep foundations, which is the subject for this seminar.

% 'We thank M/s Bauer Ceylon(Pvt.) Ltd. for having come forward to sponsor part of this seminar.

This is the first seminar that is being held by our society after the death of our reveréd President

Prof. A. Thurairajah. Therefore, we also publish in this volume, an Appreciation that was sent

by our society for his funeral ceremonies at Jaffna.

Prof. B. L. Tennekdon _
Vice President, Sri Lanka Geotechnical Society,
25th October 1994
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An Appreciation
of

Professor A. Thurairajah

~

Prof.Thurairajah’s contribution to Sri Lanka are manifold. At a time when many Sri

Lankan professionals decided to emmigrate and work abroad, Prof.Thurai decided to .

stay back and provide his intellect, energy and talent for the development of his

‘chosen profession. He can rightly be considered to be the Father of Geotechnical

EAngineering in Sri Lanka. He has been largely responsible for growth of Geotechnical
Engineering in this country. His numerous students will always remember him as a
leader who was always available to them, at any time of day or night, to advise them
on their problems at induvidual levels. He guided to setup the Sri Lankan Geotechnical
Society in 1986 and was unanimously chosen as its founder president and the
position he held until his death. He was responsible for introducing soil mechanics as

‘a subject into the Engineering degree curriculum in this country, in 1960’s and was

responsible for setting up a world class soil mechanics laboratory at the University of
Peradeniya in 1965.

It is appropriate to recount Prof.Thurairajah’s contribution to soil mechanics in the
international arena. His pioneering work with professors Ken Roscoe, Andrew
Schofield and Peter Wroth at the University of Cambridge, on modelling the behaviour
of soft clays, is now a standard reading material in most postgraduate courses on soil
mechanics all over the world. Many of his students now hold professorship in
Geotechnical engineering all over the world. Despite the large amount of
administrative work he undertook, he remained a first rate academic contributor right
until the end. His latest contributions were to the Xllith International conference on
soil mechanics and foundation engineering in Jénuary 1994 and to the National

-Symposium on Landslides held in March 1994,

With the death of Prof.'l_'hurairajah on June 11th 1994 the Sri Lankan Geotechnical
Society has lost a true leader, a teacher, a friend and a guide. At this moment of grief,
the society extends to Mrs.Thurairajah and to the rest of his family heartfelt
condolences and sympafhies.

Prof.Thurairajah may be no more, but his fragrance will remain with us for the rest of
our lives. ' '

it




et et i i s w2 o

’.’
g ?

Y

VENUE

8.30

9.00
9.05

9.30
9.50

10.10
10.40

11.00
11.20 -

11.40
12.45

13.30

13.50
15.00
15.30
15.40
15.45

9.00
9.05
9.30

9.50
10.10

10.40
11.00

11.20
11.40

12.45
13.30

13.50

15.00
156.30
15.40
15.45
16.15

SEMINAR ON

EXPERIENCES IN DEEP FOUNDATIONS

Auditorium of the Institute for Construction Training and
Development (ICTAD) '

DATE : 25™ October 1994

AGENDA

Registration
Welcome Address - Vice President SLGS
Keynote Address - Dr.A.N.S. Kulasinghe

SESSION | -

" Chairman - Dr. Sunil de Silva
- down
An early example of top dam construction
- Dr.A.C.Visvalingam i
Construction Experience in bored and cast in-situ pile Foundat:ons -
Mr.T.M. Fernando
Tea
Experience in Well Foundation
- Mr.D.S.Dantanarayana
Skin friction in piles - Prof.B.L.Tennakoon
Identification of type of pile failure from results of Load-settlement curves
- Prof.B.L.Tennakoon '
Discussion
Lunch

SESSION |l

Chairman - Mr.D.P.Mallawaratchi

Evaluation of load carrying capacity of driven pre-cast concrete piles

- Prof.B.L.Tennakoon

Video Presentation of Deep Foundat:on Techniques by Messers Baur’'s
Discussion

Summing up - Dr.S.A. Kulathilake

Vote of Thanks - Dr.H.G.P.A. Ratnaweera

Tea

I11



CONTENTS

-

. ~down ' ‘
An early example of top dam construction

Dr.A.C.Visvalingam

Construction Experience in bored and cast
in-situ pile Foundations
Mr.T.M. Fernando

Experience in Well Foundation
Mr.D.S.Dantanarayana

Skin friction in piles
Prof.B.L.Tennakoon

Identification of type of pile failure from
results of Load-settlement curves
Prof.B.L.Tennakoon

Evaluation of load carrying capacity of
driven pre-cast concrete piles
" Prof.B.L.Tennakoon

PAGE

15 -

59 =~

73 -

.14

34

40

58

71

96



AN EARLY EXAMPLE OF TOP-DOWN CONSTRUCTION

-~ A.C.Visvalingam DR ‘ - Engineering Con_sultant‘

INTRODUCTTON

h ’ R s

= T Con

been carried out eccnomically




.

cent modificatgens to this technique, where upward construc~ .
tio“;‘commenc1ng from ground level, is also Progressed at t“e' .
same time ag the substructure work ig extended downwards,
This is certainlv an advance on the old method but the added .
complexity may be justified only in 2XCeptional cases where
commercial considerations call for a particularly intengified
gpeed of construction. I do not propose to go into these two
aspects on this occasion but shall confine myself solely to
describing ths one specific example of "top-down congtruc-
tion" I alluded to a moment ago,
PARK LANE HILTON
In 1981, the structural design of the then tallegt reinforced
congreta  0ilding  in the United Kingdom . was, entrusted- to
W.V_ Zinn 2 Associates, Consulting Engineers, wha ware my i em- A
plovers at the time. The building was to house a 30-gtorey
hotel, the Park Lane Hilton, in Londen. I may mention that, N
at the lagt moment, after construction haga commenced, ' the
height of the building was limited to 27 storevs by the au-
thorities becauge there was, I believe, a line of sight prob-
lem involving Buckingham Palace.
By the time the detailed design of the temporary works and
the main elements of the permanent structure wers entrusted
Lo me, the basics of the "top-down construction" concept had
been formulated in outline by the Chisf Engineer of my firm.
It is quite possible, however, that this concept ‘had been
adopted elgsewhere by others even bafare 1961, although fhls
particular name may not have been given to it then.

’ &
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Podium cﬁ’o"ntalned the two spiral car ramps leading to “the -
bagsement car parkg./’ =
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Now, a small excavator wag lowered through one of the . ramp =
openings in order to carry out the excavation of +the earth -
from under ths basement 1 level slab. This excavation was
carried down to the basement 3 level and the 1 0Om thick raft ’
constructed to a somswhat zimilar ring beam shape to ‘that
‘shown in Fig &
With the propoing provided hbhv ths basament 1 and basament 3

o b bl —n v sl S i it e - )

ring beamsg, it wags a simple matter to excavate down ta the
formation level of the Tower raft without any shoring as the
stiff clay at this depth was capable of standing up in a ver-
tical face of over 4m.
The - Tower raft was then constructed and work proceeded. up-
wards in the normal manner.

-
CONCLUDING REMARKS -
There is a great deal to be said for trving to utilize parts
of the permanent works to reduce the cost and complexity of
temporary works. Hence, there is no way in which the struc-
tural designer of the permanant works can say that hig idob is
confined only to the permanent works and that all temporary
Qrxs are a matter for the contractor, who would be obliged
to take full responsibilitv for the latter.. A good designer
must, from the outget, consider the methods, procedures and
temporary works which are likely to be adoptad for the con-
struction of the permanent works so that any cost-gaving,
synergistic benefits are not ignored.

-
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CONSTRUCTION EXPERIENCES IN BORED
CAST-IN-SITU PILE FOUNDATIONS

T.H.Fernah.dd - , Engineering Manager
' Bauer Ceylon (Pvt) Ltd

Intréduction: -

In keeping with the topic of this Seminar » Experiences in
Deep Foundations”, the contents of this paper relate to the
experiences gathered during the construction of Pile
Foundations, by the writer in several construction Projects
executed recently.

An attempt is méde to highlight the impértance of certain
aspects of the soil investigations and pile construction.

1.0 Boring Techniques‘& Boring Egquipment
The most common techniques are:-—

1.1 Percussion Drilling'

The essential feature of this method is the use of
drop-tools to loosen- the soil in the bore hole and
then bailer buckets to remove the soil ~from the
bore.

The disadvantages of this method is vlisted as:
follows:— ‘ :

-a) Very slow drilling rates and consequently output

b) Non-uniform diameters in uncased piles.

c) Difficulty in achieving verticality of the
borehole. in uncased piles. '

d) Cannot be used in all tvpes of soils,if
uncased.

15



1.

1.

 Rotary}inLk§ngr~a

In thisvhethod tﬁé borehole {é”excaQéfed by the use

... of a rotary drilling machine. The loosened soil .l
~could bé:rémoVed either: R

(i) Bj;the use of drilling buckets and/or béilers.,

(iil* By coupling the drilling machine to a mud pump.
The cuttings are brought to the surface by the
drilling medium (Bentonite) which circulates
through the borehole.

. The main;advantageé'bf this method are:-

T a) ﬁigﬁ”production rates

b)  Can be used in all types of soil.

¢) " Drilling possible without causing vibrations.

d)  Can be done with or without casings. '

Dri.ling Medium

Bentd@i?éi or Water could be used as the drilling
 ‘mediud.‘ :The use of bentonite is very common in this
c-country,..and less likely to give problems of

collapse of borehole. In soil conditions where the
soil structure consists of peat, soft clays, sandy
clay,q"élayey sands, water can be used as the
drillingimedium. In co@ditions -where non-~ cohesive

. soils are. present, water "as a drilling medium may

cause . .fproblems_ of collapse of borehole.
Nevertheless, in soils where water can be used as
the = drilling medium, the Borehole should be

- maintained with water, without‘ﬁallowing a drawdown

of not more than a meter from ground level. In this

case, " "Reduction of waiting time” discussed under
(4.1) becomes extremely important. - ' ‘

16
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2.

1.4 ‘Boring Equipment

The' type of equipment - déployed by’tﬁé?'contractor
needs careful consideration, from the point of view
of : ' ’ '

a) 7 The ability to obtain a borehole of uniform
.7 diameter. o

b) A borehole of required verticality.

c) Speed-:of"'dfillihé and/or'>'OUtput = 1Which :hay
seriously have an effect on the project deadlines.

d)" Rock socketing - The performance of the boring tools

' “in weathered rock, moderately weathered rock,

slightly weathered rock and hard ' rock ‘(bed-rock),
needs very careful evaluation.

e) The mobility of the machines or its suitability to
surface conditions as available at site.

"f) - Whether ground“’imprQVeméntS’ should be carried
- out at additional cost. =~ = ° . :

g) The effect of vibrations to near by structures.

“If above,aspects’ are not evaluated at the pre— .contract
. stage, problem are likely’ to crop up later. This will
- delay the project, which is not in the best interests of

the client. e N

Upward Movement of Reinforcement Cages-

The problem mainly occurs in piles where pile cut-off levels
are -at depths’ greater than 1 m., below ground level. In
buildings which involve basement construction the cut-off
levels are generally Dbetween 3.5 to 4.0 meters. below - ground
level. The above ~problem could be overcome in “two ways,
namely:- ‘ :

“a) Weld CrOsé— bars -at the bOttom‘of the pile cage See .
Fig.(6). D R : '

17



The tremie pipes will effectlvely 'stop the

upward movement of the cage, when the first

~charge of concrete is . placed in the pile, by
' bearing agalnst the cross - bars.

b) Extend at 'least 30% of the longitudinal
reinforcement, upto the ground level, See
Fig.(7). 1In this case the contractor will have
to incorporate the cost of extra reinforcement
in his piling rates. ‘ :

3.0 Use of Ready-Mixed Concrete in Pile Foundations

3.

| :

Quality of Concrete

';AThe parameters considered most important - respect
h;of qualltv of concrete used 1n pile foundatlon are:-

~a) Workability
,b) _ Strength

For concreting a pile with tremie pipe, workability
of the concrete in the range of 150 mm to 200 mm is
considered sat1sfactorv, and generally ‘an average
value of 175 mm had been found to be suitable in
most cases. ‘

In the case of ~the concrete strength the commonly
usec design mixes have been Grade 25 & 30. The

1 cement ‘content'would therefore be the major factor

that would contribute to the achleV1ng of the design
strength of a high~-slump concrete. A minimum limit

for cement content of 400 kg/m®, have shown very

satisfactory results in almost all cases.

The piling contractor has. to be extremely cautious

" in ordering of concrete from the Ready mlx 'concrete

suppliers, and one has to make surepthat the m1x is
of required workability and minimumfcement content

Quoted ©below are examples, where these parameters

_have been lacking, and another case a special mix - ~

design has been done.

18
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Grade Desjgnation

Slump _
Cement' Content
Fine Aggregate
Coarse Aggregate
W/C Ratio
Admixture '
Mixing Reagent

Supplier-A .
:Eg.l.Grade‘Designatiéh . 25 . ;
Slump : 10 em ..q»
":Cemeqt Content 360 kg/m?3
‘Fine Aggregate 726 kg/m3
Coarse Aggregate - 1120 kg/m3
‘Water Cement Ratio 0.50 - ...
Admixture (pozzalith) 1.08 lit/m3
Mixing Reagent T
B " (AEA 303AY  21.6 ml/m3
Eg.Z.Supplier~B"
”bféde Designation 25
 Slump | N.A
Cement Content 349
Fine Aggregate 806 -
‘Coarse Aggregate ..987
WC Ratio CN.A
Admixture A N.U |
Mixing Reagent N.U -
Abbrev:- N.A:- not available
N.U:- not used
Eg.3.Supplier - C

. 4027kg/m
0 73817kg/m
11473 ‘kg/m

- N A

10 .cm

LW W W

0.46
1.20 lit/m?

24.0 mi/m3

.30 .

387

977
2977
S NGA
- N.U

N.U

30

20 2 cm
5§02 kg/m3

680 kg/m?3

975 kg/m3
0.40
150 1it/m3

- 20 ml/m3



B )

The above are typical cases of  ready- mixed
supplier’s standard mix-designs.ie. Supplier

- (A), Supplier (B), Supplier (Cy

" In case of Supplier (Aj,' Gr. 30 Concrete satisfied

the minimum cement content although  the slump was
not upto requirement, In such situations there is a
likelihood of more water being added while all other
design parameters remain the same.: o

Wastage of Concrete due to Over =break & Other Cause

In general the wastage factor due to over-break has
been at around 15%. 1Ip cases where the scil strata
consist of layers of peaty soils, the wastage
factors have reached upto a maximum of 50% depending
on the thickness of the peat layer. This is due to
the tendency of the concrete to get pushed out
through the peat layer, in to the surroundings.

To . contain the . above problem-: and reduce the
effects to a minimum, a Geotéextile membrane may be
wrapped around the reinforcement cage. This will be
at the zone where the peat layer is encountered,
which could be established during the boring
process, : '

4.0 Concreting of Piles

4,

!

Reduction of Waiting Time

In the first instance, it is always very good
Practice to  carryout concreting as soon a the
installation of the reinforcement cage and

':'jnsertion of tremie pipes have beenfcompletéd. It
“has been Oobserved that delays occur dué”fg the

following problems:-—

o a) Ready-mixed supplier does not deliver the

concrete to site on time,

20
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b) The contractor runs into difficulties during
the process of installation of reinforcement
cage or the tremie pipes, thus prolonging the
time period between completion of boring and
commencement of concreting.

Experienced Labour Crew

An experienced labour crew, well versed 1in. the
concreting . of piles with +tremie pipes, should be
deployed1 by the contractor. The essential features
of the <concreting operation could be summarized as

‘follow:-

a) ‘Discharge of the first load of concrete from
the hopper so as to displace the layer of
bentonite from the bottom of the bore.

b) To ensure that the bottom of the tremie is well
within the concrete inside the borehole.
Generally the tremie pipe should be kept at:
least a minimum of 2 m from the top level of
the concrete at any given time. Constant
monitoring of surface levels of the concrete
should be ensured during the concreting process
to achieve this condition.

c) Removal of tremie pipe lengths as and when
required. '

With an experienced crew only, that one could
successfully complete the above operation, within
the shortest posSible time, so that the quality and
integrity of the piles could  be ensufed at all
times. The labour crew is also expected to be well
versed in the art of stacking and maintenance of

- treme pipes after each concreting operation.

Fffects of the Qualitv of Concrete
on the Concreting Process

There will Dbe very bad effects on the whole
concreting process if the ready mixed supplier’s
concrete is not satisfactory for the tremie pipe
concreting'method.

21




‘This problem mainly occurs from the point of view of A
workability of the <concrete. The workability itself 5.
may vary between the point of mixing concrete, and ' s
point of receipt, depending upon

a) The weather conditions
'b) The distance between the ready mixed

supplier’s plant locétion and the project
site. '

Therefore the contractors are well advised to be
careful when stipulating the workability, that the
ready-miked supplier should keep at the Dbatching.
plant. ‘

Importance of Site Investigations

(7]
o

The problems -that have occurred in several sites in
the recent past, point out to the inadequacy of the site
‘investigations programs that have been carried out. '

The instances that had surfaced recently point out iR
towards following causes:- o
i) Inadequacy of the number of boreholes done at
the site. The .object would always be to cover
the variations of soil conditions over the
entire site. ' '

ii) Selecfion of locations of boreholes, had not
been as desired.

iii) Ndﬁ.availab&lityf of data on rock—-cores upto a
reasonable depth into bedrock. There have been
cases where the rock condition itself had not
been identified at all in terms of weathered,
moderately weathered, slightly weathered or bed
rock etc. '

One of the reasons for such deficiencies- could

be due to client’'s reluctance toc spend funds on -
site investigations., but if this is the case,

this has to be corrected, with timely advice.

22
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In very recent times, - the amount of information.
provided in these.  reports, have improved
tremendously. "Rock cores 'have been analyzed upto
several metres into the rock, and information such
as core recovery (CR) and rock quality designation

| (RQD) have been provided.

This ~provides prior information to the contractor
and to the Supervising Engineers, thus eliminating
the conditions that may lead to technical problems,
contractual disputes and delays in projects. ‘

Soil Profiles in recent pile foundation Sites

| Housing Complex - Bloemendhal
Data |
= Type of piles - Bored files
;:;1~Silty Sand : .
i“fd No of Buildings - 06

No of Boreholes done- 02

Depth of borehole - il m
as per report '

Orgamc Peat Water Table - 0.3m below
o G.L
No of piles per -
Building - - = 16
Coarse Sand Total No.of piles - 96
s ' Diameter of pile - 525 mm

~J

Observations

Max. depth of pile - 27.27m

Min. depth of pile - 08.!3m
Gravel B
Cemented . No. of load tests - 03
fwith clay No. of failed tests - 03

23



Lo 6 ¢ B
8 }:et Clay content .
o 0.°|increasing
‘:; ; Depths of failed
‘° - piles - .
9 | e CAs 2 - 15.10 m
o e Ay 2. - 16.40 m
BN CAs 2 - 20.00 m
e -.Q .
B
Ll ook I -
‘?$;, Sity. sand Rock Conditions - Not
- ] (Rock fabric) indicated
_4\5;4 ‘ in Soil
[ N Report
rrf e
PR
Comments
1) It was noted that the 2 ‘bore hole investigations
done were confined to only one half of the site,
2 The pile dépths were more than double in the
: other half of the site.
o R -
3) At least a minimum of 6 ©borehole tests should have
been done one at each building which might have
indicated a much more accurate picture of the rock

o

strata depths

Factory Project- Mabole.Wattala.

Clayey sand

Peat

Data

Type of piles

Bo. of Buildings
No of Boreholes

Depths of borehole

Water table

of piles

No.
Dia. of piles

24

ST e

Bored piles
03
02

24,853 m

‘Im below G.L

O

2
<

400 mm

A
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16

10f Observations
“'f: T .‘.‘4, Max.m depths or pilc 26.2 m
= ~.] Soft Organic’. Min.m 'depths of pile-22. 4'm o
© 71 Clay . " Load tests -~ =~Not specofoed in
'7Tf" Sl : ’ ' Contract '
_;ﬁ;g'v
7 |Fine Silty"
" L? Sand
|
24 :§TB§LWeathered Rock -~
B » (,6“ é ‘
25 &:f Parent Rock
' ﬂ;‘?fabric present
’ S . . .
Comments
(i) ithhiSfprojecf'the contfacfor was asked to construct
i 17m piles, which Wele -to telmlnate on the 511ty ‘sand -
layer. Subsequently when the’ works were commenced thlsl
de01S1on was changed and cont1actor was asked to -
termlnate boring on rock :
.(ii), The second boxehole done dur1ng 1nvesf1gat1ons was -
- fterm1nated at 16. 95m below G/L on the fine silty sand
layel  The . SPT value at this term1nat1on level was only;
“14. The BOQ was done to su1t 17 m p11es and the : =
'contract : ; N oL
. (iii) Load tests wnxo not QDDCJlled thus 1gn0ring.thc vcryi:-
n,1mportance of Larryout load tests o '
?ThevContfator brought these{to_the notice of theAclientée'
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6.3 - Shops & Office Complex - Kotahena

Data
0 — _ Type of piles - Bored piles
~a —O0 ’
NP .
1 |o~o| Soft Clay Building - L
- 0o ) » *
2 ?3&;3 Fine sand iDepth 0f Borehole
ERID: : : - 11 m
,-':a_zo_ ‘
3 |[zro x| Soft Clay Water Table = 1.7m below G.L
gxié '
oo No of piles - 20
v TeZo Dia of piles = S00 mm & 600 mm
4 |E2=
‘5; 1 Fine sand
i:} Fine sand . Observations
5 K :‘. = . -
_9{{? Max pile depth -~ .0 m
6 |-°-. Average pile depth- 14.0 m
o< o -
7 f;?%f Soft Clay Load tests - Not specified
0’;0-.: . . -
g === Rock condition - Identified as
: v =N ; .
g highly v
= * "weathered rock
9 I~ | Stiff Clay
,\‘—-\
10 = ’E
P
1Lt ) Highly
. weathered
o rock
Commggjﬁ
In this site; the borehole had been done towards one end of
the site. The maximum depth was recorded at the other
end of the site and there was a gradual increase in depth from
the shallow end. ' '
' -*
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In - this chapter, with the above  examples fif haé_ bééﬁf"ﬁ

111ust1ated that " there éxistcd ”signifibant' differences”

 between: the details - indicated in. the -soil 1nvest1gat1onsv"
y repOrts, and whaL was actually achleved 1n the fleld '

.~ If‘the borehole ﬂ\ploratlon ptogram is not planned cafefully,

as h1gh11ghted in this chapter ser1ous contractual & technical.
problems may OCCur. This is due. to “the soil  investigators.

report being ‘used ~ as- the. .main ‘guiding.  factor in "the®”
preparation of - ) : IR

(a) The Bill of Quantitics

. (b)  Pile Designs
(c)‘5Contradf specifications & other special conditions.

) Case‘— Study of" PLle Dcpth Vdr1at1ons in a
_ Partlcular Pro;ect '

The depth of’piles with{n'fhe project- site varied by two fold. -

“Thére were six bulldlngs planned on -the :site..” The Vafiationg“
in pile depth was . very marginal within: the drea occupied*byfj
building 1A, 1B, 1C. The depths varled fr om about. 9‘m'to.13 fﬁf

metres.

The depths of piles varied Vory:iapidlv andlréaéhed a maximum
_depth of 27 metres. '1n the area occup1pd by.buildihgs»2A,,2B,L*
(See f1ghtes 2&3) o - ' e S

The dip of ‘the rock strata -was so great from one p11e pos1t10nfg f
.tu,_tho next adja«cnt -ones; “thats one "dldmLtCJ SOCkCtlﬂg mayﬁﬂf;
" not have. “Dbeen enough at ‘1&1_ resultlng 1n‘ﬁa “series off;:*

fajlures, when the plles were tebted

Referring to figure (4y; it could be assessed4that pi1es,A3 2pf1f7
_Ad2c, AS 2c¢c & A6 2c would have failed. The load test on'A3 2¢
indicated excessive clastic & plastic deformations: The load

test on A5 2¢ had to be terminated without completing the. -

second'vloading_cycle ~due to signs of 1ncreas1ng Settlementf:_

without iﬁcremént'oﬁ loading. -~ This was due to. that fact that]

the_ pilé‘was ollpplho- at- +N°' toe, and tilt: of*the plle headrlﬁg
too was observed. This cond1t1on,was 1neV1tab1e due’ to the -;;J;g;
,1esu1t1ng exposure, 'of onc'~ half of the pher1phery of N
3the plle at the toe on the steep1ng 1ock face
.(Qee flgure (6) : : : :




.2

Refinements to Pile Construction Techhiques
These may be listed as.

1) Pile skin»grouting

2) Pile Base grouting

§.1 Dile Skin Grouting:

This process is used to improve the bearing behaviour of

the pile. Skin grouting compresses the soil in the shaft
area and produces intense interlocking of the pile
concrete and the soil. The skin friction and thus the

load carrying capacity of the pile can be increased
considerably in this way, depending on the type of soil.

100 200 » KN/m2
' Skin friction

f%—L—- Pile with skin grouting

30

40 S S Bored pile without skin
‘ ' Grouting

S0

Settlement (mm)
Ex:- 750 mm Dia pile. 18.80 m long. in sandy silt,

Pile Base Grouting

This must be considered to be a supplement to skin
grouting. The contact area between the pile base and the
soil is compacted with cement slurry. This compensates

the unavoidable loosening of the base of the Tbore. Part of

‘the settlement to be expected is ¢liminated by this method.

- 28
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EXPERIENCES IN WELL FOUNDATIONS

D.S. Dantanarayana : Prbject Managér

National Development Bank

INTRODUCTION:

In Sri Lanka Well Foundation was ‘used in many years for’
construction of civil engineering structures such as bridgés
Jetties etc. Generally, well foundations are circular and
diameter varies from ‘1.5m onwards. The main advantage of well
foundation is the simple construcfidn technique and it does not
require special type of equipment and is capable of carrying

large vertical and horizontal loads.

CONSTRUCTION TECHNIQUES:
Mainly two different types of techniques'ére used in Sri Lanka.

(1) Insifu Casting
(2) Precasting

Insitu Casti
The well stem had to be concreted insiﬁu and once the insitu
concrete achieved sufficient strength, sinking »of the well
section can be done by excavating inside the well. Sinking of
the concrete stem may be assisted by adding kantiledges to

increase the vertical load. The techniques used for sinking of

the well stem will depend on the different type of soil strata.
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CONSTRUCTION TECHNIQUE USED IN SINKING WELL FOUNDATION
"FOR DIFFERENT TYPES OF SOIL CONDITIONS

(L

(2)

Average soil, light clay mixed wiﬁh sand .

Sinking by self weight and may be assisted by adding
kantiledges, if water table is high. Partial de-watering

- can assist the speed of sinking. However, this has to be

done with extreme care.
Medium to stiff clay soil.

Excavation below cutting edge by using a heavy clam shell
and c¢cleaning around the ‘cutting edge with under-water

diverse.

Water/air jetting through blow-holes provided in the

cutting edge to cut down the skin friction.

Limited quantity of explosives may be used in extreme

cases .

Continuous . sinking process will give better results as
there is a tendency to increase the skin friction. If the

ginking process is stopped for sometimes.

Partial de-watering can assist the 'sinkihg process but
de-watering to be done with extreme care as there is a
danger of soil failure at the bottom. '

Sinkiﬂg process can be accelerated by lowefing the ground

water level.
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(3) Soft organic clay. .
Self weight of the cylinder stém may be sufficient to sink
the cylinder stem. Extreme care should be taken to
maintain the verticality pf the cylinder as the organic

soft clay tends to offer varying resistance.
(4) Non cohesive medium to dense sand.

Excavation can be done by using a clam shell bucket.
' HOWevef if +the ground water taﬁle is high, this method of

excavaﬁion ma& not be very efféctive. If the water level

is high sand' can be pumped out and it is necessary to

malntaln .the Water level 1nsid5; the well to prevent any
7 gand flowing 1nto the well under the cutting edge.

™ -

- COMMON PROBLEMS ENCOUNTERED IN WELL FOUNDATION

Clearing of"dbétructions ‘such as  bolders, rock, rock’™

‘fragmen%s ‘and timber logs.< This type of obstruction can be

removed by sledging, drllllng, blastlng, or by hammering with ‘a
heavy girder. - If initial 1nvest1gat10n ndlcates any
obstruction within 5-7m below ground . leyel, ground can be
excavated to remove obstruction and fill baokvpfiorwto sinking
operation. Very often in bridge'cohstruction in coastal areas
0ld steel girder and debris of old bridges are found even at the
depth of 10m below ground level. ‘

If the bed rock is dipping it is difficult to anchor the
concrete cassion rin to the bed rock. When a layer of granular

material are present immediately  above the bed rock it is

- difficult to- prevent material flow1ng into the well under the

cutting edge. Most common method of avoiding such a situation
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is to maintain higher water level 1ns1de the well In extrenme

cases low pressure cement grout can be used to grout outs1de the.

cylinder stem at the bottom level of the bed rock to prevent
material flowing into the cylinder.

(2)° Bxecas&iﬁg ’

In certain cases insitu casting of well stem may not be

v possiBle. For example well foundationafof”a pier in mid stream
" of a deep river where the formation of_a7temporary"island'is not
| possible. In such a situation precast segments‘of”well”stem can

be used to form a well. Precast segments can be connected by

mechanlcal means . Usually pre stress bars/w1res w1th a coupllng

ff‘arrangement can be used to connect ‘precast segments . Usually
“ ginking” technique does not differ much whether the well stem is

precast or 1n51tu cast - Generally for precastlng technlques

"~_heavy handllng, equlpment w1ll be requlredg to place precast.

L

segnments.

5
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SKIN FRICTION IN PILES

© B.L. TENNEKOON  DEPARTMENT OF CIVIL ENGINEERING B
R  UNIVERSITY OF MORATUWA |

1. INIRODUCTION

* The load transfer of a pile load from the pile to the ground take place both by skin friction
~ and end bearing. Because of the availability of good sound rock at relatively shallow depths
in this country, not much attention has been paid to the carrying capacity of a pile by skin

friction. In such a situation, the strength of:rock in end bearing is considered so' much

stronger than the strength of .the pile material that the carrying capacity of a pile is.

~ determined-based on the strength of the pile material. However, in the recent past several
' instances have occurred where the zone of weathering of the rock was very deep, and

economic foundations could be obtained by relying on the skin friction.

Similarly, there are instances where negative skin friction increases the load on piles and
could cause the pile to fail, if not accounted for. ‘ ' '

o ‘This‘paper deals with some case histories where skin frictiohi was considered importaht.

-, The ultimate skin friction load of a pile is computed as

A ‘:Pskih ﬁ'i.cgion‘ = fu . As ‘

where . | f, = ultimate value of skin friction coefficient per unit
' ~ surface area of pile shaft, =~ - ’ o

and A, =" surface area of pile shaft.

R The skin i:;ictioﬁ coefficient f, is céﬁmated from the ,éq’uati’qn

| fu = ¢, + K, ydtan$

E Whére ; c:=L = co_laésion between soil and pile

5. = sangleof friction between.pile and soil.




K, = coefﬁéient of lateral earth pressure on shaft.
d = depth along the pile.

For saturated clays with ¢, = 0,
6=0 and f,=c¢c, = a ¢,

a = 1 for soft N.C. clays, peats, etc.

a < 1 for stiff over consolidated clays.

For cohesionless soils with ¢ = 0,
cg =0 and f;, = k;ydtand

Some typical values given for & are given in Table 1.

Material of pile 8/ ¢
’ dry sand | saturated sand
r parallel to grain 0.76 0.85
Timber _
R L perpendicular to grain | 0.88 0.89
 Smooth - 0.76 0.80
Concrete
L rough 0.88 0.90
Table 1.

In the case of cohesive soils, the strength pérameters (c,9) are determined from laboratory
tests on undisturbed samples taken from boreholes. In the case of cohesionless soils, the soil
parameters are often determined from the results of the SPT test.

Empirical correlations have been established between f; and the SPT Qalue N).

e.g. The Singapore Standard of the Building Control Division gives

f, = 2N kN/m?

u
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A pile carrying load both by friction and end bearing, produces two straight lines which

with the proviso that f, should not exceed 200 kN/m’.
Another empirical relationship is given by Decourt (1982);

ie. f, =@/3 +1) tonnes/m2 = (3.27 N + 9.81 ) kN/m?

with the proviso that all N values greater than 50 should be taken as 50.

~

3. ESTIMATION OF SKIN FRICTION LOAD FROM RESULTS OF PILELOAD

TEST

Tomlinson(1978) discusses‘ the results of a typical ;‘load—settlement" curve from a mainiained |

load test. Such a curve is shown in Fig.1.

Initially, due to elastic behaviour of the pile, there isa straight line relationship upto some

point‘A’ on the curve. If the load is released from any point on OA, the pile head will
rebound to its original level. When the load is increased further, yielding occurs and a point

‘B’ is reached when the maximum skin friction on the pile shaft will have been mobilised.

The movement required to mobilise the maximum skin friction is quite small, generally 0.3%

to 1.0% of the pile diameter. If the load is released at this stage, the pile head will rebound -

to a point ‘C’. The distance OC represents a ‘permanent set or residual settlement.
Mobilisation of maximum base resistance requires much higher movements. It is stated that
movements of about 10% to 20% of pile diameter would be required in soils. (However,
when piles are end bearing on rock, the movements required would be less.)

The best method of estimating the skin friction load is from a pull-out test ona pile. In the
absence of such test results, analytical methods have to be used to estimate such loads.

An analytical method of using the results of a load test to obtain separately the ultimate load
carried in skin friction and the ultimate load carried by end bearing has been proposed by

Chin (1978). In this method, the settlement (A) at each loading stage P is plotted against. -

(A/P) as shown in Fig. 2. For an end bearing pile, the plot is a single line as shown in Fig.
2(a), and the ultimate carrying capacity is said to be given by its slope. |

intersect as shown in Fig. 2(b). The slope of the upper line given the ultimate skin friction
whilst that of the lower part gives the total pile resistance. :

For a broken pile, the plot is said tb take the shpae as shown in Fig. 2(c). -

This method of analysis was used to interpret the results of pile load tests at several sites. D

In this section, the results are reported of two test piles:

(@) A short pile at which most of the load would have been carried in end bearing.

@) A long pile at which both skin fric}tiqn and end bearing could be expected to carry

pile load. _ .
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3.1 Short pile carrying load in end bearing.

This case history concerns a site in which the profile of the sub-surface conditions is as

shown in Fig. 3a. The site is found to contain some soft alluvial deposits overlying rock

which is located at a relatively shallow depth. The piles used were 500 mm diameter bored

and cast in-situ RC piles end bearing on rock. The piles were designed to carry a working
- load of 85 tons based on concrete strength.

One of the piles was test loaded to 1.5 times the working load; i.e. to a maximum load of
127.5 tons at which load the maximum settlement was 4.953 mm and the residual settlement
was 1.21 mm. : :

The graph of vs (A/P) is shown in Fig. 3b. Using Chin’s method of analysis it is noted
that a single straight line has been obtained, and the slope of this straight line gives an
ultimate carrying capacity of 685 tons. Malepahirane et al.(1994) have shown that Chin’s
method tends to over-estimate the load carrying capacity of a pile.

3.2 Long pile carrying load in both skin friction and end bearing.

This case history concerns a site in which the profile of the sub-surface conditions is as
shown in Fig. 4a. The site is found to contain a sandy soil followed by highly weathered
rock and weathered rock. The piles used were 675 mm diameter bored and cast in-situ RC
piles which were terminated in the weathered rock.

The piles were designed to carry a working load of 125 tons based on concrete strength.
One of the piles which was 26 m long was test loaded to 1.5 times the working load; i.e. to
maximum of 187.5 tons at which the maximum settlement was 0.44 mm and the residual
settlement was 0.04 mm.. '

The graph of A vs. (A /P) is shown in Fig. 4 b. Two straight lines have been constructed-
the upper line showing a slope of 111 tons, and the lower line showing a slope of 258 tons.

Considering the very small settlements that have been measured, one possibility is that the
ultimate load carrying capacity of 258 tons estimated is entirely due to skin friction.

4. CASE HISTORIES .
This section will covei' 2 case histories of
@) where the piles were terminated in weathered rock without reaching sound rock as

specified by the Consultants; and

(i)  where the negative skin friction load in piles could have caused the piles to fail.
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4.1 Bored and cast in-situ RC piles for a multi-storey building

This case history concerns an office building where the Consultants had proposed the use of
bored and cast in-situ RC piles for the foundations. The piles were of 18", 20" 24" and 27"
diameter; i.e. 457 mm, 508 mm, 610 mm and 685 mm diameter respectively. The piles had
been designed to be end bearing on sound rock. The specification applied was that the piles
should be taken to at least one pile diameter into sound rock, with sound rock being defined
as that having a minimum unconfined strength of 50 N/mm? and 100% core recovery.

During the site investigation, five boreholes were advanced at the site.. Rock coring was
carried out in the bed rock, and it was noted that the weathering was generally deep and core
recovery very low even at depths beyond 7.0 m into rock at some locations. These results -
are evident from Table 2. : ' :

Borehole No. " |BH-1 |BH2 |BH3 [BH4 |BHS ||

: i
Depth at which coring was 24.00 |23.53 | 19.30 | 24.00 19.35 E
beguninbedrock (m) . | ’

Depth at which coring was 31.60 | 29.63 |28.60 |29.70 - | 26.50
terminated in bed rock(m)

| Rock || Core 51 100 13.3 | 91 . 20
quality Recovery (%) | -
RQD(% | 51 | 97 | 0 32 o |
Table 2

During the construction of the piles, it was found that boring through the weathered rock was
slow and difficult, and even after several metres of drilling in the weathered rock sound rock
was not reached. ' '

The results are reported in this section of a 685 mm diameter pile which was to be
constructed near BH-1. The sub-surface conditions at BH-1 are shown in Fig.5. Hard rock
which had to be penetrated by coring was reached at a depth of 24.0 m. .

In the case of the pile borehole, the rate of advancement of the borehole kept decreasing in
the zone of moderately weathered rock, and when the borehole had reached a depth of 25.67
m it had slowed down to 0.08 m per hour as indicated in Fig. 6. Not only had sound rock
of core recovery of 100% not been reached, the specification required going a further 0.685
m after sound rock had been reached. Considering both the increase in cost involved of
advancing the pile borehole further as well as the time delay as a result of further drilling,
it was decided to investigate the possibility of terminating the pile at 25.67 m depth. This
- would be possible if part of the load could be carried by skin friction on the pile shaft. .
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Calculations given in Appendix 1 show that for assumed values of £, as indicated in Sec. 2,
the working load in skin friction for this pile is approximately 156 tons.

However, it was necessary to verify that the pile could carry this amount of load by skin
friction especially since the pile at this site was formed by supporting the borehole with
bentonite during the drilling process. In the past, there had been a view that RC bored piles:
formed by the bentonite method were unable to mobilise much skin friction. But as indicated
- by Farmer et. al.(1971) there now seems to be a consensus that high values of skin friction

could be developed even in RC piles formed by the bentonite process. .

In this case, it was demded to check the adequacy of the pile to carry the design workmg.
load of 200 tons by carrying out a load test, the results of which were as follows:

~For a load of 200 tons, the maximum settlement was 2.13 mm and the residual settlement
on unloading was 0.42 mm.

For a load of 250 tons, the maximum settlement was 4.45 mm and the residual settlement '
on unloadmg was 1.31 mm.

These results established the adequacy of the pile to carry the design working load.

Another significant feature of these.results is that the elastlc compressmn of the pile under
250 tons, (when computed assuming that the full structural load is transferred by end
bearing), was 6.13 mm. This exceeds the measured settlement of 4.45 mm. Therefore, it
is concluded that some or all of the structural load has been transferred to the soil by skm
friction.

The graph of A vs (A /P) is shown in Fig. 7. This shows a single straight line graph..
having a slope of 519 tons. Similar to the result of Sec. 3.2, the poss1b1hty is that the entire
load is carried by skin friction.

4.2 Bored and cast in-situ RC piles for a swimming pool

This case history concerns a swimming pool whose floor slab was supported by several 375
mm diameter bored and cast in-situ RC piles designed to be end bearing on rock.

The profile of the sub-surface conditions is shown in Fig. 8.  The original ground level was
about 3.4 m below the existing ground level and the site consisted of a low lying _marshy
area. The site had then been filled by about 1.5 m using a compacted lateritic fill. Piling
for the pool had been done from this level. Subsequently, the pool was constructed and the
ground outside the pool was raised to the existing level.

Distress to the pool slab was first observed dunng the initial filling of the pool. Several
years later some parts of the pool had shown settlements as large as 300 mm. These
- settlements are so large, the only inference possible is that some of the piles have failed.
Thus some of the load from the failed piles will be re-allocated to the adjacent piles (thereby
possibly causing even these to fail) :and the balance load will be transferred directly to the
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ground. Hence consolidation of the organic clay and peat will take place both due to the fill
load and due to the load transferred directly to the ground from the base of the pool.

Checking of the design calculations showed that the piles had been designed for a working
load of 35 tons of which only 1.75 tons had been allowed for negative skin friction.

Negative skin friction at this site arises out of

O the dragdoWn caused by the consolidating layer of organic clay and peat.

(i) = the dragdown caused by the settlement of all the soils above this layer as they also
settle as a result of the settling clay. ' ‘ .

Detailed calculations done according to Sec. 2 showed that

’(a) the dragdown caused by the consolidating layer of organic clay and peat could vary
between 13.8 tonf and 92 tonf depending on the strength characteristics of this layer
which were found to be in the range of ¢, = 0.15 kgf/cm? and 1.0 kgf/cm?.

®) the dragdown caused by the settlement of the soil above the consolidating layer was
about 23.5 tonf.

Therefore, one strong possibility for the failure of the piles was the incorrect estimation of
the negative skin friction load.
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Appendix 1.
Estimation of Skin Friction Load in Case History given in Sec. 4.1

Pile diameter = 685 mm, Pile length = 25.67 m

The sub-surface conditions near the test pile are given in Fig. 3.

[ Depth (m) - N - £, (kN/m?) | Ultimate load
carried by skin-
friction (kN)

1.5-8.0 5 10 140

8.0 - 24.0 17 34 1170

24.0 - 25.67 > 100 200 720
Total 2030 kN

Assuming a factor of safety of 1.3,

Working load in skin friction = 1560 kN - 156 tonf.
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IDENTIFICATION OF TYPE OF PILE FAILURE FROM RESULTS
OF LOAD-SETTLEMENT CURVES

B. L. TENNEKOON DEPARTMENT OF CIVIL ENGINEERING
: UNIVERSITY OF MORATUWA .

1. INTRODUCTION

Whilst pile failures are detrimental to a structure and are not wished for by anyone, yet when they
do take place they provide important information from which many lessons can be learnt. ‘

This paper discusses the results of pile ‘failures’ which were identified at the time of pile load tests.
By this is meant that the pile could not carry the load for which it was designed. However, since the
superstructure had yet to be constructed, correction action in terms of a re-design was possible.

To identify possible causes of failure, a thorough understanding of factors such as the structural
design, the method of construction along with the control measures adopted, the ground conditions,
etc, are required. There are so many uncertainties in the design and construction of piles that good
engineering practice requires 2 types of load tests to be done.

6] Preliminary pile load tests in which the piles are tested to its ultimate bearing capacity or at
least 2 times the working load of the pile. These preliminary piles are installed at the
commencement of the main piling wok, and after testing are not to be used as working piles.

(i) =~ Proot load tests on some selected piles which will normally- be loaded upto 1.5 times the
working load. These piles will later be used for supporting the superstructure.

Unfortunately, because of time constraints put on a project by the Client, and sometimes because of
the additional expenditure involved, in most piling projects carried out in this country, no preliminary
pile load tests are done. Therefore, ‘

(@) - there are instances of uneconomical design; and

) there are instances of pile failure, as discussed above.

Based on his experience, Tomlison(1978) has indicated how the load-settlement curves from a pile
load test can be used to interpret the mode of failure of a pile. He has identified different types of
load-settlement curves which are given in Fig. 1, and the cause of failure in each case is indicated
against each of the figures. It should be noted, that whilst for failure of a given type, the load-
settlement curve is as shown, the converse is not exactly correct. i.e. for a given shape of load-
settlement curve, the mode of failure specified is only one of the possibilities.

A similar application is adopted in this paper to identify the type of pile failure from the results of

- the load-settlement curve.
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2. CASE HISTORIES

2.1 Bered and cast in-situ RC piles for blocks of flats in Colombo

This case history concerns a site.where bored and cast in-situ RC piles were to be used to support the
- superstructure. The piles were to be end bearing on rock. The piles which were 528 mm diameter -

were designed for a workingload of 100 tons based on the concrete strength.

The site was over 1 acre in extent, but only 2 boreholes had been advanced during the site
investigation. The sub-surface conditions at these 2 locations are as shown in Fig. 2. The depth to
rock at these 2 boreholes were 10.95 m and 11.75 m. However, when actually constructing the piles,
it was found that the depth to rock was quite variable. The depth to rock at pile locations in two of
the blocks are shown against their positions in Fig. 3. This shows that some of the piles were
founded as deep as 25.0 m, and that the rock slope is dipping very steeply in this region. (Contours
of equal depth to bed rock have been marked in Fig.3.). It was observed that in the areas where the
rock was very deep, the piles passed through a large thickness of organic clay and peat.

Proof load tests were carried out on several piles according to the "Maintained Load Test" procedure
in which the pile was loaded in two cycles. In the first cycle, the pile was loaded to 1.0 times the
working load and unloaded; whilst in the second cycle the pile load was increased to 1.5 times the
working load before unloading. Adequacy of a pile to carry a design working load was provided by
a specification as follows:

For 1.5 times working load,

(i) maximum settlement < 25 mm
and (ii) residual settlement on unloading < 6 mm.

The results of the load test, on 3 piles which failed to meet the above specification will be discussed
in this section. The results of these 3 piles are given in Table 1.

K Settlément (mm)
File No. | Length(m) 1st Cycle 2nd Cycle
Total " | Residual - Total Residual
A5 - 2b 15.1 19.80 | 1239 24.42 | 16.80
A5 -2e 20.0 70.05 63.10 106.69* 99.81*\
A3 - 2e 16.4 32.32 27.69 | 57.63 52.20

¥ Maximum test Ioad was only 1.25 times working load.

Table 1

60




Pile A5-2b - The load-settlement curve for Pile A5-2b is given in Fig.4a. The significant feature
of the load test results on this pile is that although the pile has shown a considerable residual
settlement after the first cycle of load, during the second cycle the pile behaves as a sound pile.

i.e. considering only the 2nd cycle, for 1.5 times working load,

maximum settlement = 24.42 - 12.39 = 12.03 mm
- residual settlement = 16.80\- 12.39 = 4.41 mm.

(It is here assumed that the residual settlement during the st cycle has already occurred.)

It is necessary to identify the cause for such a large residual settlement during the first load cycle.
One of the possibilities which could explain this siiuation is that it could arise if the bottom of the
borehole has not been properly cleaned prior to concreting the pile. If loose soil deposits are found
below the pile at the bottom of the borehole, then on the first loading the pile could be pushed down
by the test load past the sedimentated soil to the new bearing stratum of hard rock. )

Cleaning the bottom of a borehole prior to concreting is a control measure that has to be strictly
enforced at site. This is usually done using a specially designed bucket or by circulating bentonite

slurry under pressure through a tricone bit at the bottom of the borehole. Sometimes it happens that

after the bottom of the borehole is cleaned and the reinforcement cage lowered into the borehole,

work at the site comes to a standstill until the ready mix concrete arrives at the site. The Author has

noticed sometimes several hours of such a delay, and during this period collapse of a part of the

borehole is possible especially if the sides are not supported by steel casing. Such a situation should

be avoided, and the bottom of the borehole should always be cleaned just prior to placing the

concrete.

Pile A5S2e - The load-settlement curve for Pile A5-2e is given in Fig. 4b. The significant feature
of the load test results on this pile is that from a test load as small as 25 tons, the pile starts showing
disproportionately large settlements which increase linearly with load. A settlement of over 25 mm
was recorded under 50 tons of load.

Referring to Fig.3 which shows the bed rock contours, it is noted that the pile is end bearing on rock
where it is highly dipping. The angle of dip of the rock at this location was 59.2°. Therefore, a
probable cause of failure for this pile is that it is slipping on the rock. Whitaker(1970) states that if

‘the slope of rock surface exceeds about 45°, then seating of the piles is difficult.

The site investigation of advancing only 2 boreholes in an area of over 1 acre is clearly inadequate
to show the variations in sub-surface conditions. :

However, even with a better site investigation program, there is a limit to the number of boreholes
that could be advanced. Therefore, the results of the site investigation should always be supplemented
with the additional information being obtained during the boring at each pile location during
construction. :

The lesson to be learnt from this result is that when piles are found to be end bearing on highly
dipping rock,

@ a proof load test should be carried out on one such pile to determine its carrying capacity.

This not only provides information on whether the pile is well keyed to the rock, but also it
provides information on the reduced bearing capacity associated with sloping rock.
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(i) other piles in the viéinity;to;be-constructed‘late'r should be well keyedfinto the rock.
Pile A3 - 2¢ - The load-settlément curve for Pile A3 - 2e is given in Fig. 4c.

The significant feature of the load test results on this pile is that it has a shape similar to Fig. 1(a)
which corresponds to ground failure conditions.

The working load of this pile based on concrete strength has been estimated to be 100 tons. Since
the working load of a pile has a factor of safety of 2 or more on the ultimate load based on concrete
strength, the failure load of the pile based on concrete strength should be more than 200 tons.

his pile was loaded to a maximum of 150 tons.

The failure load of the pile was determined according to the ASCE method given by Ackley and
Sanders(1980), and the British Method given by Tomlinson(1978).

These methods have been summarised by Tennekoon(1994 a). The failure load for Pile A3 - 2e was
obtained as 80.6 tons by the ASCE method and 75 tons by the British Method. Such a load is very
much smaller than the ultimate load computed based on concrete strength.

There has been some discussion on whether the load carrying capacity of a pile based on concrete
strength should be reduced by consideration of buckling, and reference is made to the
recommendation in Reynolds and Steedman(1974). Whilst the buckling of slender piles is possible,
the Author is not aware of any literature where piles of 300 mm diameter and higher have been
considered as slender piles. Further, at this site the adjacent pile A4-2e, which is 19.0 m long and
therefore longer than pile A3-2e, has been test loaded successfully to 1.5 times working load. (For
pile A4-2e, under 1.5 times working load, the maximum settlement was 6.40 mm and the residual
settlement was 1.60 mm.) Therefore, it is concluded that the pile has failed as a result of the failure
of the ground.

At this site, the design specification was that the pile should be end bearing on hard rock. Sound, hard
rock usually has undergone a weathering process so that above it there are various grades of rock
depending on the amount of weathering, and above the weathered rock is a residual soil which has
also been produced by the weathering process. In such a profile, the quality of the rock generally
improves with larger depth, are therefore, the founding level of a pile is important.

The SPT value (N) can be used as a measure for the amount of weathering.
An empirical formula relating N to the ultimate bearing capacity of rock (q,;) is

Que = 40 N kN/m?
For a hard rock stratum on which the SPT hammer rebounds without any penetratioh, a N value of
250 could be taken as a conservative estimate giving an ultimate bearing capacity of 10,000 kN/m?
(10 N/mm?). The corresponding failure load for a 528 mm diameter pile is 2189 kN; i.e. approx.
218 tons. ~ ‘ '

The failure load of pile A3-2e is less than this value. This indicates that the bearing stratum of this
pile is weaker than designed, and the pile should have been taken down to a greater depth.

The depth of termination of a borehole for a pile is clearly a decision which requires engineering

judgement, and should usually be made by a combination of the visual inspection of the rock chips
being recovered from the bottom of the borehole, and the rate of advancement of the borehole. The
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rate of development of a borehole is another parameter related to the degree of weathering.

2.2 Driven pre-cast concrete piles to support a pipeline in Kotte

This case history concerns a project where driven pre-cast concrete piles were used to support a
pipeline over a marshy area.

-~

The piles had a cross-section 300 mm x 300 mm and length 10 m. They were designed for a working
load of 30 tons based on the concrete strength. ; ,

The sub-surface conditions at one of the locations where a proof load test was done is shown in Fig.
Sa. o ’

The piles were driven by a hammer weighing 1.2 tonnes falling through a height of 150 cm. The
final set measured for the pile under study was 0.60 cm per blow.

In the load test that was carried out, the pile was first loaded upto 30 tons and unloaded. The
maximum settlement was 8.1 mm and the residual settlement 7.6 mm. '

When the pile was re-loaded, it was found that the pile began to settle very fast at a load of 39 tons;
i.e. the ultimate carrying capacity of the pile was only 39 tons.

The load-settlement curve for the pile is shown in Fig. 5b.

From the above results it is concluded that similar to Pile A3-2e, the carrying capacity of the pile is
governed not by the strength of concrete but rather by the strength of the ground.

(It is worth recording that in another similar pile which was driven to a set of 0.24 cm per blow, a
maximum load of 40 tons was applied with the pile showing only small settlement. These were (i)
maximum settlement of 6.32 mm, and (ii) residual settlement of 2.51 mm.) '

This also shows that the carrying capacity of the pile is governed by the strength of the ground. In
this case, the piles were re-designed for a working load of 19.5 tons which gave a factor of safety
of 2 against the ultimate carrying capacity. '

2.3 Driven timber piles for a 2-storey building in Ratmalana.

This case history concerns a site whose sub-surface conditions are as indicated in Fig. 6a. This shows
that the site has two highly compressible layers of organic clay and peat separated by a sand stratum.

Although the loads from a 2-storey building are relatively small, after consideration of the Client’s
requirements the Consultants decided to support the building on timber piles passing through the first
layer of organic clay and peat, and end bearing on the sand stratum. 170.3 mm diameter Hora timber
piles which were 3.0 m long were selected for this purpose. The working load of a pile was
estimated at 140 kN based on the timber strength.

The piles were driven using a drop hammer of 1000 kg falling through 3 ft (914.4 mm). The final
set measured was 3.0 cm per blow. :
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In the load test that was carried out, the pile was first loaded upto 140 kN and unloaded. The
maximum settlement was 1.6 mm and the residual settlement was 0.05 mm.

The pile was then re-loaded to 210 kN and unloaded. For this cycle, the maximum settlement was
15.2 mm and the residual settlement 12.1 mm. The failure load was determined as 180 kN by the
ASCE method, and 170 kN by the British method.

The ultimate carrying capacity of the pile was determined as 240 kN according to the anélysis given
by Chin(1978) and summarised by Tennekoon(1994 b).

The load-settiement curve for the pile is shown in Fig. 6b.

From the above results it is concluded that in this case also the carrying capacity of the pile is
governed not by the strength of the timber but rather by the strength of the ground. In this case, the
piles were re-designed for a working load of 90 kN which gave a factor of safety of 2 on the failure
load by the ASCE method, and of 2.6 against the estimated ultimate carrying capacity.

(In this case, a further computation was necessary to check the compression of the second layer of
organic clay and peat as a result of the load transfer by the piles.)
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EVALUATION OF LOAD CARRYING CAPACITY OF DRIVEN
PRE-CAST CONCRETE PILES

B. L. TENNEKOON DEPARTMENT OF CIVIL ENGINEERING
UNIVERSITY OF MORATUWA

1. INTRODUCTION : _ o

The ability of a pile to carry load depends both on the material
properties of the pile material as well as the properties of the
ground on which the pile is founded. 1In Sri Lanka, because of the
relative shallow depths at which rock is encouhtered at many

locations, the practice has been to have the piles end bearing on

rock. The rock is considered very strong compared to the pile
material and therefore the carrying capacity of a pile is
determined based on the strength of the pile material. This
assumption may not be valid when piles, especially driven piles,
are founded in soils or weathered rock. This situation often

occurs when a decision is taken to terminate a pile without

‘extending it by a full pile length. The assumption could also fail

when using high strength concrete mixes or steel, as the pilé'
material. This paper evaluates the critical factors which are used
for predicting the 1load carrying capacity of driven pre-cast

concrete piles using driving formulae.

2. PILE DRIViNG FORMULAE

Pile driving formulae are often used for predicting the working

load of a pile. These formulae provide an empirical relationship

between the Resistance (R) to penetration, and the Set (s) which is
defined as the net penetration per blow.

The working load (P) of a pile is then obtained as

P = R/F : Eq. (1)
where F is a suitable factor of safety.
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A scientific cloak is provided to the pile driving formulae by
‘d8eriving them analytically either by means of the Work-Energy
relationship, or by the Impact-Momentum theory, or a combination of
both.

Two of the commonly used formulae are

(i)  Engineering News Formula , which giVes
w h = R (s + 0.5 c) Eq. (2)

where R, s are as defined earlier;

W = weight of falling hammer;
~and c¢ = .elastic compression of pile system during driving.
(ii) Hiley’s Formula , which gives
R{s + 0.5(c; + ¢, + c3)] = (LM _+ e? p) W(e h) Eq, (3)
W+ P)

where the parameters not defined earlier are

‘P = weight of pile;

e = coefficient of restitution between the two striking
surfaces; '

e; = hammer efficiency f and

Cy, cz,.c3 = elastic \compression of pile cap, pile, and

ground, respectively.

£
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. The main criticism levelled against_thé use of driving formulae is
that the assumptioné used in deriving them pay little regard to the
actual forces and movements occurring during driving of a real
pile, or to the nature of the soil and its behaviour. There is no
basis at all for assuming that the resistance to penetration is

equal to the static load bearing capacity.

However, engineers claim that within a limited context of pile and
soil type, some particular driving formula may rank as ‘good’.
e.g. The Engineering News Formula is often used for computing the

working load of timber piles.

The British Standard Code of Practice on Foundations (BSCP 8004 of
1986) recommends the Hiley formula as being the most reliable and
widely used driving formula in UK. Although, not explicitly stated
so, it is probably the most widely used driving. formula for pre-

cast concrete piles.

The\soils in this country are very different from the soils in UK,
USA, etc for which conditions these'formﬁlae have been derived.
Whereas in those countries, the soils are transported sedimentary
soils, in Sri Lanka the piles often terminate in residual soils
which have béen formed:by the in-situ weathering of the parent rock
lying beneath. Therefore, a need exists to predict the load
carrying capacity of piles driven into residual soils or highly

weathered rock based on the resistance to penetration.

In this study, the Hiley formula has been assumed to be the most

appropriate driving formula for pre-cast concrete piles.
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3. RESULTS OF A TEST PROGRAM

Results are reported here of a test program where 3 pre-cast
concrete piles TP-1, TP-2 and TP-3 were driven into the residual

soil/weathered rock.

Each of the piles had a cross-section 300 mm X 300 mm and was of
length 10 m.

The piles had been designed for a working load of 30 tons based on

the concrete strength.

The sub-surface conditions at the 3 locations are as shown in

Fig.1.

The piles were driven by a hammer weighing 1.2 tonnes falling
through a height of 150 cm. The piling hammer was winched up along
the pile guide to the required height and then made to fall by the
release of the engine clutch and brake. The final set measured for

the 3 piles are given in Table 1.

Pile No. TP-1 TP-2 TP-3

Final set ; (cm/blow) 0.50 0.24 0.60

Table 1
It is noted that the set in TP-2 is the lowest.

A maintained load test was then carried out on each of the these

piles.




The following loading procedures were used.

Pile TP-1 was loaded to the design working load of 30 tons and
unloaded; and then re-loaded again to a load of 40 tons and

¥

unloaded.
Pile TP-2 was loaded to 40 tons and unloaded.

Pile TP-3 was loaded to 30 tons and unloaded. It was then required
to re-load the pile to 40 tons. However, this could not be
achieved because the pile began to settle very fast at a load of 39

tons.

The results of the (load-settlement) curves for the 3 test piles

are shown in Fig. 2.

4. ESTIMATION OF THE ADEQUACY OF A PILE TO CARRY A DESIGN
WORKING LOAD

The adequaéy of a pile to carry a load is usually determined from
the results of the load test on the pile.

Although no Sri Lankan Standards are available as yet in this

respect, some of the Consultants use a specification as follows;
For 1.5 times working load,
(i) maximum settlement < 25 mm

(ii) residual settlement on unloading < 6 mm.

The Housing and Development Board of Singapore has a slightly

different specification as follows:

(i) For 1.0 times working load, max. settlement < 12 mm
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For 2.0 times working load, max. settlement < 30 mm
For 2.5 times working load, max. settlement < 40 mm.

(ii) In all the above cases, an overall recovery of more than

50% should be observed on unloading.

The results of the pile load test gave the following results:

Pile TpP-1
‘ When load = 30 tons,

max. settlement = 4.485 mm
residual settlement = 1.23 mm

Hence the pile can carry this load safely.

When load = 40 tons,

max. settlement = 19.2 mm

residual settlement = 15.5 mm

From consideration of the residual settlement, the pile is

inadequate to carry this load.

Pile TP=2

When load = 40 tons,
max. settlement = 6.32 mnm
'residual settlement = 2.51 mm.

Hence the pile can carry this load safely.
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Pile TP-3

When load = 30 tons,
max. settlement = 8.1 mm
residual settlement = 7.6 mm
From consideration of residual settlement, the pile is inadequate

to carry this load.
When load = 39 tons, very large total settlements took place.

Hence the load of 39 tons may be considered as the ultimate

carrying capacity of this pile.

5. ESTIMATION OF FAILURE LOAD OF A PILE

Two methods have been used to estimate the failure load of a pile.

5.1 Method recommended by ASCE (American Society of Civil
Engineers)

Details of this method are given by Ackley and Sanders (1980). 1In
this method, the failure load is estimated using the elastic off-
set criterion. ‘

The method assumes that the pile is a fixed base, free standing
column of length L, area A, Young’s modulus E% and subjected to a

load P.

The elastic deflection is calculated by

$§ = pL/A E,
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The scale of the ‘load vs. settlement’ curve is then selected such
that the elastic deflection line plots an angle of about 20° from
the load axis. An off-set 1line is then drawn parallel to the
elastic line at a dlstance equal to (0.38 + B/120) cm, where B is

in cm.

~

This construction is shown in Fig.

Fallure load is defined as the load at which the ’load- deflectlon’
curve 1ntersects the off-set line.

The results when applied to the test piles are as follows:
Pile TP-1 - Failure load of pile = 37.4 tons.

Pile TP-2 Settlements undergone by the pile are not

adequate to determine the failure load.
Pile TP-3 - Failure load of pile = 31.2 tons.

(It shoulq, however, be noted that pile TP-1 was loaded to 40 tons

without the ultimate condition being reached; and in pile TP-2, the

ultimate load was 39 tons.)

5.2 Method based on the British Practice and reported by
Tomlinson(1978).

In this method, the ’load vs. settlement’ curve, and the ’load vs.
net-settlement’ curve are drawn. Typical shapes of these curves
are shown in Fig. 4.

Several criteria are then considered to define failure. These are
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discussed below with reference to the 2 graphs of Fig. 4.

1.

The load at which settlement continues to increase without any
further increase of load. (Point A) '

The load causing a gross settlement of 10% of the least pile
width. (Point B). T

The load beyond which there is an increase in gross settlement
disproportionate to the increase of load (Point C).

The load beyond which there is an increase in the net-
settlement disproportionate to the increase of load. (Point
D). ’

The load that produces a plastic yielding or net settlement of
6 mm. (Point E). - ' '
The load indicated by the intersection of tangent lines drawn
through the initial flatter portion of the gross settlement

curve and the steepest portion of the same curve. (Point F).

The load at.which the slope of the net-settlement curve is
equal to 0.25 mm per 10 kN of test load.

One half of the load at which, when maintained for,24 houfs,

the net-settlement after the rémoval of the load does not

~exceed 0.25 mm per 10 kN of test load.

The minimum of these different criteria is then taken as the

failure load.

These criteria when applied to the test piles gave the following

results.

Pile TP-1 - failure load of pile = 35 tons
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Pile TP-2 - settlement undergone by the plle are not adequate
to determlne the failure load.

Pile TP-3 - failure load of pile = 28 tons

6. EVALUATION OF RESISTANCE TO PENETRATION

The resistance to penetratlon has been evaluated using Hiley’s
- Formula (Equation(3) of Ssec. 2) Several parameters have to be
evaluated in us1ng‘th1s formula, and these are discussed below.

6.1 Efficiency (1) of the striking blow

W4 2P _ )+ e?'CP/W>

This is given ‘as 1, = -—7;:;:——— | + CP/W)
for this test, W = 1.2 tonnes and P = 1.4 tonnes.

‘Judgement is required in selecting the cdefficient of restitution
(e) which depends on the properties of the striking surfaces.

Poulos and Davis (1980) report values for e from a table ‘given by
'Housel and these are shown in Table 2.

82




Pile Type Head Condition value of e for

drop hammers

Reinforced Helmet with composite 0.4
Concrete plastic or greenhart
dolly, and packing on top
of pile

Helmet with timber dolly, 0.25
and packing on top of
pile.

Table 2

Prakash et al. (1987) report on the recommendations of the Indian
Standards where values similar to Table 2 are given. The Indian
Standards gives one further ‘Head Condition’ - wviz. for a
deteriorated condition of the head of pile or of dolly for which
e=0 is recommended. '

For the test piles used, e was selected as 0.25. Thib gives

M, =0.495.

(It should be noted that if é=0'isiselected, m changes to 0.462.)

6.2 Hammer efficiency (e;)

Poulos and Davis (1980) report values for e, from a table given by

Chellis, and these are shown in Table 3.
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Hammer Type ' e;

Drop hammer released by 1.00
trigger
Drop hammer actuated by 0.75

rope and friction winch

Table 3

The Indian Standards recommends values of 1.0 and 0.8 respectively
for the 2 cases given above. v

For this test program, a value of e; = 0.8 was selected, thus giving

H=-eh=10.8 x 150 = 120 cn.

'

6.3 Elastic compression of Cie Sy. C3 =

i.e. of pile cap, pile, and
ground respectively. '

Poulos and Davis (1980) recommend the following for the elastic

compressions:

C; = (0.381 to 0.508) cm

¢, = RL/AE where L = length of pile unit
A = cross-section area of the pile
E = Young’s modulus of pile material
R = Resistance to penetration.

€3 = (0.0 to 0.05) cm

The Indian Standards has an alternate recommendation:
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c, = 9.05 R/A when driving is with short dolly upto 60 cm long,

helmet and cushion upto 7.5 cm thick ; or

= 1.77 R/A when driving is without dolly or helmet, and
:  cushion is about 2.5 cm thick.

c, = 0.0657 RL/A
c; = 3.55 R/A
In the above equations of the Indian Standards,

R is measured in tonnes, .

I, is measured in m,

and A is measured in cm?.

The results c¢;, ¢, and c; are in cm.

For this test program, the recommendations of the Indian Standards
was used with c¢; being taken as 9.05 R/A. This method has the

advantage of then solving algebraically for R for any given value
of the set (s). ' ' '

e.g. for TP-3 where the set (s) = 0.60 cm,
. the value of R as computed from Eg. (3) is 65.75 tonnes.

This value of R can now be substituted to find the values of
C1/C2,C3-
These are obtained as c¢; = 0.661 cm, c, = 0.048 cm, Cc3 = 0.259 cm.

Further c; + c; + cy = 0.968 cm.
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6.4 Sensitivity analysis

The above analysis has shown that much subjectivity was involved in

the selection of the parameters for use with the Hiley formula. -
Therefore, a sensitivity analysis was carrfed out for the
paraméters v, bl, C, and ¢4 in the Hiley formula around the
equilibrium point. ~

——

"l = 0.495, ¢; = 0.661 cm, €, =0.048 cm and G; = 0.259 cnm

Details of this analysié are given in Malepathirana et al. (1994).
The change in each parameter required to cause a 10% change in R
was calculated and these results are given in Table 4.

Parameter Variation required to cause a 10%
change in R
i 0.055 11.1 3 of v
c .0.19 cm 28.7 % of g
c, > 0.10 cm > 200 $ of ¢,
C3 0.209 cm 80.7 % of -C-3
Table 4
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Ffom these results it is concluded that the parameter Y, has the

biggest influence on R. Therefore, the selection of e (and eg)

correctly must take the highest priority. The next important

parameter which should be assessed accurately is,fc1 - the elastic
compression of the pile cap. The accuracy of c; and c, are less
significant. o

7. DETERMINATION OF THE PILE WORKING LOAD

The working load on a pile can be assessed by dividing the ultimate
load carrying capacity of the pilé by a suitable factor of safety.
When>£hé pile fails by failure of the pile material, a factor of
safety of 2.5 is usually used for concrete piles. 'Howevef, no
standard has been specified in this country nor in the British Code
of Practice for the factor of safety against ground failure.

The use of too high factors of safety will result in uneconomical

designs, whilst too small factors of safety should also be avoided.

In the tests reported in this paper, 2 test piles failed - viz. TP-
1 and TP-3. Test pile TP-1 was loaded to 40 tons, whilst TP-3 had
an ultimate load carrying capacity of 39 tons. All the test piles
had a design working load of 30 fbns based on concrete strength.
Therefore, it is concluded that the piles which failed have most

probably failed as a result of ground failure.

7.1 Assessment of working load based on settlement criteria

As indicated previously in Sec. 4, a specification often used by

some Consultants is that for 1.5 times working load,

(i) maximum settlement < 25 mm
(ii) residual settlement on unloading < 6 mm.
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Using this specification,

For TP-1, 1.5 times working load should lie between 30 and 40 tons.
i.e. working load will lie between 20 and 26 tons.

for TP-3, 1.5 times working load is very slightly less than 30
tons.

i.e. working load will be very slightly less than 20
tons.

7.2 Assessment of working load based on factor of safety against

ultimate failure.

If a factor of safety of 2.0 is used against the maximum load
applied in the pile,

I

for TP-1, working load 20 tons

for TP-3, working load = 19.5 tons

It should be noted however, that the failure loads estimated by the
ASCE method and the British Method is less than the maximum load
applied to the bPiles; e.g. the failure loads estimated by the ASCE
method are 37.4 tons and 31.2 tons respectively for TP-1 and TP-3.
The correspcndihg factors of safety are given in Table 5.
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Pile Failure Assumed F
No. load working load
(tons) - {tons)
ASCE Method '
TP-1 37.4 - 20.0 " 1.87
TP-3 31.2 . 19.5 . 1.6
Table 5

These results show that a factor of safety of about 1.6 should be
used against the failure load as determined from the ASCE Method to
establish the working load of a pile.

7.3 Relationship of working Load (P) to Penetration Resistance (R)

as determined from the Hiley formula

The relationship of Working Load (P) to Penetration Resistance (R).

for the 2 piles which were loaded to failure is shown in Table 6.

Pile No. Penetration Working Load F = R/P
Resistance (R) (P) tons
tons
TP-1 70.1 20.0 3.5
TP-3 65.75 19.5 3.4
Tarle 6
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These results show that a factor of safety of about 3.4 should be
used to predict the working load of a pile from the Hiley formula.

Calculations for pile TP-2 show a Penetratlon Res1stance of 83.4

tons, which if used with the. above recommended factor of safety
w1ll ‘yield a plle working load of 24.5 tons.

8 CONCLUSIONS

This paper sets out the results obtained on 3 pre cast concrete
driven piles where for each pile 1nformat10n was avallable on (1)

‘sub surface conditions, (11) driving data, (iii) load test data.

The Hiley formula is generally accepted as the most sultable

driving formula for estimating the carrying capac1ty of a pre-cast
concrete pile. It is shown that even for the use of this formula,
judgement is necessary in selecting several parameters of which the
most critical are (i) the coefficient of restltutlon between the
striking surfaces, {(ii) the hammer .efficiency, and” .(111) the
elastic compression of the pile cap. '

~

It is shown that for driven piles which termlnate in residual
soil/weathered rock ~the failure of the pile takes place by failure
of the ground, and therefore it would be incorrect and dangerous to

determine the plle carrying capacity from con51deratlon of concrete

strength

From the results of the 3 tests, the following conclusions were

7made°

(1) - the working load of a pile can be determined from a pile
load test when a spec1f1catlon is placed that for 1.5
‘times the worklng load

90




el

(a) the maximum settlement should be less than 12 mm,
and '
(b) the residual settlement an unloading should be less

than 6 mm.

(ii)vv the failure load of ©pile can be estimated from the
results of a load test most simply u51ng the ASCE method.
This failure 1oad is less than the ultlmate load carrylng
capacity of the pile. A factor of safety of 2 agalnst
the ultimate load is equlvalent to a factor of safety of
1.6 against the failure load estimated by the ASCE
method. h

(iii) the carrying capa01ty of a driven pre-cast concrete plle
in residual soil/weathered rock can be estimated using a
factor of safety of 3.4 with the Hiley Formula.

It is necessary to point out that these conclusions have been
obtained on the basis of only 3 tests. It is recommended that many
more similar results be published so that sufficient data would be
available for adopting a suitable standard for use in Sri Lankan

ground conditions.
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