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- FOREWORD,

This technology transfer. report’ is: an English translation of a french
publication, Les Pieux. fores, in: which the construction, inspection, and
testlng of bored piles (drilled" shafts,. drilled piers, caissons) as practlced ,
by ‘government agencies in France are. discussed in detail. - This report will be
of interest to geotechnical, structural and construction englneers involved in
de31gn and constructlon of drllled shaft Foundatlons. :,, B

Sufflclent coples oF the report are belng dlstrlbuted to prov1de a minimum of
one copy- to each FHWA Region office and Division office, and two copies to
each State highway agency. ULimited copies of the report will be available to
State-highway  agencies- from the FHWA Office of Implementation (HRT-10),

:’R. §. setsold
"'Dxrector, Of fice. oF
. Implementation.

“’@i“ﬁ*lif-wr ) NOT[CE ,;;
Thls document is. dlssemlnated under the eponsorshxp of the Department of
Transportatlon in the: interest. of information- exchange. The: United. States
Government assumes no: l1ab111ty foriits contents or-use. théreof. The
contents of this report reflect the. views: of the contractor, who is':
responsible for the accuracy of, the data. preeented herein. The contents do
not necessarily reflect the official policy of the Department of
Transportation., Thla report does not constltute a standard, spec1f1catlon, or
regulation; ; - , . :

, The Unlted States Government does-not endorse products or manufacturers.
Trade or' manufacturers' names. appear herein only because they are.considered.
: essentlal to the obJect of ‘this, document. AR PP o
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PREFACE

With the invention of mechanical excavating equipment at the turn
of the century, technigues of boring piles using temporary casings or
supports were developed. The use of bentonitic slurry to ensure stability
of a 1aige-d1ameter borehole is more recent and did not appear until 1948.

The rapid development of this technique for these "formed" or
cast-in-place piles is linked to the development of boring tools and ma-
chines that, through their power and' size, routinely allow conSfruction
of shafts under any soil conditions of 1.00 m to 1.50 m in diameter ‘and,
in exceptional cases, of 2.50 m to 3.00 m in diameter.

This considerable progress has brought dbout a decrease in éosts for
deep foundations which are often preferable to shallow or mat foundations
due to increased reliability.

However, numerous observations made on job sites by the Regional
Laboratories of Bridges and Roads have shown that construction operations
for bored piles do not always 1mp1y such reliability. These operations
may be the source of difficulties and improper construction that can be
very serious due to difficulty of detection . and dinsufficient
post-construction testing.

From this experience and methodical ana]yﬁis of the main con-:
struction problems, studies have been made by the Laboratories of Bridges
and Roads to propose proper recommendations for increasing the quality
of piles and to propose specific methods and tests., The results of this
work have allowed a group of engineers composed of specialists from SETRA*
and the lLaboratories of Bridges‘and Roads to write this document. In
addition to general recommendations for use by the Department of the
Ministry of Transportation and the Ministry of the Environment and
Standard of Living, this document offers various public contracting
agencies and private and professional research groups the principﬁes of -
construction and testfng adapted to site conditions and structural char-
acteristics for each operation that are part of the construction of a
boréd-pi1e: boring, casTng,br 11ning,.reinforcing; and concreting.

*See page xiii for explanation of abbreviations. .
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For construction supervisors, this document presents the regulatory
texts in current use and gives useful information about draftjng of con-
tracts, judgement of bids, and technical proposals by the construction
companies. This document defines the organization and composition of
tests to be performed at various construction stages and is a helpful
guide for inspectors.

For contractors, this document is a complementary aid for training
of personnel with regard to the Ministry's requirements as well as the
quality of work that is expected.

This "review of the state-of-the-art" cannot be considered a final
result of studies on the subject due to the fact that it opens the way
to essential technical research and technology in several areas.

This latter aspect attests to the concern of the authors to present,
as carefully and completely as possible, the knowledge and actual methods
involved in construction and testing of bored piles, and also adds to the
quality and relevance of the following text which will undoubtedly have
a 1arge audience both within and outside of our Administration.

Michel Féve
Chief Engineer of Bridges and Roads
Director of Highways and Traffic

xvi



PREFACE TO ENGLISH TRANSLATION

The Laboratoire Central des Ponts et Chaussees (LCPC) and the Service

d'Etudes Techniques des. Routes et Autoroutes (SETRA) have performed a
useful service for owners, contractors, and engineers by the preparation
of this comprehensive publication on the construction and inspection of
bored piles, and appreciation is expressed to that agency for permission
to make this translation. The material herein is especially valuable
because there is a scarcity of similar informaticn in the technical 1it-
erature and because most of the problems that have been encountered with
bored piles in the past have been construction related rather than design
related.
The support of the the Office of Implementation of the Federal
Highway Administration of the English translation will make available
many important concepts, technigues, and details to a wide audience in
the United States and abroad. The information should be particularly
useful to those who are engaged in the design and construction of
transportation-related facilities.

The reader will find many references to agencies in France and to
French publications. The List of Abbreviations should be useful and it
is believed that the reader will have a reasonably good understanding of
the intent of the material from the context in which it is presented.
‘Nevertheless, somé of the procedures are uniquely related to French
practice and could be only marginally related to the way construction is
accomplished in the U. S. However, the writer has found the entire pub-
lication to be of interest and expects that most readers will respond in
much the same way.

Some comment is in order about the procedures employed in making the
translation. The first translation of the document was made by Ms. Linda
Iverson. Mr. Mohammed Kayyal and Mrs. Mercedes Bernal assisted in the
‘early stages. The writer amended the translation to employ terms and
phrases that are consistent with usage in the U. S. Following completicn
of the translation of the manuscript, it was sent to Mr. John Walkinshaw,
a bilingual employee of the Federal Highway Administration, who contrib-
uted his time to read the publication and to make appropriate comments.
The resulting draft was submitted to French-educated engineers for review

and suggestions. The writer and Ms. Iverson then prepared a semifinal

xvii



-draft that was reviewed by Mr. Steven Glaser who is experierced -in.con-
struction 'of bored piles. The final copy was prepared by Ms.  Susan Brady
-and Ms.-Linda Iverson; it was given a final reading by the writer to find
minor corrections and .omissions. Mrs. Lola Williams supervised the
preparation of the copy. The final, camera-ready copy was submitted to
FHWA and: simultaneously for ‘review by LCPC. Appreciation is expressed
to all those who made a con;ribution.i While many people worked on-the
translation, the writer accepts full responsibility for the quality of
the document. ‘

The following portion of this Preface presents a brief discussion
of each chapter with respect to the construction practice in the U. §.
The comments that follow are meant in no way to diminish the importance
cf the methods and procedures that are given by the French writers.
Rather, the comments are meant to be helpful to the reader who is gener=
ally unfamiliar with the practice of construction and inspection ‘in the
u. S,

- Chapter 1. The Different Types of Cast-in-Ploce Piles. Most of
the types of cast-in-place piles and the methods of construction are in
some use in the U. S. Barrettes have been used to date only to a minor
extent, perhaps because the rotary method of 'advancing an excavation is
‘used almost exclusively rather than percussion drilling with rock break-
ers.-and hammergrabs.

.The distinction that is made in the types of casing is unfamiliar
to most practioners in the U. $S. "Lost-pipe" casing, or casing that
cannot be recovered, is strongly avoided in the U. S. as certainly it must
be in France. , ,

While barrettes and percussion drilling, for example, have had 1it-
tle use in the U. S. to date, the translation should be valuable in that
those methods and others that are discussed may suggest more efficient
construction methods in certain situaticns.

» Chapter 2. General Aspects of Bored-PHe Contracts. Some sections
in thfs‘thapter, a number of the references, and several quotaticns. are
related particularly to French practice. The organization of a project
in France is distinctive; thereforé, some terms used in the translation

may not be in common use in the U. S. For example, the term "construction
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supervisor” is used throﬁghout the document. In the United States the
construction supervisor could be the engineer-in-charge, a chief inspec-
tor, or a special representative of the owner. Even though some of the
sections in this chapter have no direct relevance to U. §S. practice, the
material should be useful to the reader. ,
The reader may wish to give some attention to the following points
-that are discussed in Chapter 2:
organization of the project,
staking of locations for foundations,
storage of materia]s and equipment on site,
evaluation of capabilities of equ1pment to be used,
environment at site with respect to safety of personnel and effi-
. ciency of construction,
' construction‘contrb],
disposal of spoil, and
procedures that can be emp]oyed to deal with spec1a1 problems that
arise.
As may be seen, the document addresses a number of situations that are
common to any job where bored piles are to be installed.

Chapter 3. Boring. ' There is a wealth of information in this
chapter and nearly all of it is relevant to practice'invthé U. S. Some
of the tools-and techniques that are presented are seldom used but the
information, nevertheTess, could be quite useful in a general sense. Of
particular importance is the suggestions for dealing with diffiéu]t sub=-
surface conditions, such as karstic soils, and the techniques for "ob-
taining an excellent concrete-rock contact at the base of a pile.

The recommendation against the use of battered piles is consistent
~with the views of most of the designers and contractors in the U.'S. The
emphasis on the careful cleaning of drilling mud prior to the placement
of concrete is well placed; however, the_detaﬁ1ed suggestions that are
~'made for tkeatﬁng the slurry with additives in difficult situatjons_fa]1"v
outs1de of the expertise of most engineers and contractors A specialist 3
~would need to be called in for those cases. ' :

The emphasis on the measurement of the geometry of a borehole is of -
interest; however, modern analytical technigues can show that thé axfal

xix



capacity is affected only slightly, if at all, by accidental batter and
that the additional bending stresses may be very small.

The document puts emphasis on many details that can influence the
gquality of a completed pile, and properly so; the information on con-
struction details is of considerable importance. However, the impression
may be left that there are only a limited number of solutions to difficult
problems with the consequence that the danger of a defective foundation
is more severe than actually is the case. Of the thousands of bored piles
that are installed annually in the U. S., only an extremely small number
show any signs of excessive settlement.

A statement is made that sites where there are large particles, such
as boulders, should be avoided with bored piles and that some other type
of foundation should be designed. 1In many instances, no other type of
foundation 1is féasib1e and many techniques have been developed for in-
stalling bored piles at such sites.

Chapter 4. Casing and Liners. A considerable amount of attention
is given in this chapter to the use of flexible or semi-rigid liners.
Such liners are rarely used in the U. §S.; howéver, the suggested uses as
described herein may lead to some desirable applications.

-There are some instances in this chapter where costs of materials
are givén in francs. No attempt was made to convert such costs into
dollars because the result could be mis]eading.

Chapter 5. Rebar Cages. There are many practices in France with
respect to rebar cages that are similar in the U. S. The stockpiling of
the cages, attention to details concerning the 1ifting and righting the
cages, the providing of centering devices, and the protection of the re-
inforcement during the placement of concrete are all common factors con-
cerning practice - in the two countries. However, as shown is the following
paragraphs there are some significant differences.

French practice apparently requires that some reinforcing steel be
put in any pile.. While some agencies follow that practice, the trend is
to use rebar only when needed to withstand bending stresses or to provide
Strength for columns. Research has shown that the soil surrounding a
pile, even if weak, will provide support such that the pile will not be-
have as a long column. . The theory on the behavior of piles under lateral
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loading is-effective in providing values of bending moment'due to acci-
dental batter and accidental eccentricity, as well as bending moments due
to lateral loading, and the rebar can be tailored to fit the actual re-
quirements. ‘ ‘

Most of the reinforcing steel that is used in the U. S. s not
weldable, because it has been manufactured from reclaimed steel such as
railroad rails and bodies of old automobiles. French practice, on the
other hand, is to employ weldable steel. While the difference in c¢ost
between nonweldable and weldable steel may be significant, the ability
to weld certainly gives the contractor an advantage. The cages are
structurally much stronger and consequently are easier to handle and to
place.

The manual gives a fixed dimension for the width of the annular space
between the cage and the inside of the borehcle; the practice in the U.
S. is to make that dimension a function of the size of the largest of the
coarse aggregate,

The manual indicates that French practice is to employ a "basket"
at the bottom of the rebar cage or at least to bend in the longitudinal
bars at the bottom of the cage to keep the cage from rising due to the
force from the fluid concrete. While this practice could have merit in

some instances, U. S. practice is to restrain the cage at its top.

Chapter 6. Concreting. The attention given in this chapter to the
design of a concrete mix, to the manufacture and transportation of the
concrete, to its placement, and to the various phases of the control of
the entire operation is well placed. Construction engineers in the U.
S. are well aware that the operations involving the concrete for drilled
shafts are critical with regard to the quality of the foundation.

The statement in the chapter that the slump cone is ineffective in
obtaining a measure of the fluidity of concrete is of interest. The re-
commendation for the use of the fluidometer for the determination of the
optimum water content for the concrete of a pile and other such sug-"
gestions are worthy of study by engineers and contractors.

That tests have been made at construction sites of the movement of
the concrete as it is placed in a borehole, indicates that the research
of the LCPC has been extensive and detailed. Therefore, the credibility
of the information presented in the manual is enhanced.
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The warnings in the chapter about the numerous_mistakes in design
and construction that can lead to defective p11e§‘§uggest-tyo cbmmehts.-
Firstly, the material in this chapier and in other chapters is aimed at
those who have had experience in the design and construction of bored
piles. Thus, éach of the suggested procedures can be evaluated 'against
those that have been fn common use in the U. S. Secondly, as noted ear-
lier, some readers may conclude that manj bored piles that are constructed
are defective but the extremely small percentage of drilled shafts that.
have performed poorly belie such a conclusion:

Chapter 7. Tests for Completed Pﬂes; The chaﬁtér gives much in-
formation on the testing of piies that have been built with a particular
emphasis on piles for which defects are suspected. ‘Methods 1dentitai or
similar to those that are described have been in.use in the U. 5. but-the
tests are not routine as implied in the chapter; However, the routine
use of access tubes for geophysical testing seems to be an excellent idea.

The point is made in the chapter that none of the methods that are
described, or a combination of the methods, can give conclusive informa-
tion on defects or the lack of them. This point is important and should
be considered when a test method is being considered.

Chapter 8. Poor Construction and Repairs for Bored Piles. Useful

information is presented in the chapter. Of particular interest are the =

presentations concerning the repair of piles where defects were found.
The methods that were employed could perhaps find some general acceptance.

If a defect is found-in a pile, many owners would want to havé proof
that the defect was repaired to the point where the pile has gained its
design strength. The only positive way to give such proof is to perform

a full-scale loading test and such tests are impractical in most in- . -

stances.

_Technical Notes. Much of the information contained in this section
of the document pertains to equipment -and procedures that -are uniquely

related to practice in France. Therefore, the material may'have.]itt]e“.'

or no direct relevance to work in the U. S.
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However, the material should be valuable from the standpoint of
general interest. Many of the methods may suggest some innovations that
could be quite valuable.

Lymon C. Reese

University of Texas at Austin
January 1986

xxiii






CHAPTER 1
THE DIFFERENT TYPES OF CAST-IN-PLACE PILES

Piles have always been used as a foundation alternative. As con-
struction techniques have evolved, numerous types of piles have appeared
on construction sites. Even the concept of these piles has considerably
evolved (what does a wooden pile, 20 cm (8 in.) in diametér, have in
common with a reinforced concrete shaft that could in exceptional cases
reach 2 to 3 m (6.5 to 10 ft) in diameter? Chapter 3 and the Technical
Notes may be consulted for the kinds of equipment used.) |

The gradual tendency over the last ten years has been to abandon
prefabricated piles that are driven in favof of cast-in-place piles.
However, the problems associated with all aspects of cast-in-place piles
are as numerous, if not more numerous, as those found in prefabricated
piles that are driven. |

The present document deals only with cast-in-place piles and shafts
constructed by excavating the ground (bored piles). The classification
of a particular type of cast-in-b1ace pile is necessary and important and
will be discussed 1n‘the‘fol1ow1ng paragraphs.

" Piles can be constructed by methods that cause no displacement or
densification of the surrounding soil or by methods that do cause dis-
placement. The method of installation Ts'important because the resu]ting
state of stress in the soil will influence side friction, base resistance,
and resistance to lateral loading. Drilled shafts are built without
densification of the soil. .‘

Without considering the types of equipment that are used (see Tech-
nical Notes), the following construction proceddres are taken into ac-
count in classifying cast-in-place piles (drilled shafts):

-- piles constructed with or without casing, taking into account the
methods for placing this casing

-- piles constructed in dry soils, below water, or with bentonitic s]drry.

1.1. TERMINOLOGY

(See also [3], § 8.3)

a) Barrettes |

Barrettes are load-carrying elements cast in the ground that are 0.60
to 1 mby 2 to6 min plan dimensions (2 to 3.3 ft by 6.6 to 19.7 ft) used



as bearing elements. They are used in secant or parallel configurations |
depending on the geometry of the structure they are designed to support
(Fig. 1).

) T |
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Fig. 1. -- Scme types of barrettes.

b) Mud (Slurry) ,

The -drilling mud is a colloidial mixture, not a solution, and its
basic component is bentonite. Mud 1s frequently used in the constructicn
of bored piles (Technical Note No. 9 and § 3.4.5) to stabilize excavation
walls.

c) Reinforcing cage ‘ ‘

A group of reinforcing bars are used to make up the longftudinal and
transversal reinforcement of a pile. The cage is transported and placed
in the borehole before concreting operations.

d) Bailer with valve . ‘

A cylindrical tool with a valve in its base can be used to permit
the withdrawal of excavated soil after the use of the chopping bit.

e) Driving ([Sinking)

This cperation consists of installing a rigid element (pile, casing,
sheeting, tube, etc.) by application of pressure, percussion, or jetting.
Densification of granular soil occurs during the driving operation.



f) Borehole

This operation consists of opening-a cylindrical "hole" in the ground
by extraction of the excavated material (by common use, borehole has be-
come the name of the excavation itself.)

g) Kelly drive

A telescopic or non-telescopic metallic bar of polygonal cross sec-
tion which transmits to the bor1ng tool the required forces for pene-
trat1on and/or rotation. )
| h) Jetting

. A method for 1nsta111ng a p11e or casing which consists of injecting
water or mud under pressure at the base of the driven element. It is also
used ae a boring method in soils of low consistency (see § 3.2.1.1.c).

i) Piles or shafts ' '

Article 68 of the CPC, in its commentaries on article 34, makes the
fo]]owing'distinctjon:. ' | ‘

- == piles have a diameter less or equal to 80 cm (31.5 in.)
== shafts have a diameter‘Targer~than 80 cm (31.5 in.).

THiS distinction might sound artificié] which is the reason why the
two terms are used interchangeably in the rest of the document when the
distinction. between them becomes use]ess

J) Trimming

This operation consists of the leveling of the head of the piles by
chipping them to the level of the connecting point of the footings or pile
cap, (see § 6.4.3).

k) Overpouring of concrete

There is an overpouring of concrete when the volume used is in excess
of that calculated, based on the theoretical diameter of the hole (see §
6.4.2). | |

- Overpouring in the order of 10 to 20% is not considered ‘excessive
(for example, the diameter of the boring tool is often slightly larger

‘than that indicated in the construction plans). However, any overpouring

- larger than 20% must be cénsidered abnormal, and the causes of the over-

pour must be ascertained and remedies found before any other p11es are
poured '



1) ‘Auger _

A helicoidal drilling tool is used to advance an excavation employing
. rotation-and a downward force. The auger acts as a screw conveyer: to
bring sofl to the surface.

m) Auger Bucket

An auger bucket or drilling bucket is a boring tool that is rotated
as it excavates. The tool has two cutting vanes or blades at its base
that excavate the soil. The excavated materials are accumulated in the
bucket and the bucket is raised to be emptied at the ground surface:

n) Drop-hammer or chopping hammer

A heavy drilling tool is lifted and dropped in free fall and is-used
to penetrate hard layers by disintegrating the soil or rock.

o) Hammergrab

The hammergrab is a heavy drilling tool which works in percussion,
s guided as it falls (Benoto Method), and has at its base a grab for
withdrawing the excavated material.

p) Rotary drill ,

The rotary drill is a drilling tool equipped with chopping bits with
teeth or vanes that loosen the soil or rock as the tool is rotated.
Generally, the 'rétary drill is associated with a process known as boring
by reverse circulation. The tool is similar to the drilling tools used
in drilling oil wells (see Technical Note No. 8).

q) Tremie tube

It consists of a concreting pipe (tremie pipe) which is connected
either to a funnel-shaped bucket or to a pdmp.

r) Tempbrary casing, thin-walled casing, medium-walled casing,

lost-pipe casing*

The pile or drilled shaft can be constructed with the aid of a re-
trievable pipe which is called a temporary casing. The casing is normally
reusable, and is made of steel with a minimum thickness of 1 to 2 centi-
meters (0.4 to 0.8 inches).

Occasionally, it is necessary to place a protective shell or pipe
between the concrete and the soil. The pipe or shell is placed after the

* Lost-pipe casing is similar to the temporary casing except that it is
unretrievable due to unfavorable subsurface conditions. (see § 4.3.6).



excavation has been made (see Chapter 4). If thin steel (a few millime-
- ters thick - a fraction of an inch thick) or other materials (plastic
sheets, synthetic materials, etc.) are used, it is called a thin-walled
casing. If a rigid tube (7 to 15 mm thick - 0.25 to 0.6 in. thick) is
used, it is called a medium-walled casing.

s) Surface casing

A metallic or concrete-pipe element, often with a cutting edge, is
sometimes placed at the top of the excavation to prevent caving and to
provide guidance for the drilling tools for the first few meters (several
feet). In barrettes, small guide walls are used, similar to those for
slurry-trench construction. |
1.2. CAST-IN-PLACE PILES WITH DENSIFICATION OF THE SOIL

These piles are of a diameter smaller than 70 cm and are commonly
50 cm (28 in. and commonly 20 inches). They are constructed by pouring
concrete in the interior of a closed-ended, metal pipe that is usually
driven and that is often withdrawn after concreting.

There are numerous methods (FrAnki, Express, Paumelle, Vibro, Alpha,
Trindel, et al.) which differ from each other in the way the base of the
driven pipe is sealed (dry concrete plug, metallic or concrete shoe,
special reusable point, lost-steel plate). The methods also differ in
the way the concrete is placed and in the consistency of the concrete (dry
concrete, plastic concrete poured by means of a tremie, etc.). Several
methods that do not permit the insta]lfng of reinforcing cages of a sig-
nificant Tength cannot be used in some structures. However, these methods
can frequently be used in building construction where the loads are such
that short reinforcing cages at the top of the piles are adequate and
sufficient.

The details -of different methods are described elsewhere
([11,[71,091.[10], [12],[71]). However, Fig. 2 presents the principles
of three of these techniques, and it can be noted that methods 2 and 3
allow for the enlargement of the base of the pile due to the compaction
of the first portion of concrete by ramming. These two methods require
that an additional temporary casing be used inside the reinforcing cage
in order to protect it.
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+ jmpacting at the top of the casing@ and@ :
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« the tremie method @ .

- compactign of a dry concrete dropped from the top of che
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Fig. 2. -- Some construction procedures for piles
with retrievable casings.




1.3. "BORED PILES (DRILLED SHAFTS, DRILLED PIERS)
1.3.1. Principle .

These piles are constructed by excavating the so%l by any method,
pTacing a reinforcing cage and finally concreting thé excavation (Fig.
3). Bored piles differ from the piles previously described (see 1.2) in

that the -soil is not necessarily densified. .. e

Positioning Installation Boring., Prssible use of Placement of Concreting Strikfing-cff

of a surface a chopping hammer reinforcement
casing " cage
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Fig. 3. -- Method of construction of a bored pile.

1.3.2. The different types of piles and their use
Usually a distinction is made between two generaT methods chérac-
terized by using or not using a temporary casing (See Chapter 3). How-
ever, the diversity of the problems encountered, due to the different
geotechnical characteristics of sites, often -leads to the simultaneous
use of both methods. This justifies the ideniificaiion of a third method,
which is as important as the previous two (§ 1.3.2.3).
1.3.2.1. Drilling with the use of a retrievaoble or temporary casing.
Within this group of piles, all of which are of a cylindrical shape,
are numerous methods presented in detail in Chapter 3.
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The use of a retrievable casing is dictated by the présence of un-
stable strata of soil (recent fills, granular noncohesive}soi]s, talus
deposits), by important underground water flow, by mud f1o$, by karstic
or gypsum zones, etc. Under these conditions, the excavaﬁed walls of a
drilled shaft cannot be stabilized except with the use foa retrievable
casing. ' j | _

In certain cases, soils with high friction and some kohesive soils
(muds) could cause difficulties in placing and withdrawiﬁg a casing if
the pulling power of the equipment is insufficient. The%efore, the use
of a casing in such soils is usually limited to piles of :average length
(maximum of 15 to 20 meters - 50 to 65 feet).

Casing is also used in more stable and hard soil when the drilling
tools, unguided in this case, will not ensure a uniform section and a
given plumbness of the excavation (as in the drilling equipment shown in
Technical Note No. 1). Tubular casing, open at its base, is composed of
metallic elements of variable length, screwed, welded or bolted one to
the other when advanced into the soil. The casing must be thick enough
(minimum of 1 cm - 0.4 in.) 1in order to resist, without deforming, the
stresses to which it is subjected during installation and during the ex-
cavation. Deformations as well as damage to the lower end of the casing
‘should be prevented. In certain cases, the bottom of the casing is
equipped with a cutting edge which is selected according to the soil to
be penetrated (as in the Benoto Method, see Technical Note No. 4).

The casing is either advanced simultaneously with a drilling tool,
slightly ahead or behind according to ground conditions, or directly
Towered to the bottom of the borehole (orks1ight1y higher if the pile will
be socketed into a hard strata).

a) Casing advanced as excavation progresses

The casing is driven ahead cf the boring tool when soil character-
istics are appropriate (uncompacted soils); this method is generally used
to drill in Toose soils which are susceptible to sloughing.

The drilling tools are advanced ahead of the casing in the case of
compact, usually cohesive soils. In the case-of hard soils or soils
containing boulders, the use of a drop-hammer cr chopping hammer is fre-
quently required. The casing then can be lowered by sinking, aided at
times by a slight hammering with the drilling tools or by driving of the

casing by percussion (Benoto method).



b) Casing driven directly to the bottom of the borehole

This method allows the separation of the phases of placing the casing
and extraction of the excavated material, a process which saves time and
avoids the expensive immobilization of the system for driving the casing.

This technique is used in loose soils, and the extraction of the
excavated material is done in one continuous operation. However, when
compacted s0il or boulders are encountered, the driving of the casing must
be stopped and the whole operation must be performed in several steps.

The casing is generally driven with a vibratory hammer (see Technical
Note No. 6), a method which is particularly suited for granular soils
below the water table. A diesel or steam hammer could also be used in
driving a casing (see Technical Note No. 5) in all kinds of loose soils.
There is a wide variety in the equipment used to perform this job. OQther
methods are sometimes employed (jacking, jetting) but their use is limited
to particular cases.
1.3.2.2. " Boring without casing.

Within this second group, it is convenient to distinguish bored p{1es
using mud or slurry stabilization from those that do not reguire the use
of any particular method to stabilize the borehole walls, namely those
constructed in the absence of water (dry soils) or sometimes under clear
water. ‘

a) Bored piles under slurry, barrettes

Piles in which the excavated boreholes are stabilized by bentonitic
slurry during dri]]ing are called bored piles under slurry. The slurry
is later displaced by concrete that is placed by use of the tremie method.

The use of this technique implies two conditions:

-- the drilling mud stabi]izeé the sides of the excavated borehole
(filter-cake formation, adequate hydrostatic pressure...)
-~ there is no significant mud loss, particularly not sudden loss.

‘The first condition 1is wusually satisfied, except when involving
newly constructed embankments that are poorly stabi]ized; or very' soft
soils that tend to creep and may cause narrowing of the bore of the pile,
or when unstable, screed-covered slopes are involved. Difficulties also
arise when construction is in close proximity to other structures con-
structed on shallow fcoundaticons or on friction hiles which prohibits the

loosening of the soil, especially when the scil is cohesionless. Of



course, this latter restriction is even more serious if penetration of
resistant layers requires the use of a drill bit.

The second condition deals primarily with calcareous or gypsum ter-
rains, in which the presence of karst or soluble pockets may cause heavy
losses of drilling mud and the sloughing of upper layers during drilling
operations.

Other than these particular cases, the permeability of soils com-
monly encountered is not an obstacle for the use of this procedure, with
the exception of soils of high permeability with an average over 1072 to
10 m/s (3.28 ft/s to 0.33 ft/s). Excessive consumption of drilling mud
will occur in cases where the permeability is high.

The procedure is well suited in terrains that contain an aquifer,
free or under pressure. Good execution involves the use of a sufficient
fluid level; a minimum of 1 m (3 ft) should be maintained between the mud
level in the borehole and that of the free surface (hydraulic head) of
the aquifer. When there is underground water flow, and the stability of
the walls of the borehole might be uncertain, it is wise to provide a
thin-walled casing (see § 4.2.1.2) which would help prevent the leaching
of the fresh concrete.

Almost all types of tools can be adapted for use when drilling with
mud {diamond or tungsten chopping bits, augers, hammergrabs, buckets,
etc.), but generally these tools must be gufded at the top of the borehole
in order to assure that the excavation is drilled to comply with the
tolerances on position.

The drilling may be executed:
== with mud circulaticn

direct, when the drilling mud is forced‘by a very strong pump down
through the drill pipe, and up through the annular space between the pipe
and the walls of the borehole (see § 3.2.1.1.c)

inverse, when the excavated materials are extracted with the drill-
ing mud by means of a suction pump thrbugh the drill pipe {case of rotary
drills).
== without or with very little mud circulation

the mud is simply discharged at the top of the berehole then pumped

to the recycling station.
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Whichever method is adopted, it is necessary to provide a facility
for preparing and regenerating the mud (see Technical Note No. 9). The
slurry should be recycled regularly during the drilling operation.

b) Bored piles in dry soils

This technique is principally used in cohesive soils above the water
table, where the drilling can proceed in the dry with the use of simple
equipment (augers, hammergrabs). There is a wide range of diameters and
dimensions for these piles, circular section, square, rectangular or ir-
regular shape, but it is rare that their depth exceeds 12 meters (40
feet).
1.3.2.3. Combined method .

The combined method may be an alternative when the upper layers of
soil that are to be bored are unstable and/or require the use of a tem-
porary casing. This method is also possible when construction is to be
performed at an aquatic site from a barge or from a newly constructed
embankment. The boring may continue, without a casing, using bentonitic
mud, if the underlying layers so permit, and can attain depths that are
impossible with use of a temporary casing alone (considerable friction
on the casing; see § 1.3.2.1).

Below the unstable soil layers the boring may be continued, without
casing, using bentonitic slurry. This mixed method allows attainment of
depths that would not be practical to be cased (excessive friction, ex-
traction problems; see § 1.3.2.1).

1.4. ADVANTAGES AND DISADVANTAGES

This kind of comparison is usually subject to uncertainty because a
number of parameters are totally or partially overlooked in the analysis
(price, region, type of work, nature of job, etc.). The advantages and
disadvantages presented in the next paragraphs are for information only.
1.4.1. Cast-in-place piles with densification of the soil
ADVANTAGES '

-- fast execution

-- good contact between the soil and the tfp of the pile

-- concrete is placed in a dry state

-- development of the lateral friction by densification and due to the
lateral stresses of the soil layers

-- neatness of the site

-- estimate of bearing capacity using pile-driving formulas.

11



DISADVANTAGES

-- risk of false refusal and insufficient socketing, difficult to pene-
trate hard layers

-- cannot be adapted to cavernous sites 7

== risk of destroying neighboring piles, in which the concrete is still
fresh, due to vibration and impacting the concrete

-- limited maximum diameter of 0.70 m (2.3 ft)

-- possible deviations during driving

-- heavy and cumbersome drilling and driving equipment

-~ noisy (nuisance in urban areas).

1.4.2. Bored piles

ADVANTAGES

-- large diameter, up to 2.5 m (8 ft) and maybe more, and possibility of
constructing elements with different shapes to resist bending

-- possibility of penetrating hard layers

-- qualitative control over the penetrated layers

-- adapts to different lengths,

DISADVANTAGES

== construction requires specialized personnel and equipment adapted to
the drilling and concreting operations

-- control of.p1umbness and diameter of the borehole is difficult except
for pi]es.Constructed in dry soils

-- risk of disturbed soil around the pile due to the excavation

-- risk of poor contact at the base due to a poor cleaning of the bottom
of the borehole o

-- frequently difficult to keep‘sité clean.

12



CHAPTER 2
GENERAF ASPECTS OF BORED-PILE CONTRACTS
Specific Construction Problems

Along with some background information, this chapter préseh£§ the
principal administrative problems encountered in contracts for bored
piles. Also, the different phases of construction are indicated that are
worthy of inspection or testing.

- The technical problems connected with bored-pile contracts are ana-
lyzed in detail in the chapters which follow. This chapter covers only
one of the many roles of the construction supervisor.

In order to facilitate the use of the present document, the text of
this chapter has been expanded in the 1ight of superceding that part of
Chapter 8 of the report guide GMO 70! which concerns bored piles.

Paragraphs 8.4 to 8.7 and paragraph 8.9 in GMO 70 have been reviewed
and revised, but this presentation as a whole has been modified and fol-
lows the .chronological order of the different phases of construction.
2.1.° THE CALL FOR BIDS

In the‘fo11owing section, the portion of the provisions on the con-
struction of deep foundations, applicable to cast-in-place piles, is
summarized and brief comments are presented.

2.1.1. The regulatory documents

For the drafting of construction contracts, the basic regulatory
texts are:

-~the Code of Public Contracts {(which is denoted by the initials CMP, the
last edition dated September 1, 1976);

-- the Specifications for General Administrative Clauses (CCAG) of Janu-
ary 21, 1976, which replaces the former Article 1 of the Specification
of Local Regulations (CPC);

-- Article 68 of the CPS [4];

== Circular No. 75-147 of September 25, 1975, pertaining to methods of
making a call for bids and the evaluation of the bids concerning con-

1GMO: Guide for Construction Supervisor, Level II of the GGOA
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“struction in the national road-system network, in which it is stated that
the . provisioniof foundations>at'a.fixed price *is forbidden.

Tn‘order‘to facilitate the work of the construction.supervisor, some
recommendations have been cited, of which the most important are:

-- the Guide'to Aid'Contractors. and Construction . Supervisors, November
1, 1976, which replaced the DirectiVe“of:the‘Prime Minister of October
2, 1970, known under the initials DIG 70.

--.the CPS Standard (December '1969: ed1t1on) updated 1n Apr11 1974,‘Ar-
ticle 3.09: "Cast-in- p]ace p11es") [5] :

Finally the Report Guide .FOND- 72 [1] conta1ns a certa1n amount of
information that is: usefu1 1n the draft1ng of contracts
2.1.2. Choice of the procedure for a call for bids ' _

The- first task for the construct1on superv1sor 1s to choose a pro-
cedure for a call for b1ds cons1der1ng the re]at1ve port1on of the Con-
struction of Piles w1th the ass1stance of the Gu1de

‘When it perta1ns to bored p11es the work‘related to the material
in this section is genera11y subcontracted Ifuthe”work on bored piles
has a secondary 1mportance 1n re1at1on to that of -the overall project,
the normal procedure shou1d be that of a contract ‘with the general con-
struction company (§e5 .of the Gu1de) then very desirable to
include in the RPAQO the st1pu1at10n that each genera] contractor indicate
in the contract the spec1a11zed company that w111 be charged with con-
struction of the piles. “,

If the amount of work on foundat1ons 1s 1mportant in relation to the
overall project, it can be_advantageous tg‘emp]oy the procedure involving
a contract with a joint contractors groubi(§e6fof the Guide).

In any case, the construction superutédr ‘may resort to the procedure
of a contract with a general contractor with specialized sections, de-
scribed in §e8 of the Guide. To emp]oy th1s procedure, the document on
the call for bids should distinguish the main section (to be constructed
by the prime.contractor) from the auxiliary sections (to be constructed
by spec1a11zed contractors "who will be named in the contract as
. co-contractors or as accepted sub- contractors).

Theoretically, this allows the construction supervisor to replace a

co-contractor or.a sub-contractor to the prime construction company under

.‘A.’la‘ o }
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‘the provisions of'the'contract, if there is an obvious technical or fi-
nancial advantage. However, the replacement of a:subconfractor is rarely
done in. practice because the general construction companies often con-
sider themselves definitely linked with certain sub-contractors.
2.1.3. Special regulations concerning the call for bids (RPAO) :

~ Two cases arise involving foundations. In the first case, the design
documents require a basic "solution"; the RPAQ can then fofesqe the pos-
sibility of "alternates", and should indicate in a precise way'the?rahge
of admissible alternates. This model may be the most desirable for
foundations of large scope; these jobs often pose some specif{é problems
‘that may be resolved in different ways depending on the,fechniques which
govern the best interests of the owner and-the.tontractors; This does
‘not pertain only to those variables associated with cohstructiqn but
pertains as well to varfables associated with design. ‘

In the -second case involving routine jobs, freedom of 1nitiati0e
should be left to the contractors who are competing for the project. In
this case, the RPAD 'should define the nature of the technical proposals
that are made. For example, these proposals can have a bearing on thé
“choice of the type of pilé (castfin-p1ace or precast, etc.), on the choice
of method of construction in the case of cast-fn-p]ace pi]es,‘étc. ‘The
technical proposals .include specifics that the competing contractors are
compelled to furnish in their offers so as to complete the contractual
definition of the work within the technical plan. -
As a rule, foundations for routine jobs are open to technical pro-

posals. In the case of foundations composed of driVen‘pi]és (metal or
.ﬁeinforced concrete) of relatively short length, and in consideration of
the experience of the supervisor, the call for bids may possibly be
‘undertaken without alternates.
| Finally, .we point out that a special regulation cOncerhihg the call
for bids of the RPAD model is forthcoming from SETRA. |
2.1.4. Document concerning special technical clauses (CCTP)

" To prepare the Document Concerning Special Technical Clauses (ccTe),
the construction supervisor refers to Article 3.09 of the CPS model, a
reference previously cited. It is at present incomplete concerning a
number of points pertaining to cast-in-place piles. Nevertheless,‘it‘is
a good point to start from and, while waiting‘for the next publication,
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some recommendations can be found in the directives of the Report-Guide
FOND 72. :
2.1.5. Contents of the geotechnical report

The contents of the geotechnical report are quite variable according
to the nature of the work to be performed. Nevertheless, to aid in the
evaluation of the bids, this report must be quite complete, especially
in the case of foundations of piles. A good report is based, in the first
- place, on a good preliminary survey and on tests of the geotechnical
properties of the soils. It is not worthwhile to produce results of 50
soil identification tests if no measure of shearing strength is used.
In the second place, a good report must deal with the problem of the in-
terpretation of the tests that were made and with the selection of the
-method for testing the foundation, It is possible, when practical, to
make reference in the CCTP to the basic concepts in the Report-Guide FOND
72.

2.1.6. Evaluation of bids

To evaluate the bids, the supervisor may refer to two documents:

-- the Report-Guide FOND 72 ' ‘
-- the Directive for the Evaluation of Bids, edited by SETRA under the
initials DJ 75.

2.2. EXPECTED OPERATIONS BEFORE WORK BEGINS

2.2.1. Organization of the construction supervision

Generally, and independent of the level of supervision, the work is
performed in three different stages.

The first stage occurs, properly speaking, before the work begins.
The materials to be used must be checked for conformity with the CCTP:
casings, 1inings, steel for reinforced concrete, etc. - Studies may pos-
sibly be made to determine the design of the concrete mix and, if drilled
piles in slurry are involved, to determine the characteristics of this
slurry (obviously made with water available on the site). "

The second stage involves the inspection of all phases of the con-
struction. This inspection is continued throughout construction (drill-
ing, concreting, finishing, etc.). A test of the guality of the slurry
used in drilling should certainly be planned.

Finally, the third stage relates to the testing of the quality of
the completed piles. ‘ :
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Generally, the first and the third phases of the inspection or
testing are performed using a specialized laboratory, and the second phase
of inspection is done by staff working directly under the construction
supervisor,

The arrangements of the details of the inspection or testing must
be planned in advance, on the one hand, so as not to slow down the job
at the time the work begins ahd, on the other hand, in order to avoid long

~and expensive delays. For example, if provisions for access tubes to be

placed within the piles to allow a geophysical investigation are not
handled before concreting, the access tubes must be omitted because they
cannot be placed in hardened concrete.

The final quality of the piles results from good construction and
thus there must be good inspection. For example, it is useless to place
a high-strength-concrete mix if the tremie is not being used properly or
if delays occur between vibration. The piles will present some anomalies
in both cases.

Good inspection naturally assumes that inspection personnel are
sufficiently qualified or at least sensitive to the problems of drilled
piles. This is why we have included in § 2.4 a "check-list" of the
principal points to be observed in the inspection process. If the list
is adhered to, it will then create a significant incentive for the con-
struction companies to perform well. .It is desirable for the represen-
tatives of the construction supervisor to operate in strict collaboration
with the specialized laboratory team for which the responsibilities
should be clearly defined.

2.2.2. Staking

Sections 6.3 to 6.5 of the GMO 70 define general staking, special
staking, and supplementary staking.

Each pile 1s often marked on the ground with a single "stake" that
marks the position of its future axis. Naturally, the marking of the
piles is a contractual obligation of the construction company but just
staking the axis is insufficient for piles of large diameter. The risk
of an error in positioning the top of the pile is significant. The con-
struction supervisor can then ask that a more reliable and efficient
marking be employed; for example, with three or four stakes arranged
around the future périmeter of the hole. It is useless to try to obtain
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a positioning of a pile within 5.¢cm (2 in. ) using only one axial MArk that
will disappear at the time of the 1ower1ng of the drilling tools. . -
2.2.3. Pile tests

~ When the importance of the job and the results of the geotechn1ca1
study so justify, one or several pile tests may be conducted. ’

The most common test is the stqtié test emp]oying vertica]\]bading.
‘“The‘conditions for selection and perfoermance of this test are ékp1ained
kin'Séction 3.5.5 of the Pilot-Guide FOND 72. The means of pérformihg the
test are described in the document of the LCPC: Method of Performing a
Stétic.Test of Deep Foundations (May, 1970) and is alluded to in Article
68 of the CPC in Clauses 29 and 39. | | ‘

- It should be noted that a vertical-load test is not a quaﬁty-confrbl
test for a completed pife: it is a test that, so far as is possﬁb1e, shoqu
be of use in the designing of the foundations. Thus, it is preferable -
to perform £his‘test, when it is stipulated by the CCTP, before the com-'
pletion of the construction plans. However, the cost of the test is such
that its performance cannot be recommended during the study stage except
under 1ndependent funding. -
' ~Another test is sometimes performed:' a static test employing 1a£era1'.
loading. The test is is designed to measure the reactive capacity of the
soifl when the pile is subjected to lateral loads. The 1atera1-]oad‘test
also should be perfofmed before completion of the construction p1anéf
However, recent progress made in the use of curves and gfaphs in the
pfediction of soil reaction to lateral loading often allows elimination
of the field test. )
2.2.4. Plan for installation of piles

The construction of drilled piles is often subject to some hazards;
jobs without problems are uncommon. Although the term "pile-driving plan"
is not generally used in the case of‘cast-in-b1ace piles, a document of

this type should be required of the contractor in a clause included in .-

the CCTP. The plan for the installation of piles should be deve]oped in
"detail so that as many hazards as possible are dealt with, o
To cite an example, consider a foundation on piles in a soil for
'wh1ch the pre11m1nary survey has not 1nd1cated special prob]ems However,
at the time of the construction of a p11e, the dr1111ng tool encounters
a hard, local obstacle before reaching the depth of the-fdundation. The
bbstéc]e must bé broken up using impact tools. Also, the preséncé of
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recently constructed piles close to this hole can Tead to postponement
6f the‘operatjon;of‘dr111ing so as not to damage the nearby piles where
the coHcrete has not yet set. In order not to disturb job progress, it
is preferable to plan a construction sequence of the piles such that the
pi]é uhder construction is relatively distant from recent]y constructed
piles..
2. 3 INSTALLATION OF CONSTRUCTION MATERIALS ON THE JOB SITE
2 3 1. Right of mspectlon of the construction supervisor o

In the case of prefabricated piles (Article 68, Clause 26 of the CPC)
as we11 as in the case of cast-in- place piles (Article 68, Clause 37 of
the CPC), the contractor makes the selection of the equipment and the
necessary materiq]s to‘bu11d the structure unless specifically stated in
ﬁhe CCTP. However and this is important, the details of the selection
must be subm1tted to the construct1on supervwsor for approval.

In practice, the construct1on supervisor should concern himself w1th
th1s matter at var1ous stages of the project:
-- at the time of the discussion of the "technical proposa1s“, at the time
of evaluation of the bids and at the drafting of the contract. This stage
takes on a special importance in the case of cast-in-place piles because,
once the des1gn se]ect1on is made, the possibilities of selection of
equ1pment become very 11m1ted However, technical conditions imposed by
the site prevail over equipment arrangements by the contractor;
-- at the time of the drafting of the Summary Order of Duties that ref-
erences the reqdirements of Article 2.4 of the CCAG of 1976 and the CPC,
Article 68, Clauses 26 and 37 (1nsta11atfon and equipment).
2.3.2. Installations on the job site (Figs. 4 through 7)

The importance of the job determines the precautions and arrange-
ments to be taken at the time of the installation of the equipment.
_ Clause 28.2 of the CCAG of 1976 requires that the construction pro-
gram, to which the p1an of the installation on the job site and of tem-
porary structures are linked, be submitted for the endorsement of the
construction supervisor. The documents must be submitted at least ten
days before expiration of the period of preparation, or, if such a period
is not stipulated in the CCAG, one month at the latest after the notice
of the contract.
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Fig. 4. -- Arrangement on a cofferdam.

Fig. 5. -- Equipment at job site.
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Fig. 6. -- Job site access road.

Fig. 7. -- Method of stockpiling reinforcing steel,
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In practice, experience has shown that good construction procedures
are linked to the preparation of an efficient work'atmoéphére, planned
in such a way as to permit: ‘ ' ' '
--.movement of machines and men over soil of satisfactofy cbndition,
possibly stabilized; ' |
-- practical disposal of the drilling spoil;

-- proper handling and storing of prefabricated rebar cages (rodm for the
éxpected crane, 1ifting cables and arrangement, and storage area.)

‘Each of these conditions can result in unfortunate incidents when
precautions are not taken. For example, concrete trucks have been ob-
served to be bogged down one hundred meters or so from the job site due
to poor access roads, which made the concreting operations rather
acrobatic. Finished piles have literally disappeared under the debris
emanating from other piles during the course of construction; when the
earthwork machines arrive to evacuéte the sboi], the pile heads have been
damaged. Finally, prefabricated rebar cages are often poorly stockpiled,
deformed, and may have broken welds. What can their efficiency be for
reinforcing the concrete? ‘

When plles are constructed with bentonitic siurry, the work atmos-
phere should be specially studied if the job site 1s to remain accessible.
It should be foreseen, for example, that some portion of the recovered
sturry will inevitably be lost around the pile or at the pump station.
The spilling of slurry is particularly important when site constraints
are severe and when the work is in an urban environment.

It is important to note that the finished head of the pile rarely
coincides with the level of the natural terrain; if the ground surface
has been modified by cutting or filling or by activities at the job site,
the completed piles may have excessive height that must be trimmed or,
on the contrary, an insufficient height that requires the lengthening of
the reinforcing steel and the placing of additional concrete. '
2.3.3. Technical capability of the equipment -

Before any work is begun, the construction supervisor must take care
to be sufficiently informed about the characteristics and the constraints
of the functioning of the construction equipment.

This especially involves (see Technical Notes):

a) the limits {in qualitative terms) of the capability of the equipment
in connection with the intentions of the project:

22



== if the foundatiohs should be deeper than anticipated, to'what_point
will the equipment be able to go, or will it be possible reasonably to
adapt the equipment to the new situation? . -
74--ff.the piles are to be constructed with a batter, what batter angle
is possible? Can the batter angle vary in a continuous fashioh‘dr does
it correspond ‘to no more than two or three intermediate values?

== if there are hard soils to be penetrated, including the founding layer
at the base of the p11es will it be possible to do the hard drilling in

an acceptable and productive manner? To narrow down the questfon and’ -

provide a reasonable answer, the construction supervisor should consult .
the geotechnical repbrt and look at the results of the in-place tests that
were performed.

b')_ T he eventual production to be expected from the drilling equip-
ment,ih the different layers of soil to be dri11ed; this does not gen-
erally Eoncefn the ‘construction supervisor. However, when 'spéc1a1
difficu]fies are foreseen that require changes during the course of work,
and that affect the specifications, it is necessary that the construction
superQiSor be aware of the facts concerning the problem he will have to
resolve.

c) the overall dimensions of various pieces of equipment whether
‘terresiria]_or marine. Consideration is given to access, presence of’
electrical Tlines, cables, water lines, etc. The performance of some
current eqUipmént is dea1t with in Chapter 3 uhdef dri11ing, éhd there

“is some information on equipment in the Technical Notes with respect to
: the1r dimensions. ‘ ’

' d) the constraints of the use of the equipment: in particular, will
it be possible to construct the piles in any order or according to the
installation plan, without additional cost? ,

e) the possiblev construction brecision required to comply with the

”to]erances specified in the contract (CPST, Clause 3.09.41).
f) the capacity and number of machines for removal of the excavated
’ 5011 mater1a1s and the capacity and number of cranes.

g) the adequacy of the: equ:pment for treatment of the benton1t1c

-  s1urry and the methods for testing the slurry (see Chapter 3)

h) the methods of placement of the concrete and the hand'l1ng of the
rebar cages.
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i) nuisances (noise and vibrations) which can prohibit the use of
certain machines on urban sites or in the proximity of certain other
structures of facilities that may be damaged (railways for example); on
this subject see § 7.4, second line of the GMO 70. '

2.3.4. Work and the environment

As with all «c¢ivil engineering works, the 'construction of
drilled-pile foundations can pose a certain number of problems with re--
spect to the environment.

These problems can be anticipated, as should be the case with all
difficulties brought on by the job, or can arise unexpectedly during
construction. '

The main nuisances are the following:

a) Interruption or detours of trdffic on roads and streets

b) Interruption of or re-scheduling of railway traffic. J

This latter problem is especially sensitive and at times the costs
to be paid to the SNCF are such that they can influence the choice of the
type of piles. The criteria of rapid construction or of guarantees of
safety are often overriding. Thus, as a result of their importance, these
criteria may be set forth in the RPAO.

c): Noise, congestion, pollution

These nuisances have an importance especially for work in wurban
areas. For example, pollution of the access roads by trucks that travel
through mud must be avoided.

d) Risks for projects or buildings constructed nearby

The construction of deep foundations 1s always critical near
projects or buildings previously constructed. Naturally, from the outset
of the project planning, the nature and geometry of the foundations of
these nearby facilities must be understood as well as possible. Such an
understanding is not always easy when old structures are involved, espe-
cially in an urban area. The new construction should always be carried
out with prudence. To cite an example, the assumption can be made that
the construction of piles will require that a casing be driven into the
soil to a great depth using a vibratory pile hammer. If the upper layers
of the soil are loose sand, for example, it will densify due to the vi-
bration and the ground surface could possibly experience settlement over
a wide area. Therefore, if the construction is in the vicinity of the
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foundations of an old.building, some. distress. in that building could re-
sult.

In the same vein, during construction previously unidentified,
buried objects may be encountered (possibly even ammunition). Then it
will be necessary, after proper identification of the obstacle, to choose
the equipment judiciously which allows the obstacle to be by-passed or
to choose the technigue that causes the least amount of disruption.

For sensitive cases, the GMO advises that the obstacle be staked and
that the nature of the problem be made known to a building official.
2.4, PROBLEMS DURING CONSTRUCTION
2.4.1. State of the equipment

Once the type of equipment is agreed upon there should be time to
make sure that the equipment stored at the job site is in satisfactory
condition, that the equipment can perform as expected, and that the de-
sired results can be readily achieved. Contact with the previous user
of the equipment can be highly instructive.

If the initial performance of the equipment proves disappointing,
it is worthwhile for the construction supervisor to investigate the
causes. The contractor should be informed at once of the deficiencies
and suggestions made in order to avoid possible complaints after the fact.
2.4.2. Qualification of personnel '

Good construction of drilled piles depends, in a significant way,
on professional attitudes, and on qualifications and experience of the
drilling and concreting foreman. To this end, Clause 36 of the CCAG of
1976 deals with the possibility for the construction supervisor to demand
that the contractor make a change of employees for insubordination, ina-
bility, or lack of integrity.

2.4.3. Pre-construction requirements
2.4.3.1. Receiving materials

For all matters regarding the receiving of materials, it is desirable
to refer to Chapter 5 of the GMO which is perfectly explicit on the sub-
ject.

In the case of bored piles, it is important to note that liners, .
temporary casing, and permanent casing specified in the contract must be
inspected:prior to being needed on the job. The inspection is essentially
visual and involves the checking of the length, thickness, and diameter

of these items.
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2.4.3.2. Specrai case of concrete

‘There are currenﬂy regional formulas for concrete for p:les that are
| qu1te sat1sfactory and are well know, notab]y by the Reg1ona1 Laborator1es
“of Bridges and Roads. The use of these regional formulas perm1ts a con-
crete mix to be se]ected at the outset of the job without the performance .
of a design study. o

However, a check of the mix is a]most a1ways necessary This check
can only be carried out on the concrete at the time of construction of
one of the piles of the foundation. Thus, it is necessary to choose a
pile which is easy to replace if the results are not satisfactory. This
is the opportunity to make a "dress rehersal"as the GMO recommends; that
s, to test the adequacy of the equipment and the placement procedure so
that, after the test pile 1S“constructed, it is che;ked according to‘the
methods. presented in Chapter 7. ' . ' )

When the construction of the p11es 1nvo1ves both a 1and s1te and a ,p
marine site, a,test pile can be cons1dered for each type of site; the
testing can be simultanecus or separate, depending on the scheduling of
the job. | | '

In a gehera1 way, the study and the testing of concrete are the
subject of Clause 3.17 of the CPS Standard and of Article 65 of the CPC.

When the concrete is manufactured at a plant, reference should be
~ made to § 9.42 of GMO 70. | |
2. 4 3.3, Specuﬂ case of rebar cages . ,

The rebar cages are generally prefabr1cated and stockp11ed With
kregard to re1nforc1ng steel, Chapter 5 of this document presents the
genéra] characteristics of rebar cages‘and gfveS'detai1s on their fabri-
cation. h | | | |

It is necessary to make a visual inspection of the rebar cages to
check for center1ng devices and for protect1on of the cages against damage
during 11ft1ng .and . placing. : '

1 2.4.4. Controls durmg constructlon (Flgs 8 through 17)

- The. pr1nc1pa1 things to 1nspect in chrono]og1ca1 order of opera-
-tfon, are the fol]ow1ng ) ‘ '
a) Locatlon, center1ng, and poss1b1e 1nc11nat1on of dr1111ng too]s or
casing. ‘
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Fig. 15, -- Concreting with pump.

30



Fig. 17. -~ Trimming.
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b) Protection of the top of the borehole by surface casing when the pile
is not constructed with a temporary casing. The surface casing further-
more permits guidance through the first meter.

c) Efficient removal of drilling spoil, which contributes to the genet;al
quality of the job. ‘

~d) Accuracy in locating top of pile, its inclination and consideration of
tolerances . The‘prob1em of the positioning of the borehole is encountered
~ at various stages of the job, and especially at the time of the approva]
of the equipment and the certification of the methods to be employed by
the contractor.

For piles drilled without temporary casings it is particularly de-
sirable to take note of the straightness of the borehole. The CPS (Ar-
ticle 68, Clause 37.1) fequires, to this effect, a verification of the
positioning of the boreholes at various levels. However, the CPS Standard
(C1ausé 3.09.41) is not very explicit on this subject.

e) Control of the construction of the borehole

The reader is directed to Chapter 3 of this document where the problems
of drilling are treated in detail. It is of interest to note that in-
spection or evaluation applies essentially to the quality of the con-
struction plan or schedule described in Appendix A of this document and
established according to the model annexed to Chapter 8 of the GMO [3].
The value of this type of schedule is the following:

First of a}], the schedule brings together the actual field condi-
tions encountered by the contractor thraugh the sampling program required
of him (CPS Standard 3.09.45) by the geotechnical report. This sampling
facilitates the establishment of the geological profile as required by
the CPST 3.08,46. The soil and rock samples are to be conveniently or-
ganized, c1assified,‘and'disp1ayed in appropriate boxes or trays.

A1l of the incidents that may occur during the course of drilling
- are recorded. Appropriate solutions to the technical problems must be
| worked out in the case of a discrepancy between the subsurface investi-
gation and the data from the drilling. ‘Such disérepancies may include
the determination of the depth of the bottom of the borehole, the need
or lack of thé use of a casing or a liner, the strata where there may be
caving soils, a significant inflow of water or sand boils, the rate of
advancing the borehole, the environmental agressiveness of the soil for-

mations, etc. Various problems concerning organization or inspection of
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the work can arise. A-particu1ér prob1em ﬁn'ﬁnspectjon is that thé
measurement of amounts cannot be verified once the foundations are com-
pleted, especially in the case of the use of a rock bréaker‘(§ee § 20.62
of the GMO, pricing, 79 to 84).

The model schedule gives far more information than is 1h£1pded in a
simple drilling log. Also, more important than a pile driving 10@, the
mode]l schedule is suggested to be used by the cdnstruction supervisor as
the basis for discussiohs with the contractor, ironing out problems be-
tween the inspectors and the contractor, and ddcumenting the need for
speciaf tools such as rcck breakers. ‘

With regard to the use of a rock breaker for the excavation of the
borehole, the cost of which can represent a significant part of the total
cost for the foundations, the construction supervisor always retains the
authority to start or stop the work (CPS Standard 3.09,47). Such au-
thority is indispensable in order to have the ability at the contract
level to apply regulation No. 84 on cost overruns - drilliing by the meter
and not by the hour (see § 20.62 of the GMQ).

Thus, the company must use tools that perform efficiently in order
to avoid being penalized for the excessive use of time.

On the other hand, drilling of soil or rock formations for which the
rates were not anticipated in the contract is often a reascn for an extra
claim.

However, when such a bid item is in the contract but without quan-
tities, /it does not influence the total contract amount. Thus, /it is im-
portant at the time of evaluation of the bids for the construction
supervisor to note the proposed cost for this item. An exhorbitant
drilling rate for this item may involve cost overruns that are prohibitive
in relation to the initial total of the contract in case the unahticipated
drilling is encountered. In some cases it could be argued that the con-
tract is invalid because of unbalanced bid items.

Furthermore, there are currently no specific guidelines for judging
the operation of various tools which could be based on rates of advance=
ment and an immediate decision should generally be made for the use of
the tool. . ‘

The construction supervisor and his representatives must be made
aware before agreeing to the use of a tool that it is often effective yet

expensive; and is therefore of questionable usefulness.

33



A suggestion s a]so ‘made that aesignment be given: to .the

sub-contractor to authorize use of a rock- break1ng tool: - '
-- without special reservations if the 50115 encountered present greater}i”
difficulties than ant1c1pated such as encounter1ng an obstac1e or re- -
fusal when using standard tools; ' ‘
-- on the acknow]edgement in wr1ting of the cautions given by the'con;
struction supervisor concern1ng the adverse effects of us1ng the percus-‘
sion tool (the acknow]edgement is part1cu1ar1y necessary if the use of'
the too] is due to a malfunction in the drilling equ1pment in norma] use);
-- and in all cases to take note of the reasons for‘the use of the
rock-breaking tools. o o R

In certain very spec1a1 cases, another solution may be to inc]bde R
the cost of the use of the rock breaking tools in the average rate per
meter of drilling. ‘ ‘ A

The construction supervisor should thenjrequest‘the detai]s'ot'the'
price for each meter (foot) of drilling at the time of the-subhitta] of
the bids. The use of an average price per meter (foot) of drilling is
especially suitable when thearesu1ts,of the geotechnical study predict
frequent use of percussion dri]]fng throughout the ‘entire depth of the
borehole but fail to indicate the exact position and nature of the,fayers
to be penetrated by the rock-breaking tools. | o '

Within the general guide]ines concerning .the use of rock-breakingV
tools, it should be noted that in the case of aﬂrbck'surface that is very»ﬁr
irregular, sloping, or steeply bedded the work"oflthe percussibn-toolg‘y
is tedious, especially if the pile is battered. It ds dffficu]t;to‘bbtain
a borehole with a uniform cross-section and the borehole has a tendency
to change its slope. It is quite neceseary that‘the top of the casﬁng
be shaped properly and kept in position and that the slope of the .casing
be carefully controlled. | '

At the time of the draft1ng of the p]an for the 1nsta11at1on of the;”

piles, consideration is g1ven to the minimum amount of. delay- that 1s'[“;*

necessary in- order to avoid damage to the p11es prev10us1y concreted 1f*fﬁf” L

the piles are next to each other, a 24- hour 1nterva1 should be suff1c1ent}ih“"' e

to permit the harden1ng of the concrete
f) Control of the drilling slurry - S .

The testing of the drilling slurry is espec1a11y 1mportant at the
time of constructing the first piles. The slurry should be tested during
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the course of the drilling and at the completion of the boring. The
necessary properties of the slurry are defined in § 3.4.5 and 3.5.9 and
the tests that are required are described in Technical Note No. 9. Such
tests must be st1pu1ated in the CCTP and should be performed by the con-
struction company. If the case arises, the tests may be performed by an
at;epted laboratery, and the role of the job-site inspector consists of
verifyihg that the tests are appropriately performed at various levels
in the slurry co1umn and that the slurry is regularly recycled, partic-
ular1y before concreting.
g) Test of the bottom of the bbrehole

This test is essential; 1t should take place just before the con-
cret1ng and shou1d consist of ver1fy1ng that the bottom of the borehaole
has been proper1y cleaned out (see Chapter 3). This determines the
qua11ty of the contact between the pile and the soil at the base.
h) Control of the handling of the rebar cages

This involves a visual inspection that should be carried out by the
job-site inspector. Without prgcautions, these cages are too often abused
and deformed before they are lowered into the borehole.
i) Control of concreting operations

‘Chapter 6 of this document is devoted to concreting. In this chap-
ter, 1t is simply emphasized that the excaVatTon should be concreted as
rapidly as possible. The concrete should be placed within a few hours
after the c1ean1n§-out of the excavation. If the walls of the borehole
are not stabilized by a casing,‘tod much of a delay in the concrete
placement can possibly allow a collapse of the walls of the borehole.
The concreting operatiohé should be monitored from the standpoint of
timing, workability of the toncrete, position of the tremie during the
concrete pTacement, and recording of the overpour.
Jj) Control of the trimming at the top of the pile

) Trimming is prescribed by the CPC (Article 68, Clause 40); that is,

the top of the shaft is trimmed to the lower Tevel of the pile cap (CPST,
Clause 3.09,54). The necessity of trimming the top of a shaft in the case
of concrete cast in a dry hole may be debétab1e; in any case, the height
to be trimmed must be controlled and limited.

The trimming is always paid by the unit but the height to be trimmed
can vary in each case depending on the difference of dimensions between
the working level (or point to where the concrete is poured) and the
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bottom of the foundation cap. The Tlength of the pile to be constructed
and the length of the trimming can be more significant than anticipated
if there has been, for example, an error in the elevation of the working
platform.

It is normal: ,
-- on one hand, to pay for the pile by the meter (foot) between the level
of its base and the theoretical mark of the lower face of the foundation
cap.
== on the other hand, to pay for finishing of the top cof the pile by the
unit, regardless of the amount of concrete to be cut away resulting from
errors in measurement that are attributable tc the construction company.
2.4.5. Decision to stop drilling: various situations on the job
2.4.5.1. Decision to stop drilling

The decision to stop drilling is up to the construction supervisor
(CPST, Clause 3.09,48). The construction supervisor must be prepared to
act quickly if the occasion arises because of the obvious need of a speedy
decision. It is generally more worthwhile to make quickly a somewhat
guestionable decision than to make a better decision eight hours too late.

waever, the above statement. will depend principally on a good
understanding on the part of the construction supervisor of the various
technical factors associated with the boring:

-= the nature and quality of the subsurface investigation that revealed
a soil profile and details about the principal strata that were encount-
ered;

-~ examinaticn of the soil and rock samples that were obtained from the
excavation by the contractor;

-~ output of various tools used by the contractor in performing the
drilling; | | '

-- tests at the bottom of the borehole.

Concerning the examination of samples, it is necessary to be espe-
cially careful in identifying the soil. In regard to scil identification,
a factor to be considered is that the terminology may vary according to
profession (driller and geologist, for example).. Another factor is that
the soil recovered from the drilling is disturbed and the drilling oper-
ation may have mixed soils from different layers. Therefore, it may not
be possibe to tell if soil from a weak 1ayer or a strong layer is recovered
from the borehole. It is desirable in all cases that a geotechnical ex-
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pert be present on the job site to recognize the various soils at the tfmé
of construction of the first pile. ‘

Concerning the information on the efficiency of drilling, it is
necessary to interpret with caution this type of information. The data
are strongly influenced by the operator of the drilling machine, by the
details of the tools that are employed, and by the nature of the soil that
is excavated. In any case, the data on drilling rate that may be obtained
are only qualitative. .

In regard tc another point, it is necessary to remain appropriately
cautious with regard to in situ tests (pressuremeters, penetrometers,
etc.) that can be performed at the bottom of the borehole. In fact, the
measuring devices do not generally give accurate results at shallow depths
(the presence of a free soil surface can affect the results); therefore,
in situ testing devices cannot indicate the mechanical characteristics
of soil or rock near the bottom of the borehole. Assuming that such in
situ tests are useful, they only give some information about the quality
of the soil at the tip and not about the overall behavior of the pile.
Finally, in situ tests are generally very difficult to implement and also
interfere with construction activities. For all these reasons, perform-
ance of tests at the bottom of the borehole are rare in practice; the
techniques are not perfected and the information collected is often not
very useful, )

In the normal case when the drilling encounters a' strong and re-
sistant layer, a decision must be made about the amount of penetration
into the stratum. The penetration depth, or socket depth, is a part of
the plan (CPST, Clause 3.09,44) and is generally required (see Pilot-Guide
FOND 72). However, in construction, it is desirable to take care that
the depth of drilling into a strong layer of rock is not excessive; re-
placement of the compact rock with concrete would not be advantageous and
should be avoided except in the case of significant horizontal stresses.

Confirmation of the depth of penetration into the founding stratum
is useful at the time of the boring because changes can be made, for ex-
ample, when the top of the strong formation is not found near where an-
ticipated but is a little higher or a little lower.
2.4.5.2. Changes in the construction plans

Conception, Jjustification, and establishment of the construction
drawings for a foundation are based on the information furnished by the
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preliminary survey of the soi1.and of tHe site. Even when this prelimi-
nary survey is well conducted and thorough, it cannot breéent‘afi the
geotechnical particulars nor the geological aspects that‘bgcome evidéht
at the actual time of construction of the.fopndatioﬁ. For this reason,
some changes in the plans or in the methods of construcfioﬁ may be n?ﬁ-
essary. To illustrate job situations, two cases are discussed: ‘.

a) The simple case is where the s0ils encountered are homogenéous
ahd well identified before the contract is signed, when the p]an‘is
thorough and has been completed before beginniﬁg the job,and when there
has been no postponement due to a variation or to a'téchnicd] problem at
the time of bidding. ‘ ,

When the plans have been reviewed and the site visited prior to the
beginning of the job, the project falls 1nt6 the category of the simple
case. _ ) '

When the job begins, the only items left to check are tha£ the as-
sumptions and conclusions made in design are verified in the field. These
assumptions should be clearly found in the design calculations and the
technical drawings. Any reconciliation can be made while installing the
first pile (or the test pile). |

The possible changes that will need to be made should be minor and
could involve: o
-= the level of trimming the top of the pile,

-= the éxact depth attained by the boreq piles of a foundation,

-- the use of certain equipment for dfi]]ing or for placement of the rebar
cage or the concrete, ' _ 7 ‘ | }

-- changes due to the rate of drilling which may influence‘fhe overall
progress of the work, etc. | A_ ' _

When the construction supervisor looks at the schedule of work, he
will ensure that the rebar cages are not fabricated at a faster rate than
the expected rate of placement of these components. In this way, if a
change in the construction plan is needed despite the precautions that
were taken, it will be less difficult and costly tb make the chéngestthan
to have many unneeded rebar cages on the job site.

In a similar fashion, the construction supervisor will examine the
construction plan (see § 2.2.4 of this chapter) and will see that con-
struction is begun with widely spaced piles, if the mobility of the
equipment so permits without any difficulty. Thus, in casg'of problems,
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- remedies may be-fouhd without too much troUbTe by modifying the spacing
of the. other p11es in the foundation.

‘ Th1s strategy of the construction supervisor should be applied with
much precaut1on and d1scernment because it does not, contrary to the
'-fo11ow1ng case rely just on the explicit clauses of the contract. The
construct1on superv1sor should act toward the contractor more by persua-
sion than by the voice of authority. He should not go beyond reasonable
-;11m1ts in suggest1ng the use of the equipment because the contractor may
. issue a c1a1m for add1t10na1 charges.

| 'b) The other case, which sometimes arises, s where the construction
~ conditions are different from those initially anticipated. This may occur
for. a number 5f reasons: encounter with an obstacle during the course
of drilling that was'not apparent at the time of the preliminary survey,
‘ ;physica] characteristics of the foundation soil that are different from
those deduced by 1nterpretat1on of the geotechn1ca1 tests, setbacks on
"the job STte etc.

The problem is to resolve each setback in a specific fashion. Some
‘examp1es are cited of such setbacks that require modifications of the
plans or of the construction method.

" The foundation of a bridge will be constructed within the stream bed
of a river and a cofferdam with d1aphragm walls will be employed. In the
-preparat1on for the construction of the d1aphragm walls, the excavation
“tool encounters a block of concrete prior to reaching the full depth.

This kind of setback could not have been foreseen at the onset because
‘it involved one of the units to provide protection against scour of a pier
for a bridge located at some distance up-river. After authorization by
_ the construction supervisor, the contractor could use different equipment
to continue with construction of the cast-in-place walls. It goes without
saying that a clause in the contract to deal with the problem that was
ehcountered could have beeh easily overlooked because the obstacle could
not have been foreeeen. In this case, the setback could be tru1y'un—
'foreseeab1e  On the other hand in other cases, special consideration
should be taken w1th the clauses in the construction contract especially
' when the work is in an urban environment.

P11es for the foundations for a long viaduct are placed in a s011
that 1s expected to provide sufficient capacity for barrettes of appro-
priate dimensions.n At the time"of the construction of the first
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barrettes, the properties of the foundation soil as it appeared when
lifted by the drilling tools did net correspond with the geotechnical
characteristics estimated in the preliminary tests. A new program of soil
dnvestigation, employfing in situ tests, was quickly undertaken for each
support. The result was that the behavior of the soil at the level of
the base of the barrettes were overestimated at the time of the prelimi-
nary survey. The overall concept for the foundations of the viaduct had
to be completely modif{ed. This type of setback may have been solely due
to the use of tests that were improper for the solution of problems posed
by such foundations.

When the physical characteristics of a foundation soil are not as
anticipated, it is necéssary to determine whether the phenomenon is lo-
calized or not, and to proceed to some additional tests to define the
modifications needed for the subsequent piles. It may be that the re-
sistance of the soil 1s higher than anticipated. With the results of the
additional soil investigation, the construction supervisor can make the
decision to raise the -level of foundation after having consulted with
engineers specialized in soil mechanics.

Certain setbacks on the job may require modifications in the entire
concept of the foundation design. An example is where a drilling tool
remains at the bottom of the borehole and is not retrievable. If the pile
is practica]Ty finished, this is not so serious; the excavation may be
concreted and the pile will have one strongly reinforced point! On the
other hand, if only one part of the pile is bored, it will generally be
necessary to plan for the construction of a supplementary pile. If space
is limited, the concept for the foundation as a whole may require re-
vision.

There is no general solution for resolving such problems. All the
special solutions that may be found cannot be covered in the contract and
in the administrative plan. Moreover, in some cases, insufficient in-
formation may present an intrinsic difficulty that may not be remedied
by an additional program of sofl investigation.

2.4.6. TESTS FOR COMPLETED PILES ‘

At present, the contractual documents are relatively poor on the
subject of tests following the completion of a pile. This is due to the
fact that the methods of testing in current use have recently been de-
veloped. On the other hand, the development of bored piles of large di-
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ameter has been accompanied by an increased need for caution during
‘construction. ‘

The ‘reader may refer to a discussion of the methodology of the
testing of completed piles in Chapter 7 of this document. It may be
stated simply that there are actually a number of methods that allow
testing of the quality of piles that have been constructed.

As is noted in Chapter 7, such proof tests must be defined with
precision before work begins. The amount of testing to be done should
vary in accordance with the importance of the job and the general concept
used in the design of the foundations. A bored pile in a line of six piles
of 1 meter 1in diameter, for example, will deserve more careful testing
than a pile in a group of 15 piles of 0.60 meter in diameter. The result
of poor construction of the larger pile is obviously more severe than for
the smaller one.

The non-destructive or proof testing is done on:

-- the soil-concrete contact, at the base of a pile,
-- the homogeneity and the integrity of the concrete of the shaft.

In addition to data from non-destructive testing of a few piles,
information can be gained that may be of interest for the construction
of the other piles on the job. The results of the tests may allow improved
construction procedures to cope with a difficult problem. The arrangement
of the non-destructive testing should be made in such a way that possible

repairs can be made in case defects are found in some of the piles.
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CHAPTER 3
BORING

Of all the operations that govern the construction of a pile when
the soil must be excavated, it is the boring that should be the object
of special attention. It is the first operation and is influenced by a
large number of often imprecise parameters. _

Boring is the operation that involves the greatest number of un-
foreseeable difficulties of a geotechn1ca] nature because of the natural
heterogeneity of subsurface cond1t1ons_' A re1ated prob]em is that pred-
ictions cannot elways‘be made about tﬁe app11;ab111ty‘end reliability of
the various methods of machine excayetﬁon; Such difficu1ties occur de-
spite precautions taken during the_pfe]imfhary"suf&eys'(subsurface and
site reconnaissance) or following the relevant reguletions that appear
in guidelines such as the CCTP.-

In an attempt to limit these hazards this chapter includes:
~- a presentation of available procedures as complete as possible; addi-
tional detail is given in the Technical Notes (TN) at the end of this
manual;

-- some recommendations about these different procedures in relation to
the essential criteria of achfeving quality boreholes and in relation to
the nature and particularities of the soils encountered.

Finally, this chapter includes the pkfncipa1 tesfs that may be used
to investigate the quality of constrUction'and-the,durab11ity of founda-
tions on bored piles. | ’

3.1. BORING WITH USE OF A RETRIEVABLE CASING
3.1.1. Chopping tools or grab buckets (TN Nos. 1 and 2)

This involves a procedure for excavation of a borehole using a
chopping tool, a cylindrical grab bucket cn a cable, or a lightweight
hammergrab (which permits simultaneous breaking up of the soil by per-
cussion and extraction of the debris). These tools are used inside a
casing that penetrates under its own weight or is driven,

The rock materials are preliminarily crushed by percussion with the

aid of a chopping tool (Fig. 18).
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Fig. 18. -- Drill bit and grab bucket.

These tools may be used with a simple winch and hoist (with a timber
or metal tripod) or with more elaborate machines using inclinable, metal
derricks that can be dismantled or moved without dismantling. A derrick
of the Migal type, for example, may be used.

Such an outfit allows construction of piles of diameters varying from
0.40 m to 0.85 m (1.3 ft to 2.8 ft) and in exceptional cases up to 1.2
meters (4.0 feet).

3.1.2. BENOTO method (see TN No. 4)

_This method differs from the preceding, from which it has been de-
rived, by use of pushing, twisting or rocking of the temporary casing to
achieve penetration. Depending on the type of machine used, the diameters
of piles that may be constructed by this method vary from 0.60 m to 1.20
m (2.0 ft to 4.0 ft) and exceptionally up to 2 m (6.6 ft) (Fig. 19).

A variation of this procedure involves the use of a driver-extractor
of the Foncex type, for example. Thus, the system of handling the casing
is totally independant of the boring system. The power unit in the boring
system may be a crane that utilizes tools as varied as drill bits,
hammergrabs, and hydroelectric or mechanical grab buckets (Fig. 20).
3.1.3. Open, drivén casing ,

In contrast to.thé precéding techniques, the placement of the tem-
porary éasing in the method described here precedes the actual operation
of boring. The casing is placed with the use of hydraulic rams or with
a double-acting hammer (see TN No. 5) to the desired depth and the soil
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Ftg. 20. -- Driver-Extractor, Foncex: Type (Document from Benoto).
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that 1s penetrated is then extracted from the casing in one operation with
the aid of tools previously descr1bed L

When refusal is encountered prematurely, thefeasing'is ¢leaned out
and the excavation is carried thfough the strong stﬁatﬁm'of soil using a
chopping too];‘then the installation of the ca;ihgkis,eqntinued. These
operations are repeated as often as necessary uht11.the:casing'reeches
the desired penetration. ' T e

Techn1ca1 Note No. 3 g1ves 1nformat1on about the th1cknesses of the
wall of a casing in relation to its d1ameter : v v e
3.1.4. Open, vibrated casing L o e

Based on the same principle as the preced1ng, th1s method makes useg
of vibro-percussion to sink a steel cas1ng Techn1cal Note No 6 de-:
scribes the vibratory drivers that are current1y 1n most use and 1nd1-'
cates, according to diameter (ranging: from 0.40 m to 2 m=- 1. 3 ft o’ 6 6;
ft), the wall thicknesses of the. caswngs that are genera11y used’ (F1g
21).

3.1.5. Special systems
3.1.5.1. Atlas piles . 7 ‘ :

This is a pile of'from 36.. to'GO em (14 to 24 in.) in diameter that
is placed without the excavat1on of the 5011 A casing is installed by
rotation with a mach1ne of the At1as type that has at its base an auger
and a special tip. Th1s t1p is d1sconnected at the bottom of the borehole
and remains in p]ace as the cas1ng 1s extracted as concret1ng progresses
(Fig. 22). j,f e
3.1.5.2. Drilled pile w_itH';éé.)'hvti‘h‘r’rt‘]‘oht‘.‘ls-ﬂight auger

This procedure is deribed trom'techniques used in preliminary soil
surveys and consists of us1ng a tool which is a continuous auger with a
hollow stem. A loose plug seals the bottom of the hollow stem during the
placing of the tool. Concreteftahithen be pumped through the hollow stem
as the auger is hetrieved, The-Tecvis Soletanche pile is an example of
this kind of pile (Fig. 23).--

This technique does notﬂberhft'the‘p1acement of reinforcement and
is mainly used for the consthhction of piles that are subjected only to
compression (foundations of some buildings, for example).
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Fig. 21. -- PTC vibratory
‘ driver,
Type 40 A2.

SPECIAL
AUGER
Casing
Fig. 22. -- Auger tip of an
Atlas Pile.
Auger
‘LOSt tip

47



Fig. 23. -- Continuous auger drill, Tecvis Soletanche method.

3.2. BORING WITHOUT TEMPORARY ‘CASING
3.2.1. Boring with drilling fluid
3.2.1.1. Bentonitic slurry

a) Drilling mud

Sometimes called "heavy water", drilling mud is a colloidal suspen-
sion (not a solution) with a bentonitic base in which the water appears
in the form of:
-- free water between the particles of clay. By drying out or by
filtration in the soil, this free water is removed and a plastic residue
collects on the wall of a borehole which constitutes a filter cake or
membrane;
-~ absorbed water, meaning water that is fixed in a rigid fashion over
the surface of the particles of bentonite;
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-=- absorbed water or molecules that integrate with the particles to
transform them into "gel".

Drilling mud is generally obtained by dispersing at least 50 kg (110
1b) of bentonite for each cubic meter of water (264 gallons). In addi-
tion, additives are often used to increase weight; improve sealing capa-
bility; enhance viscosity or enhance fluidity; combat against
contamination; lower or raise pH; and finally reduce the filtrate or the
quantity of free water which filters through the cake (see § 3.4.5).

In saline formations, use is made of either treated muds or special
clays of the attapulgite or sepiolite type that, contrary to bentonites,
do not flocculate in the saline water. Their elevated colloidal stability
in saturated brines allows the preparation of muds of high yield.

It is recalled that the yield of a mud is expressed in cubic meters
of mud made up at a Marsh viscosity of 30 to.35 seconds (see §3.5.9.4)
for a tonne (2205 1b) of cléy dispersed. For information only, a pure
bentonite presents a yie]d'from 15 to 18 m¥*/t (489 to 577 ft3/T, where T
is 2000 1b). Higher yié}ds involve treated bentonite or special clays.

The essential function of a bentonitic mud is to maintain the wall
of the borehole despite the absence of a casing. The formation of a
slightly permeable cake which 1ines the borehole wall and the hydrostatic
pressure exerted on this wall limits the risks of caving-in, reduces mud
losses, avoids the infiltration of the ground water into the borehole,
-and limits the swelling of certain soils. It is advantageous to ensure
that the pressure from the drilling fluid be maximum; therefore, the level
of the mud in the borehole should be maintained at the highest possible
level.

When circulating the drilling fluid in the borehole, among other
things the mud permits the removal of sediments which are suspended in
the mud.

The upper part of the borehole is always protected by a guide casing
(or collar) of 3 to 6 m (9.8 to 19.6 ft) in length. The short casing is
used to prevent the caving or collapse of the near-surface soils that
would result from construction-equipment lcads, or the disturbance re-
lated to the placing of concrete and reinforcing cage. In the case of
barrettes, this protection is ensured by a Tow guide wall or by a metal

collar of the appropriate shape (Fig. 26).
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Finally, it is obvious that on an aquatic site the Tength of the
guide casing is increased for the distance from the' bottom of the river
bed (or of the sea) to the top of the work p1atform”“

The mud is manufactured at a plant (F1g 24 and Technical Note No.
9) that consists of: ~ _ ' _
-- a mixing unit with bentonite-storage 51105 a turbine mixer, a'stdragé }
tank for fresh]y mixed mud [with a capacity related to the size of the
~ job, 50 m® to 300 m® (1765 ft® to 10,590 ft? )] and the tanks for storage
of the mud that is returned from the borehoTe
-- g treatment unit with a vibrating sieve (mesh of 1 mm* (1.5 x 10-?
in?) for eliminating the large part1c1es from the return tanks; and one
or more hydrocyclones for eliminating the fine sands and the silts.

The drilling mud is thus regenerated or recycled and is checkad to
see that specifications are met (see’§ 3.5.9), and is then sent to the
special storage tank. The treated mud is then returned to the circulation
system after the addition of new mud. Thus, the properties of the mixture
returned to a borehole are satisfactory despite the presence of 1 to 2%
of sand. |

b) Tools

Many'types of tools may be employed in making an excauation‘in the
presence of drilling mud; these tcols include grab buckets, helicoidal
augers, drilling buckets, tungsten or diamond core drills, and various
rotating drills. Bentonitic mud is alsc perfectly suitable to the con-
struction of boreholes by simple percussion driffing. |
GRAB BUCKETS (see TN Nos. 2 and 10) .

' These tools are suitable, according‘to their shapes, for the boring
of cylindrical shafts and for barrettes. According‘to the method of
boring, dﬁstinction is made between:
~- buckets suspended on a cable (Fig. 25) in which the gu1dance is en-
hanced by the use of a surface casing. The equipment that is used is -
varied in regard to the method for handling the bucket. The bucket may
be handled by cable or by hydraulic or hydro-electric equ1pment
-- buckets attached to @ kelly (Fig. 26). The ke1]ys in current use
permit excavat1ons-of 40 m (131 ft) in depth and>with‘rdund or rectangular

‘buckets. Round buckets vary from 120 to 180 cm (47 to 71-in.) in diameter’ -

and rectangular buckets range from 30 to 150 cm (11.8'to 59 in.)‘ih width
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Fig. 24. -- General view of a -
plant for manu-
facturing and
regenerating mud.

Fig. 25. -- Type SC Benoto
bucket suspended
and operated by
cables.




Fig. 26. -- Drilling for barrette pile with a kelly bucket
(note the presence of the metal collar at the
head of the borehole).

and from 120 to 300 cm (47 to 118 in.) in length. The operation of these
buckets is mechanical, hydraulic, or hydro-electric;
== buckets hung on derrick of a hydraulic shovel either directly or with
a long extension. These buckets are used with cranes, such as Artois or
Provence or Benoto, or Poclain shovels (Fig. 27) of the G type (GY 120,
GC 120, GC 150). According to the shape of the bucket that is selected,
the shape of the borehcles will be round, square or rectangular and the
depth can reach 15 to 16 meters (49 to 52 ft). This procedure is obviously
reserved for construction of shafts and of barrettes in soils which do
not require casings. o
FLIGHT AUGERS AND DRILLING BUCKETS ~i .

These tools are used exclusively for;the construction of cylindrical
piles. Augers and buckets, in principle, can be used alternatively on
the same job, depending on the nature of scils encountered and the pref-
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Fig. 27. -- Cylindrical drilling with a Poclain shovel
~ equipped with a long extension.

erence of the workmen. As a geﬁéra] rule, flight augers (Fig. 28) are
suitable at the start of the boring to drill through dense layers while
drilling buckets (Fig. 29) are more’effigient in loose soi]é and permit
a better cleaning of the bottom of the hole.

Augers or buckets are attached to the end of a single kelly or to a
telescopic kelly (Fig. 30). The kelly is turned by the rotary table of
a machine made by manufacturers such as Calweld, Watson, Trevisani, or
Williams. The power unit with rotary table, depending on the model, (see
TN No. 7) may be mounted on a truck or on a crane. Each of these typés
of mountings has specific mobility advantages.

The types of‘regu1ar or special augers vary according to the man-
ufacturer, and the design of the auger is a function of the holes to be
bored (see TN No. 8).

Given the importance of the torque required to drill through soils
of medium hardness that']ié beyond about 20 m (66 ft) of depth,. the di-
mension of the drilling bucket rarely exceeds 1.50 m (5.0 ft) in diameter.

However, boreholes of more than 3 m (9.8 ft) in diameter may be
completed by modifying an auger with cutters that extend its diameter (see
TN No. 8). |

53



Fig. 28. -- Example of flight
auger (Williams).

Fig. 29. -- Bucket in open
position.
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Fig. 30. -- Telescopic kelly.

At the bottom of the borehole, underreaming tools permit diameters
two or three times that of the shaft (belled foundations). This technique
is 1ittle used in civil engineering.

SIMPLE TUNGSTEN-TOQOTHED CORERS

Corers of 0.30 m to 3 m (1 ft to 9.8 ft) in diameter are used for
£he drilling of particularly strong soils (Fig. 31) to obtain a good
' aﬁchqragefin a very resistant substratum, or also for the construction
,of:éécanﬁ piles. However, when the extraction of the core becomes im~ -
'possible it may be necessary to use other drilling methods.
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Fig. 31. -- Example of Timestone cores of 85 cm in
diameter. (2.540 ¢cm =1 in.)

ROTATING DRILLS

These tools can be employed to break up strong soils or rock and the
fragments are brought up to the surface by reverse circulation inside the
hollow stem.

In lToose soils, drills with teeth or flat projections are used (Fig.
32). In hard rock, augers with rotary bits can be used (Fig. 33); such
augers are derived from too]é used in the petroleum industry (see TN No.
8). The diameters of such tools range from 30 cm to 120 cm (11.8 in. to
47 in.), but manufacturers mention that tools exceeding 2 m (6.6 ft) in
diameter can be furnished on demand and that the tcols can be designed
to operate in all the categories of soils that may be encountered.

c) Methods of Boring '
WITHOUT CIRCULATION

In this case, drilling mud is added into the borehole in proper
amounts as the hole 1is advanced; the mud is recovered by pump during
concreting as the column of concrete 1ifts the mud. This mud, which
cannot be treated and rec1aimed‘in a_ continuous fashion, progressively
takes on sediments and may need to be replenished in the course of a
boring. Tests are performed regularly on'the samples taken at different
depths to indicate the necessity of changing the mud. To this end sam-.
pling bottles may be used that have sufficient capacity (= 2 liters - 0.5

56



Fig. 32. -- Example of rotating drill with flat projections
for use in loose soils.

Fig. 33. -- Example of rotating drill with rotary bits
for use in hard rock.
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gal) for performance of various tests of mud quality (density, sand con=-
tent, viscosity, pH, filtrate and free-water eontent;'see-§ 3.5.9 andrTN
No. 9). | | ’

This procedure‘is main]y'used for the construction of boreholes using
augers and grab buckets. '
- BY DIRECT CIRCULATION (Fig. 34)

The water, or the mud, is forced back through the interior of the
drill pipe witﬁ the aid of a powerful pump and rises in the annular space
between the drill pipe and the wall of the hole.

This method allows the continuous recycling of the mud dur1ng the
course of operation. However, for piles of large diameter the annular
space is such that the ascending speed is insufficient for the effective
lifting of the sediments or for satisfactory cleaning of the bottom of
the borehole. |

The drilling techn1ques correspond1ng to th1s method are:
== Drilling under water pressure on the order of 0.5 to 1 MPa (72.5 to
145 psi) in less compact soils and for diameters of 30 to 70 centimeters
(11.8 to 27.6 in.). The tool (Fig. 35) is fixed to a shaft and is composed
- of one or more ducts that are mounted on a cutting arrangement with teeth
faced with stellite, Hdwevef,'it;shou1d be noted that the diameter of
the borehole cannot be controlled well if the strength of the.soil is Tow.
Localized enTargements of the borehole can occur that are difficult to
detect. ‘. . ) }
-- Drilling with an auger with rolfer bits or with a coring tool for all
other soil types and with d{ameters up to 120 cm (47 in.).

BY REVERSE CIRCULATION o

This procedure consists of 1ifting mud, that is supplied to the
annular space between the drill pipe and the wall of the borehole, thrdugh
the interior of -the drill pipe. The force to 1ift the mud loaded with

sediments is obtained by suct1on from the surface through ‘the dr111 p1pe‘

(Fig. 36) or by the injection of compressed air (Fig. 37) near the" base
of the string .of drill p1pe The upward velocity thus obta1ned a11ows
the complete recovery of the 5011 and rock broken up by the dr11l1ng tooT
(rotating drill bit in this case) ' .
This method avoids the continual 1ifting of the drilling tool and
permits an increase in the weight on the tocl by simple addition of
drilling collars, which has the advantage of limiting the vertical forces
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Fig. 34. -- Diagram of principle of direct circulation.

Fig. 39. -- Example of Cutting'arrahgémént. To the left
of the casing at the head is the pipe for
removal of water loaded with sediments,
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Fig. 36. -- Diagram of principle of reverse circulation by suction.
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Fig. 37. -- Diagram of principle of reverse circulation
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on the rotary table. This is a procedure particularly well adapted for
aquatic sites.

Moreover, the continuous, rapid circulation of the purified mud en-
sures an efficient cooling of the drilling tool.

Equipment for drilling with reverse circulation is supplied by
Salzgitter, CIS Soletanche (especially used for the manufacture of
diaphragm walls), Hydrofond, and Calweld (see TN No. 11).

Figure 38 shows the dimensions of rock fragments that may be ex-
tracted by this method (materials obtained in construction of foundations
of piers for the bridge crossing the estuary of the Loire between

Saint-Nazaire and Mindin).

Fig. 38. -- Fragments of gneiss raised by reverse circulation
during drilling with rotary drill with rotary
bits.

The result of the proper use of the reverse-cicrulation method of
drilling is an optimal cleaning of the bottom of the borehole, which
constitutes one of the essentié] conditions of the quality of the
concrete-soil contact at the base of the foundation, a condition that
strongly affects the good behavior of a foundation.

Also cited, based on the exceptional nature of the jobs, are the
foundation piles of the Maracaibo bridge and of the overhead monorail in
Tokyo. These piles were bored up to 70 m (230 ft) using reverse circu-
lation, a procedure that, at present, seems to be the most efficient from
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the standpoints of guality of construction and avoidance of construction
difficulties as well-as the performance of the completed foundations.
3.2.1:2. With clear water ' ' o

"The construction of boreholes with'clear water is simply a special
case of the general method bf boring with bentonitic mud. If geotechnical
conditions are sufficiently exceptional so that the wall of the borehole
is stable under water (for example, with cohesive soils that are stiff
‘or hard), the question arises as to whether or not piles are actually
. needed at the site. However, drilling with clear water is valuable at
an aquatic site or in compressible clay soils where casing or drilling
mud 1s not required. Clear water should be used as much as possible if
caving is not a problem because the use of drilling mud can cause a re-
duction in the value of the axial capacity of a pile due to loss of re-
sistance in skin friction.

If clear water is used, the level of the water in the borehole is
maintained by means of a surface casing at a height ‘well above the
' phreaticvsurfacé in the soil so that the seepage of water is from the hole
“into the soil. If the water level in the excavation is below the natural
water table in the soil, the inward seepage of water can aggravate‘the‘
risk of caving. Keeping an appropriate head of water at the top of the
borehole during all phases of construction of piles also counteracts the
possible collapse of the base of the borehole due to inflow of water and
can protect fresh concrete from possible deterioration (increase in
water-cement ratio) because of the upward flow of water.

3.2.2. Dry boring

~ Because soils justifying foundations for piles are generally satu-
rated (phreatic' surface very close to ground surface), this procedure is
unfortunately rare. The>possibi1ity of dry boring sometimes arises in
very slightly permeable, cohesive soils where boreholes can be con-
structed using all of the tools and machines previously mentioned, but
also, more simply, using mechanical shovels (Poclain for example)
" equipped with grab buckets. Also, excavations can be made, in a more
rudimentary fashion, by hand in very special circumstances (small jobs,
small depths, few shoring constraints, or very difficult access to ma-
chines).
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3.3. BORING BY PERCUSSION

This method, which would be used in exceptional circumstances, con-
sists of breaking up the very dense or rocky soils using heavy tools
(chopping bits) in various forms (simple wedge,'cruciform, etc.) .that are
dropped freely in order to penetrate the dense stratum.

Percussion drilling involves a long, difficult and tost]y operation
for which there are ho precise guidelines. The contractor can first
consider the precise information about the subsurface conditions, taking
into account the technical requirements of the project, and secondly
consideration is given to the best kinds of equipment to be used‘for,the
particular problem (type, dimensions, and weight of the chopping bit in
particular) (see TN No. 2). ‘

To obtain adequate penetration of the substratum, use of the chopping
bit should allow excavation of the rock for a depth correspond1ng to two
or three diameters if necessary. However, it shou]d‘be noted that there
should be a 1imit to use of the percussion method. If a cOnsiderab]é
amount of rock must be penetrated, either for obtaining an appropriate
bearing resistance or anchoring, or because intermediate layers must be
penetrated, it may be preferable to make use of rotary drilling equipment
using rock bits or core barrels (with bottoms prov1ded w1th stellite or
tungsten. teeth).

It should be noted further that the eff1c1ency of - the percussion
method \15 unden1ab1e for penetrating natural” (bou1ders) or art1f1c1a)'
obstacles. Hdwevér, percussion drilling becomes mUCh more hiSky'in:sim—'
ple, compacted, soils such as clays and loose marls, for example. In such
formations, it is thus preferable to use rotary drilling and to avoid the
use of percussion-type drills which are all too often proposed for small
Jjobs, regardless of the geotechnical conditions, under the pretext of
1imit1ng the costs of .mobilizing and de-mobilizing the equipment. Indeed,

the- economic advantage that apparent]y favors the least soph1st1cated w
 procedures is lost later by cost overruns that result from d1ff1cu1t1es
‘and de]ays that are “inherent when techn1ques are se]ected that are inap-
propr1ate for the job in question.
| ‘Once. ‘the opportunity for the use of the percuss1on method is -ac=
knowledged, it is necessary to adapt the tools to the specific difficul-
ties for eéch job site, particularly to improve their guidance (guides
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on the top of tool, on the bottom, or both on top and bottom, such as in
Fig. 39 for example).

Fig, 39. -- Example of cruciform drill with crown guides.

Finally, whatever the motives might be for justifying the percussion
method of boring, it is of interest to note that the cost for such work
should be on the basis of the amount of hole drilled and not by the hour.
Such an arrangement is as much in the interest of the construction
éupervisor as in that of the contractor. Thus, there is incentive to make
use of the most appropriate tools.

- 3.4. RECOMMENDATIONS ‘

: The qualities of a borehole are dependent, on one hand, on the nature
and characteristics of the .soils encountered and, on the other hand, on
the selection of equipment. The following fundamental characteristics
are required:

-~ uniformity and fegu]arity of the wall to ensure that pile dimensions
~are as near as possible to the theoretical dimensions and to avoid, in
‘'this way, prohibitive consumption of concrete;

- consideration of verticality or'of inclination, even at the level of
the founding stratum that, in the case of a strongly inclined substratum,
can pose some problems;

-- consideration of the depth of penetration in the fouhding stratum that
conforms to the requirements of the project, which can certainly influence
selection of one type of tool or one procedure over another;
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-- proper cleaning of the bottom of the hole, in such a way as to obtain,
after concreting, the most perfect concrete-soil contact possible, with-
out accumulation of sediments at the bottom of the boring.

3.4.1. Uniformity and regularity of the wall

Excluding stiff or dry, cohesive s0ils in which the wall of the
borehole is naturally stable and reéuTar; but due to their qualities
rarely require deep féundations, five principal types of soils are' iden-
tified as requiring special precautions. The spe¢1f1c problems of pene-
tratfon into the founding stratum will also be addressed.

Nevertheless, regardless of the nature of the soils, the uniformity
of the wall is better. preserved when the duration of the construction of
the borehole is short and when the time-periods for the subsequent oper-
ations (casings, reinforcing steel, concreting) are further reduced.

With regard to the time for the construction of a pile or shaft, a
boring without casing should not be undertaken when the concreting may
not be performed on the same day.

In particular circumstances, when it is desirable to make full use
of the equipment or to regain time lost to downtimes (frequently caused
by breakdowns or by delays of supplies), the contractor may wish to begin
a borehole or, indeed, several boreholes by the end of the day. But
special care must be taken to see that all the drilling and concreting
are planned at the latest for the next day.

Obviously, in this constant concern for limiting the risks of
‘cave-in, it is important to coordinate as well as possible the successive
operations which are involved in the construction of a pile. In partic-
ular, it is very important to obtain concrete and to place it at once and
without interruption after the borehole has been completed and is ready
for concrete. The installation of a mix plant or the selection of a
ready-mix supplier near the job site and the careful organization of the
movements of the concrete trucks are very important in regard to quality
of the concrete (see § 6.3.2).

One should keep in mind that percussion drilling causes vibrations
felt through the upper soil layers and increases the risk of cave-ins in
open holes.
3.4.1.1. Cohesive soils of medium or low consistency

Cohesive soils of medium or low consistency can be bored using nearly
all procedures. However, for depths beyond 20 m (66 ft), it becomes
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difficult to push (or drive) and to extract the casing because of the
rapid increase in the lateral friction with depth. In such clays, boring
with clear water or with bentonitic mud is preferable. The'appfqpriate
drilling. tools (augers, grab buckets) .allow very satisfactory con-

struction progress and the qua]ﬁty of che boneholé should be satiéféctory1

The difficulties arise, in these cases, in getting a borehole with a

uniform diameter. The risk of overbreak is due principally to the ec-

centricity in movement of the drilling tool and the risk increases with

depth and with speed of rotation. ' ' ‘

Another concern is that the- cohes1ve soils frequent]y conta1n layers
of sand or gravel which are water bearing and occasionally under
hydrostatic head. Localized caving can nesu]t\&nd can render ineffective
the drilling techniques- that were se]ectcd initially. -Pré]iminary
geotechnical surveys and preliminary hydrogeé]ogical‘ studies, Ipantic-
ularly allowing an estimation of the nature of the water in the sands and
gravels, are requfred in order to avoid such hazards during the course
of the work. | ,

As an example, the case of a job site is cited for which the con-
struction of diaphragm walls with bentonitic mud was interrdpted due to
the flow of a large quantity of water within a gravel layer 1ntersper§ed
in a.cohesive}formation that was presumed homogeneous.” In this circum-
stance, it was necessary tc‘use secant piles that were constructed with
the use of casing (Fig. 40). - ‘

Embankments constructed very recently over combréssib1e soils and =
without special precautions, can cause, by the lateral stresses that they
create, the caving of the boreholes constructed at the toe of their
slopes. This is why it is advisable to build such embankments well before
the excavation of drilled piles. Such construction arrangements, more-
over, permit the limiting of the horizontal forces on the piles and the.
differential settlement between the embénkment énd'the structure. In such--
a case, it is evident that p11es constructed with a permanent cas1ng are
preferable to those: constructed us1ng only benton1t1c mud R _

It should be noted that, when the proportion. of sand 1ncreases 1nfc
the cohesive soils, the efficiency of the drilling mud is often reduced.“
This sometimes-leads to last minute, éipenéive measures in order to ensure
the uniformity of the walls of the borehole. In some unusual cases and
at the site of an important project, it may be necessary to inject the



Trimming performed at
location of future
floor,

Imprint of the gravel
layer,

Fig. 40. -- Secant biTgS:rEQUired'becahse~of significant
water flow-within a gravel layer,
soft, sandy clays with a cement grout'béféfe,bQTing'begihs-jn‘order to
~1imit the risk of caving .when uéihgibentbﬁipﬁb\&Qd. It i's very obvious
that, in this case, the.use of casing in thé-dri]ﬂing-oﬁéfatibn is often
advantageous. ' o R
3.4.1.2. Cohesionless soils above water

This involves either natural formations or. deposits, or embankments
that are more or less heterogeneous.

The procedures that may be used to drill such materials depend on
particle-size distribution, density, and depth or magnitude of the lay-
ers:

-- The sands ond gravels can be drilled, for the most part, with the
following procedures:

¢ either a retrievable casing when the depth or strength of the layer

and the diameter of the pile are sufficiently moderate so that the
frictional resistance against the casing remains compatible with
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the capability of the available equipment for driving and for ex-
traction of the casing,

- % or a bentonitic mud which can be used regardless of the depth or

the diameter of the borehole.

..In these soils, boring with clear water without casing is obviously
nqﬁ_suitab]e. ‘However, in certain favorable conditions (the upper layers
have some cohesion due tc a significant proportion of fines or to the
presence of a clay matrix), dry boring may be considered with the use of
only a surface‘casing.
== In formations composed of elements of a large size (rock embankments,
jetty rocks, scree-covered slopes, f]uvia1-g]acia1 alluviums), the pro-
cedures of boring with bentonitic mud do not permit assurance of a hole
with uniform diameter nor the regularity of the wall. It is then neces-
sary to resort to boring methods using thick casings (2 1 cm - 0.4 in.),
which are. placed by pushing,‘fwisting, or rocking (see TN No. 4) rather
than by .impact driving or by vibration. It is also preferable to make
use of drilling tools of a more elaborate sort such as hammergrabs or
rotating drills. The boring of large diameters required by these mate-
rials moreover calls for a quasi-systematic use of such tools and prac-
tically excludes equipment of the grab-bucket type that is used, as a
rule, for piles of more modest dimension (f < 1m - 3.3 ft).

| Under certain conditions when drilling is possible without insta-
bility. of the wall, dry boring may be considered using only a surface
casing. However, in this type of formation, such favorable conditions
rarely occur.

In a general way, it cén be said that in these materials boreholes
are always difficult and costly even with well-adapted-equipment. Thus,
where deposits of large-sized elements exist, it is recommended that piles
not be employed unless no other solution is feasible.
3.4.1.3. Cohesionless, underwater socils

This involves the same formations as the preceding, but the granular
soils are underwater, as found at a fluvial, lakeside, lagoon, or maritime
site. |

Thus, the preceding considerations are applicable to this category
of materials in which the difficulties of drilling, linked with the
particle-size distribution, are even more consequential. There are some

sftuations that present especially difficult problems (for example, a
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water course with torrential flows in high valleys), and spécial ar-
rangements must be made to maintain the stability of a boring:

Boring procedures with bentonitic mud should be made in such cases
with more caution because of the possible ineffectiveness of the slurry
in preventing cave-in in loose sands or ineffectiveness in-the presence
of possible strong flows of water. These flows should have been accu-
rately determined during the preliminary investigations in order to se-
lect the appropriate protection for the fresh concrete against Waterihg
down, protection such as a permanent casing or membrane (See § 4:2.1).
In this regard, at fluvial sites the risks of undermining often add to
the risks of water circulation and, as a consequence, it is advisable to
anticipate the use of thick casings or membranes that are résistant‘to
erosion. Thus, it may be advantageous to adopt a boring procedure (vi-
bratory hammer for example) that permits the use of non-retrievable
casings for these groundwater conditions and particle-size distribution.

Furthermore, the role of water as a lubricator, and the ascending
movement of water created by suction at the time of extraction bf the
casing or drilling tools, create, at the base of the casing, risks of
cave-in that are more formidable than in formations which are not sub-
merged. These cave-ins which may be very consequential become especially
harmful when the piles are constructed at the foot of an embankment or
slope, which may become unstable (Fig. 41).

To 1imit the severity of such risks, care is then taken in submerged,
cohesionless soils, to keep the casing as close to the elevation of the
boring tool as possible and maintain a water level in the casing above
the natural water table in order to avoid all phenomena of piping at the
base of the casing.

These measures, and the exclusion of all violent systems of boring,
such as the percussion=-drill outf1t; turn out to be especially important
when the foundation is situated in these soils. Lacking such precautions,
the disturbance that results at the base of the piles may effectively
eliminate thé end-bearing component relied upon during the design proc-
ess. The end-bearing component may then have to be re-established through
pressure injections, which are always very costly and of questionable
efficiency. j

At present, when the casing suddenly reaches refusal on a rock
substratum, the boring is generally continued with a chopping tool that
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Fig. 41. -- Crack at the head of an embankment CaUSed by construction
of bored piles at the foot of embankment.

produces a hofe of irregular shape, particularly in its upper portion
which is often very ragged.r Between the casing and the rock, cracks may
result. Through these cracks, which may be quite significant, cave-ins
may occur in the overlying, cohesionless mater1a1s (Fig. 42). It is these
caved-in soils, raised with the rocky debris, that are evidence of this
kind of problem. In the case just decribed it is sometimes said that
there is "sealing of the casing" but no seal was made. To seal the opening
between a casing and the rock surface, clay may be dumped at the bottom
of the borehole and compacted as the casing fs raised to just above the
contact surface. This cohesive soil forms a plug against the cohesionless
materials situated immediately above the rock (Fig. 43).

The casing is ihen re]omered to the rock through this sealed zone
and the excess clay is extracted from the interior of the casing. Cer-
tainly, the "sealing of the casing" is easier when the rock presents a
more or 1ess soft weathered zone 1n wh1ch even a weak seal is possible
(Fig. 44).° | Sl e ,

F1na11y, 1t is necessary to remember that such problems are more
frequent when ‘the rock substratum has an’ 1rregu1ar surface or when the

piles are inclined.- when the pre11m1nary surveys predict an irregular
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Flowing
of sand

Fig. 42. -- Schematic diagram of the f1owin§ of sand under a
temporary casing at the substratum contact,

°. 0
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Fig. 44, -- SeaTing of a temporary casing facilitated by existence
' of a soft, weathered zone in the supstratum.
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surface of ‘the rock at the base of a pile, information on the rock must
be communicated to the designers and the contractors so that the proper
selection of methods and equipment is made.

3.4.1.4. Soils of archeological interest

These are historical sedimentary deposits (< 2000 years) that are
encountered most often in littoral and sublittoral (isolated lagoon-muds)
'zones or in marshy depressions and valley floors (peat bogs). They may
also be reshaped soils or those left by man (embankments, dumps, fill
materials . from ancient extraction zones, artificial ditches, or natural
thalwegs) that are located for the most part in urban and suburban.zones.
Not only are these soils generally of poor quality and often have heter-
ogeneous mechanical characteristics, they frequently harbor hidden ob-
jects (relics, ancient constructions, ancient river networks, ancient
foundations, ruins, wooden roadways,. etc.) which constitute very serious
obstacles to boring. _

Because such obstacles often require large construction expenditures
and considerable losses of time, their presence should thus be mentioned
with the greatest possible precision in the documents that are prepared
concerning the site conditions.

In this case, only very complete surveys, including numerous rapid
Eurface-testing methods, are capable of Tocating these risks on the sites
that were initia11y described to the designer by the preliminary
geological studies.

When such obstacles are pinpointed precisely and their significance
- is well estimated, it is possible to limit construction hazards by stat-
ing, in the CCTP, the obligation for the company to use the materials that
are the hest adapted to the particular conditions of the job. The job
may require casings, powerful chopping tools, or rotary drilling methods
(drill, coring tools, or rotating drill bit).
3.4.1.5. Karstic soils

Karstic soils pose a double problem in the designing and constructing
of boreholes for piles [15].

-- Designing of cost effective and reliable foundations on a karstic
site is dependent upon the representativeness of the results of the pre-
liminary survey. It is necessary to recall that there is no precise
method capable of givfng information about the position, geometry, nor
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the true extent of the cavities in a formation (except in extreme cases).
Sometimes the presence of a karst on a site has been revealed by surface
observations (sinkholes, apparent cavities, craters, etc.), by a
geological study, or by sounding. ,

The shortcoming of achieving a good definition of a karstic formation
is even more disturbing when structures are modest. On one hand, the
designer must minimize the risks and, on other hand, propose foundation
solutions that are the most efficient and the least costly. At present,
unless the number of borings or soundings is substantial, a sufficient
degree of safety cannot be obtained at the planning stage.

Excluding the case of a deliberate choice of a mat foundation, it
is during the foundation layout prior to construction that it is desirable
to complete the exploration using rapid soundings (wagon-drill. for exam-
ple) at the location of each of the supports of the structure in order
to ensure the absence of karst under the anticipated levels of foundation.

It should be noted, however, that in such soils it is preferable,
to increase the number of rapid soundings during the preliminary survey
in order to obtain the best possible image of the site rather than to
research in too much detail the nature and characteristics of the mate-
rials that are encountered. Some of the newer methods, such as
surface-penetrating radar, may be of value at certain sites.

-- The problems of constructing piles on karstic sites essentially con-
sist of losses of slurry and significant overconsumption of concrete.

To offset these difficulties, the solutions, often of variable ef-
ficiency, depend on the nature and exact characteristics of the karstic
network.

Numerous fissures with moderate dimensions do not require the same
arrangements for construction as do significant cavities.

In the presence of a dense network of medium to fine fissures, boring
procedures without casings may be used if slurry losses are not excessive.
I[f excessive, it is then necessary to resort to grouting the formation
to create a waterproof screen around the piles or the groups of piles.
However, costs escalate rapidTy and quickly become prohibitive.

In the case of large cavities, it is preferable to use boring methods
with casings that have sufficient thickness to be driven (driving is often
severe due to the hardness of the rocks generally affected by the karstic
phenomena) in the hole created by a chopping tool. Possible overcon-
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sumption of concrete may be guarded against either by using a permanent
casing, or by prior sealing of the openings in the formation. The sealing
operation consists of refilling the encountered caverns with sand-gravel
materials compacted with the drilling equipment and continuing with the
boring and casing through this reconstituted soil (Fig. 45). -One other
method consists of injecting the soil with expansive grout in a pilot
borehole. This procedure is still considered experimental. '

Temparary
casing

N

N ANNNNNNNNSS

Gravelly sand

compacted by ~ lemporary
deili casing

Fig. 45. -- Diagram of principle of refilling of a karst.

- 3.4.2. Consideration of verticality or inclination
3.4.2.1. Vertical piles ‘ _

The CPC Specifications (Clause 3.09.41) stipulates that the
plumbness of the borehole should not deviate more than 5 mm per meter
(0.06 in. per ft). Regular testing of this plumbness should allow for
the correction of excessive deviation either by adjusting the casing, or
by plumbing the kelly bar. Such corrections cannot be made with precision
when the borehole is constructed without casing whfle using a bucket on
a cable, a chopping bucket, or a chopping tool.
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3.4.2.2..  Battered piles e :

- Generally, the risks of malfunctions and construction difficulties
inherent to bored, vertical piles are aggravated when battered piles-are
involved. - Regardless of the procedure used, even with a guide casing,
the .planned inclination is. very difficult to maintain, particu]ar1xrwhen
Tong lengths are involved and if drilling by percussion is required.
Typically the tolerances for deviation from the planned inclination.are
the same as vertical piles (5 mm per meter - 0.06 in. per ft).

[n particular, the difficulties with sccketing the piles into rock
as discussed for vertical piles when the substratum is inclined (sealing
the casing is often djfficu1t), are‘comp11¢ated by the risk of displace-
ment of the head of the casing which leans against the borehole wall where
loose soil can deform and erode.

Finally, it must be noted that the inclination of a borehole may be
modified, not only byﬁthe presence of obStacJes‘(wreckage, ruins, blocks,
etc.), but equally by the dip and strike of the layers of soil and rock.
The relative inclination of the boring to the dip of rock influences the
breakage of the walls of the borehole (Fig. 46). ' |

Fig. 46. -- Influence of dip and strike of layers
on inclination of piles.

ATl these difficulties demonstrate the risks associated with the use
of battered piles and-support the elimination of this type of pile from
further‘consideration. The present techniques of vertical boring allow
the designer to select a wide variety of diameters or configuration of
barrettes to resist the applied loads based on mechanical characteristics

of the layers of soil that are penetrated.
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3.4.3. Anchoragé in the substratum

When the substratum is rock, the difficulty of socketing the piles
into the layer to the depth required is dependent on the density and
hardness of the rock. To achieve this penetration several procedures may
be used: wuse of tools with stellite, tungsten-carbide teeth, drilling
by percussion, or rotary drilling with reverse circulation.

The contractor on a project will have to select the equipment based
on the geotechnical studies and the description of the rock quality on
one hand, and on the required depth of penetration into the stratum (se-
lected by the designer) on the other hand. The equipment must be able
tc obtain the specified depth with minimal difficulty and without delib~
erate modification unless stratigraphic differences between the excavated
material and those of the subsurface exploration are found. '

In the case of drilling by percussion it is desirable that the energy
available for battering be sufficient to penetraté efficiently the rock
to a depth of 2 to 3 pile diameters. To this effect, the winch should
be capable of ensuring a height of fall sufficienp.for'the chopping tool.
Additionally the winch should have sufficient powér to 1ift the carefully
selected chopping bit for the diameter of hole to be excavated. This
selection is all important because the preferred method of payment is by
the excavated depth and not by the equipment hour.

This appropriate selection of equipment for the problem that exists
can be detailed down to the shape and dimension of the chopping bits which
will avoid jamming of the tool and will avoid a considerable loss of time,
Such incidents are frequent when the depth of socketing is larger than
the height of the tool. Difficulties are caused when the chopping tool
bumps on the wall or when a deviation of the borehole tips the head of
the tool, causing the tecol to be caught in a crevice or under the casing
(Fig. 47). Some guiding devices, such as a casing or a centering guide
(Fig. 48 and Fig. 39) will, as a rule, offset these inconveniences.

Fina11y,‘it‘is desifab]e to guard against hazards inherent to vari-
ation of the level of the substratum. When such conditions have been
detected by the preliminary geotechnical survey, equipment is selected
tc handle the worst conditions. In particular, it is important to select
kelly bars of sufficient length to attain the greatest depths that are
expected to be drilled. This planning effprt shqu]d avoid changes‘ of
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Fig. 47. -- Critical areas related to socketing
in a rocky substratum.

Fig. 48. -- Example of drill with crown guide.
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equipment which are always expensive during construction and even more
regretable because such changes are often required by minor deficiencies.
3.4.4. Cleaning of the bottom of the hole S '

' Conforming to the spec1a1 provision of C1ause 38 (38 1.1) of Article
68, which is also found in the DTU No. 13-2, the procedure that precedes
the start of the concret1ng 1s the cleaning- out of the bottom of the
borehole. o . :

The cleaning of the bottom of the boreho1e,js-an:operation performed
immediately before concreting; that is, after the p1acement of the rebar
cage and possibly a liner, and should not just be performed in a per-
functory manner at the end of boring. :The c1ean1ng of the bottom of the
borehcle consists of properly e11m1nat1ng all of the debris located not
only at the bottom, but also in suspension in the slurry to ensure con-
creting under satisfactory conditions, and above all ‘to obtain a " good
concrete-soil contact, especially at the tip. This cleaning permits not
on]y'the‘shaping of the bottom of the borehole but also the extraction’
of the remaining soil left after thé use of auger-type tools. Fina1ﬂy,
the task of the cleaning after installation of the rebar and the liner
permits elimination of materials or sediments that have caved in during
the delays required for placement of these components. For long piles,
these delays can be very significant (several hours). Careful cleaning
is very essential to the proper construct1on "of bored piles and it 1s
regretab]e and dangerous that it is often neglected. ' '

' It is necessary to have a clear understand1ng that 1mproper c1ean1ng
a]ways trans]ates to a malfunction at the tip of the pile. It is a mistake
to re]y on the flushing of ‘the bottom of the hole by the f1u1d concrete
for ‘removing loose mater1a1 and sediment (see Chapter e), even in the
absence of a basket at the base of the rebar cages, and even 1f the tremied
effect1ve1y reaches the bottom of the borehole (F1g 49). It is easily
understood that the c1ean1ng of a dry borehéle may be done with no dif-
f1cu1ty if the bottom of the borehole is visible; however the cleaning
is a comp]ete]y d1fferent matter in the presence of water or of benton1t1c
mud., ' ' |

The difficulties of ascertaining whether or not good c]ean1ng has
been done and the false assurance that f]ush1ng of the f1u1d concrete
prov1des c1ean1ng are the essential factors wh1ch encourage ‘the con-
struct1on superv1sor and the construct1on company to minimize the s1g-
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Fig. 49. -- Effect of flushing relative to dimension
of piles. (2.540 cm =1 in.)

nificance of the remova1 of 1oose mater1a1 and to cons1der it only in the
final phase of boring. There 1s a tendency to use on]y the equ1pment
which is. employed in the constrpct1on of the borehole for the c1ean1ng-
operations and too often suitable methods are not employed. The'usual
boring procedures do not eliminate the risks of sedimentation of sands
during the course of the installatfon of casings and rebar, nor do such
procedures avoid the morevor less serious mod1f1cation of the bottom of
the borehole in cohesionless soils. In regard to cohesfonless soils, it
is particularly evident that the use of any tool that will cause a loos-
ening of the soil at the bottom of the boring is extremely harmful and
should be expressly prohibited. A number of examples related to very
diverse soils and varjous techniques of boring (with or without casing,
with or without bentonitic-mud circulation) attest to difficulties and
numerous defects (Fig. 50) that result from. poor cleaning procedures
The problems include the premature halt of the rebar cage by sediments
which can attain a depth of several meters when slurry is not properly
screened during recirculation or is of poor quality. The presence of
sediments in concrete has been detected by geophysical methods or by
coring of the pile, and improper conditions at the bottom of the borehole
have been found by tests performed under the tip of the pile after its
construction.

In all the above cases, the boreholes had been cleaned with the aid
of available equipment and procedures on the job site (bailer, grab
bucket, pumping and injection of s1urry at the top of the'boreho1e, direct
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Fig. 50. -- Example of cores from bottom of pi1e, showing a poor contact
between concrete and rock {because of a 40 cm of sand layer).




circulation). Sometimes the cleaning had been stopped, based on insuf-
ficient criteria such as the absence of materifals raised by the bailer
or other tools, or the presence of less than 2% sand € 80 pu in the re-
generated mud, a condition that is required for good uniformity of the
wall but insufficient in the 1ight of the risks of sedimentation of larger
sands, 5 mm (0.20 in.) to 80 yu for example. On the other hand, incidents
of improper cleaning are rare (of course, disregarding the risks of
céve-in) when the boreholes are constructed under reverse circulation of
bentonitic mud. Reverse circulation with slurry is, in effect, the only
method that allows the efficient raising of sediments deposited at the
bottom of the borehole and the complete elimination of those sediments
without further interruption of equipment operations for casings and re-
bars. ‘ -

Such a cleaning can continue for as long as necessary (until the
fluid in the hole is regenerated if it involves mud or completely cleaned
if it involves water) and no 1nterruptfon is necessary except at the
precise instant of concreting.

The possibility of establishing reverse circulation at the end of
boring is not, in any way, the sole option of a particular type of boring
technique, In effect, regardless of the boring procedure used, it is
always possible to establish a reverse circulation by the use of a tube
lowered to the bottom or by a series of special pipes. The tube is either
connected at the top of the boring to a vacuum pump (Fig. 51 and Fig. 52),
or fitted with a device for injection of compressed air near the bottom
of the tube (Fig. 53), or is connected to a submerged pump. This rela-
tively simple equipment, which does not coﬁstitute a significant con-
straint, should be required by the CCTP on all job sites with bored piles.
At stake is the quality of the contact between the concrete and the soil
at the base of the pile, which for most piles is an important element in
the design capacity of the foundations and certaiﬁ1y Jjustifies the addi-
tional expenses which may result,

3.4.5. Required properties of the slurry
3.4.5.1. During boring

In addition to an ability to keep the wall of a boring from caving
(and, if the case arises, to raise sediments) during the entire drilling
operation, the slurry should retain the qualities required to Timit wear
on the equipment (especially pumps).
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Fig. 51. -- Cleaning of bottom of borehole by'circu1ation
: of mud using tremie.

To recycling
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slurry —3»
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Fig. 52. -- Principle of c1éaning of bottom of borehole
‘by‘circulation of recycled mud.
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. Recyctled Compressed air
Slurry —pw +

Fig. 53. -- Principle of cleaning of bottom of borehole
by use of compressed air.

To fulfill these conditions: ,

-- the filter cake should be both resistant and thin in order to ensure
stability of the wall without being damaged by the drilling tools. For
exploratory boreholes (eépecia]1y for mining and oilwell drilling), the
depth of the filter cake measured in the pressed filter test (see TN No.
9) should not exceed 0.5 to 1 mm (0.02 to 0.04 in.) (with a filtrate of
5 to 10 cm® - 0.30 to 0.61 in®) so that the movement of the drilling tools
is not impeded. As far as bored piles are concefned, cake depths of 2
to 4 mm (0.8 to 0.16 in.) filtrates of 20 to 30 cm® (1.22 to 1.83 in?)
are allowed, these values correspond to a fresh, regenerated mud. It is
necessary to recognize‘that cave-ins may be due to an overly thin filter
cake when the mud is fresh (low viscosity) as well as an overly thick cake
(contaminated mud, too high free-water content);

-- inevitable contamination of the mud by the materials that are drilled
(inert products such as sand, or chemically active clay products) should
be combatted by desanding and efficient recycling by a facility specially
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designed for these purposes. Installation of-eqUipment for treating the
slurry should be required by the CCTP (see TN No. 9). ' The -regeneration
of the slurry should further be performed in a continuous way and not just
when the boring is complete. At the end of the boring the slurry may have
a density that is too high, especially if loose soils have been pene-
trated. The late substitution of fresh mud for the contaminated mud
promotes cave-ins. Unless a treatment facility is employed, the slurry
is loaded with sand and loses its initial properties; there is an increase
of free water (> 40 cm® - 2.44 in?) and a thickening of the filter cake -
(> 10 mm - 0.39 in.). These inferior qualities of the slurry are detri-
mental to a uniform condition of the wall of the boring, can cause excess
wear of the pump, and will result in a sedimentat1en that interferes with
the proper cleaning of the bottom of the hole;
== the viscosity of the slurry should be maintained as constant as pos-
'sible, without abnormal increase due to physical ‘or chemical contam-
ination that may have serious consequences 1in the construction
operations, particularily as related to difficulties 1n'pumping;
-~ flocculation should be anticipated, especially in the presence of
saline water, gypsum or cement which gives the mud a pH > 10; |
== the density of the slurry, the increase of which is a sign of an ele-
vation of the sand content, should be closely monitored. However, the
properties of the slurry should be modified in relation to the
hydrogeological conditions of the soils that are drilled. The density
of the slurry should be increased by addition of appropriate products (see
§ 3.5.9.2) to limit risks of intrusion of water under a head (artesian)
~in the borehaole; ’
-- finally, to reduce eventual mud 1osses;'sea1ers may be added such as
Guar gum, polymer resins, or solid substances. The solid substancee can
be reused following separation and drying and may consist of wood fibers,
sawdust, expansive perlite, powder, or mica flakes, etc.
3.4.5.2. At the end of drilling

Reﬁerse circulation of the regenerated s1urry, between the end of
boring and the beginning of concreting (especially after p]acement of
rebar and possible 1in1ngs), constitutes, without doubt, the most effi-
cient method of cleaning the bottom of the hole. Thus, reverse circu-
lation is especially recommended in order to offset the risk of poor
concrete-soil contact at the tip (see § 3.4.4).
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3.4.6. Treatment of slurry . ‘ ‘ ‘

‘With Cambefort [8], treatment of physical contamination is distin-
quished from treatment of chemical contamination. -
3.4.6.1. -Treatment of physical contamination ‘

This involves reconditioning of the s]uﬁry.that was contaminated
during boring by sands, limes, or clays which increase the density of the
slurry -as well as its free-water content and the thickness of the filter
cake. : :

The sand eliminates itself by settling or is eliminated even better
by circulating the slurry through a system composed of vibrating sieves
and centrifugal separators (see TN No. 9). _

In certain cases, the slurry may be treated with additives which
include: '

== organic colleids (soda alginate, . extract of marine algae,
carboxymethylcellulose or CMC, starch) .which strongly reduces the
free-water content (thus thinning the cake and enhancing its resistance
to contamination) and /ncreasing more or less the viscosity;

-- additives, such as tanins (especially quebracho), polyphosphates
(pyro, tetra, and hemaxetaphosphates) which especially diminishes the
viscosity, alsc lignosulphates which equally act as filtrate reducers;

-- anﬁ?hydraﬁng agents, such .as potassium lignosulphate which is es-
pecially effective wifh plastic and expansive clays; ‘

-- pyrophosphate acid which Jowers the pH of the slurry. This additive
is especially interesting for boring certain expansive marls in which
hydration, which occurs when the waters are basic (pH > 11), can be 1im-
ited‘by maintaining the pH value between 7.5 and 8. In this respect,
experience also shows that in practice marls do not destratify beyond a
certain concentration of sodium silicate or in the presence‘ of lime
slurry. |

3.4.6.2. Treatment of chemical contamination

The treatments described below are apb1ied in case of normal con-
tamination. If the contamination is very significant, it may be prefer-
able to rep1éce-comp1ete1y the polluted mud, or to use inert muds {of oil,
of starch or of silicate, for exahp]e) even though these technigues are
horma11y employed only for deep boreholes (especially for drilling
oilwells) and are rarely justified in civil engineering.
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- == Contamination by sodium chloride. A dilution of the slurry permits
maintenance of the uniformity of NaCl around 1% and the addition of
phoéphétes or tanins may be suitable, but decrease the viScosi{y“ It may
“then be preferable to use a slurry of starch (or of CMC for concentrat1ons
of NaCl lower than 1%). '

== Contamination by gypsum or anhydrite. For a weak cohtaminatiodfthe
addition of tanins, phosphates, or CMC can suffice. For significént
contamination, calcium, 1in the form of sulfate, may’be precipated with
the aid of carbonate of soda, dissodic phosphate, or barium carbonate.
-- Contaminatidn by cement. As in the preceding, tanins,  phosphates,
or CMC may first be tried, but to lower significantly the pH it is nec-
~ essary to use monosodium phosphate, complex phosphates, quebracho, or
more simp1y bicarbonate of soda. |

3.5. TESTS OF CONSTRUCTION OF THE BOREHOLE

The construction conditions previously described; on which the es-
sential qua]itiés of a good borehole depend, cannot be met unless reQU]ar
and careful testing is assured by available personnel who are instructed
as to the partfcu1ar1t1es and difficulties inherent to the construction
of piles in place. Such testing is indispensible regardless of the rep-
utation of the company, their references, or their possible experience
in such construction. . _

To avoid all ambiguity with respect to testing during the progress
of the work, it is desirable in the CCTP to anticipate and to define with
precision the nature and modes of the construction tests. This does not
Just involve the keeping of aﬁ account of the depth drilled and the time
spent, as is unfortunately too often the case because of the insufficient
knowledge of the inspector or the number of his duties (he may have re-
sponsibilities at several job sites). The appropriate kind of inspection
requires a reguiar testing of high quality, achieved through the rigorous
establishment of a suitable schedule. In Appendix A, a model is proposed
to effectuate a testing progam and has already been referred to in Chapter
2 (§ 2.4.4).

Such testing naturally fits into the group of verifications in which
emphasis has been placed on the significance of the level of the organ-
ization and the construction methods employed at the job site (see Chapter
2). Furthermore, Chapter 2, which partially restates certain paragraphs
of Chapter 8 of the Pilot Guide GMO 70, has already established a
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chronology of fundamental tests that may be required during various op-
‘erétibnsvthat goverﬁ'the coenstruction of a bored pile. _
: -MqrexspeCifica11y,gthis section involves the recommendations of the
- pr{ncibé] teéts specific to construction of the.boreho1e and the_pfoposa]
of hethods, even though they are very empirical, that may be placed at

.‘the dispbsa] of the inspector on the job.
3.5.1. .Locaﬁon of top of pile

The proposed tolerances for the location of the top of. the pile
generally vary between 5 and 10 centimeters (2 and 4 in.). Such values
may easily be followed for vertical piles. But the positidn of the top
of a battered pile is not so easy to control, as as described in 3.4.2,
because there is a tendency for the top to displace if drilling is dif-
ficult and if the subsurface soils are nonuniform. The desirability of
~ placing several stakes that will assist in Tocating the top'of a piTe,
‘sﬁch as {s récommendéd in § 2.2.2 may prove to be insufficfent when the
work’spa;e.iévrestricted; islc1uttered with equipment, or is not clean
and orderly. ' ) L o

When the conditions‘of the job site so require, there should be no
‘hesitation to locate the pile head more effectjye1y ps1ng guides of weak
concrete with cylindrical holes of the diameter ofﬁihe‘boreho1es to be
constructed (Fig- 54), Such'devices that also contribute to the initial

- guiding of the surface cas1ng (which they do not replace) or of the

J.cas1ngs, are espec1a11y va]uab]e for piles of small d1ameter wh1ch are

'c]ose]y spaced

o> &

Fig. 54, -- Hole-guide for piles of small diameter.
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3.5.2. Verticality or inclination

As guidelines only, the CPA Standard (3.09.41) mentions that the
defects in vert1ca1fty or inclination should not exceed an average of 5
‘mm per meter (0.06 in. per ft) over the entire length of the pile.

[t is very evident that the method of testing the direction of a
borehole are variable and must be related to the methods of construction
(see § 3.1 to 3.3) and to the geometry of the pile. This tolerance is
adopted for every type of pile regardless to its construction method.
3.5.2.1. Verticality

The verticality of bored piles with casings can be verified with
satisfactory precision using a plumb-line that 1is Jlowered to various
levels while being held at the same position at the groundline.

For piles that are constructed dry, it is possible to light the
boreholes with electric lamps, mirrors or simply with torches made of
paper or other material and proceed with the same checks as if a casing
had been used.

On the other hand, the testing of the verticality of piles con-
structed under bentonitic slurry, especially without casing, is much more
difficult. In such a case, however, an estimation of the defects in
verticality is possible by observing the verticality of the kelly when
the borehole is constructed by rotation (auger, auger-bucket, corer, ro-
tating drill) or dsing a grab bucket. However, such observations become
impractical when tools on cables are used (cable buckets, hammergrabs,
percussion drills).
3.5.2.2. Inclination

The difficulties described concerning the testing of the verticality
of piles are even more severe when testing the inclination of piles and,
as before, only piles constructed in the dry or with casings allow accu-
rate verification. Inclined or battered piles are most often constructed
with a temporary casing in order to control the direction of the drilling.
Thus, paradoxica]]y, the testing of the location and inclination of these
piles 1s made more frequently than for vertical piles. However, the
ability to make accurate tests of the location of inclined borehoTes is
influenced by the relative dimensions of the piles and their inclination.
The depths that may be tested using a plumb line are reduced as the di-
ameter of the pile becomes smaller and as the inclination of the borehole
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becomes greater. The ability to test the inclination of s]ender, very
inclined piles thus remains very slight.
3.5.3. Stratigraphy and nature of soils .

The CPS Standard calls for representative sampling from each of the
geological layers that is penetrated or at least a sample every 3 m (9.8
ft) during boring and one every 0.50m (1.6 ft) in the final 2 meters (6.6
ft). These samples are classified, labeled, and stored in boxes with
compartments and allow the establishment of the geologic section that
appears on the boring logs. The geclogic section is then compared with
the results of the preliminary surveys that were made. The correspond-
ences or differences noted in this geologic section should then lead to
confirmation of the depths of the pi]es,of,‘on the contrary, to a med-
ification of initial design. ‘

Such verifications should be followed in a rigorous and systematic
way but it is necessary to recognize that the most turrent]y used borihg
procedures, because they are so efficient, rarely allow for extensive
. sampling of subsurface soils. It can be assumed that rock formations can
be accurately identified when drilling the borehole. However, difficul=-
ties in identification are presented when soils are drilled. The drilling
modifies the soil properties, especially the consistency, so that the
properties of the cuttings have only a distant relationship to the in situ
properties as determined by a careful subsurface fnvestigation. This
difference is especially important in the case of rotary borings with
bentonitic slurry. However, regardless of the procedure used, it would
be useless to propose the verification of the mechanical qualities of
soils with tests on the cuttings from boreholes. Unfortunately, in situ
tests that are presently used do not permit the tesfing of the mechanical
characteristics of soils at the bottom of the borehole. There are two
problems with in situ tests at the bottom of a borehole. The first
problem concerns the placement of the testing device (pressuremeter,
penetrometer, sampler) when the borehole is deep. Secondly, the tests
are for the most part strongly empirical so thdt the results are imprecise
(tests‘in a bucket for example, described in 8.95 of the Job Site Guide
for the Construction Supervisor [3]).

Conscious of these difficulties, the Laboratories of Bridges and
Roads is currently studying the possibility of using specific equipment
alTowing easy and rapid placement, with capabilities of testing in place
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the mechanical characteristics of the wall and of the bottom of the
borehole. - The equipment being considered is a .multi-directional
pénetrométer‘ﬁhjch will give the‘opefator an indication of the remolding
of the soils &t the bottom of the hole compared to the sidewalls.

However, since such equipment is rot yet in operation, comparison
between the soils encountered and those recognized. at the time of the
geotechnical investigations cannot practically be based on more than an
-often uncertain visual examination. -It is recommended that a specialist
be requested to make the visual examination, |

Since the permanent presence of a geotecﬁnica] engineer is rarely
considered, except on very important jobs, the usefulness of the visual
examination and of traditional in situ tests turns out to be seriously
hampered by the delays that result. If the decision to stop the boring
is subqrd1néted“to the 6btaining-of‘résu1ts of such testing, the risk of
permanent damage to the pile éan‘theh be more serious than the risks
~avoided. In this case, it is then generally more valuable to. promptly
make a decision that can be critized than to make a better one, elght
hours later [3]. ,

To aid in the decision about the continuation of a boring it is,
however, necessary to have the maximum amount of directly usefuT‘infor-
mation. To this effect, it is desirable to complete the construction
report in detail and in a timely manner covering all the parameters con-
cérn1ng thé'bor1ng (speed of advancing the borehole, speed of rotation,
forces on the tool, weight and height of fall of percussion tcol, etc.).
Also, it is desirable to report, as a function of depth, all observations
relative to soil (losses of water or mud, fall of tools, difficulties of
penetration, obstacles, color and nature of sediments, etc.) and to report
- information relative to equipment use (modification or replacement of
tools, breakdowns, deteriorations, etc.).

The scrupulous obtaining of all -of this information is especially
1mportant.for the first piles on a job because the cohstfuctiohfprdcedures
of the Subséquent piles can-be adjusted to méet the site conditions if
uniformity 15Q1nd1cated by the sUbsurface‘1nveStigat1on. Such informa=~
tion is obviously all the more 1nd15pensib1e on é heterogeneous site whebe
data should bé‘acquired with the same meticulousness for all the piles.

- Taking into account the difficulties and the lack of precision which
are ‘associated with obtaining the geotechnical characteristics of the
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subsurface soils as they are being excavated, the decisions to be. made
during the job will be easier if the initial subsurface investigation has
"‘been sufficient and suitably adapted to the site and to the project. In
this connection a project thit is developed from appropriate geotechnical
-studfes” should 1imit the number of modifications that‘are needed as the
construction progresses, particularly to the base elevation. The soil
properties at the base elevation can generally be obtained with better
confidence from in situ methods as compared with methods based on results
obtained from the testing of cuttings. | '
- 3.5.4. Water samples ‘
The possible harmful effects of any subsurface conditions on’ the
“concrete in the piles should have been investigated at the time of the
initial subsurface studies and the selection of an apprbpr1até concrete
mix should have been made as a result. S

However, it is recommended that verification be made at the time of
‘the boring of the first pile of whether the ground water is corrosive
" (pure or saline) or not. To this effect, water samples are taken: at
different levels, using sampling bottles that are specially designed.
Of course, this test is not possible "in the case of boring under
bentonitic slurry. ' ‘
3.5.5. Water circulation _
- HOrizontdl circulation, that may invalidate the boring procedure ini-
tially selected (see § 3.4.1.1) or that at least may require casing of
the piles (see § 3.4.1.3 and § 4.2.1.2), 1is quite difficult to detect at
the time of the geotechnTca1 survey because such circulation generally
prevails within cohesion1ess formations that must be cased to proceed with
the boring. If it is thought that horizontal flow of water is encount-
efed, an open and permeable casing can be set in the formation and an
effort can be made to measure the speed of the current with the aid of a
_ micro-current meter. The significance of such a test is, however,
debatable due to the perturbation of the current created by the casing,
even though the casing has been made as permeable as possible. '

However, when the probability of such a horizontal flow of water has
been revealed by a hydrologic study, it is desirable at the time of the
construction of the first pile to confirm or invalidate the presence of
the flow by means of a micro-current meter, unless of course, the water

circulation becomes apparent because of cave-ins during boring. However,
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here again, the test with the micro-current meter is difficult or neaf]y
impossible when the piles are constructed using a casing. If the proba-
bility of circulation is strong and if a casing is used in construction,
it is desirable to reduce the risk and to plan to line the borehole
through this zone or to the bottom of the stratum containing the flowing
water.

-- Vertical cifculation is very easy to detect at the time of the
geotechnical survey and, except in the case of artesian water layers which
are powerful and evident, it is generally easier to neutralize the ver-
tical flow by haintaining during all the phases of construction of the
piles a sufficiently high level of water (or of slurry) in the boreholes.
3.5.6. Extent and level of a cave-in

A cave-in during boring, or.worse between boring and concreting, is
among the most important incidents that may affect a pile constructed
without casing. Therefore, it is not sufficient simply ﬁo mention
cave-ins on the inspector's log but to proceed immediately to measure and
examine cave-ins so as to estimate their extent and the nature of the
risks that are involved. Such data allow rapid decisions to be made
pertaining to measures to be taken, which can go as far as a complete
modification of the boring procedure.

A lack of timely decisions for solutions to be adopted, usually due
to excessive optimism, often result in taking measures that do not work.
Once the pile is finished, it will be necessary to proceed with expensive
repairs, possibly to the complete rep1ac§mént of the pile.

In the case of dry boring, a visual examination may instantly indi-
cate the seriousness of the cave-in, but the information is more difficult
to obtain in the case of boreholes underwater and all the more so with
bentonitic mud.

Cave-ins are genefa11y detected when the tool. is unable to reach ﬁhe
level that it had previously attained. At that point there must be a
useful determination of the extent of the cave-in by measures that indi-
cate accurately the depth and diameter of the enlargement. A borehole.
caliper can be used. Such a device can be used to obtain data in the zones
revealed by the preliminary surveys or during boring as more vulnerable.
When bentonitic slurry is being used in the borehole, tests of slurry
quality may contribute to the detection of cave-ins, but on the other
hand, 1f the cave-ins have been revealed by other signs, it is necessary
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"to require tests of the quality of the slurry (density, viscosity, sand
content), before and after treatment. The remedial measure may consist
.of either thickening the mud by the addition of bentonite or the addition
of barite, for example, or by the use of a provisional casing.
3.5.7. Presence of karsts

On a site where there is suspicion of the presence of karsts (cavi-
ties) at the time of the geotechnical study, it is obviously desirable
to increase the number of soundings or boreholes in order to localize the
cavities and to estimate their extent in order to define the most appro-
priate techniques of construction (see § 3.4.1.5). However, the very
random .character of karstic phenomena and the absence of effective de-
tection techniques, outside of borings from which the. information always
remains limited despite the number, create a substantial probability of
an unforeseeable encounter of karsts during work.

It is thus desirable, in such conditions, to be especially attentive
-to all signs which may indicate the presence of cavities or fissures
during boring and particularly to watch for freefalls, for in¢reases of
the speed of advancement of the tool or the casing, for decreases in the
force on the drilling tool, and for losses of boring liquid (water or
mud). If karsts escape this vigilance during boring, significant overpour
of concrete may result but the foundation is rarely placed in peril if
the loss of concrete 'is in a zone above where the pile gets its support.
On " the contrary, the danger of a defective foundation is considerably
aggravated if the probability of the loss of concrete extends to the base
of the piles.

"There, the necessity exists on a karstic site to ensure systemat-
ically the absence of cavity under the level of foundation of piles by
the use of a wagon drill to drill a probe hole at the bottom of each
borehole,

3.5.8. Diameter of the borehole

The measurement of the diameter of the borehole allows the detection
of possible shrinkage due, for example, to the creeping of soft layers,
which may go unncoticed if the creep is not sufficient to prevent the de-
scent of the rebar cages.

Also, such a test permits the measurement of enlargements in the
boreholes due to cave-ins or cavities. With such data the cause and po-
sition of the possible subsequent overpour of concrete are known and
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Judgment can be used to deal with such an overpour 1in -an:appropriate
fashion if the case arises. ‘ ,

In order to proceed with the testing, calipers of different types
-are used. Of these, some are being improved by the LPC so that it will
be possible to estimate the amount of remolding of the walls and the
bottom of the borehole (see § 3.5.3).
3.5.9. Quality of the slurry
~ " In order that the.slurry will possess the required properties for
‘the functions désired, the slurry should be tested using instruments and
methods described in Technical Note No. 9. The slurry should have the
following characteristics:
3.5.9.1. Free water and thickness of the filter cake
‘ Even under circulation, slurry with a high free-water content always
creates a thick filter cake which may be destroyed by the drilling tools.
Further, subsurface clays that absorb excess free water may disintegrate
and be improperly stabilized by the cake.

In order that the thickness of the cake be of the order of 2 to #
mm (0.08 to 0.16 in.), the quantity of free water(or filtrate) determined
by standard tests should be from 20 to 30 cm® (1.22 to 1.83 in?) .
3.5.9.2. Density | -

" ‘The normal specific gravity of a fresh-mixed slurry is around 1.03
but may reach 1.05 through the simple concentration of bentonite. How-
ever, the increase in viscosity which therein results renders the slurry
difficult to pump. In order to make the slurry heavier, when the condi-
tions of the borehole so0 require (intrusion of water under pressure for
example), additives may be used such as barite, hematite, pyrite,
siderite, or galenite, which permit attainment of desirable specific
gravities up to or even above 2. '
3.5.9.3. Sand content

Génera11y’§peaking, sands are the group of elements above 80 u which
“are contained ¥n the slurry. " In order that the slurry may retain .its
initial properties and so that it does ‘not cause abnormal wear of the
pumps, on one hand, and to limit sedimentation.at the bottom of the
borehole, ‘'on the other hand, the sand content should always be lower than

% at the end of the treatment of the slurry.
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3.5.9.4. Viscosity . ‘ o ‘

The v1scos1ty should be 5ufficient to retard or prevent ‘the
sed1mentat1on of inert particles and to ensure the proper th1ckness of
the f1lter cake adjacent to impermeable layers (a property which is I1nked
to the pH). However, the slurry should be‘weak enough to a]]ow good
'separation of sand raised by the slurry and weak enough so as not to cause
problems in pumping the slurry.

One hour after its mixing, a good slurry should have a Marsh
viscosity around 40 seconds, or 30 centipoises for a nozzle diameter of
6/32 inch. For information only, the Marsh v1scos1ty of clear water is
around 26 seconds.
3.5.9.5. pH o

The pH of fresh mud is from 7 to 9.5. Above this, flocculation
may-resu]t due to changes in the free water and in- the viscosity. . The
measure of. pH perm1ts detection of contamination of the slurry by. sub-.
surface soils, or by the water which they conta1n (gypsum formations,.
saline water, etc. )
3.5.9.6. Thixotropy :

This property of the slurry to turn into a gel when not in movement
1imits sedimentation at the bottom of the borehole. However, the gelling
should be sufficiently limited to permit, without difficulty, the proper
functioning. of the pumps.d Thixotropy 1s a complex phenomenon which de-
pends on the constituents in the slurry and is difficu]t‘to dissociate 
from the viscosity. t_(MeasUres; of thixotropy are made most‘often‘by
measures ef viscosity'after agitation.) Generally, it may be stated»that
a. slurry with an appropriate viscosity satisfactorily: counterqcts
sedimentation during shutdowns in drilling. |
3.5.10. Closure of the casing o

When operating with. a casing, it is known (§ 3.4.1.3) that diffi-
culties in sealing the bottom of the casing in a rocky‘substratum ‘may
cause a cave~in in the boreho]e of ‘cohesionless so11s that may occur Just.
‘above the .rock. Such an 1nc1dent should be detected by a deta11ed testi”

of cutt1ngs at the time of the c1ean1ng out of the bottom of the boreho]e»;djr'

If the examination of the cuttings demonstrates that the cohesionless soil
fs mixed with the rock cuttings, it is certain that the "sealing" of the
casing is not assured. If successive cleanings verify that the cave-in
of the cohesionless material continues after the end of boring, it is then
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necessary to use measures proposed in § 3.4.1.3 in order to avoid pol-
Tution of the base of the pile and to avoid inclusions in the shaft at
the time of concreting.
3.5.11. Making a socket in the substratum

It was noted (§ 2.4.4) that, conforming to the terms of the CPS
Standard (3.09.47), the use.of a rock-boring tool must be authorized by
the construction supervisor. Recommendation has been made that their
payment be made by the depth rather than by the hour. Given the neces-
sity, at times debatable, of using the rock-breaking tool [3] and its very
high cost (in which the unit price should be shown in the contract but
quantities obviously canot be given), it is necessary to collect data on
the drilling into rock 1n‘an extremely rigorous way. In this regard, the
information represented by the schedule of construction proposed 1in. Ap-
.‘pendii A can practically be completed using diagrams such as that shown
in. Figure 55 [2].
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socketing of a pile in a rocky substratum.
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'3.5.12. Cleanliness of the bottom of the borehole -

~ Insistence has been made, in Section 3.4.4, on the major importance
of the cleaning of the bottom of the borehole because the quality of the
cleaning directly affects the quality of the concrete-soil contact at the
tip of the pile. The techniques best‘adapted‘to the obtaining of satis-
factory results (reverse circulation) have been indicated when operating
with water or with bentonitic slurry.

It is highly recommended that meticulous care be taken while checking
the cleanliness of the bottom of the borehole. - This test generally in-
volves the measurement of the depth of the borehole with a weight at the
end of a calibrated line. There is hope that, in the near future, the
measurement of the depth of a borehole to ascertain the condition of the
bottom may be done by static?penetration tests with the aid of devices
that are currently under evaluation (§ 3.5.3 and 3.5.8).

In the case of dry boring,the checking of the condition of the base
of the borehole is of course facilitated by the opportunity to examine
the bottom of the excavation either by descent (cased boreholes of suf-
ficient diameter), or by lighting from the surface by some means (lamp,
mirrors, torches, etc.). '

Operations involved with possible caving, of placing of rebar and
of concreting, cannot be done pfoperly unless the level of the bottom of
the excavation corresponds very precisely to the maximum level reached
by the tool. Cleaning is resumed as long as this condition is not met.

Measurement is repeated immediately after each cleaning, and after
a pause in order to estimate the significance of sedimentation or possible
cave~ins. In this way pulling up of the casing and rebar cages is avoided
if they have been placed in the borehole prematurely and if the tools and
methods of cleaning are not compatible with the presence of this equipment
in the borehole. However, despite these precautions, cave-ins can occur
during or after the preparations for the concrete pour. The cave-ins can
be a direct result of the placement of the temporary casing or the rebar
cages. Thus, it is imperative to also proceed to test for the cleanliness
of the bottom of the borehole after installation of the rebar cage and

above all immediately before concreting.
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CHAPTER 4
CASING AND LINERS

The installation of a casing or a liner provides a protective barrier

between the concrete and the soil. The borehole-support member is:

-- rigid for a casing (about 10 mm - 0.40 in. thick),

== flexible or semi-rigid for a liner (about of 1 to 2 mm - 0.04 to 0.08
in. thick).

An envelope called a sheath or 1liner is wusually placed in the
borehole before or along with the reinforcement cage and prior to con-
creting of the pile.

In certain cases, the temporary casing is voluntarily left in place
as a permanent Tliner. This non-retrievable permanent casing is usually
of a standard thickness of ? tQ 15 mm (0.28‘£o 0.60 in.) which is between
that of a retrievable tempqrary‘casinngnd that of traditional liners.
A permanent casing is a1s6.known as_d‘"1ps£-h1pé" casing.

Generally, the installation of a césing,or a liner is an operation
that is costly and requires tafe and one that should relate to specific
objectives. The need foﬁ'boreho1e SUpport.ghgu1afthus be estimated in
the planning stage and the characteristics of the pﬁotective barrier
should be carefully specﬁfied in the special Rroviéions (details should
be given about the nature, thickness, diametgrgsand length of the system
or systems to be used for borehole support). When information about the
casing or liners is omitted, the construction compény could object to the
placing of such a soil-restraining device and this will probably lead to
a claim. Objections relate to the possible slowing of the construction
progress and also to the fact that the placement of a protective barrier
always requires some improvisations. .

For these reasons, casing and liners should be used advisedly and
to satisfy the particular requirements examined in this chapter.

4.1. DIFFERENT TYPES OF CASINGS, SHEATHS, AND LINERS

These are classified in three categories, according to thickness,

composition, and purpose.
4.1.1. Temporary casing and permanent (lost-pipe) casing
These are composed of large, meta1, welded cylinders (Fig. 56) with

¢

their thickness depending upon:
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Fig. 56. -- Rigid, metal casing: diameter 1 m, thickness 1 cm.
(070254 m =1 'in.; 2.540 cm = 1 in.)

== their diameter and the soils to be penetrated, in the case of lost-pipe
casings, -
== function to be fulfilled."

From an.etonomic point of view, it is necessary to understand that
recourse to casing cén lead to the actual doubling of the cost of a pile.
Thelcpst for a linear meter of a pile with a diameter of 1.2 m (3.9 ft)
ﬁay be estimatéd as 1000 F, while the cost of a casing with a thickness
of 10 mm (0.40 in.) for the same pile is 900 F (cost before tax 1977).

‘ In regard to another important point, it is necessary to consider
that the use of permanent casing results in a reduction of skin friction
for the areas :in which the casing is situated (see [1], Chapter 5.2,
Dossier FOND 72). | |

4.1.2. Semi-rigid liners
| These are generally made of corrugated sheet metal (Fig. 57) of
thickhessés equal to or less than 1.5 mm (0.06 in.), reinforced or unre-
1nf0rced‘by corrugations which double or triple their resistance to
crushing (such as Cofratol Casing, for example). In special circumstances-
they are made of smooth, welded sheets. Placed with or without the pro-
tection of a temporary casing, their exterior diameter is agbout 10 cm
(4.0 in.) IeSg than the diameter of the temporary casing or the diameter
of the borehole. ‘The space thus created between the lining and the soil,
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Fig. 57. -- Semi-rigid, Cofratal type.

if not filled in, creates a reduction, indeed a cancellation of the ca-
pacity of the pile in skin friction and in lateral reéistance.

When the designed function of the liner fis. not being negated
(avoidance of pile-soil interaction for negative skin friction for exam-
ple), a desirable procedure may be either to inject the annular space with
grout or to fill it with sand. This operation should be detailed in the
special provisions. The purchasing of these liners may be estimated on
the basis of 3.50 F per kilo of steel, before tax (1977 price).

Practically all appropriate sizes of semi-rigid liners are available
for piles of circular bore. Certain special shapes are also available
such as for oblong barrettes (Spiroval from Davum, for example, Fig. 58).

In the case of possible negative skin friction along one part. of the
shaft, the 1liners can be coated at the factory or on the site with
bituminous products (see § 4.3.3). Although coatings applied ét the
factory may definitely prove to be more homogeneous and more uniform, it
may undergo deterioration during transportation and handling and often
requires repairs on the job site.

4.1.3. Flexible liners (Figs. 59 and 60)

Recently available f]exiB]e liners may be made of PVC plastic film
or sheets (OTT patent...), of synthetic, fine-squared, wire mesh
(Texac...), of polyester felt (Bjdim...), of a rubber-coated membrane
(Staff patent...), or of a more rigid, plastic membrane‘(Salvay..;). |
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Fig. 58. -- Bituminous-coated liner for barrette piles.

The cost of “these flexible 11nings is fairly low (3 to 10 F per
square meter), and they may be quickly manufactured on the job site. They
11mit overconsumption . of  concrete and when flexible ensure a better
50114p11e contéctf by fol1owihg ;he~f0rm of the borehole (the relative
deformation can attain 50%). | ,

Finally, certain permeable materials favor the drainaée of soils-”
distributed afound the pile, thus permitting a faster re-consolidation’
of the soil. However, since the value of skin friction that can be
mobilized is not well understood, it is rarely taken into accouht in thei
calculations. ‘ | -

Furthermore, the fragility of this type of lining requires special
precautions during construction, especially upon withdrawal of the tem-
porary casing if one‘{s present. In this case, the rocking back andﬁforth
to extract the casing is not used as it may lead to rupture of the lining.
4.2, APPROPRIATENESS AND CHOICE OF LINERS (OR CASING)

The decision to use ‘a liner (or to case) ‘should be made at the
;ﬂann/ng stage. In this way, the su1tab1e type of Tiner may be adopted

and recommendation may be made for the use of a. su1tab1e method of exca-

vation or drilling. Desp1te all efforts 11ners or cas1ngs may be needed L

unexpectedly because,of‘construction prob]ems that,the‘pre11m1nary survey‘“ :

did not indicate (horizontal flow of water, for example, or unforeseen

caving). At that time ft‘fs eSgéntfdl»to ekaminevthe effect of the deQiqeL‘ai

used:
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Fig. 59. -- Flexible 1iner,
OTT type.

Fig. 60. -- Flexible iiner,
Bidim type. '
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-=:on the design of 'the foundation -and particularly on the possible loss
of skin frictien (decrease of supporting force) and on the possible loss
of lateral resistance (reduction of resistance to horizontal forces); -
-- on the compatibility of the respective diameters of reinfercing cages,
-of Tiners, and, if the case arises, of temporary casing (see § 5.2.4).
4.2.1. Approaches associated with solution of specific problems

This section involves problems which should be perceived at the time
of the soil study. Interference forces, flow of water, risks of caving,
and presence of karsts sometimes lead to the possibility of:the use of
casing or liners,
4.2.1.1. |Interference forces (negative skin friction, lateral pressure)

Such phenomena occur when piles that support abutments or retaining
walls must penetrate compressible soils and when the compressible soil
is loaded with backfill or stocks of heavy materials (see [1], Chapter
5.3). .In the case of major structures, preloading of the compressible
layers by preliminary construction of an embankment is recommended in
order to 1imit the lateral pressures. Preloading, however, will not
eliminate all of the negative friction because some soil settlements will
occur over a long period of time and only small relative displacements
are required to generate these forces. Therefore, when the negative skin
friction is judged to be too large, each pile of the foundation should
be equipped with a semi-rigid finer which is itself coated with a bituminous
layer (see § 4.3.3). This liner, generally of spiralled, sheet metal,
should protect the shaft over the entire depth of the compressible layer
and the overlying soils. This liner should not in any case extend into
the underlying, dincompressible soils nor into the supporting layers.
Liners of corrugated sheet metal are sometimes proposed but are obviously
unsuitable for such an application.
#.2.1.2. Flow of water

T he obligation to employ a casing or liner is not due to the presence
of water, but to its potential to flow freely at certain elevations.

Problems can arise with very permeable, flooded strata and consid-
eration must be given to possible water problems when the subsurface ex-
ploration is being done and when planning for the Jjob is underway.
Subsurface conditions where the flow could be a problem usually involve
granular deposits composed of large sized particles, such as rock

embankments, jetties, scree-covered slopes, fluvio-glacial alluvium, or
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recent natural deposits located in fluvial, lake, lagoon or marine zones.
Significant flows of wéter can also occur in natural rocks that are very
fractured or karstic formations (containing solution channels).

The rapid flow of water past fresh concrete can cause damage so that
it is necessary to take precautions not only during the placement of the
concrete‘butcﬂso until it has set. Therefore, despite the method of boring
(with or without temporary casing), it is necessary to anticipate the
1ining of the shaft at the various levels concerned {partial lining) or
for the group of risky zones (continuous 1Tn1hg). According to the nature
of the formations where the risks exist and considering the boring pro-
cedure to be used, a selection is made of a type of flexible or semi-rigid
liner. The respective advantages and disadvantages of these liners have
been previously described (see § 4.1 and [2]).

In this way, in cohesionless formations and fissured rock, flexible
Tiners can be an affordable, efficient protection, and with an acceptable
amount of lateral resistance and friction. The liners will also limit
the amount of overpour of the concrete.

On the other hand, semi-rigid liners are more costly and less effi-
cient with respect to lateral skin friction, but are preferable for rocky
and karstic soils because they are less fragile and more easily placed.
4.2.1.3. Scour of concrete

When foundation piles are located at an aquatic site, where there 
is sediment transport, and where the foundation is not protected by a
specific structure such as a sheet-pile wall, it is necessary to protect
the piles against scour. Scour is most pronounced during floods. The
fresh concrete 1is protected by the casing used during construction of
appropriate thickness (about or equal to 1 cm - 0.4 in.) and Tleft 1n
place.

In some cases, stones or large particles may be transported and it
may be necessary to use thicker casing than is desirable to leave in
place. In those instances it could be desirable to perform the borings
using a temporary casing and to then install a liner of required thick-
ness. This method alsc avoids the use of excessively long, permanent
casing when the thickness of cohesionless soils is much greater than the
depth of scour.
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4.2.1.4. Karstic formations with solution channels
‘It was noted earlier that on a karstic site (see-§ 3.4,1.5), there
is no precise method which permits a determination of the size (a few
cubic decimeters to several cubic meters) or the distribution of cavities,
The constrﬁction%sUperVisor is then confronted with an arbitrary
_choice which always-implies an econohic'risk which is difficult to esti-?
mate beforehand. o
When anchorage 1s achieved in a sound substratum, the least hazardous
option, but certainly a costly one, consists of employing a contfnuous
semi-rigid‘1inef over the entire height which is known to be karstic.
This guarantees a minimal overpour of concrete, limited only by the risk
of the possible flowing of the concrete between the borehole and the
liner. _ S o |
On the other hand, a de]iberéte choice not to line may turn out to
be advantageous, but may also lead to significant overpouring. In this
case, several situations may arﬁse on the job site:»
-- Cavities are detected during boring. | k
One method of dealing with the problem is described earlier in sec--
tion 3.4.1.5 and presents an economical solution.
== No cavity is detected during the boring: ‘
* in the absence of a cavity in the vicinity 6f the boreHo1e, no
| overpour will -be observed,
- * on the contrary, the pressure of the concrete may cause the filling
of the neighboring cavities due to opening-up of fissures. A
significant overpour‘of‘cohcrete may then result..
4.2.2. - Approaches assoéiated with solution 6f construction problems
Discussed in this section is the use of casing or liners to obtain
a solution to certain construction difficulties. It is necessary to
‘foresee such difficulties before work is begun. The so]utions’described
in the following paragraphs generally deal with a reduction in the over-
pour of concrete. '
4.2.2.1. Deformation or lateral squeeze of soft soils
Regardless of the boring procedure adopted (with or without tempo-
rary casing), an overpour of concrete may be due to the lateral deforma-
tion of ﬁ compressible layer of soil under.the‘préssure of the fresh
concrete. Usually, this éxpansion as a whole remains very limited and
recourse to Tining is rarely justified. ‘ |
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However, if there is- concern about negative skin friction, the.use:
of .a.casing or liner: to protect against downdrag (see 4.2.1) becomes -even
morie necessary because the .lack of such precaution 1ead§»to»an increase’
in. the downward forces on the pile. When the depth of soft soils is of
particular significance, a non-lined pile  tends to acquire a
flattened-cone form (Fig. 61) which of course amplifies considerably the
effect of the negative skin friction.
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Fig. 61. -- Deformation of a soft layer even

though a temporary casing was used.

In the special case of piles constructed alongside or through re-
cently constructed embankments, there may be, on the other hand, concern
during concreting of local narrowing of the borehole, brought about by
horizontal soil pressures. At the time of extraction of the temporary
casing (the use of such an expedient is recommended in this case, see.
3!4.1;1), the height of the column of fresh concrete may turn out to be
insufficient to counteract the -lateral squeeze of the soil. Therefore,
the use of a semi-rigid liner may be considered, but it was noted’earlier
that the use of such a liner would not be necessary if the embankments

had been constructed early enough. - N

107



4.2.2.2. Caving during boring

These cave-ins are associated with the nature of the soil, and with
the presence of water, and are related to construction procedures (see
§ 3.5.6).

If the use of a temporary casing has been selected as the method
of curtailing such caving, placement of a liner is not required, because
the possibility of caving was specifically eliminated by the selection
of the temporary casing.

If boring with drilling mud has been chosen as the method to prevent
such caving, again, this procedure maintains the stability of soils
without the necessity subsequently to add a liner. It can alsc be said
that, even if some caving occurs during boring (see § 3.5.6), it is ad-
visable to allow the concréte to fill the gaps formed in spite of the
overpour which will result. Filling of such gaps will ensure a good
contact between concrete and soil that is essential to the mobilization
of the skin friction and will also give the foundation an improved ca-
pacity to resist lateral loads.

Liners of the semi-rigid type may, however, be considered during
construction when the caving noted in the construction of the first few
piles is attributable tc a poorly selected construction technique. The
caving is liable to mean that the extra concrete used for the overpbur
has a greater cost than that for the liners. It is necessary, however,
when estimating the cost of the liners to include such requirements as
injection and filling of the annular space (see § 4.1.2). Grouting of
the annular space may be required in order to ensure the designed condi-
tions of stability for the pile, but may not have beenvanticipated as a
part of the operation of lining.

4.3. PROBLEMS OF PLACEMENT

The various problems linked with placement of liners and casing are
a result of their fragiltity, their deformability, or their bulkiness.
4.3.1. Transportation

For prefabricated liners (semi—rigid)‘and casing, the problems are
about the same as those posed by transportation of the reinforcement cages
(see § 5.5.2).

For casings, however, supply delays are often quite long due %o the
use of small qﬁantities, delivery delays, or defective material. Also,
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the desirable sizes of casings are not always found in stock at the man-
ufacturers.
4.3.2. Bracing and lifting

The difficulties of bracing and reinforcing of liners obviously in-
crease with the importance of the ccomponents. From their very nature,
casings do not pose problems, apart from those of very flexible metal,
and are generally placed in the beorehole with cranes. However, rough
handling can result in impacts that cause deformations which are incom-
patible with their intended use. The bracing and handling of casing and
liners is thus a critical operation which requires/brovisioné to avoid
both bending and distortion of the long and less rigid elements.

The most critical operation, as is the case with reinforcing cages,
is the raising of the casing or 1iner into a vertical position (erection,
Figs. 62 and 63).

The number of lifting points should be determined from the length
and the flexibility of the liner and, at the lower suspension point, a
strap is selected in preference to a more usual connection. It is also
recommended to employ braces at the ends of the liner (crosspieces for
example, as shown in Fig. 64) in order to prevent the ocut-of-roundness
of the liner.

- 4.3.3. Preparation of bitumized linings on site

When negative skin friction is anticipated, the magnitude of the
downdrag may be limited by coating the proposed liners with asphalt or
with a product with equivalent specifications (Shell Indaspile type for
example) (Fig. 65).

Due to its ability to creep under stresses that are applied slowly,
an asphaltic layer placed between the soil and the shaft permits the re-
duction of the vertical load which is brougﬁt about by the settling of
compressible layers which the pile penetrates (see [1], Chapter 5.3,
Dossier FOND 72).

This operation of asphalting of the casings consists of three phases:
a) CLEANING AND PREPARATICON OF SURFACE

Liners that have mud and debris clinging to them are spray;washed.
The greasy sections are further brushed and washed with a de-greasing
product (detergent) and later are carefully rinsed.

The rust which often collects on liners stockpiled on the job site
does not always present a drawback concerning the use of coating, but the
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Fig. 62. -- Raising into vertical
"position of a semi-
. rigid 1iner.

et
' [

ng;‘63; -;-Viéw of a suspension
system.
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Fig. 64. -- Procedure recommended for bracing of semi-rigid liners
(crossbars above, and strap in lower section?

Fig. 65. -- Semi-rigid, bituminous-coated liner.
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corrosion may later become more rapid. Thus, it is advisable to use a
metal thickness of at least 1 mm (0.04 in.) and to stockpile and coat
the' sheaths in an appropriate area and in favorable surroundings (low
humidity, ventilated space protected from extreme temperatures).

b) SPRAYING THE COATING WITH A HOSE‘(Fig. 66)

This involves coating the exterfor with a cationic emulsion with
rapid break and a pure asphalt bgsé (60 to‘GS%) and, for example, without
solvent {formulation of "summer" Foadway‘emu1sion;3f0r example).

A breaking time bf approximately 15 minutes can easily be obtained
using an emulsion with a pH of around 3.5 which will not cause corrosion
of the metal. | ' o

It is wise to note that emu]sionS.oF tﬁé-aniohic type, although not
chemicaT1y harsh, are not recommended because their break is too slow and
too dependant on climatic conditions.

As a rule, spraying (or possibly application with a brush) of ap-
proximately 400 to 600 grams (0.9 to 1.3 1b) of emulsion per square meter
(10.8 ft?) permits formatibn of a continuous coating of sufficient
thickness.

c) COATING WITH A BRUSH, IN SEVERAL LAYERS, OF APROXIMATELY ONE CENTI-
METER OF BITUMEN (Fig. 67)

The hardness of the asphalt to be used depends on an ambient tem-
perature which permits, on one hand, an easy application and, on the other
hand, avoids subsequent risks of creeping which may cause de-coating of
the sheath before installation in the borehole.

Selection of a 40/50 penetration asbha]t in hot seasons and a 60/70
asphalt in cold séasons is generally satisfaCtory.

When those soils which are Tikely to induce negative frictions on
the pi]es'which penetrate them are granu]af (embankments or gravel layers
on top of compressible soils), it may be desirable to increase the
thickness of the coating and -asphalt then bécomes less suitable. In this
case it may be replaced by pure bitumen which can be poured in thicker
layers, but for which the conditions of placement are more complex.
4.3.4. Connection of components

Casings, both temporary and permanent, that are transported along a
highway or street, can have maximum lengths of 15 meters (50 feet). To
obtain desired lengths, these casings are cut and joined in a clean and
level area. The welds must be continuous. '
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Fig. 67. -- View of tip of a liner showing thickness
of a bituminous layer.
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Spiral liners are delivered in component lengths of 9 to 15 m (30
to 50 ft), according to their diameters. It is also possible to prefab-
ricate them at the construction site (Fig. 68). The joining of two
sections is achieved by riveting or by some other form of coupling such
as bands (Fig. 69). ‘ )

Flexible liners or sheaths of synthetic material are preferably sewn
and joined at the job sffe, and are genera]]yvcomposéd Qf a single com=
ponent (Figs. 59 and 60). | ‘ '

4.3.5. Centering of ca5|ng or liners

In general, assuming the presence of rebar cages, the best poss1b1e
centering of the borehole liner and rebar cage shou1d be achieved.

Centering of a rebar cage in a casing or 11ner is obtained by the
procedures recommended in Chapter 5.

Centering of‘a semi-rigid liner in the borehole should be. achieved
by the use of spacers at the top of the liner. Wooden wedges can be used,
for example, or metal pieces can be temporarily joined to the top of the
liner or to the temporary casing (Fig. 70). When the temporary-casing
procedure is used, improved center1n§ can be achieved by the use of
spacers along the length of the casing, 3 or 4 per level (Fig. 71). This .
modification 1imits the risk of raising the liner during extraction of
the temporary casing.

4.3.6. Placement of casing and liners (Figs. 72 and 73)

Permanent ¢asings (Fig. 74) are placed by gravity, by driving, or
by vibration; thus, they play the role of the temporary casing in the
cbnstruction phase (foUndations in r1vers for examp]e) The u§e of
permanent casing may turn out to be 1neff1c1ent or too costly in difficult
sofl in view of the thickness required for the casing. The substantial
thickness of the casing is needed because of the possible presence of
rock, masonry, hard strata, and the 1ike. It is thus preferable to lower
a liner or a casing constructed in advance into the borehole if the con-
struction conditions so permit. . lh

In all cases, and especially for bored pi]és without temporary cas-
1ng, the risks of hanging up a liner or a casing along the wall of the
borehole suggests that the diameter of a borehole should be larger than-
the liner or caéing. The annular space thus created will be partially
filled during concreting, over a height which is a function of relative
diameters of the liner and borehole and a function of the height pf the ~
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Fig. 68. -- Fabrication on job site of a metal,
v semi-rigid liner.

Fig. 69. -- Example of riveted joint.'
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Fig. 70. -- Support at:top of
a casing with
welded brackets.

Fig. 71. -- Four. spacers on a
liner to allow the
centering of the .
liner within
temporary casing.
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Fig. 73. -- Simultaneous low-
_ering of liner and
“rebar cage.:

FEEa

' Fig. 72. -- Lowering of -a
o ‘liner before
placing the rebar
cage.



concrete column (Fig. 75). The efficiency of the 1ining in the light of
possible negative skin friction is then compromised, perhaps even de-
stroyed. It is easy to -envision that the.height of the concrete which
f111s the annular space between the liner and the 5bfeho1e is somewhat
reduced when a concrete of lower slump is pumped into the shaft (liner).

On the other hand, if the annular space is too small, there may be

concern that the extraction of the temporary casing; particularly if it
is rocked back and forth, will cause the 1ifting of 'the liner because of
the presence of‘aggregate§”(or of concrete that-has set prematurely) be-
tween the liner and the'Casing. The c1earancetqf»5 cm (2.0 in.), recom-
mended in section 4.1.2, seems satisfactory in this regard. However, in
any case, special attehtipn must be given to ﬁﬁéﬁrecovery of the temporary
casing. ‘ | : . f‘. V‘ ; 
Use of flexible liners (Figs. 59 and‘GUfarequi?eg precautions that
“are associated with risks of tearing. A flexible liner should obviously
be resistant to concrete pressures (risk of bursting), with the lower
portion of the Tiner receiving the greatest pressure. Thus, the charac-
teristics of the liner, including seam, will be specified in consideration
of the stresses that will be imposed by the soil and concrete. At the
time of the welding of the components of the rebar cage, potential damage
to a textile liner may be reduced by spraying the Tiner with water in the
vicinity of the welding. ,

Placement of liners (as with rebar cages) in the borehole may lead
to caving and thus to additional deposits at the bottom of the borehole
because the placing of liners takes longer and is more critical. A
careful cleaning of the bottom of the borehole {s‘strong1y recommended
just before concrete is placed (see § 3.4;4)._

4.4. INSPECTIONS’ o ’

The initial inspection should be carried out at the time of receipt
of the construction matEfﬁa]é‘and.to verify that they meet the appropriate
specifications. The quality of the materials and their dimensions (es-
pecially length) should satisfy the guidelines and the materials should
be satisfactory for the functions for which they will be used.

Because employing casing and liners is expected to offset signif-
1cant‘r1sks, the use of these items should be rigorously inspected by
personnel who are competent and on hand throughout the operation. This
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Fig. 74, -- Piles at aquatic site constructed
with lost casings.
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Fig. 75. -- Rising of concrete in annular space
| between liner and wall of borehole,
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phase should not be treated any differently from an inspection point of
view than other phases of the construction of piles.

In the case where there is a special concern about the overpouring
of concrete, the height of the concrete column is measured and the actual
volume of concrete that is placed may be compared with the theoretical

volume. The amount of overpour can be estimated as the concreting of a

pile is accomplished.
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CHAPTER 5
REBAR CAGES

Bored piles for structural foundations are generally reinforced over
their entire length. Except for some very special cases (short piles of
large diameter in strong and impermeable soil, for example), it is obvi-
ously impossible to place steel after the concrete has been poured. The
steel reinforcement should thus be prefabricated at a plant or on the job
site and then be lowered into the borehole prior to concreting. The as-
sembly of steel bars so prefabricated is called the rebar cage (Figs.
76 and 77).

In the axial direction, a rebar cage for a pile is composed of lon-
gitudinal bars, distributed around the outside of a cylinder. Around the
longitudinal bars are transverse reinforcing that is wound around and
rigidly attached to the longitudinal bars. The transverse reinforcing
is in the form of hoops or helices, also called spirals.

The longitudinal and transverse reinforcing steel is held together
with ties or by welding (Fig. 78). Even if the logitudinal connections
are made with ties, certain special reinforcing bars (hoops for sizing
the assembly, locps for use in 1ifting, for example) should be welded to
the main bars. This is why steel to be used for reinforcing a pile should
be made of weldable rebar. Found in Table I is a list of the main char-
acteristics of rebar requiréd for piles.

Of course, periodical updating of the information shown in the table
will be necessary. For rebar that is highly stressed, the welding pro-
cedure should be compatible with the type of assembly (transverse, end
to end, lapped) and with the conditions of manufacture of the cage (on
the job site or at the fabrication plant).

5.1. LONGITUDINAL REINFORCING STEEL
5.1.1. Role. Strength of rebar used .

Longitudinal reinforcing has the function of resisting, in each
section of the pile, the bending moments from the calculated loads or any
unexpected loads. Use of bars of high strength Opp > 3,300 bars) is re-
commended for either smooth or deformed bars. Deformed bars are usually

selected since the bond resistance of the smooth bars may be lowered
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Fig. 76. -- Elements of a reinforcing cage for piles,

Fig. 77. -- Group of main components in the
fabrication of a rebar cage.:
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TABLE 1

CHARACTERISTICS OF WELDABLE REBAR WITH LARGE DEFORMATION

SYMBOL
NAME OF PRODUCT

DEVELOPMENT PROCEDURE
IDENTIFICATION NUMBER

APPEARANCE ‘

MINIMUM ELASTICITY - . .
LIMIT: aég (bars) =

STANDARD COMMERCIAL
LENGTHS (m)

NOMINAL DIAMETERS (vm) - ]

BR
steel

cooled, Thomas

-1steel,; hard-

ened by
traction

n° 21 bis
30121

4120

up to‘j§f'

6 to 14

RHS

steel

RODURAC HS

naturally
hard carbon

-|base oxygen

blown

n° 36
19-02-75

HBA

crenated
steel

HI BOND A

Thomas steel
blown with
enriched air

‘ n° 15 ter
3012

s tos.

4120

“iletoan’

Jup to TS:L-

[#<20 $>20.
4120° . 3320°

up to 40 .

HS

crenated
steel

HLE HADES

cooled, Thomas
steel blown
with enriched
air =

' n° 5 quater
28-4-N

SH
crenated
steel

HLE SUPER-
HADES

TG

steel

THYGRIP -

coo]ed.ThomasThomassteef

steel blown

air

n° 17 bis

TS

steel

THYGRIP S40

Thomas steel

blown with "~ |blown with
with enrichedlenriched airjenriched air
cooled " Jcooled
n° 6 bis n® 26
20-7-13 30121

284-1

e

@<20 $>20 |
41203920 )

etens

6to32 :

6<20 ¢>20

3 to 15
6 -to 40

49120 3920

S‘fq,15'
6 to 20

.J torsion

T .

steel

" TOR
soft steel
heat laminat-

ed hardened
with cold

n° Al ter
20-7-73

$<20 ¢>20

4120 3920

10/15

5 to 40

w

stee)

WELBOND

naturally
hard steel
made in
electric
ovens

n° 22 ter

20-7-73

p<20 $>20
4120 . 3920

12
8 to 32

(0.0254 m =

1in.;:25.40 mm = 1 in.).

" ‘Publication Date: January 1978,




Figl 78, -- Assembly of reinforcing cage with ties and welds.

considerably due to the presence of a film of mud between the concrete
and the rebar.
5.1.2. Diameter of reinforcing
~ The diameter of the longitudinal bars should be at least 12 mm (0.47

in.) (Article 68, Clause 36.1) and may be as large as 32 mm (1.26 in.)
and very exceptionally 40 mm (1.57 in.). It is not desirable to use a
diameter over 25 mm (0.98 in.); diameters over 25-mm present problems with
welding (assembly with transverse bars) and flexibility of the cage. It
is also necessary to consider that above a certain diameter, generally
20 mm (0.79 in.), the allowable stress of rebar drops.
5.1.3. Length of reinforcing steel ‘ , ,

The current lengths of rebar that is delivered commercially is 12
to 14 meters (39.4 to 45.9 ft). The maximum commercial length is gener-
ally 15 meters (49.2 ft). The hoisting equipment commonly on the job,
excluding large cranes, rarely can 1ift higher than 15 meters. Finally,
in compliance with the code for highways (see Section 5.5.2: Transport)
the transport of elements of lengths under 14 m (45.9 ft) with a maximum
of approximately 15.50 meters (50.8 ft) is permitted.

Thus, rebar cages for long piles (above 15 m) should be broken down
fn component sections which are assembled at the job site at the time of
the lowering of the reinforcing steel into the borehole. The 1ongést
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section should be the lowest section because this will facilitate the
placing of the cage in the borehole.
5.1.4, Construction arrangement

Longitudinal bars are most often distributed uniformly over the
circumference or perimeter of the pile. There should be at least five
and preferably six bars (CPC, Article 68, Clause 36.1).

In order that the concreting of the pile can be carried out under
proper conditions, spacing of the reinforcing should be at least 10 cm
(4.0 in.) for small diametér‘bars (12 to 16 mm - 0.47 to 0.63 in.) and
15 cm (6.0 fn.) for large diamete} bars (20 to 32 mm - 0.79 to 1.26 in.).

The cross-sectional area of the reinforcing steel should be at least
0.5% of the cross-sectional area of the concrete of the pile (Clause 36.1
of Article 68, lst title). In Table II, the minimum area of steel for a
pile is shown as a function of diameter, taking into account the spec~
ifications mentioned previously. The minimum amount of steel for the
longitudinal reinfbrcing ranges between 39 and 46 kg per cubic meter (2.4
and 2.9 1b/ft?) of concrete.

The distribution of the rebars may be varied over the perimeter of
the pile in the case where the main forces causing bending have a pref-
erential direction. However, it is usually preferable to aveid unequal
spacing of the rebars because of construction difficulties associated
with the need for precise positioning of the rebar cage in the borehole.
5.2. TRANSVERSE REINFORCING STEEL
5.2.1. Role

From the point of view of reinforced concrete, the transverse rein-
forcing plays three roles. ‘

The main role is to maintain the longitudinal reinforcing by pre-

venting buckling.

TABLE Il
Pile diameter (cm) 50 80 70 80 0 100 "o 120 130 140 150 200
Concrete area (CITF) 1,964 2,864 3,849 5,027 6,362 7,854 9,504 11,310 13,276 | 15,394 17,672 | 31,416
ini area of
?;Q;TUTC,“Q'; 9.82 14,14 1925 § 2544 | 3181 | 3927 | 4752 | 5655 | 66,37 | 7697 | 8835 | 157.08
Examples of mini- 92 12| 10215 [ 10216 | 1316 | 1316 | 13D20 | 16220 [ 18D | 22D20 [25@20 | 19 D25 | 3@D25
mum rebar or 7 @14 8D | 7020 | 820 | 1120 | BD25 | 1025 | 12025 | 1425 [16@25 | n@32 |02
) ry@ 16| s@2 | s@25 %25 1225

{2.540 cm = 1 in.)
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The second role is to res1st the shearing forces.

The third role is to. prevent any longitudinal cracks from open1ng
up .in the concrete; the transverse steel increases the resistance of the
. concrete compared to that of thefsame non-reihforced concrete 1ndebend-
ently of ‘the effect of the" 1ongitudina1 reinforcing. In fact, the
© transverse steel prov1des containment for the concrete and acts to. in-
crease the factor of safety when large compression stress is present.

From the point of view of construction, transverse stee]"in.‘assdci-
ation with other reinforcing steel {hoops for maintaining the diameter
of the';ege, for example, § 5.3.1) acts to stabilize the .cage against
distortion‘durihg handling and maintains‘the position of the Tongitudina?
steel during the lowering of the rebar cage into the borehole and during
_concreting: ‘

5.2.2. Geometry of the transverse steel

In practice, the strength of the transverse steel does not play a
role. of resistance to normal stresses; the bars are. nearly always:-smooth

- for convenience, {strength Fe E-24 or possibly Fe E 22). However, when
the shearing stresses are very significant (exceptional cases), recourse
-may be taken to deformed bars so that the transverse bars can have sat-
isfactory spacing for the placing of the concrete.

The bars for the transverse reinforcing are installed in successive
increments. Each increment may be composed of one hoop. In the case of
piles, taking into account the fact that the longitudinal bars are dis-

_tributed in a eirc1e, the transverse reinforcing is generally composed
~of a helix also called a spiral (Fig. 76). To facilitate placing, a wire
machine is often used for small diameters of bars (up to approximately
10 mm - 0.40 in.). For larger diameters (above 12 mm - 0.47 in.), steel
.-rebar- is used. ‘ :

Theoretically, from the point of view of reinforced concrete, the
fashioning of hoops and spirals should comply with the guidelines shown
in the sketch in Fig. 79. The anchorage of a hoop should not be in. the
same vertical plane with that of the preceding hoop. Mechanical - conti-

~nuity of varijous spiral sections should be achieved by means of -lapped

joints and the ends of the bars are to be fitted with hooks; thus, the
anchorage‘pf the ends of the bars is created by embedment in the concrete
mass.
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Fig. 79. -- Theoretical guidelines for construction given
by reinforced concrete regulations.

Important Comment. -- The anchorage of hoops, just as the anchorage
and lapping of spirals discussed aboveﬁ_functions‘propérly‘when the con-
~crete has hardened. The anchorage is' achieved by means of the phehoména-
of steel~concrete adhesion. It should be noted that the anchorage and
lapping funct1oh poorly during the concreting phase. Under the effect
of the weight of the fresh concrete and the pressure which it exerts on
the reinforcing steel, the anchorage tends to unroll and the lapped
portions may siide past each other.

_During the concreting phase, the transverse bars cannot prevent the
buckling of the longitudinal steel if special precautions are not téken._
. The ﬁwd“skétchés in Fig. 80 show some of the problems which.may arise..

" Fina11y;fihé guidelines for anchorage and overlapping of bars cannot
always be followed because turning of bars toward the inside of the rebar
cage can interfere .with the ptacing of the @remié used for the pouring
‘of the concrete.

In order to avoid significant deformations of the cage, precautions
with the transverse reinforcing may be taken. Examples of methods appear
in Figs. 81 and 82. | | |
5.2.3. Diameter of bars _ o o ,

- The application of Clausé 36.1 of ArtitTe 68'éﬁd'of turrénﬁvregq-
1a£10n$_for reinforced. concrete leads to a s11ght1y~sma11 dTaméter‘foF]
“the transverse steel. These regulations are not appropriate for consid~
:eratfon of the practical problems of construct1on posed by bored piles.
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Fig. 80. -- Risks of uncoiling of transverse bars
during concreting.

No
-, Welds
No Yes
Fig. 81. -- Practical construction guidelines,
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Fig. 82. -- Example of overlapping transverse bars with weld.
The weld 1imits the risk of sliding at the time
of concreting.

Taking intc account observations made at the job site, we think it
is reasonable to adopt for ut the minimum values given in Table III,
until possible modifications are made in Article 68.

The average quantity of transverse steel in current use is around
13 kg per cubic meter (0.8 1b/ft®) of concrete. We think that it is
necessary to increase this quantity to at least 20 kg per cubic meter (1.3
1b/ft?). o | '

Figure 83 is a good illustration of the poor behavior of overly weak

transverse reinforcing.

TABLE III

Longitudinal rein-
forcing steel Dt
(mm)

Transverse rein-
forcing steel pt
(mm)

12 114 ] 16 20 25 R

6-8 | 6-8 [8-10 | 12-14 1 12-14-16 | 16

(25.40 mm = 1 in.)
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Fig. 83. -- Transverse reinforcing bars with too-small d1ameter.

They are deformed before being placed.

5.2.4. Diameter of hoops and spirals

The diameter of hoops or spirals, and more precisely the diameter
of the outside of the cage, should be equal to:

-~ the nominal diameter of the finished pile, less 10 cm (2 x 5 cm of

coating - 4 in.) in the case of a pile constructed'witﬁout»temporary"
casing and un11ned (Fig. 84); ‘ -
-- the inside diameter of the temporary casing minus ‘10 cm (4 in. ) when

the pile is built by using a temporary casing, but is not Tined.

(In this
case,

the rule is determined with the essential aim to avoid the 1ifting

of the cage when the temporary casing is pulled, Fig. 85).

-~ the inside diameter of the 1ining minus 6 cm (2.4 in.) when the pile

is lined. | | -

'5.3. 'THE REINFORCING STEEL AND SPECIAL DEVICES

5.3.1. Slnng hoops : Lol T
To facilitate the fabr1cat1on of the cage and to obtain the f1n1shed

diameter of the cage and the appropr1ate distribution of the Jongitud1na1_

steel, it is necessary to use special reinforcing called sizing hobps or

gauge hoops (Figs. 86 and 87).
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‘De=D-10cm
.0 .= inside diameter of temporary casing

'Fig. 84, -- Exterior diameter of cage.

= inside diameter of temporary casing

| - q

Fig. 85. -- Exterior diameter of cage (pile constructed
with temporary casing).
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B ﬁig.486;f;LlGauge'hoop,with overlapping welds with markings
o _for position of longitudinal steel.

:'Fig\ 87. -- Fabrication using gauge hoop.
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These hoops should be r:grd and thus the diameter of the’bar'should
be large (example:. B 20 to 25 mm for a 1'm p11e - 0 79 ‘to 0.98 1n for a
3.3 ft pile). . o ' ,

The sizing hoops enhance the r1g1d1ty of the cage dur1ng transport
and handling by maintaining - “the pos1t1on of the longitudinal bars. In
addition to these functions, they accommodate dev1ces for mak1ng an
acoustic investigation and tubes for 1nvest1gat1ng defects 1in concrete
p1acement (see § 5.3.7). j F1gure 88. shows the deformations a reinforcfng
cage is subjected to without such gauge hoops.

The sizing hoops may be made by we1d1ng end to end or, better by
We1d1ng overlap (Fig. 89). They are fash1oned from smooth rods and gen-'
erally prepared at the fabrication yard. Theu' spacmg varles between
about 2 and 3 meters (6.6 and 9.8 ft). |
5.3.2. Devices for centering the cage

It is necessary to prevent the rebar cage from rubb1ng along the wal1
of the borehole during its placement. It is also necessary to center thea
cage properly in the borehole and to ensure a su1tab1e cover of the rebar
For these purposes, use of spec1a1 devices 1s requ1red . ‘

-- Cuides:  these special units, constructed of. smooth bars, are-
welded onto the 1ong1tud1na1 steel (Figs. 90 and 91) Cons1der1ng the1r
shape, they are sometimes called “ski?' They number four per 1eVeT
eight in the first level in the case of piles of 1arge d1ameter, and the
spacing of the levels is about 2 meters (6.6,ft).’ They should be rtg1d
and their diameter should be equal to that of the 1ong1tud1na1 re1nforc1ng
less one increment. The guides shown in Fig. 92 are attached to the cage‘f
in a manner resulting in too much f]ex1b111ty

~=- Plastic or Concrete Spacers: to ensure that there. 1s adequated
cover of concrete over the. rebar and that the cage 1s centered in theﬂ_
borehole, circular spacers are used which may be made of mortar or plas-
tic. As a rule, plastic spacers are rejected because they do not ensure
an efficient centering due to their f]exibi1ity (Figs 93 and 94)* 'Con;
cerning the attaching .of these spacers, precautions shou1d be taken to
avoid the penetrat1on of water which may cause corrosion of the rebar.

Shown in Fig. 95 are two method of fastening the spacers.‘;Solution
(b), which consists of fastening the spacer on the\]ongitudtnaT_stee1,l
is not recommended because the concrete may not flow completely around
the spacer allowing infiltration of water that could cause'corrosion;of
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Fig. 88. -- Deformed cage due to absence of sizing hoop,
note nonrecommended form of basket.

Longitudinal-
reinforcing steel

Transverse
reinforcing
steel

Welded overlap : ~ Butt weld

Fig. 89. -- Gauge hoop assembly.
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Longitudinal
reinforcing
“steel :

Spiral .~

Wall of borehale

Fig. 90. -- Different types of steel spacers.

Fig. 91. -- Spacers with satisfactory dimensions.
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Fig. 92. -- Incorrect solution. Spacer is
‘welded to transverse bars.

Fig. 93. -- Inefficient centering.
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Fig. 94. -- Type of spacer to be rejected.

T m—

—— - e T——— 4. o AS—

Fig. 95. -- Fastening of concrete spacers.
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the main reinforcing steel. Also, when the rebar cage is being placed,
these spacers méy scrape the wall, causing contamination of the rebar and
accumulation of loose Soil at the base of the borehole that should be
removed before concreting.

The best solution (a) consists of fastening the spacers to two lon-
gitudinal rods by means of a sma]T welded rod.
5.3.3." Reinforcing for strengthening of the cage ,

 The cagé-fs flexible and may deform by bending and rofation. The

-"transverse-hoop reinforcing Eystem for sizing the cage is not sufficient.
It ds necessary to stiffen,thé cage by means of épeciaT reinforcing.
These bars can be left in pTaée or may be eliminated as the cage is lowered
into the borehole where the bars interfere with lowering the tremie.

Among the devices used are: |
-- transverse stiffeners that act to prevent the flattening of the cage
(Fig. 96); o
-- longitudinal stiffeners such as those shown in Fig. 97 wh1“ch prevent
the twisting and rotation of the cage.
5.3.4, Basket

At the lower paft of the cage, it has been customary to turn the
1ongitudina1 bars towards the center of the section of the pile so as to
form a "basket" (Fig. 98). _

The basket is assUmed to have two functions:
== it prevents the penetration of the longitudinal steel into the bottom
of the borehole;
-- it also prevents the possible 1ifting of the rebar cage due to the
bouyancy within the fresh concrete, because of the load of the concrete
on the basket. However, the basket prevents the tremie from touching the
bottom of the borehole when the concrete pour is initiated and possibly
becomes a barrieﬁ that prevents the removal of the water in the borehole.
The result can be excess water in the concrete, segﬁegation of the ag-
gregate (Fig. 99), and a poor contact between the soil and the concrete.

To permit the tremie to reach the bottem of the borehole, it now
“seems preferable to allow only a 51{ght curvature of the bars toward the
interior of the cage (Fig. 100). fndeed, it is preferab]é to avoid all
adjustments of this type (Fig. 101) especially if, in order to avoid the
penetration of the bottom of the cage into the soil, it is possible to
suspend the cage in the borehole.
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Fig. 97. -~ Other types of special reinforcing.
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Fig. 98. -- Basket shape not recommended.

N

Improperly-con¢reted portion

Fig. 99. -- Effect on concreting bottom of pile
due to presence of basket.
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Fig. 100. -- Acceptable configuration of bottom of cage.

Fig. 101. Reinforcing cages without baskets.
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The cage is thus held at a few centimeters from the bottom of the
borehole (about 10 c¢m - 4.0 in.). It is further noted that such an ar-
rangement permits better concreting of the base of the pile.

5.3.5. Arrang'ements for Iiffing cages ‘

Unfortunately, on numerous job s1tes the rebar cages are lifted
without taking proper precautions. The hook of the crane is attached at
arbitrary places along the cége and the dgformat1ons thaf result from this
lack of precaut1on are serious. - 1 ', : E

It is necessary to prov1de spec1a1 11ft1ng arrangements and to re-
inforce the cage in the vicinity of the 1ifting areas (for example by
arranging a greater number of sizing hoops).

Figure 102 shows some arrangements for the 1ifting of a cage that
may prove toc be useful, |
5.3. G Special connectors

Assembly of the components comprising the cage is ach1eved by welded
joints or by means of special connectors.

- This second solution is more costly than the first but certainly
safer due to the uncertainty of the quality of welds made on the job site
and the rapidity with which the welds must be made.

5.3.7. Access tubes for non-destructive testing

. The non-destructive test of finished piles requires that the rebar
cages be equipped with metal access tubes for which the dimensiens vary,
according to the methods, from 50/60 to 102/114 mm (2.0/2.4 to 4.0/4.5
in.). | SR
These tubes (see Chapter 7, §,Z§é)'hay be welded directly to the
sizing hoops (Fig. 104) but itvis:ne;esiary to increase thefr fixity with
arrangements of thé sort Shown in Fig. 105.. Note that it is necessary
to use special care in the pos1t1on1ng of the p1pes over two consecutive
sections of the rebar cage.. ‘

5.4. PRESENTATION OF DRAWINGS FOR REINFORCING OF PILES

Drawings of p11e‘reinforc1ngwshou1d ngt‘beﬂyague sketches in which
only ﬁhe longitudinal and transvefsa] bafs are shown, but construction
drawings- in which all ré1nforcing appears including special bars and ar-
rangements. It is necessary to show separately the finished pile and the
various componénts which comprise the rebar dage.
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Fig. 102. -- Various types of lifting reinforcements.

Fig. 103. -- Lifting loops for reinforcing cage
‘ for a barrette.
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Fig. 104. -- Acoustic .investigation tube simply welded
' to sizing hoop. Not recommended!

Access
tube
Transverse
steel

~— Si2ing hoap

Fig. 105. -- Correct mounting of acoustic
_ investigation tube.

144



In the following pages, an example is given that illustrates the
minimum information a drawing of pile reinforcing should contain (Fig.
106). -

5.5. LOADING - TRANSPORT - UNLOADING - STOCKING OF REBAR
CAGES -

Handling of the cages during their lcading, unloading, and placement
in the boreho1estshqu]d be carried out with concern for limiting defor-
mations as much as possible and to prevent failure of the welds. A cage
which is mistreated'dﬁring these operations will remain permanently de-
formed. It is thus necessary to take the essential precautions to avoid
consequences which would result from deformations (difficult lowering of
the cage in the bprehole, scraping of the walls, poor cover of the rebar,
etc.). N
5.5.1. Loading with transport in mind

It is neceésary to avoid lifting the cage by one or two points with
simple connector links especially when the cage‘is long and 6f a large
diameter. » '

-- Lifting at the center (Fig. 107a) creates siganTcant deformations and
requires a rope support at each end.

-- Lifting at two points (Fig. 107b) without a stiffening beam is no more
desirable because the deformation‘of the cage is accentuated by the effect
of the compressive stresses exerted between the points of attachment of
the connectors. |

The most satisfactory method is that which consists of lifting the
cage with a stiffening beam (Fig; 108). The cage is thus supported at
several points, which results in the reduction of deformations.

5.5.2. Transportation |

The transportation of the rebar cages is not cost effective if it
must be treated as a "non-standard" load by the highway codes.

The highway codes in France do not require special provision for
hauling if the length of the vehicle, all projections incliuded, does not
exceed the values given below: |
-- 11 m (36 ft) for automobi]esrand‘tfai]ers, not including coupling de-
vices, '

-- 15 m (49.2 ft) for vehicles joined by moving parts (tractor + trailer)
-- 18 m (59 ft) for a group of vehicles (truck + trailer).
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" Fig. 106. -- Example sketch for pile reinforcement.
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Fig. 107. -- Deformations of cage in 1ifting.

Fig. 108. ~- Recommended use of stiffening beam.
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In addition, the load should not exceed the rear extremity of the
vehicle by more than 3 meters (9.8 ft). .

By respecting the above requirements which apply to trailer lengths
varying from 9 to 11 m’(29.5 to 36 ft), it can be seen that it is possible
to transport cages of lengths from 12 to 14 m (39.4 to 45.9 ft), which
corfespond'to current commercial lengths. Under exceptional cases (mod-
ification of transportation equipment, proximity of Jjob site), it is
possible to transport‘cageé,of-sTight1y greater-]engths.

5.5.3. Unloading and stocking on the job site

Unloading should Be performed with the s&me‘precautions as loading.
This operation is unfortunately often poorly conducted. The unloading
is done at the start of the job when the preliminary excavations are being
performed and when the 11ft1ng,mach1nes are few and often absent. The
unloading unfortunateTy-tOO“often consists of pure and simple dropping
of the cages on the,ground;ﬁthey are cohsequently soiled and deformed.

The rebar cages should be stocked {n clean areas (Fig. 109), on
concrete if possible; they should be set down on wooden blocks to limit
deformation and to separate them from the soil. As much as possible, it
Ts necessary to avoid piling the cages on top of each other. Figures 110
(a) and (b) show exactly what not to do.

5.6. ERECTING OF THE CAGE AND PLACING IN THE BOREHOLE
5.6.1. Erecting of the cage

This involves the 1ifting up of the stocked cage from a horizontal
position and bring1ng it to a vertical position over the borehole. This
{s the most cr1t1cal'opera£ibh."The cége 1s\genera11y hooked at one or
two points (Fig. 111). Before the cage leaves the ground, it rests on
its end and is subjected to significant bending deformations. To these
bending deformations torsional deformations are added when the cage,
suspended by the crane, swings above the ground. To perform this maneuver
in a proper manner, it is desirable to employ a rigid support to which
the cage s attached at several points. |
5.6.2. Placing of the cage in the borehole (Figs. 112 through 117)

The  operations of erecting and placing the cage in the borehole
should be done without loss of time so as to limit the sedimentation,
 floculation, or settiing out of the soil in suspension that may océur
before concreting; '
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Fig. 109. -~ Proper storage environment for
reinforcing cages.

(a) » (b)

Fig. llOQHF- (a)Aand (b) Unacceptable storage.
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Fig. 111. -- Lifting of reinforcement cage.-
Note deformations.

Eig. 112. -- Handling of cage for barette.
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Fig. 115. -- Lowering of cage
into borehole,

Fig. 116. -- Device for main-
taining cage in
borehole.




Locking
of tower
componént

— — o

N/ N
Cleaning of bottom of hole,

Slow Towering of first component jhto borehole‘up to its upper .
Tevel {overlap area) or to level of a man.

'Lbcking with large brackets.

Introduction of second component and achievement of overlap
{welding of longitudinal bars placed side-by-sfde or placed
with special connectors). ‘ :

S11ght raising of two integral sections.

Unlocking and lowering of outfit.

Repetition of operations in such case ‘when other components
require joining, -

Verificqt1on of the upper 1e§e1 of the placed cage.
Verification of the bottom of the borehole.

Locking of cage‘at upper portion to avoid 1ts descent or its
rising during concreting (weld on collar, or anchorage).

Concreting of pile.
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There are few methods to find out if caving is produced at the time
of the lowering of the cage. In the special case where the borehole {is
dry, the mirror procedure may be used. With bentonitit,mud, the only
method of detecting caving is the plumb Tine. In any respect, when the
presence of significant caving .is discovered (surface“cévihg, cbstacles
impeding the lowering of the cage to its final position...), the con-
struction supervisor should not hesitate to have the cbntractor pull the
cages and then to clean out the bottom of the borehole, of,to require the
bottom of the excavation cleaned to conform to the retommendations pre-
sented in Chapter 3. o

- To guard against the possible penetrétion ofrthefrebar into the
bottom of the borehole, and against risks of buck1ing,lit is preferable
to suspend‘the rebar cage from the top of the temporary casing, or of the
surface casing, rather than setting it down on the bottom of the borehole
(Fig. 116).

5.7. PROBLEMS - OBSERVATIONS - REMEDIES
5.7.1. Soiling of the rebar

Some precautions should be taken during stocking and handling of the
cages in order to avoid soiling of the rebar. C(leaning with a water jet
may be required. Contamination of the rebar during lowering of the cage
into the borehole (scraping of the wall) is inhibited by the use of guides
and spacers.

5.7.2. Centering errors

Errors in the centering of the cage are due to an excessive flexi-
bility of the cage and above all to the insufficient use of guides.‘ In
the case of battered piles it is necessary to increase the number of
levels of centering guides and spacers on the lower face which has a
tendency to lean against the wall of the borehole.

5.7.3. Waterlogging of the concrete due to the presence of the "basket"

‘We have previously indicated that, at the base of tha pile, the
longitudinal reinforcements should not be turned in toward the center.
This "basket" prevents the tremie from touching the bottom of ‘the borehole
during the initial p1acement of the concrete and the "basket" can ulti-
mately behave like a grate that leads to segregat1on of the aggregate and
weakening of the concrete in the presence of water,
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5.7.4. Raising of the rebar cage during concreting

During concreting, the reinforcing steel is submitted to the uplift
forces from the fresh concrete (Fig. 118);, these forces are increased if
there is some setting-up of the first concrete. The uplift forces are
even greater when, in the commendable effort to prevent contamination of
the concrete, the tremie is embedded too deeply in the column of fresh
concrete.

To avoid this sometimes significant 1ifting of the rebar cage (up
to2m- 6.6 ft), which is possible regardless of the weight of the cage
and even if it is restrained at the head, it is desirable then to limit
the space between the base of the tremie and the level of the concrete
in the borehole. This should be a reasonable distance and is compatible
with the security required in light of the risks of separation of the
tremie pipé from the surface of the concrete (see § 6.4.1.1 use of tremie
to place concrete). | |

For information only, a single shortening.of‘ﬁ to 7 m (19.7 to 23
ft) 6f the tremie after concreting of 10 m (32.8 ft) generally permits
achieving, without difficulties, piles of the order of 20 m (65.6 ft) and
above (Fig. 119). On the other hand, it has been seen that the presence
of a "basket" at the base of the rebar cage presents little advantage in
solving this problem and, on the contrary, risks disturbing the quality
of the concrete-soil contact at the base of the pile (see § 5.3.4).
5.7.5. Lifting of the rebar cage during the pulling of a temporary casing

If the space between the rebar cage and the temporary casing is
small, there is a possibility of 1ifting the cage by simple friction or
the locking of particles of coarse aggregate between the rebar cage and
the wall of the temporary casing. These disadvantages are accentuated
by poor centering and by excessive flexibility of the cage (Fig. 120).
They are alsc more fréquent when the pile is lined.

5.7.6. Settlement of the rebar cage into the concrete

Due to forces from fresh concrete that moves downward with respect
to the rebar cage, -the cage can be subjected to significant compressive
stresses.  Special precautions should thus be taken to allow proper
performance of the cage during the concreting phase (see especially in
§ 5.2.2, the recommendations for transverse reinforcing). If these
precautions are not taken, the longitudinal rebar can buckle, the cage
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Fig. 118. -- Uplift pressure on reinforcing cage
due to tremie concreting.

ZAANTZAN ;E [~ NN/

1 Priming and start of concreting.
2 Halt of concreting and raising of pipe.

3 Continuation of concreting after dismantling
of one or two sections of the pipe.

Fig. 119. -- Proper tremie-concreting method
to avoid raising of cage.
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Fig. 120. -- Mechanism resulting in pulling cage along with
raising of temporary casing.

undergoes 1arge‘def0rmations and distorts, and the welds may break (es-
pec1a11y at the lap Jo1nts)

The problems are more frequent when the p11e is constructed with a
temporary casing. Especially at the twme of the extraction of the casing,
the concrete must fill not only the space occupied by the casing but must
fi1l all gaps. ' Of special concern is when the extraction of the casing
is accompanied by vfbfaﬁon(vibration-insta11ed piles for example). It
is advisable in such cases to éxtract the first meters of the casing in
stages (halt of vibration for one minute approx1mate]y every 20 ¢cm - 8
in.), as various observat1ons on an 1mportant h1ghway Job have proven
[60]. L .

Figures 121 and 122 illustrate to what extent a cage may deform.
The components éncountered by“the coring are the longitudinal rebar in

one case and a pipe for acoustic investigation in another case.
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Fig. 121. -- %ore t§ken from axis of pile ¢ 100 mm.
4 in.

- Coring through acoustic~investigation tube that
followed deformation of reinforcement cage.

Fig. 122.
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CHAPTER 6
CONCRETING

A concreting job for cast-in-place piles is different from a con-
creting job for superstructures. The concrete should, in effect, have
very different qualities. Even though usually lightly stressed, it should
continuously transmit to the soil the locads that it supports and thus
cannot contain any discontinuities within its mass, The concrete used
in cast-in-place piles must have very special qualities, its elements
should compact by their own weight and not by vibration as is the case
with concrete used in superstructures. The concreting of a pile is a very
precise operation that must be carried out with extreme care.

For large projects, it is possible to use advanced methods of con-
struction and to carry out sophisticated construction tests. These meth-
ods often beccme very expensive and greatly increase the cost of small
jobs. Therefore, it must be kept in mind that the consequences of a pile
defect do not depend on the importance of the project.

Experiences from large-scale testing of piles, confirmed by field
observations on job sites, indicate that if the state-of-the-art is fol-
lowed, the rate of success will be very high, but if It is neglected con-
struction defects will arise.Therefore, the contractor should ensure that
the concreting operations are carried out under the best possible condi-
tions.

This chapter examines:

-- concretes for piles,

== quality control and progress samples,

-- production and transportation of concrete,
-- placement, and

-- organization of a concreting test.

6.1. CONCRETES FOR CAST-IN-PLACE PILES

Today, there are several mixes called "deep foundations" (or QF) that
have been studied for the purpose of obtaining the special characteristics
needed for concrete used in piles. These concretes can be placed by the
tremie method or by the use of a pump, depending on the project. Some
ready-mix concrete plants also provide these mixes. These concretes may

-

Preceding page Dk
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be adapted to site conditions by the possible additions of plasticizers
or set retarders. . |

Unfortunately, in current practice, there is too much improvisation
in attempts to adapt a reinforced-concrete mix by adding sand and water
and reducing the amount of gravel. . The generally ineffective result leads -
to a difficult and uncertain placement which might adversely affect the
quality of the pile.

The problem of concretes for piles is examined from. two angles:

-- basic characteristics of concretes for piles, and
-- conditions necessary to obtain those characteristics.
6.1.1. Basic characteristics .of concretes for cast-in-place piles

These characteristics are as follows:

-- fluidity, good flowing property, and ability to compact under
self-weight, S

-- resistance to segregation and to leaching,

-- slow and controlled setting, _

-- resistance to harsh environments through high density and good
impermeability, and

-- good mechanical performance.

It should be noted that, unlike the concrete for ‘superstruCtures,
high mechanical performance is not the main objective.
6.7.1.1. Fluidity, property of flowing and compacting under their own

weight , |

The fluidity (or workability) of concrete should be Sufficient_to
allow the concrete to fill all the gaps when it rises in the borehole due
to the difference in pressure between the levels of the concrete in the
tremie pipe and the excavation. Fluidity also depénds on the amount of
time spent on the concreting operation. | . |

It is essential that an acceptable fluidity be obtained by means that
will .not adversely affect other concrete characteristics.

In this manner, an increase of the amount of -mixing water should be
avoided because this easy.way_of'improving the fluidity also increases
segregation and decreases compécﬁabi]ity,‘1mperheabi1ity, and-Stréngth
of the concrete, "
6.1.1.2. Resistance to segregation and leaching _

Al fa11ihg concrete tends to'segregate. The large elements reach
the bottom first. This phenomenon is accentuated by the presence of ob-
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stacles and by a lack of cohesion in the concrete due to a high water
content (concrete too soft). The mortar adheres to the reinforcement and
to the walls of ‘the excavation. The presence of water in the borehole
also’ increases this segregation problem: there is a separation of the
cement and the aggregates by washing of the latter. The leaching is thus
one form of segregation to which piles cast under water are particularly
susceptible. |

Segregation causes very serious defects within the pile shaft:
gravel pockets, caverns, porbus concretes. These zones are particularly
susceptible to groundwater flow which again accentuates the leaching of
fresh concrete' and the harshness of the environment in terms of the
compactibility (§ 6.1.1.4).
6.1.1.3. Stow and controlled setting

Certain operations, such as extraction of the temporary casing and
the tremie, especially when these operations are not done until directly
after placement, involve a rapid concreting operation and a properly re-
tarded set. In other respects, it may be useful in the case of certain
concreting setbacks, to extract the already-poured fresh concrete. |

It is thus imperative to control the beginning of concrete set and
its timing through judicious-choice of cement and the possible use of a
carefully proportioned set retardant.
6.1.1.4. Resistance to an aggressive medium through high density and

good impermeability o

Density and impermeability go hand in hand. The concrete may be
'subjected to aggression of the environment by movement of water that is
Toaded to varying degrees with salts and organic materials or, on the
cbntrary, by very pure water that may mechanically or chemically attack
the concrete. It is evident that the concrete has a better resistance
when these waters do not penetrate it, and in particular when water
movements do not reach the reinforcement. A thick and dense concrete
cover can prevent damage to the reinforcement by the corrosion-cell ef-
fect.

Unfortunately, proper density and impermeability are difficult to
obtain because the high water content of concrete for piles, which cannot
be vibrated to an optimal density, counteracts the start and growth of a
dense crystalline network at the time of the setting of concrete. In
piles the fresh concrete compacts under its own weight and this results
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in an increesing density with depth This has been further evidenced by
gammametric studies (see § 7.1.1. 3)
6.1.1.5. Good mechanical performance . - ,

Even though the principal objective is not to obtain high mechan1ca1
strength 1t ‘must be remembered that proper performance should allow for
reduction of,the‘dimensions of the\pi]es or shafts and thus their cost.
This reduction of size (or optimization) of the shaft should depend on
the construction conditions and the current recommendations of the di-
rectives. However, the tendency must be avoided to require in the CCTP
strengths. that eretproposed‘inpthe commentary of Article 9, § 7 of Volume
61, Title VI. It could appear that reinforced concrete is involved be-
cause rebar cages are present. ,

- High cement proportions (350 to 400 kg/m® - 590 to 675 1b/yd®) are
justified_here by the need to obtain a good flowing property and, as a
resu]tp~a,‘good'density in pTace:withodt the aim of attaining superior
' mechanical strengths. A high cement proportion actively contributes to
confidence in the different operations of placement. This is the way to
neutralize the detr1menta1 action of an excessive amount of mixing water.

Practicaiiy speaking, in the absence of specific rules concerning
the concrete for piies and considering the maximum stress allowed by the
'present cpC (Artic]e 38. 2. of Volume 68), satisfaction is obtained with a
-28- day compressive strength of about 250 bars (see [3], § 8.973). How-
ever, the special case of pile columns must be the subject of a specific
review. ‘ , | ' | , ‘ |
6.1.2. uConditions‘ necessary to obtain those characteristics _

These conditions are expected to be met if there is a careful se-
Aiection of the concrete'components and an in-depth study of its design.
6.1.2.1. Selection of components

_ The selection of the components of concrete cast against soil should
be carefu]]y made. Th1S pertains to cement, aggregates, and admixtures:

, -- The .cement shou'ld be capable of re51st1ng the chemical ag-
'gression of the environment, vaters 1oaded with organic matters or min-
eral salts, acid waters, seienitic- or‘pore It should be noted that the
aggressiveness of different waters will vary depending on the nature or
the concentrations of the elements dissolved in it. For example,
<natura1 acid waters-loaded with carbonic gas or with humic acids may be
encountered. This carbonic gas is very detrimental to cements because
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it can combine with free ]1me"to formlvery soluble 1ime -salts that
decalcify the concrete. Equally of concern 1s‘the presence;of sulfated
waters (selenitic, magnesian waters) that’attack'cements by formation of
highly expansive, complex salts that may cause concrete d151ntegrat1on
Overly pure waters are dangerous because of their’ deca1c1fy1ng character

To select the cement, it is necessary to consu]t a specialized 1ab-
oratory that is familiar w1th regional products and current. 11terature
on the subject: B _ ‘

e Volume 3 of the CPC: Supplies of hydraulic cements,

« 1ist of hydraulic cements intended for. marine works and in
selenitic waters, published and annua11y reviewed by the "M1nistere de
1'Equipement," and

+ practical guide for the use of cements by M Adam (co11ect10n of
the ITBTP [73]). , 7

Cements that meet the physical and chemical characteristics gtven
in Volume 3 are in general those with large s1ag‘percentage5' CPF, CHF,
CLK, CPMF, and only some CPA, CPAL, CPALC, having a good reS1stance to
aggressive waters. Co

[t is necessary to‘e11minate those cements known for the1r quick
setting and, for those chosen to ensure by means of acceptance test1ng
that they are not subject to fa]se or over1y rapid setting

-~ The aggregates should preferably be rounded and possess the
qualities specified in Volumes ‘65 and 23 of the CPC: in particular, a
continuous, granulometric curve and a good shape coefficient are neces-
sary to facilitate good concrete flow. A siliceous round'sandlis desir-
able. R R

When the use of crushed sand and gravels is inevitable, a constant
percentage of fine elements should be required for the sands (the compo=
sition study will give the percentage that should not be exceeded) and a
good shape coefficient for the gravel. ' '

Porous aggregates must be rejected. | : N

-- The admixtures, setting retarders 'or p]ast1cizer-retarders;
should be selected from the 1ist in the ministerial circular "approved
11st of concrete admixtures." This 1ist is updated annua11y
6.1.2.2. Study of the mix design of the concrete ‘

The study of the composition of the concrete ‘should be performed as
related to the required qualities of concretes for piles. It should
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particularly take into account - the aggressiveness of the environment, as
well as the means of production, transport, placement, and concrete con-
trols. This composition should not be improviséd; Rather, its related
study and testing should be entrusted to a specialized ‘laboratory.

It is necessary to seek fluidity (good flowing property) and density
at the same time.

To obtain a good uniformity in the composition of concrete and the
best possible density and workabilities, it is necessary to use at least
three sizes of aggregates.

Therefore, it is a proper balance between .the proportions of the
different sizes of aggregates and not an inhppnopriéte addition of sand
in place of gravel that will best reconcile these two apparently contra-
dictory qualities. The optimum proportions are determined by a thorough
étudy of the workability of concrete. o

Density and resistance to segregation (and to leaching) may be im=~
proved by increasing the proportion of very fine elements (between 80 and
160 microns) when a very "coarse" sand is used. These very fine elements
may be provided through the‘addition‘of fines (crushed 1imestone, fly-ash,
...) or by use of a sufficiently high quantity of cement (400 kg/m*® - 675
1b/yd®). The latter method is particularly desirable due to a resulting
tighter crystalline network for the concrete, without additional risk of
cracking since it involves "buried" concrete.

Any significant increase in the water ‘content to increase the
fluidity of concrete should be considered with much reservation because
of its detrimental effect on the density and mechanical strength. It is
better to use a plasticizer. It should be noted that when special cements
are employed (ihose with large proportions of additives) that are commonly
used in foundations, the effect .of approved additives must be verified
by an appropriate study.

The use of -retarders to control the set and to avoid any stiffening
of the concrete before the end of operations has a positive effect, even
more so because those admixtures generally have a secondary plasticizing
effect. However, the. set-retarding action should be verified and stand-
ardized in the laboratory at the time of the concrete-composition study.
When a significant set retarder is not required, a plasticizer may be used
that will have a secondary retarding effect.
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The general outline for the study of the concrete composition con-
sists of five main phases: »

== Theoretical study in which the mixtures with continuous grain
size curves, that favor the flow of concrete (Fig. 123), are recommended.
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Fig. 123. -- Examples of well-graded and gap-graded
grain-size distribution curves.

-- [nvestigation for an optimum workability, with a workability meter
LCLY. This must be performed with a constant water content (W/C = 0.46)
and by varying the sand percentage in comparison to that of the gravel.

-- Investigation for the optimum water content necessary for proper
flow of the concrete in the tremie pipe and a good placing operation.
This 1s done with a fluidometer (Fig. 124} from the des{gn established
in the previous phase. The use of the slump cone in the laboratory is
not recommended because this procedure, in cases of high slump (18 to 22
cm - 7 to 8.7 in.) looses all sensitivity. The slump is not represen-
tative of the fluidity of the concrete.

! LCL: Laboratoire Central-Lesage.
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-- Study of the setting times of the concrete, when using a set
retarder or a plasticizer-retarder in the concrete, with a concrete
setmeter'(Fig. 125). |

-- Measurement of the mechanical strengths and possibly the density
and permeability of samples of hardened concrete.

6.2. TESTS OF CONCRETE SUITABILITY

When the study of the design of the mix §f the concreﬁé‘is completed,
it is necessary to verify that the contractdf’hasvthe means to produce a
concrete héving the same characteristics as that used in the study and
to carry out a satisfaétory placement of the concrete ihrthé borehole.
For this, a tru1y'1arge scale test is carried out, é1so‘known as "control
concrete," as defined by Article 8.33 of Volume 65 of the CPC (Con-
struction of Works in Reinforced Concrete). Th?;fo]Wowing methods are
perfectly adaptable to concrete for bored piles:

-- Examination of the arrangements made by the contractor con-
cerning the preliminary verification of production equipment, transport,
and placement:

Production plant:

* storage of equipment (cement silos, aggregate bins, conveyors,
etc.);

* measurement apparati (scales, flowmeters, etc.);

* control devices (automatic mechanisms, humidimeter, etc.).
Transportation equipment:

e mixing trucks;

* dumpers;

* concrete pumps;

. ofher means.

Placement equipment:
¢ tremie pipe with accessories;
. tremie pipe cross-head for concrete pump;

buckets;

tools for extraction of concrete;
® pumps;
* etc.
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Fig. 124. -- The fluidometer permits determination of
optimum water content of a concrete
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Fig. 125. -- Concrete setmeter for study of
proportion of set retarder.
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It is desirable to verify that energy sources at:the site (electric
connections, génerators, compressors, etc.) are adequate .and that they
are reliable in case of a breakdown. '

-- Batch production, with the means at the site and with facilities
for verification of the batch characteristics: . ‘

On fresh concrete:

e flow characteristics using an Abrams slump cone in the current
absence of a better method, ‘ |

* analysis of the composition of the fresh concrete, and

e yield (the composition that produces a:given volume of concrete
oh'thE'jOb). | ‘ '

On hardened concrete:

- » physical and mechanical characteristics (density, impermeability,
strenéth). : ' o

== Placing of one or more batches.

This placement test should be performed with the setup that will be
‘used at the job site: supply system, tremie pipe, concrete pump... -

"It is necessary to anticipate the arrangement for a test borehole.
"This may be one of the boreholes ‘of the project because construction
equipment for piles, especially on the site for a small job, is generally
not available except for a very limited time. In this case it is pref-
erable whenever possib]é to make use of one of the least stressed pf]es
and it is wise to determine beforehand the possibility of its replacement
if it is rejected due to problems. In the case of large jobs, a special
test borehole may also be prepared to receive the test concrete. This
is constructed under the same conditions and at the same depth as the
production piles. These test boreholes are obviously equipped with rebar
cages that are fitted with the required acoustic-investigation devices
(see Chapter 7). |
6.3. PRODUCTION AND TRANSPORT
6.3.1. Production -

‘It is useless here to review the ruies for production of the concrete
that are exactly the same as those applicable to structural concrete which
are summarized in:
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-= Volume 65 of the CPC, N o
==Circular No. 73-91 relative to the use of factory-manufactured- con-
crete (updated periodically), and

~= the Guide, level 2 of the GGOA 70 [3]. .

It is necessary, however, to give attention to the need of .combining
good fluidity with proper density when dealing with concrete for piles
(see § 6.1.1). ‘ _ L

The selected consistency will greatly - influence the . density.
Therefore, it is necessary to monitor the plant very-closely and to .ensure
a permanent control of the plant's production. For this reason the use
of unreliable concrete mixers or site plants should be absolutely avoided.
If a properly equipped production plant cannot be supplied on the job
site, it .is preferable to have access to ah_approved ready*hix plant,
conforming to the rules issued in Circular No. 73-91 (quoted earlier).

It is essential that the plant produce the concrete with, the con-
sistency required during the pouring oﬁefation or with a.slightly higher
fluidity 1in the case of high temperatures or where transport time is
considerable. Any systematic addition of water to the truck upon arrival
to the job site should be prohibited because l'_t‘cau.ées segregatfon of the

~concrete. . The truck is no more than a rudimentary mixer that is very
effective when the fluidity of the concrete is increased. Preventing the
~addition of water is particularly  difficult to accomplish_ for
plant-manufactured concretes, because plants prefer to.deliver very dry
concretes for the following four reasons: .

-- better resistance at the time of the control approval (which is done
‘upon departure from‘tﬁe ready-mix-concrete plants), ‘
==-possibility of loading larger amounts of the.mixture, which allows a
lTimited number of rotations of the drum,

~-- easier unloading, and

-- greater overturning security durfng transport. : ,

In this regard, mention may be‘made of the appearance in the Paris
vicinity of a new system capable of avoiding the inconvenience inherent
to transportation. It involves a mixing-pump which, on site, raises the
water content of an almost dry mix that is transported from a.plant by a
mixing truck. ‘

Finally, it is necessary to emphasize the special importance of

precise control of the proportions of admixtures. This is especially
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important because there is a perfectly justified tendency to work more
and more with longer set delays; in other words, to work with very near
to an overdose of the retarder that may cause permanent blocking of .the
concrete setting. )
6.3.2. Transport

It may be that the concrete plant is sufficiently close to the pile
project for the concrete to be transported by means of buckets or be
pumped. Transport in dumpers should be prohibited because of the segre-
gation that results in the fluid concrete. In most cases, however,
transport is carried out by transit-mix trucks.

As a general rule, very special attention should be given to organ-
ization of the transport of concrete in order to satisfy the two following
conditions:
~- short transit time, and
== no supplying interruptions, nor waiting of the concrete mixers at the
site.

These two conditions imply the installation or selection of a plant lo-
cated close to the job and good organization of the circulation of the
trucks.

Any unanticipated and significant delay in transport, any supplying
discontinuity and any truck waiting increases the risks of premature
hardening of the concrete. These setbacks are generally catastrophic for
the pouring operation. Because unloading is often slow when using the
tremie-pipe technique, it is thus desirable to have access to concrete
mixers of low to medium capacity (4 to 6 m® - 5 to 8 yd?).

Because the concrete for piles is very fluid and sensitive to
segregation, there is an increased need for the tranéit-mix trucks td be
always in the very best condition. It is also necessary to have access
to a good system for transmitting orders and information (radio for ex-
ample).

Finally, it is necessary to consider the case of a concrete pump used
as a relay between the concrete mixer and the classic tremie pipe (see
[3], level 3) and the use of pumps for the transport of concrete. This
use is particularly critical because the concrete should be fluid enough
to descend easi1y in the tremie pipe and form the pile under its own
weight. It is then at the 1imit of "pumpability." Characterized by a
great f1u1dity, the concrete risks segregation and clogging inside the
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pump lines. Therefore, in this case it is necessary to ensure an excei-
lent uniformity in the concrete production even more carefully than is
customary.
6.4. PLACING CONCRETE

The quality of the foundation depends on a good pouring procedure
as well as on good quality of the concrete. In the case of bored piles,
pouring of the concrete is an extremely critical operation and every
mistake risks ruining the job. It is wise to be familiar with and to
follow the state-of-the-art.

We will successively examine:
-- techniques of placing concrete in the borehole,
-~ influence of the presence of water or drilling mud and sensitive as-
pects of the operation, and .
-« operations performed after concrete placement: withdrawal of a tem-
porary casing, striking off, and the bossib]e extraction of the already
placed fresh concrete in the case of a serious setback.
6.4.1. Techniques of placing concrete

The technique of pouring concrete by discharge from the surface
cannot be allowed except in dry, shallow (less than 10 m ~ 32.8 ft)
boreholes without reinforcement.

Three techniques can be practiced:
-- tremie method,
-- use of a pump to deliver concrete directly to the base of the pile,
and
-~ bucket with remote-controlled opening, used only for large diameter
shafts.
6.4.1.1. Concreting by the tremie method
a) DESCRIPTION
‘ The tremie method is intended to avoid leaching, segregation, and
pollution of the concrete by guiding the discharge down to the bottom of
the borehole and by maintaining a continuous concrete feed to the middle
of the mass of fresh concrete already in place.

It is composed of a pipe and a funnel-shaped bucket (the tremie, Fig.
126). The pipe must have the following minimum characteristics:
-- the inside must be smooth;
-- it must be made up of short (about I m - 9.8 ft), easily disconnected
sections (square or trapezoidal threadings);
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Fig. 126. -- Cone and pipe that form a tremie.

~- it must be; strong‘ (minimum:thickness: 8 mm --0.31 in. standard
sections); and _l ) S ﬂ

== it must have a dwameter approx1mate1y swx t1mes that of the maximum
coarse aggregate but a]]ow1ng a. d1stance between p\pe and reinforcement
‘(1nclud1ng pipes - for acoust1c 1nvest1gat1on) of at Teast four times the
dimension of the maximum coarse aggregate Furthermore, these specifi-
cations might, in certain cases, reduce the size of'the maximum coarse
aggregate. o - ' '

‘ In addition to these minimum cHaracteristice 1t is rec0mmended

-~ to use a tremie pipe with a- smooth exterior, or to proh1b1t prOJect1ng
~connection pieces (couplings, fianges}_attachment~brackets) that may be-
come hooked onto the reinforcing7eage. The'connections between sections
must be done by threads cut into the pipe waT] The thickness of the pipe
should be sufficient at the shou]der RN '
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-= to make an optimum combination of the sections of differént Tengths
according to the lifting schedule for the tremie pipe, avoiding overly
long sections at the top (this 1ifting schedule may be set at the time
of the concreting of the test pile); -

== to provide efficient tools for rapidly connecting and disconnéctihg
the sections; '

== to plan for the use of a device to centra11ze and stab111ze the tremie
p1pe at the head of -the borehole;

-- to place, when necessary, a system that allows evacuation of the con-
fined air trapped under the p1ug-at the time of starting the concreting
(breather pipe arranged on the interior Qf‘thewpihe,‘for‘example, Fig.
127). This precauﬁion is especially useful when the water level in the
pipe is relatively low in relation to that at the head of the borehole;
-- to notch or préVide lateral -openings at the bottom of the pipe (Fig.
128) to ensure the evacuation of the water (or mud or air) during the
descent of the first concrete, allowing the base of the pipe to rest at
the bottom of the borehole. This arrahgement allows for control of the
initial concreting because the plug is not freed until the tremie pipe
is raised some distance (thickness of the plug); '

The tremie should have the following characteristics:

. == a truncated cone shape in preference to a truncated pyramid shape;

-- angle « (Fig. 129) at the top of the cone between 60° and 80° (above
80° the concrete might arch over the hole stopping the flow).

b) USE o

The tremie pipe must rest at the bottom of the borehole befofe the
starting of the concreting operations. For this reason it is necessary
to leave a central space at the base of the reihforcement large énough
to allow the tremie pipe to pass through and rest at the bottom of the
. borehole (see Chapter 5).

If the tremie pipe does not rest at the bottom when‘cohcret1ng under
water or mud, there is leaching or po]]ut1on of the first concrete. .
Contrary to common thought, the first concrete does not all rise up to
the surface at the end of the operation. Some of the 1eached concrete
covers the bottom while some coats the wa]]s of the boreho]e decreas1ng
base resistance and lateral friction (Fig. 130). '

It is important to note that there is an absolute need for careful
cleaning of the bottom of the excavation (see § 3.4.4). ‘
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Fig. 127. -- System for evacuation
of air or water by
outlet hose.

l Fig. 128. -- Toothing of lower
[ ’ portion of tremie.

Fig. 129, -- Angle o of tremie cone
should be between 60°
and 80°.
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Fig. 130. -- Distribution of leached concrete after
faulty priming of tremie.

For placing concrete for bored piles one treﬁie pipe is generally
used, but if the diameter of the boring is large (shafts) or when working
with pile-barettes, it might be necessary to use several tremie pipes at
the same time. In this case, it is necessary to study carefully their
location 1in order to‘obtain a uniform rising of the concrete over the
complete bored or excavated area. Poorly or improperly placed pipes might
lose a large amount of their effectiveness or may obstruct proper rising
of the concrete. [t is also necessary to prepare and place the re-
inforcement in such a way that it will allow proper pouring and easy ma-
nipulation of the pipes.

The ACI (American Concrete Institute) recommends not exceeding the
following surfaces per tremie pipe: 28 m? (300 ft?) for rectangular and
14 m% (150 ft2?) (4.50 m =~ 15-ft diameter) for circular caissons. How-
ever, these recommendations imply a technique which employs the horizon-
tal displacements of the pipes'and does not concern the concreting of
piles. Therefore, it‘is.ainsab1e not to contrete shafts larger than 2
m (6.6 ft) in diameter with only one tremie pipe; There are risks of
caving of the concrete along the tremie pipe with entrapment of mud (Fig.
131) or leaching by water.

bl) Starting of concreting

An overly rapid descent of the first concrete in the tremie pipe

causes its dispersion and segregation. In the presence of water or mud,
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the leaching or pollution that results is more serious since it increases
the segregation. Part of this poor quality concrete {is left at the bottom
and on the walls of the borehole (Fig. 130). To avoid this problem, it
is necessary to carry out successfully the critical operation of priming.
This consists of first filling the tremie pipe with a homogeneous mass
of concrete and second, of flushing or scouring of the bottom of the hole.

To this end, it is essential that a plug be placed at the top of the p1pe
before the concreting operation.

The role of the plug is to slow down the descent of the first con-
crete and to promote the formation of a homogeneous, continuous coiumn
that, due to a piston effect, flushes the water or the mud ahead of it,
without m1x1ng , :

The flushing act1on will be facilitated by an arrangement of ~the
éxtrem1ty of the tremie pipe: notching or small lateral openings (F1g
128). are recommended in place of the usual practice of 1ifting the pipe
prior to pr1m1ng (an imprecise operation that may result in leaching if
the movement of the tube is considerable.

It is also necessary to eliminate some other practices, unfortu-
nately very widespred, such as:

- the shovel technique, in which a shovel temporarily obstructs the

opening at the bottom of the cone or funnel and then is removed
'(with dffficu1ty) when the cone has received the first load of
“concrete (Fig. 132). This meihod does not in any way prevent
segreéation, leaching nor pollution of the initial concrete;

- the paper or tissue plug does 1ittle to slow down the descent of
the concrete and generally remains enclosed in the concrete at the
bottam'of the pile or on the wall; and

- the first batch of pure paste or concrete poured in bulk in the
pipe: there 1is 1leaching and trapping at the bottom of the
borehole. - - '

A technique that sometimes works well consists of placing a plug of
expanded polystyrene inside the top opening of the tremie pipe. This plug
is split in four and haé a‘diameter slightly larger than that of the pipe
(Fig. 133). The descent may be initiated with a slight push on the plug
through the concrete in the tremie.

This plug performs the job of brake and piston. At the bottom, it
splits in four pieces each of which is brought to the surface with the
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Fig. 132. -- Technique of priming with
shovel - prohibited. :
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Fig. 133. -- Priming using po1ys£erne5p1ug.
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concrete. Unfortunately, the polystyrene pieces may remain hooked to the
reinforcing cage. This technique should therefore be used with caution
(with or without the optHon of allowing a small defect in the pile shaft).

The best technique consists of preparing a plug of pure-cement paste
of a firm consistency. This plug, as in the preceding (polystyrene), must
have a diameter slightly larger than that of the tremie pipe. It is then
desirable to wait for the onset of the setting of the cement to avoid an
immediate deformation ihat'wou1d 1imit the braking effect (Fig. 134).
Such a plug remains at the bot;dm of the pile, and does not present any
inconvenience. o -  :

The new types of "elastic" plugs, composed of pure cement paste and
meta]]ié or po]ypropyiené fibers or of steel shavings (lathe residue),
combine the advantages of po1y5;yrene (elasticity, brakihg effect) and
of the pure-cement paste. They‘may bé‘mo1ded_and given an'apprdpriate
shape (Fig. 135). o S \

In addition, there 1s another priming technique which uses a cap at
the extremity of the pipe. Thisfwatertighf cap, located in the lower part
of some tremie pipes, él]ows the descent of the initial concrete within
a dry tube and thus prevents 1each1hg.. Unfortunately, it does not prevent
some amount of segregatiqn during the fall of the concrete in the case
of a long tube. This bottom cap must therefore be used only for con-
creting of piles of‘short,length; In addition, this system requires a hose
- positioned in the interior or exterior of the tremie pipe (Fig. 136) that

allows air to escape, -

There are two principal types of caps:

-- the hinged closure (Fig 137) that is composed of a hinged plate
kept closed by a hook and opens under. the weight of the concrete when the
pipe is raised. A plastic joint " placed over the plate assures
watertightness. In addition to risks of deterioration of the valve, this
system presents the major inconvenience of causing a considerable
segretation during the up and down vertical movements of the tremie pipe;

-= the "hat" closure (Fig. 138), composed of a hollow plug capping
the extremity of the tremie pipe. Imperviousness is cbtained by use of
a plastic friction joint. When the pipe is raised the plug will be left
at the bottom of the hole under the weight of the concrete.

Finally it must be noted that with these end caps it is necessary
to use a pipe heavy enough to withstand the hydrostatic pressure of the
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Fig. 136, -- Capped tremie pipe with breather tube.
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Fig. 137. -- Hinged closure. Fig. 138. -- "Hat" closure.
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mud or the water. For example, for a 200 mm (7.87 in.) interior diameter
tube, it is necessary to use a steel pipe with a minimum thickness of 8
mm (0.31 in.).

b) Concreting by the tremie method (Fig. 139)

Once the priming is done, the concrete flows to the lower end of the
tremie pipe and ascends within the borehole under its own weight. If
feeding of the concrete to the tremie is stopped, an equilibrium is es~
tablished between the column of concrete within the pipe and that in the
‘borehole. The level of concrete within the pipe stabilizes at a higher
level than that within the excavation due to internal friction. Renewed
pouring of concrete in the tremie increases the level of the concrete in

the excavation,

Fig. 139. -- Concreting of a nile with tremie with concrete
from a transit-mix truck,

This difference in levels increases as concreting progresses because
of the increase in internal friction as concreting advances and eventually
the concrete canot descend further. It is then necessary to raise the
tremie pipe to a different height and to remove one or more components
at the top, just below the cone or funnel. However, it s absolutely

necessary to keep a certain length of pipe embedded within the concrete.
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This length can vary from 2 m (6.6 ft) for small diameter piles (60 to
80 .cm - 23.6 in. to 31.5 in. in diameter) to 4 m (13.1 ft) for the larger
ones (note that these values are larger than those appearing in the com-
mentaries of Article 38.1.4 of Volume 68).

The best concrete is that which has a normal water content and fills
the borehole with a small difference in the levels of concrete when
equilibrium is reached. This characteristic permits concreting of the
pile without frequent raising of the pipe.

A common practice to facilitate the descent of the concrete consists
of transmitting a vertical up and down movement to the pipe which is more
or less drastic and intense. This must be avoided. Actually, experiments
performed in locations of tests have shown that the concrete within the
pile tends to rise along the tremie pipe but not along the periphery of
the borehole (§ 6.4.1.1b). The alternating vertical movement attracts
mortar to the wall of the tremie with an increase in the fluidity of
concrete along the tremie pipe (wall effect). Thus, there is a greater
possibility of movement along this pipe (see Fig. 131) and improper con-
crete placement.

This practice is often used inadvisedly in order to offset the lack
of fluidity of the concrete and may unprime the tremie pipe, especially
at the beginning of concreting when the depth of the tremie in the con-
crete is small.

Hence, emphasis must be placed on the seriousness of any accidental
loss of,the priming and,damage to the concrete. There is the possibility
of enclosing in the pile shaft concrete of poor quality (leached or seg-
regated), water, mud, sediments, or even caved soil.

It is especially important to reject the mistaken idea that thé
vertical movements of the bottom of the tremie pipe helps to coat the
reinforcing. In fact, the quality of the coating depends more on the
fluidity of the concrete than on the construction techniques used on the
job. | | |

Finally, care must be taken to ensure a regular and continuous

feeding of the concrete and that the tremie bucket‘is always kept as full

as pbssib]e.
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65.4.1.2 VConcreting by the pump method (Fi'g. 740)

The concrete pump is used more and more frequently for "direct"
concreting_of‘bored piles instead of as a relay between the‘m1x1ng truck
and the tremie asseﬁb]y. For those aspects which concern the general
rules of the use of concrete pumps, it is necessary to consult technical
fnformation memo LCPR/SETRA [72]. | |

a) DESCRIPTION

The de]ivery-pfpe of the pump is introduced vertically within the
borehole and serves as the tremie pipe.

There are two advantages for the use of this technique:
=-'a concrete with a lower water content as compared to the classic tremie
method may be used, and therefore has better compactness; and
-~ there are benefits during the placing of concrete, not only from the
weight of the column- of concrete in the pipe, but also from the preesure
provided by the‘pump-that may be very high (up to 120 bars). It follows
that the various operations intended to make the concrete descend are
eliminated. However, there may be a need during the concreting to raise
the pump line if the rebar cage starts to rise.

The pump usedrmust be a powerful piston pump with a large capacity
{conduit diameters of 100 to 120 mm - 4.0 in. to 4.7 in.) and must be
in excellent condition (Fig. 141). Pumps which work by deforming a
flexible diaphragm do not generally yield good results 1ﬁ this case (in-
sufficient pressure). | ‘ -

The ’pump‘Tine mue£~be rigid((meta]) , smooth in the interior and
exterior, and thick enough to present a sufficient resistance to oppose
the pulsating lateral movements produced by the piston stroke. It must
be composed of screwed components with the threads cut into the wall of
the pipe. The bottom of the pump line, as for the tremie pipe, must be
provided with openings that allow the flushing of air, water, or mud.

This pump line must be fitted at the top with a'special arrangement
(Fig. 142) composed of an uptake p1pe for concret1ng and priming and a
cross-head. The pipe for concreting and pr1m1ng is c1osed at 1ts upper
end by a. screwed cover that may- be - rep]aced by a tremie bucket, and at
1ts lower end it is connected to the pump line. In the case of a pump
breakdown th1s arrangement allows the attachment of a tremie bucket at
the top and concreting by the classic tremié method. |
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Fig. 142. -- Metal cross-head of tremie for
concreting with pump.

The cross-head allows the filling of the pump line so that pressure
may be maintained in the concrete column and inclusions of air are avoided
that are detrimental to pumping. The cross-head is connected by flexible
tubing to the horizontal line from the pump.

b) USE

bl) Priming _

This is one of the greatest difficulties with use of the pump due
to the fact that it is impossible to introduce directly a plug of mortar
inside the pump. Therefore, it is advisable to use the following method
(Fig. 143):

1. Opening of the screwed cover on the "Y" of the tremie pipe and
introduction of a priming plug (paste-of-cement-metal-fibers type),
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Fig. 143. -- Technique of priming with concrete pump.

2. Starting of the pump. The cap is left off to allow air to escape
during filling of the conduft, and

3. Closing of the cover and normal pumping when the concrete has
reached the plug. The flushing of the water or mud is carried out as in
the tremie-pipe method.

b2) Concreting

Supplying of concrete to the pump should be done in a regular and
continuous fashion. The concreting can, therefore, be carried out in'a
single proceés without raising nor alternate movements of the pump line
and thus without risk of loss of the priming. '
6.4.1.3. Valve-bucket concreting

‘ This third method is only mentioned here because it is useful mainly
for concreting caissons with large cross-sections. In unusual circum-
stances 1t can be used for large-diameter-shaft foundations.

Concrete buckets are equipped with a water-tight release valve which
is opened by one of the following methods: ‘ :
-- automatically operated by contact with the bottom of the borehole (or
"the level of concrete already in place, Fig. 144), or
-- manually operated from the surface.
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. T Opening . _
‘ Closqd pasition Support by soil

Fig. 144. -- Bucket with automatic valve.

The opening of the valve generally presents difficulties during the
course of the job and numerous incidents may occur. Frequent checks and
care of the equipment that is involved are essential. _
6.4.2. Influence of the presence of water or drilling mud. Critical as-

pects of the operation.
6.4.2.1. SoH-concrete contact at tip and sides

It is re-emphasized here that .a good contact is absolutely necessary;
at the tip in bearing, to ensure a good load transfer to the substratum,
‘and Taterally to mobilize side friction.

In this repsect, it is not only necessary to check the cleanliness
of the bottom of the excavation after cleaning out (see § 3.4.4) but also
to prevent leaching of the first concrete or its pollution by .drilling
mud - in the case of faulty priming. This first concrete, as previously
discussed, almost completely covers the bottom and the lower parts of the
walls of the borehole.
6.4.2.2. - Inclusions

-~ The entrapment of mud or debris within the concrete can occur:
=--1n the case of faulty priming of the tremie pipe during concreting (see
-§ 6:4.1); ' '

-- when the ascension of concrete in'the borehole occurs irregularly.
This phenomenon is dangerous for large diameter piles (and barrette piles)
and also when the tremie pipe is moved too vigorously. Around this pipé
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- the concrete then has the tendency ﬁo become more fluid and to rise faster
than in the periphery of the pile where it remains more inactive (see §
6.4.1). In this way a central roll or wave 1s‘created, which soon col-
lapses entrapping water, mud or sediments (wave phenomenon, Fig. -131);
and | ‘

- -= as a result of local caving of the wall in the absence of a temporary
casing, sheath, or 1ining.

6.4.2.3. Distribution of concrete layers

[t is generally accepted that the cbncrete establishes itself in the
borehole by chronological horizontal layers, the first layer reaching the
surface at the end of concreting. This is an erroneous ideaq.

Experiments performed at test sites have shown that layer distrib-
ution is, on the cohtrary, concentric with the tremie pipe such that one
layer pushes the previous one toward the periphery. The movement of
concrete is centrifugal. Figure 145 i11ustrates this phehomenon Very well
and‘has been verified by full-scale concreting at testing locations where
concretes were dyed different colors.
6.4.2.4. Flushing by overfiow _

It 1s necessary by overflowing the borehole to clear out the
sediments, mud, silt, and bleeding water that rises on top of the initial
concrete reaching the surface. This initial concrete is in ftself pol-
luted or partially leached despite the precautions taken during priming
and therefore must also be eliminated. Further, it is worth notﬁng that
in other cases (especially withdrawal of a temporary casing by vibration)
water movement to the surface from small "springs" has often been noted
after the end of concreting (Fig. 146). There is nothing alarming about
this. These migrations are quite small and do not constitute any danger
to the pile.

When the level at which the concrete will be cut off is clearly lower
than that of the work1ng level (Fig. 147) this cleaning by overflow might
seem excessive. If this is not done, concrete should however be placed
to a level high enough so that there is no weakened concrete below,ihee
" cut-off peint. Then the concrete can be trimmed away to the cut-off
level, | ‘ |
6.4.2.5. Overpouring of concrete

It is difficult to define and measure an overpouring of concrete.
The needed data for the calculations include the following:
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Fig. 145, -- Experimental determina-
tion of the distribution
of lTayers at bottom of
pile using concretes of
different colors. (Ex-
periments by Bordeaux
Regional Laboratory.)

Fig. 146. -- Water migration
verified at test
site..
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Fig. 147. -- Cleaning by flushing followed by trimming.

* the theoretical volume, V_, of the borehole according to the di-

mensions of the tools used and no£tthe dimensions shown in the plans which
frequently differ,

* the volume, V1, of the concrete delivered by the production plant,

¢ the volume, Ve, of the excess concrete in the last truck,

* the volume, Vp, discarded during the trimming process.

The overpouring, Vs’ is therefore calculated as:

VS = V] - Ve - Vp - Vt

This calculation is only an indication. The quantity evaluated 1in
this way is not representative of the effective overpouring since it in-
cludes an overpour, AV, relative only to the enlargement of the borehole.
Therefore, the real vo1umé, Vr, is larger than the theoretical volume.

Vt(vr = Vt + AV).

Regardless of the method used, the diameter of the borehole is always
larger than the diameter of the tool.

The true, accidental overpouring is caused by fissures (cracks),
karsts, or to the flow of soft soils and cannot be calculated with pre-
cision unless the overpour AV can be estimated. Unfortunately, experience
shows that AV varies in an uncertain manner accerding to the machines and

tools wused, the dri]]ing depth, and the consistency of the soils. In

193



addition, it is of greater interest to be able to localize the levels of
overpouring and as a result to deduce the causes. To this effect, it is
desirable to establish a meaningful concreting curve [3] from the con-
tinuous measurement of the volume of concrete delivered and of theé ele-
vation attained by the concrete in the borehole.

Due to technological reasons, such measurements are still impossible
to obtain and one must be satisfied with spot measurements with rudimen-
tary probes (as, a general rule, one check of the level of concrete per
truck). More precise instruments are presently in the experimental stage.

Furthermoré, in the case of piles constructed in place with temporary
casings, it would be desirable to be able to perform measurements"of the
levels not during concreting, which have no bearing, but when the casing
is withdrawn, which is practically impossible.

Finally, even under ideal conditions, the concreting curve does not

always allow location of the overpouring zone. Indeed, in very soft soils
or in £he presence of a partially obstructed karst system, the creeping’
or emptying into the voids only occurs under a certain head of conérete,
in other words, well above the level of the anomaly for which the position
cannot be detected. In this case, however, the shape of the concreting
curve gives information as to the nature of the incident and, from the
geotechnical data, determination may be made of the layers suséeptib1e
to being affected (Fig. 148). | | h
6.4.3. Operations following placement )

The two common operations that complete the construction of a pile
after concreting are the withdrawal of the casing, if necessary, and fhe‘
striking off of the pile. |

It is necessary to emphasize that in the case of serious setbacks
during concreting, it might be necessary to proceed to the ektraction of
the fresh concrete already in place.
6.4.3.1. Withd’rawal of the temporary casing

When the technique of boring and concretihg using.a temporary Casing‘
(used as a form during these operationé).has‘been‘embloyed, 1115 neces= -
sary to remove this casing during or at the end of cohcfetingiahd iﬁ any
case before the setting of the concrete. A late attehpt at ektfaction
might involve the loss of the casing or very serious mishaps: | |
-- development of voids in the concrete with the possibility of caving=in
and inclusions; ’
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== misalignment of the reinforcement,

-- lifting of the shaft with the loss of base contact and reduction of
lateral friction, and

-- possible 11fting of the entire pile.

Actually, due to the complex distribution of the concrete layers,
it is possible to create surfaces of discontinuity during the setting of
concrete: a “recent" layer may be located next to an old layer where the
setting has already started. These surfaces constitute zones susceptible
to rupture by stress at the. t1me the - cas1ng 1s pulled out.

A concrete layer in which sett1ng has begun might develop a consid-
erable adhesion w1th the temporary cas1ng on one hand and with the re-
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1nforceﬁent on the other hand. At the time the casing is pulled.out, the
reinforcement may a1so be pu]]ed out and, in many places, the pile may
"tear.' _ ‘
| Therefore, one sees the benefit of:
-- a quick, continuous, regular and systematic concreting operation, and
*?'totaj control of the retardation of the setting of the concrete, so
that the set does not occur overly early nor heterogeneous]y.
6.4.3.2. Striking off or trimming the pile

, Genera11y, piles are concreted to an elevation higher than the level
of str1ke off. It is then necessary to trim the pile (Fig. 149).

The purpose of this operation is to eliminate over a certain height

’:*thé »Eoncrete- at the surface which may contain zones of questicnable
‘qua11ty (po11uted leached, segregated) when flushing of the concrete

:r,_ )cannot be performed either by overflowing or by c¢leaning cut. Trimming

_ 15 a]so necessary ‘'when the risks of caving at the surface, following

w1thdrawa1 of the surface casing (or the temporary casing), prohibit ex-
| traction of the fresh concrete down to the level of striking off which
'must be protected from any contamination before setting.
d ' In fact flushing and striking-off operaticns may be complementary
-'h'(F1g 150), with the height to be struck off being dependant on one hand
~on the extent of poss1b1e cleaning, and on the other hand, on the condi-
‘t1ons at the Job site (terrestr1a1 or aquat1c site, relative levels of
operat1ons and cutoff ). Taking appropriate act1on at the job site will
" avoid the ch1pp1ng away of excessive concrete (151)
‘ Tr1mm1ng performed‘us1ng a concrete-breaker or explosives is an op-
" eration that should be performed with great care so that the rebar is
thoroughly exposed‘ ¢leaned, and prepared to receive the concrete from
’»the superstructure - - 4

‘: The techn1que of trimming with the aid of explos1Ves uses a complex
'errangement _of numerous ‘microcharges. with explosions delayed a few

"friﬁTcroseconds; in order to avoid any shock detrimental to the environment.

This procedure is not commonly used at present and is mainly for shafts
with 1erge diameter. ,

' Ih”eny case, the operation must not be performed too late nor too
eériyt If performed too late, the concrete will develop a considerable
strength requiring a large expenditure of energy. If performed too early,
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Fig. 150. -- Reasonab]e trimming height due to pre]1m1nary
flushing of fresh concrete.
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Fig. 151. -- Example of excessive trimming height.

there is-a risk of microfissuring the concrete at the pile head, mainly
due to a lack of tensile strength.
6.5. ORGANZJIATION FOR THE CONTROL OF CONCRETING

A detailed, strict plan for the control of concreting cannot be es-
tablished due to the large diversity of job sites from the point of view
of their impbrtance, their organization, and construction conditions.

It is better to devise a control plan adapted to each job, just as

each site will have its own construction plan.
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It is obvjous1y desirable at the time the CCTP is drafted to entrust
the establishment of a control plan to a specialized laboratory in order
to avoid as much as poss1b1e any subsequent difficulties.

- However, exam1nat1on will be made here of the major aspects of the
control of concret1ng for bored piles.

6.5.1. Control of concrete and its components
. == At the plant, where it is necessary to: ‘

e pkoceed‘ to sahp]e the ' concrete components (aggregates, cements,
admixtures) that will be subjected to the tests according to specifica-
tions of the CCTP '

e to establish a system‘that a11ows attention to ‘production: summary of
weigthg operat{ons proportions, information on recording devices
(printer), and others (hum1dity meter), and the general working order of
the plant; ‘

* to carry out some tests of the fresh concrete (particularly fluidity)
to ensure that the concrete has the same characteristics upon arrival at
the job as at the plant; and .

* to verify some measurements of the setting times of concrete.

== At the concreting job, where it is necessary to:

e verify the fluidity of the concrefe by use of the fluidometer or in the

“absence of this equipment by using the s1uhp cone, which is not well
suited for the application (see § 6.1.2.2); To facilitate the control
of the water content, it is of interest to correlate the measurements that
are made with the water content of concrete. Even though the adding of
watef to the concrete at the construction site is generally thought to
be undesirable, if the appropriate correlations are available and if the
concrete is too dry! when it arrives at the site, the addition of mixing
water to the truck can be madé quickly and in the proper amount;

o to prepare the samples of concrete which will be subjected to mechanical

‘tests and to density determination; and
* to record the times of transportation and arrival of the concrete before

‘placemgnf.A' '

'Any addition of water to the mixing truck must be followed by a very
rapid mixing of at least five minutes.
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6.5.2. Control of placement

The principle of a preliminary study of the control plan adapted to
a site applies particularly to this part of the operations. The plan
involves the monitoring of each of the successive operations and verifying
that they are carried out propef]y. The operations at the job site that
must be controlled are:

-- the preparation of the concreting material (tremie pipe assembly,
concrete pump, etc.);

-- the priming of the tremie pipe (traditional pipe or pump). This op-
eration is particularly critical and extremely important because it con-
trols the quality of the concrete that will be in contact with the soil
at the bottom of the pile;

~-- the concreting operation in general and during which attention must
be given to: |

¢ reqularity of the concrete supply (rotation of trucks, ensuring
that the concrete is on time, radio communication, etc.);

* strict compliance with the operations and instructions that are
described in § 6.3, and especially to the establishment of the concreting
curve; and

¢ the proper behavior of the reinforcing steel; and
-= to certain operations which follow the concreting: flushing by over-
flowing, concrete behavior during the extraction of the temporary casing,
etc.

For each concreting operation, it is necessary to note in an official
report the operations carried out for control, the observations made
concerning the environment and the working conditions, and the small de-
tails, incidents, and anomalies that are observed. A standard form is
proposed in Appendix B. ‘

The record keeping involves the use of four sheets with the conents
of the forms indicating a reminder (or check list) of that which must be
controlled and observed during the concreting of the piles. The use of
these four sheets is very flexible and depends on each operation and it
is not necessary to fill them all out every time concreting of a pile is
performed.

SHEET No. 1: control of the components of concrete: cements, ag-
gregates, water, admixtures.
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SHEET No. 2: control and transport of fresh concrete, characteristic
tests on fresh concrete, sample collection, and truck rotation.

SHEETS Nos. 3 and 4: placement control: «climatology, drilling,
cleaning and reinforcing (taking into account the characteristics that
influence the concreting operations), actual placement methods (priming
technique, supplying of concrete, placing concrete, serious incidents,
possible extraction of the temporary casing, overpouring, and trimming).

This official report is primarily destined for the 1laboratory in
order to accumulate the data needed to prepare the final project-record
report. However, the report may be sent to the construction supervisor
if he wishes in order that the information on the construction schedule

proposed in Appendix A may be completed.
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CHAPTER 7
TEST FOR COMPLETED PILES

The tests for completed bored piles are performed in order to ensure
the quality of the concrete in the shaft and the quality of the contact
at the base between the concrete and the soil. These tests are unrelated
to the static loading test (see [1], § 3.5.5, clause 3) which is a test
for the overall performance or adequate sizing of the pile.

In performing the tests on the completed pile, methods can be em-
ployed that allow detection of the majority of imperfections in the shaft
or at the base of the pile [22] [27].

7.1. TEST METHODS
7.1.1. Geophysical methods of investigation

The most popular methods used by the LCPC are the following:

-- Investigation of foundations by wave transmission using the reflection
method (October, 1974).

== Investigation of piles and diaphragm walls by wave transmission using
lateral transmission (September, 1974), and

-- Investigation of piles and diaphragm walls using radicactive material
for transmission of waves (to be published).

There are other methods including the mechanical-impedance method
used by the Center for Experimentation in Buildings and Public Works
(CEBTP) [47]1[52]. ’
7.1.1.1. lInvestigation by reflection of waves where a mechanical impulse
is applied to the pile |

This method is simply noted here because its use is disappearing in
favor of other methods. Nevertheless, it is useful in some cases: short
piles without a rebar cage or of small diameter (4 < 60 cm - 24.0 in.);
and battered, precast-concrete piles of reinforced concrete [14].

a) PRINCIPLE

This method (Fig. 152) has been established according to the laws
that govern the propagation and reflection of waves in heterogeneous ma-
terials. It consists of:

-- creating a vibration at the top of the pile,
-- recording this vibration after reflection, and

|
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-- measuring the travel time from the instant of emission and reception,
in order to calculate the distance traveled by the wave, knowing its ve-
locity of propagation.

Disregarding the effect of the distance between the transmitter and
the receiver, the height (h) of the pile, or the distance to the first
anomaly, is given by the relation:

h = 1/2 VT
where:

V is the velocity of propagation of the wave,

T is the travel time of the wave.

The velocity (V) is measured either over core samples or over cy-
lindrical sampies made in advance.

The time of propagation (T) is determined from the signal that ap-
pears on the calibrated screen of an oscilloscope. The time is found by
measuring the distance on the record between peaks of the oscillations
(Fig. 153).

The impulse is applied at different points at the top of the pile
and separate sets of readings are taken, according to the procedure set
forth by the LCPC. Automating the analysis allows a significant increase
in the speed of evaluating the measurements.

The piles can be investigated no sooner than seven days after con-
creting, or after the top is trimmed.

b) CONCERNS AND LIMITATIONS

The investigation of the quality of a pile by the transmission of
waves using the reflection method with the wave generated by a mechanical
impulse has two advantages:

-=- the measurements are rapidly performed because the investigations can
be performed on as many as 20 piles per day, depending on conditions at
the field site; and

-- it is not necessary to have placed previously any access tubes.

Nevertheless, this method presents a number of inconveniences:

-~ Beyond 15 meters (49.2 feet) of depth, the reflected wave is dampened
so much that only a weak reflection will appear on the oscilloscope.
Therefore, no defect may be detected beyond 15 meters (49.2 feet) with
the present equipment.

-~ A decision cannot be made about the quality of the first two meters
(6.6 feet) of the top of the pile.
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-- The locating of defects is not very precise as to the position in a
plane in a cross section of the pile nor as to depth, where the relative
error varies between 6 and 30% depending on the level of the reflection
zone.

-- This test does not permit investigation of the quality of the contact
at the tip of the pile unless the substratum is a sound rock for which
the mechanical impedance is at least equal to that of the concrete.
Otherwise, (as in the case of marl, for example), it is not possible to
reach a conclusion, o o

Using this method, an enlargement of the section,mayjbe interpreted

as if it were a defect such as a narrowing of the diameter of the shaft.

-- Finally, a defect near the top of the pile might obscure other defects

if the upper defect is extensive, or the upper defect may ceuse lower

defects to appear to be minor. ' 7

7.1.1.2. lIlnvestigation method employmg lateral transmlss.'on of waves
This method permits the study of variations in the qua11ty of con=

-crete over the entire length of the p11e and the 1ocat1ng of the poss1b1e,

defects Therefore, this method 15 qualitative.

a) PRINCIPLE ‘ '

‘ The method of investigation using the lateral tranémiSsion of waves

- (Figs. 154 and 155) consists of:

-- emission of an ultrasonic vibration in an access tube filled with wa-

ter, ‘ '

-- captur1ng this vibration at the same level in another tube filled to

the same level with water after passing the vibration through the concrete

of the shaft; ‘

-~ measuring the travel time and the amplitude of the oscillations that

are captured first.

This operation is repeated at a high frequency and at levels suffi- =

ciént]y close to each other so that recording of the measurements may be
considered to be continuous over the entire length of the shaft.

. The measurement is only valid for the central part of the shaft be-
tween the access tubes (Fig. 156) For this reason, a defect at the edge
of the pile might pass unnoticed (inadequate covering of the reinforcing
steel with concrete, for example).

The results of the measurements (Fig. 157) are i11ustra£ed by two
curves as a function of depth: ' »
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-- the time curve of the wave propagat1ons ‘and S ‘
. ~= the curve of the variation of the amplitude of the captured waves

Graphically, each detected anomaly is characterized by a sharp decrease
~in the-amplitude and an increase in the travel time, o
" -b) TEST CONDITIONS ) |
It is necessary to provide meta1 access tubes. that vary 1n number.
- accord1ng to the dimensicns of the p11e (see §7:.3). |

. These tubes must be carefully c1eaned before the operat1on starts

to eliminate sediments or mud which might have been deposited. An effi-
‘cient method is proposed in TN No. 12 for washing the tubes. '

The minimum age for the concrete in order to apply this test under

‘lr'good conditione is two days. However, trimming the top of the pile should -

not be performed before the measurement is made. The tr1mm1ng of concrete |
from the top of the pile may deform the tubes, preventyngdpassage of the
probes. = It may also cause separation of the tubes .from the concrete,
making measurements impossible to obtain, at least over the .first few
meters. ;
c) PRODUCTION

Five-to twelve piles may be investigated every day depending on:
-- the number of access tubes per pile (see § 7.2.7), an - _
--.the accessability and spacing of the piles or groups of pi]es.  For
piles that are difficult to access and/or are spaced large distances from
each other, down times due to relocation of the equipment (winch, gener—
at1ng un1ts, van, etc.) considerably limits the speed of the operat1on
‘d) ADVANTAGES AND DISADVANTAGES

Advantages

-- Good -results in locating the anomalies as to depth as we]] as to

" transverse position in a plane in the shaft (if the number of.tubes dis-ﬂ‘f

tributed along the circumference of the pile is adequate)

-- Immediate interpretation of the results.

B Cont1nu0us recording over the entire length of the shaft of the pile.
Disadvantages or limitations:

" == This method also does not permit an investigation of the quality of
the contact at the base; the testing must be halted, even in the most
favorable case, at approximately 10 cm (4.0 in.) above the bottom of the
pi]et However, coring may be employed to investigate_the_qua]ity‘of the
'7 contact at the base of the pile after the lateral-transmission method has
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been completed but the cost of the study will increase significantly [see
§ 7.4.1], -
== Placement of the.access tubes must be anticipated before the concrete
is cast, and their influence on the cost of the pile is not negligible.
== The maximum distance between the access tubes is in the order of 1.5
meters (5.0 feet) using currently available instrumentation.
7.1.1.3. Method of investigation using gamma rays

This method permits the locating of the defects.in the shaft, and
poséibi]y at the base, and the evaluation of the significance of the de-
fects. In addition, the method indicates the degree of homogeneity of
the concrete. .
a) PRINCIPLE _

- This method is based on the phenomenon of the absorption of a parcel

of gamma rays by the material they penetrate (Fig. 158).

If N represents the number of gamma photons detected after passing

through a thickness x of a material with density ¥, then:
' ‘N = ~K¥x : :
N = Noe ‘
where:

-- No represents the number of gamma phofons emitted per unit of time (No
is, therefore, a function of the activity of the radioactive source), and
-- K is a coefficient that depends on the radiafion used and on the nature
of the material being investigated.

By means of a previous calibration, this procedure (Fig. 158) permits
measurement of the density of the concrete over the length of the pile
by recoerding the number of photons captured pef unit time (Fig. 159). |
b) TEST CONDITIONS |

The test conditions are identical to those for the investigation
method using the tateral transmission of waves (see § 7.1.1.2c and § 7.2).
~c) PRODUCTION . : :

Rates at which this'test may be performed are limited to 4 to 8 piles:
per day, considering the speed of lifting the probes and precautions re-
quired when employing radioisotopes. '
~d) ADVANTAGES AND DISADVANTAGES

Advantages: o ,
-- Good ability to locate anomalies, as tc depth as well as td the posi-
tion in a plane perpendicular to the axis of the pile.

-- Instantaneous interpretation of results at the site.
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-- Continuous recording over the entire 1ehgth of the shaft.

- Poss1b111ty of detect1ng imperfections in the contact between concrete
and soil (rock) at the base 1f the access tubes descend close enough to
the bottom of the p11e (< 5 cm - 2.0 in. ) At each 1nstant the meas-
‘urement gives results over a vo]ume of concrete in the form of an ellipsis
of revolution w1th the major axis equal to the thickness of ‘the material
be1ng penetrated and with the minor axis equal to about 15 cm (6.0 in.)
(Fig. 160). ' ' |

Pi‘ie Q= ‘i.2‘y0-:m

Tubes 50/60

Pile @ = 1.00m’

Tubes 50/60 TS

Tubes 102/114

(2.540 cm = 1 1n.; 0.0254 m = 1 in.)

Fig. 160. -~ Plan view of areas investigated
‘ using gamma rays..

Disadvantages:
== The maximum distance between the access. tubes is 80 cm (31.5 in.), a
distance appropriate for three tubes for piles with a diameter of one
meter (3.3 feet). H"
== The method requ1res the- taking of precautions at the site in regard
to the use of radicactive sources. _
== The methed also requires that the pile be equipped with a sufficient
number of access ‘tubes (see § 7.2. 5) |
7.1.2. Conng

The use of coring-as a method of investigation is costly 1f contin-
uous cor1ng is performed over the length of the pile; nevertheless, it
is practicelly the only method that permits assurance of the quality of
the pile-soil contact at the tip of the,pile.

In order to be'cered. the concrete should be at least four days old.
In addition, consideration should be given to the size of the coarse ag-
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gregate in the concrete (possibly from 15 mm to 25 mm - 0.60 in. to 1.0
in. in size). Theoretically, the cored hole should meesure at least 75
mm (3.0 in.) in diameter. In general, a double core barre] of 80 to 100
mm (3.15 in. to 4.0 in.) in diameter is used.

7.1.2.1. Coring at the tip of the pile ‘

Prior to concreting, a metal tube with a diametér of 102/114 mm
(4/4.5 in.) (see '§ 7.2.1) is installed into the borehole so that the
bottom of the pipe is approximately 50 cm (20.0 in. )‘from the bottom of
the excavation. This permits ‘the cost of the cor1ng operat1on to be
relatively modest. When a defect at the tip has been detected the tubing
further permits the cleaning of the concrete-soil interface by use of
compressed, air-entrained water (see Technical Note No. 12 and [29]).

Coring of the last fifty centimeters (twenty inches) of concrete at
the base of the pile should be supplemented by additional coring of the
substrata layer for at least the same length (50 cm - 20.0 in.). During
this operation, the rate of advancement for each pass (5 ¢m - 2.0 in. in
general) in noted along with any observations that might help the spe~
cialist in his interpretation (Fig. 161).

The examination of the cores is done to determine the heterogeneity
of ‘the:concrete (segregation, porosity, discontinuity in the concrete)
“and the quality of the concrete-soii contact at the tip. Obviously, a
distinction must be made between cracks due to core drilling and discon-
‘tinuities in the concrete. It is recommended that photographs be taken
‘of the core samples (Fig. 162).

The speed of propagation of the ultrasonic waves may also be measured
along with the resistance to simple compression of the samples obtained.

However, such an arrangement has the disadvantage of preventing the
acoustic investigation by transmission of waves over a portion of the
bottom of the pile because the access tube used for core drilling does
not reach the tip.

When pipes of sufficient diameter are not specified for use in the
coring of the tip, then, a possible defect that is detected using
geophysical techn1ques‘can‘on1y be confirmed by coring, starting from the
top of the pi]é. To minimize the cost of such a core boring, consider-
atfon should be given to making use of destructive methods (a wagon-drill,
with a tricone bit) uh to a depth of approximately one meter (3.3 feet)
above the suspected zone, and then to proceed with the coring methqd.
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' Fig. 161. -- Example 6f'cor"1|'nvg-.v1rqgrof pile tip. - - - Fig. 162. -- Core of ti’p.; ,
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In general, this type of coring cannot be performed except in the
central portion of the pile. Taking into consideration the probable form
of the tip of the pile (Fig. 163) which is directly related to the method
of placing concrete, especially at the base of shafts of large diameter,
for which the "flushing" effect is misleading (see § 6.4.1 and § 6.4.2),
central coring may not confirm peripheral defects revealed by
acoustic-investigation methods. Coring, which is considered in principle
to yield irrefutable evidence, does not actually reflect the true condi-
tion of the bottom of a pile, and may turn out to be dangerously opti-
mistic, This limitation is especially significant because the results
first obtained geophysically are more apt to be questioned than visual
results from coring.

Therefore, the tendency to depend heavily on the results of coring
must be avoided'and the geophysical methods should be recognized as better
revealing the conditidn of the pile than central-coring methods.
7.1.2.2. Coring of the pile shaft |

Depending on the significance of a defect detected in the shaft of
the pile by the methods just deScr1bed, it is sometimes necessary to
perform coring operations (Fig. 164).

The cores permit a visual verification of the nature of the concrete
at the level of the defect, and the pile can be repaired if necessary (see
Chapter 8). To avoid coring the high quality concrete of the tremie
column, it is recommended if at all possible to core away from the center.

The techniques used and the rate of the advancement of the coring
are identical to those for coring at the tip.

7.1.3. Miniature television camera ,

This method of observation, an adjunct to the primary reason for
making core borings, permits the viewing of the sides of a core hole on
a television screen.
7.1.3.1 Material

This includes: ‘

-~ a watertight, cylindrical camera, 48 mm (1.90 in.) in outside diameter,
for which different "heads" may be used to allow axial or lateral views
(Fig. 165); ‘

-- a cable of 100 meters (328 feet) in length that connects the camera
to the control center; the cable also serves to lower the camera into the
hole,

216



Sound

concre1g
Leached or
poltuted
concrete

Fig. 163. -- Central core of pile tip; peripheral anomaly

is not detected.

Fig. 164. -- Core of pile shaft confirming presence of defect
previously detected between 5.45 and 5.95 m deep

by investigation using lateral transmission of
waves. (0.0254 m = 1 1in.)
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-- a control center;

== a closed-circuit television receiver (video monitor); and

=~ a high-performance, video-tape recorder.

Figure 166 shows a sketch of the principle of the television-camera set,
which, for site operations, is mounted in a specially arranged vehicle.

Video

" maonitor
Control
center
Comergo
Infercom - - .
C "Magnetoscope

Fig. 166. -- Diagram of components of a.
' miniature television camera.

7.1.3.2. Uses

This method is particularly well adapted to an evaluation of the
quality of the area at the concrete-soil contact at the tip of a pile and
of the quality of the concrete along the length of the coring.

" In the case where a defect has been revealed at the base of a foun-
dation by geophysical methods, observation with the television camera
after coring permits an estimation of the extent of the defect as limited
by the ability to provide 1lighting.

Figures 167 and 168 1nd1cate the qua11ty of some of the observat1ons
that can be made.
"7.1.3.3. Conditions for operation

It is not advisable to lower the camera into boreholes with a diam-
eter of less than 65 mm (2.6 in.).
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Fig. 167. -- Axial view: bottom of defective pile. Seen are a
vertical rebar of reinforcing cage (on top) and a

horizontal rebar of basket (below). The central
black circle is lighting support.

Fig. 168. -- Lateral view: bottom of defective pile with vertical
rebar of reinforcing cage protruding from concrete.
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Because it is necessary to clean carefully the core hole before op-
erating the camera, clean water should be available on the site. This
cleaning can be performed quite easily using an emulsifier (see Technical
Note No. 12).

Furthermore, to improve the image it is sometimes necessary to inject
either pure, clear water under low pressure in front of the camera, or
to cause flocculation of the suspended particles using appropriate pro-
ducts.
7.1.3.4. Production .

Rates of work are extremely difficult to predict because the rates
depend primarily on the difficulties that are encountered: site condi-
tions, possibility of caving, clearness of water, etc. Nevertheless,
under the right conditiens, the following rates may be- expected (not in-
cluding coring time):

-- for observation of the concrete-soil contact: 3 to 4 piles per day;
-- for observation along the full length of the §i1e (shaft + tip): 2
piles per day; and

-- for observation of a defect at a given height: 2 piles per day.

7.2, RECOMMENDATIONS FOR ACCESS TUBES

It has been shown that most well perfermed post-construction testing
requires that the piles are initially equipped with vertical access tubes
in 6rder to permit:

-- examination of the shaft by means of the lateral tansmission of sonic
waves or by the use of gamma rays;

== coring of the concrete-soil contact; 4

-- possible examination of the tip using a miniature{television camera;
-- after coring, grouting of the tip by injection. '

These tubes must meet certain requirements that influence the suc-
cess of wave-transmission méthods, ihterpretation' of recordings, and
performance of coring at the tip.

7.2.1. Nature and diameter of tubes ‘

== Tubes for investigation of the shaft using wave—trans‘mis&ion methods:
These are metal tubes that should have a minimum inside diameter of at
- least 50 mm (2.0 in.). Tubes of the type used for heating systems, com-
monly 50/60 mm (2.0/2.4 in.) in diameter, delivered in 6 m (19.7 ft)
lengths, fitted with threads at both ends, are perfectly suitable.
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-- Tubes for Investfgatfon of the shaft usmg ‘wdve-transmission methods
and. coring of - the tlp these tubes are meta1 and should have a minimum.
:1ns1de d1ameter of 100 mm, (G 102/114 mm = 4 0/4 5 in. - for example), and
also are threaded “ s , '
If necessary, the tubes should be c1eaned w1th .a non-greasy product
-,before use in- order to prevent o11 f11ms from causing problems of adher-
ence between the tube and the concrete In fact in the case of inves-
‘tigation by the 1atera1 transmission “of waves, . a. bad joint between the
metal tube and the concrete wi]] cause a s1gn1f1cant reduction in the
ssonic: waves caus1ng the recording to show a time variation of propagation
and amp11tude Th1s var1at1on might be 1ncorrect1y interpreted as a
:s1gn1f1cant defect 1n the p11e ' 2
7.2.2. Connecﬂng the access tubes Lo ‘ ,
It s necessary that the tubes be connected to each other by a
screwed coupling. f I L |
In any case, we1d1ng must not be used for connecting the tubes be-
cause it does not necessari]y ensure a. free and open access for a probe
and often causes protrusions 1nside the tubes that could 1nterfere with
the 1ower1ng of the 1nstruments U |
7.2.3. Plugs B ,". | f o , o
- Plugs shou]d sea] the bottom of'the access tubes to prevent grout':'

or cancrete’ from enter1ng the tubes dur1ng the p]ac1ng of the concrete.
In order to a11ow the maximum depth of 1nvest1gat1on by the

‘wave transm1ss1on method and to permit easy dr1111ng of the concrete at

the tip (wagon-dr111) or coring, the fo11ow1ng c]osures: must not be
used: wooden p1ugs that are f1tted by force welded metal plugs, mortar
 plugs, or packed fabr1c, etc The preferred method is to use screwed,
PVC caps, for examp!e of the Armos1ng type ‘also referred to as:

-- BBG 2 1n, or BG 60 for tubes 50/60 mm- (2 0/2.4 in. );

-- BBG 4 in.or BG 114 for tubes 102/114 mm (4.0/4.5 in.),
| In order to prevent de1ays 1n the de11very of supp11es the plugs
must be prov1ded by, the CCTP at the same t1me as the access tubes are
prov1ded ' M”ui ' , g S .

" The upper ends of the tubes must be closed “to prevent debr1s or

concrete from caus1ng an obstruct1on S




7.2.4, Attachment to rebar cage o

Systems for attaching the tubes to-the- re1nforc1ng shou]d be solid
to resist the "pressure and bouyancy" of the: concrete on the tubes at the
time of the concret1ng " Brackets for attach1ng the tubes. shou]d be suf-_
ficlently close together (approx1mate1y 3m=-9.8 ft) to - 11m1t ‘defor-
mations of the tubes during: p1acement of - the rebar‘ cage . or .during
‘concreting. | o ' C
7.2.5. Length of access tubes . :

The access tubes should meet the fo]low1ng requ1rements (F1g ‘169):
-- tubes for investigation of -the shaft- by -wave- transm1ssion methods
should reach the base of the rebar cage; and
-- tubes for coring of the tip should stop at 0.50 m (1 €0 ft) .from the
‘base of the cage. ' - CT

DETAIL AA.

Fipgﬁ = 50/60 r o o H Pipe @ - I'OZ/‘I‘M.
' Puehedg_
i 'f n r} | untrimmed I . . - I_&
_ : I . e
, ‘\QQQQQS- : ‘ i{ ‘ Egﬁ\ ?5\9\. Tube @ 102/114
™~ 1 1 ) B
N i N
NHLE L t§Th ded AN
\ " ) T reqde . . ey
g [E;] : '”_— i coupling o
\ - N
NIl 1N .
{
_ig_H_J_;__ )i E};
: N
--IT.- - ) ,
%Threaded‘ PYC
N plug
¢§ L Tubes 3 = 50/60 |
N T T
Fig. 169. - Positioning of access tubes for ‘wave transmission and

coring of a p11e of diameter less than or equal to
lm. (1m=3.28ft)
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Above the untrimmed top of the pile, the access tubes should extend
for at least 0.50 m (1.60 ft) to permit the instruments to be referenced
to a datum prior to testing and to prevent bits of mud or concrete from
falling into the tube.

7.2.6. Arrangement of access tubes

The arrangement of the tubes and their number vary in relation to
the diameter of a pile. The diagrams in Fig. 170 represent the arrange-
ments that are desirable in respect to the diameter of a pile in order
to be able to apply the test methodology described in Section 7.3.3. The
recommended spacing is given for information only and can be modified
according to the>des1red accuracy of the measurement of detected anomalies
(accuracy increases with the number of tubes).

Pertaining to barrettes, the arrangement of the tubes and their
number should be determined in relation to the cross-sections and dimen-
sions of the barrettes. Agreehent should be worked out with the labora-
tory in charge of testing. The fo11ow{ng principles should be observed:
-- the distance separating two tubes should not exceed 1.50 m (4.9 ft)
in the case of investigation by wave-transmission methods, and 0.80 m (2.6
ft) for investigation by gamma-ray methods, in order to accomodate the
1imited capabilities of the equipment, and
~= for investigation by the wave-transmission method, the space between
the tubes, taken two by two, should involve the maximum of the volume of
the barrette.

The diagram in Fig. 171 represents the arrangement that is generally
used for a barrette 2 m (6.6 ft) 1ohg and 0.80 m (2.6 ft) wide.

7.3. TEST ORGANIZATION

This section'discusses only the testing that should be described at
the time of the preparation of the plans for the project. Additional
tests may be required by the construction supervisor for a pile that is
considered to be defective as a result of a recognized incident; for ex-
ample, an interruption in concreting.

- 7.3.1. Problem location

The construction supervisor often finds himself facing a difficult
decision. On one hand, it is desirable to ensure the quality of the
foundations of the structure to guarantee good ulitimate behavior, and,
on the other hand, the total cost of testing must be limited, or at least

be in proportion to the cost of the foundations. The recommendations
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/ a) Pile @ < 1.OO m
i 3 access tubes.

b) Pile 1.00m=< @ < 1.30m
. 4 access fubes.

' - ¢l Pile 1.30m <@ =1.50m
5 access tubes

d) Pile = 1.50 m
configuration to be
studied with
specialized

‘ laboratory.

Fig. 170, -- Arrangement of access tubes in relation to
diameter of piles when using sonic or gamma
transmission waves. (1 m = 3.28 ft)

/ . N
LJ 'l L] q
b ‘ o
! @
P :
‘ J
N ? J
0.60 0.60 ....0.60
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Fig. 171. -- Example of distribution of access tubes in

barrette of 200 x 80 cm. (2.540 cm =1 in.)
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.given in the following paragraphs show‘thatga deffnitiveland -thorough
testing may cost a great dea1 .However,‘what is,the risk_ff'defective
“construction techn1ques have been used7 _ ) 1 - l h 7
In.general, “improper construct1on in a p11e constructed 1n p1ace may o
either result. in poor contact at the tip w1th the foundat1on so11 or 1n,
<heterogene1t1es in the shaft. L ‘ ‘ ‘
- a) If the contact at the tip is defective, and if the p11e is des1gned
to perform mainly as an‘end bearing p11e‘(]Jtt1e.res1stance.due.to skin
~ friction), the risk 15 obvious.” At the time of its-joading;rthe p1Te'nay
~ move downward a re]at1ve1y significant amount 1f an actual void separates
the base from the soil. - This may result in- excessive settlement for a
given pile, or excessive differential settlement for p11es 1n a group, -
resulting in higher stress levels in certain p11es that exceed the cr1-‘“

teria for wh1ch they were.designed, When a g1ven structure is 1oaded and o

if several p11es are defect1ve -an overa11 sett1ement of the foundat1on
- may result.. The bend1ng st1ffness of the superstructure ~an abutment
or a mat foundation will dictate’ how tolerable th1s sett]ement 1s

b) Poor construction of . the . shaft may have s1m11ar consequences_
For examp1e,,1f at a g1ven.1eve1‘the diameter of a pile is c]ear1y less
than its theoretical diameter, the stresses in the concrete‘are increased
in relation to the calculated stresses and, in extreme cases, may surpassl
the concrete resfstance to failure. Longitudina1 rebars that have an
insufficient cover of concrete may buckle in ‘the. weak section, and"aglf
-settlement of the top of the p1le w111 resu]t Add1t1ona11y, such weakysi

. sections res1st bend1ng poor]y, they often behave 1ike. Jo1nts such that.-"

if the foundation. .is subJected to s1gn1f1cant hor1zonta1 forces (abut-»?
ments for example), greater displacements than ant1c1pated will resu]t
Thus, it may be seen that poor construction of the piles in a foun-
dation may have serious consequences concerning the performance of the
structure, depend1ng on the nature and s1gn1f1cance of the affected zones.

The question of durab111ty of a p11e has not been d1scussed but is a]SO‘pf:‘

':-very 1mportant Poss1b1e defects 1n a p11e may not appear 1nstant1y but‘st,‘”

may ar1se severa] years after construct1on when any repa1r to the foun-{“~“'“

dat1on is virtually 1mposs1b1e S S
' The selection of the test1ng that is to. be done shou]d re1y onan.
analysis of the techn1ca1 aspects of .each test method.and on the‘degree
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to which risks are eliminated.” This analysis may be done according to
‘certain criteria that are discussed more fully below.

7.3.2. Criteria for test selection | |

7.3.2.1. Technical crlter!a ‘

The technical criteria for use Tn ‘selection of a method of test1ng
to locate and describe poss1b1e defects in a pile are linked to the
techno1og1ca1 Timitations of the test methods and to the geometry of the
pile. For example, the wave-transmission method where the wave 1s gen-
erated by a mechanical impulse and the reflection of the wave 1s captured
"by an oscilloscope is incapable of detecting a defect beyond '15 meters
(49.2 feet). ‘Such limitations are stated for each method 1n Section 7.1
~of this chapter and are not repeated . here |

First, the construction supervisor should ensure that the testing
program that has been planned is capable of being carr1ed out by the
testing laboratory that has been selected.” If the testing involves the
Regfonal Laboratories of Bridges and Roads, (see § 7.4.2) the majority
of these laboratories can carry out the wave-transmission methods, some
are capable of performing the gamma-ray techniques, and one of them has
the capability of an 1nvestigatton with a minfature te1evjs1on camera.

However, 1t is noted that‘in general when one of the Laboratories
- of Bridges and Roads s not capab]e of perform1ng one or another of. the
geophys1ca1 methods of 1nvestigat1on, the laboratory may requ1re an as-
sociated Taboratory to. prov1de the equ1pment needed for performance of

“‘a1l or part of the procedures

Pertaining to the soil- p11e contact at the base of the pile, on]y
“"the coring method at the tip of the p11e 1s adequate for this 1nvest1-
gat1on.‘ The gamma-ray method cannot provide more than an indication under
the best of circumstances. In case of 11t1gat1on between the construction
supervisor and the contractor the use of the te]ev1s1on camera may then
prove useful, o ‘ , '
7.3.2.2. Criteria associatedwith structurai design .
| Requ1rements for the. qua11ty of foundations may vary according to
the nature of the structure be1ng supported ~For simplification, two
categories of structures are used: A
-- structures that are not- standard and are very rig1d, and
-- other structures.
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This terminology is taken from Circular No. 75-146 of September 24,
1975 by the Ministery of Equipment. An example of a very rigid,
non-standard structure would be a bridge, with a continuous deck of con-
~stant thickness, that will be subjected to significant loads as from a
railroad.

For structures that fall within the first category, it seems rea-
-sonable to aveid any risks concerning the fcundation even though the
number of supports for the structure would appear to be ample. Generally,
for an exceptional structure (bridge that is cable-stayed, suspended,
arched, etc.), the number of supports is limited and each pier that is
pile-supported is over barrettes or piles of large diameter. A systematic
test of all the piles will have little financial bearing on the overall
cost of the structure and it would be absurd to attempt to take shortcuts
in the testing. In the same way, if the structure is very rigid, any
~differential settlement is generally not allowed so it is also necessary
-to plan on an extensive geotechnical investigation for the foundations.

For structures in the second category, a reasonable risk seems ac-
ceptable. However, because the tendency is to construct piles of large
diameter and of limited number, the decision as to whether or not to in-
vestigate the quality of the piles as constructed should be made after
considering each individual case.
7.3.2.3. Criteria related to design and method of construction of foun-

dations

Certainly, it is criteria related to design and construction that
require the greatest attention on the part of the construction supervisor.

Related to the design plans, it is clear that risks resulting from
improper construction of a pile are more significant when the foundation
simply consists of a few large piles than if it consists of many piles
of small diameter. '

Another Tmportant point is that it is known that construction prob-
lems vary‘according to whether the piles are concreted in the dry, with

mud, with a temporary casing, or with or without a permanent casing or

lining, etc.

The geotechnical conditions are also very important with respect to
the quality of construction. For example, for cases where piles or
barrettes are constructed through a soil in which water is moving, there

is a considerable risk of segregation of the concrete.

228



Thus, decisions about a testing program are complex and the following
section gives only general recommendations that may be modified or adapted
to each particular case.

7.3.3. Recommendations for selection of testing methods for completed

piles '
7.3.3.1. Coase of testing of piles for structures in the first category

As previously stated, the testing should be carried out for all.the
piles when such structures are involved. '

Furthermore, thése tests should generally be carried out for piles
that sustain their load exclusively or partially in end bearing and rarely
solely by friction. It is thus desirable to provide for the possibility
of verification of tHe quality of the shaft as well as- the coﬁcrete-soi1
contact at the tip.

As a result, all the piles supporting a structure of the first cat-
egory, independent of the length of the piles, should be equipped with
access tubes with a diameter of 102/114 mm (4.0/4.5 in,) for cofing at
the‘tip; The number of these tubes is a function of the diameter of the
piles (see § 7.2.6). |

With access tubes in place, the principles to be employed in the
testing may be considered in an orderly fashion, as in the following:

* Systematic investigation employing wave-transmission method .

* Gamma-ray investigation of any questionable piles that were identified
by the wave-transmission method, either to identify the significance
and nature of defects that were not clearly revealed by the
wave-transmission method, or to confirm possible anomalies suggested
by mishaps during the course of construction (quality of the concrete,
concreting problems, etc.), but not detected simply by using the
wave-transmission test.

* Systematic coring of the tip through the tubes 102/114 mm (4.0/4.5
in.).

* Partial coring at the base of borings made by a wagon-drill to confirm
possible significant defects located in the shaft by wave-transmission
or gamma-ray methods. |

* Viewing of recognized defects in cored boreholes by television camera.

* Wave-transmission or gamma-ray investigations of the repaired pites fo
-verify the efficiency of the treatment (see § 8.4.3). »
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7.3.3.2. Case of foundations for structures of the second category .

For these structures, Table IV shows a test methodology that may be

-used as a starting point. The testing can be modified depending on.the
procedure used for constructing the piles. :

Once the amount of the testing 1s defined, the construction super-
visor may easily determine the possible: Quant1t1es of access tubes that
will be needed" He 1s then respons1b1e for the work and shou]d see to

.the testing,. partlcularly of the plles. that were constructed flrst (espe-
: c1a11y the test pile), those that require testing the most (inclined piles
for an abutment for example), and those that may be constructed under the
most complex conditions (piles at an aquatic site, for examp]e)

TABLE IV

TABLE TO INDICATE PERCENTAGE OF PILES TO BE EQUIPPED
: AND TESTED ON CURRENT JOBS :

in relation to o ' '
-- the manner in wh1ch the 1oads are res1sted
by the p11es
-- the total number of piles (N)
S .- the number of p11es per foundat1on element (n)

nEe o _ n>a 7
855 T sts: ‘ Access tubes " Tests
Load distri- N Access tubes ' Te 5 . ‘ ‘
bution ‘ Tubes |One Tube [Investigad Coring-. | Tibes [One tube(lnvestiga-| Coring
method - 50/60 102/114 | tion.of | at tip | 50/60 102/114 | tion.of |at tip
: (1) shaft , (1) shaft
‘ 1 : 1 ' 1 o 50 - 100 0
Skin friction % 10 i 0 100 ° 1 ® :
only > 50 100 0 100" . 0. | s0-100 0 los-<we ] 0
' 2 ' ' 50 -1 ]
Sk1ln friction < 50 100 50 100 2% 100 2z 30 11}
+ tip > %0 100 23 | %0-100 | 22 | 0-w| 2w | -0 > 10
1 <50 100 100 00 o 100 100 50 - 100 50 - 100 2%
. My : )
- only 1> 50 100 50 100 [ so-100 [ >3 | 50-100 20 | 50-10 EX
{1} See Section 7.?.& for details on number and arrangement of access tubes inrelationtopile dliarneter.

7.3.4, Specifications concerning tést oparations :
The administrative texts generally lack specifications governing the
control of tests for piles. Only Clause 36 of Article No. 1 of the CPC

Il
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.recommends,'tftthe‘CCTP prescribesyteststofhcontrols‘in greater number
' than those defined in the special clauses of the CPC, the manner in.which
‘these extra tests are to be administered and paid for. Clause 26 of- the
‘ CCAG, §'l;-ca1ts for demolition of‘the.structures or portions. of-.the
| Structureétpre§0med‘defective;hand‘the,resdlting-expenses of this.opera-
‘tion: are-charged tb the constractor once ‘the construction defects are
er1f1ed and recogn1zed

This c]ause does not -apply in the case of foundations of bored piles

‘because a pile-that is poorly constructed cannot be demolished; it 'is
,lfrepaired or rep]aced‘bylsevera] supp]ementary-pi]es.
| In view of the absence of detailed shecifications; an analysis 1is
broposed that seems logical. Two cases are studied: that of the test
..def1ned in the contract and that of the supplementary test that may be
requ1red by the- construct1on superv1sor of a p11e that may have been
constructed 1mproper1y
7 3.4.1. Case of test defrned in the contract
The supply and installation of p0551b1e access tubes should appear

in the bidding documents. Their cost 1s-'included in the overall estimate
by the contractor | ' -
" The test is performed by a 1aboratory that is remunerated directly
| by the construction superv1sor ‘
' . [f the test resu]ts do not 1nd1cate any poor construct1on there is
,no prob]em On the other hand if the,resu]ts of.the first test are bad,
several cases may arise: S A

- a) The contractor accepts the results . of the. test " The construction

'superv1sor then asks him to make proposals for repa1r of Tocated defects:
) (these proposa]s require either repair or cpnstruct1anof supplementary
hpileé) ~If the construction'supervisor accepts the proposals, their
construct1on and cost are. the respons1b111ty of the contractor, possibly
-under contro1 of the 1aboratory, and the test Operat10ns shou]d be over-
_seen by the construction supervisor. ‘ ‘ ,

If the construct1on supervisor does. not accept the proposa]s by the
contractor there is litigation. The construction supervisor may employ t
coerc1ve measures to obtain the type of remedy he desires and repa1r is
also at the expense of the contractor.
b)'The contractor‘refutes-the results of the first test. Independent of
duestiene of bad faﬁth,.it may be thatlinterpretation‘of the control test
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is not obvious. The doubt may not be removed except by a second test using
more extensive methods (for example, coring and, if the case arises, use
of a miniature television camera). This second test will be performed
by the laboratory that performed the first test or by another laboratory
agreed upon by both the construction supervisor and the company.

I[f the second test does not reveal any defect, it seems appropriate
that its remuneration be taken care of by the construction supervisor.
" On the contrary, if a defect is found, the expense of this supplementary
test should be charged to the contractor and referral to the preceding
case is made.
7.3.4.2. Case of supplementary test not specified in the contract -

The steps may be the same as in the preceding. However, it should
be realized that a supplementary test that has not been specified in the
contract always costs more. Be that as it may, if the test pile is sat-
isfactory, the construction supervisor should assume the resulting ex-
penses of this test. On the other hand, if the pile is defective, the
response is not obvious. Certainly, the repair expenses will be charged
to the contractor, but the test expense may require discussion. We be-
lieve that if the defect in the construction of the pile is the result
of an unpreventable delay, the test expense should be charged to the
construction supervisor,

7.4. COST AND PRACTICAL INFORMATION
7.4.1. Cost of tests on finished piles

The prices quoted are the TTC prices of 1977. They do not include
supply nor installation of access tubes for which the average sum may vary
from 30 to 55 F/m depending on the diameter. '

These prices are-given, for information only, with a significant
margin of error that includes the following factors:

-~ The distance from the laboratory in charge of testing and the pile
job site. The greater this distance is, the greater is the time allotted
to personnel and vehicles for travel time. It is thus desirable, for job
sites logated fér from the laboratory, to limit the number of operations
by grouping the piles to be tested in an amount that is compatible with
the rates of geophysical investigation and coring (see § 7.1.1). However,
these tests 5H0u1d be performed suffic%ent1y early on the first piles of
a job to allow, when needed, for correction of construction procedures

for subsequent piles.
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-- The general conditions of the job site that involve:

» distance from the piles or groups of piles to be tested. Placement,
calibration, and removal of the equipment require the most time and are
the most complex operations;

* accessibility to the piles for the same reasons; and

s proximity of water. ,

-- Preparation of the piles, entrusted to the construction company and

consisting of:

* yverification that the access tubes are not obstructed and, if the case
arises, their cleaning; and

* filling of the tubes with water in the case of investigation by lateral
transmission of waves.

Insofar as these operations are performed before arrival of the in-
vestigation crew, the anticipated productivity may be achieved.
Taking these criteria into account, the cost of tests on finished

piles may be evaluated on the following basis: .

a) Geophysical investigation of the shaft (despite the method used)

* Price for one pile: 600 F x 200 F. this price does not depend on the
length to be investigated, but varies as a function of the number of
access tubes per pile.

b) Coring at the tip

* Price for one pile: 2,000 F £ 500 F with coring diameters from 86 to
96 mm (3.38 to 3.78 in.), over 1 to 1.5 m (3.3 to 4.9 ft) of depth.

c) Miniature television camera

Due to the fact that only the Bordeaux Laboratory is equipped with
this device, the operation cost varies according to the number of days
of operation (see rates -in § 7.1.3.4) and according to the distance from
the job site to the Bordeaux Laboratory.

* Average price for one day: 4,200 F,including interpretation.

¢ Additional cost for transportation of equipment between Bordeaux and
the operation location: 750 F per 100 km (62 miles) beyond the first
100 km (62 miles).

d) Coring of a shaft (86 mm - 3.38 in. diameter)

* Average price by the meter: 750 F & 150 F,

It is noted that scarcely more than one pile per day may be antic-
ipated.

e) Use of wagon-drill (generally by the construction company)
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',-r'For perforation of the tip of theipjlesﬁat the base of the geophysical

1nvestigafion tubes: | .

« Average price per day: 2,000 F % 300 F.

. ---For pre- bor1ng 1n the shaft, upyto>the-requ1red ]eve1 for coring or

injection:. o _ | A '

coe Average pr1ce by. the meter 300 F 100 °F.

1.4, 2 Addresses of the Laboratowes des Ponts ot Chaussees (LPC)
Tab1e 5 summar1zes the ‘capabilities of . the various Laboratoires des

Ponts et Chaussees (centra1 laboratory and regional laboratories) per-

taining to geophys1ca1 1nvest1gat1on and tests for finished piTes.
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TABLE V

-

Laboratories

Address - Te'lephéﬁ’e A

1 55 Tests performed

AIX-EN-PROVENCE

%olr"lc indusirielle, rue Elnsteln

Tel. : (42) 2798 10

13200 LES MILLES .

Reflection of waves
Lateral. trnnsmfss1on of. waves
Coring’

J Wagon-Drill

61000 Bluis Lo
Tél. : (54) 742950

ANGERS Avenue de I'AmiraI-Chahvin ’ Lateral transmission of waves
B.P. n* ; Rndloactive wave transmiss1on
49130 LES PONTS DE-CE T Coring . . .
Tel @ (41) 668643 : L o e
1 AUTUN Zone.Industrielle l.at.eral transmission of waves
TBernAUTUN CEDEX . foring
-Drill .
Tl : (85) 520212 - | wagon-Dr B
BORDEAUX 472, avenue du Man.chal-de Laure-, T f Refl ection of waves
dc Tassl ny . Lateral transmisstion of waves
557 Bordeaux- Caudt_ran Radioactive wave ‘transmission
330I9 BORDEAUX CE . Television camera '
Tel : (56) 471424 . Coring’ S
' Wagan=Drill -7~
BLOIS Rue Laplace Reflection of. waves .

" Lateral’ transmission of waves. .

Corinq

CLERMONT-FERRAND

8-10, rue Bernard- Pahssy

Zone Industriclle dc Brézet .

B.P. n* 11 Saint.J.

63014 CLERMONT FERRAND CEDEX

Lateral transmissfon of waves
Coring .

Tél. : (73912270 -
LILLE I, route de Séquedin Reﬂectlan of waves
B.P. n° o | Lateral transmfss'lon of waves
59320 HAUBOURDIN - Coring
Tel., (20) 504000 eI 5044 33.- | .
EST-PARISIEN “ ‘Reflection of waves

(Centre du Bourget)

Rue de I Egalité
BP.n~-34 =
91350 LE' BOURGET

Latera) transm1ss1on of waves
Coring - ‘ -

Tl @ (1) 8376100 .

ROUEN Chemin de la Poudriere Lateral- transmission of waves
B.P.n Radipactive wave transmission
16|20 LE GRAND OUEVILLY coring

. Tel. : (351 6381 Wagon-Drill

OUEST-PARISIEN 12, rue Tclsscrun;-dc Bort Lateral transmission.of waves
BP. n 1 =
78195 TRAPPES CEDEX -
Tel: (1) 0500927 . . . S ,

LYON 109, avenue s..lvadur-A‘ncndi.- Lateral t"nsmimonﬁ waves

n" 48 . c Coring : : .

69672 BRON . Hpgon-DrH]
Tol. ; (78) 2688 25°

NANCY 50. rue Grandcllale ‘Lateral transmission of waves

P.n Coring . '

54510 TOMBLMNE Hagun-DriIl
Tel. 1 (28) 295209 -

TOULOUSE 1, avenue du Coloncl- Rochc Reflection of waves
Complexe Adrospalial - 2~ | Lateral transrnl‘ssion of waves
(31400 TOULOUSE ‘| Coring
Tél. : 1 (6l) 533535 Wagon- prill

STRASBOURG Ruc Jean-Mentelin® ; ‘|.Reflection of waves
B.P. n* 9 Strasbourg-Keni shoﬂ‘cn - Lateral transm1ss1on,“of_ waves
67035 STRASBOURG CED ~Cor!ng -

Tcl. : (88) 3041 12
SAINT-QUENTIN 151, route de Paris Lateral trmmismﬂ of waves

02100 SAINT-QUENTIN'

Coring.
Tdl, : (23) 670129 Hagon-DriH
SAINT-BRIEUC 12, rue Sull | toring. -
‘ 22000 SAINT-BRIEUC | R
Tel @ (98) 334032 -

Laboraloire Central
des Ponts et Chaussées

58, boulevard Lefebvre C ."‘;‘

75732 PARIS CEDEX {5
Tel @ (1) 5323179 o

| Leteral transmission of waves

ot

~ |
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CHAPTER 8
POOR CONSTRUCTION AND REPAIRS FOR BORED PILES

The tests described in the preceding chapter show that bored piles
can frequently be subject to defects. It is Tikely that the overdesign
of the piles in most cases prevents the defects from being noticed. It
is also true that in some cases defects in a pile cause serious problems
for the structure. The problem is even more serious when the foundatidn
is heavily loaded and supported by a small number of piles.

8.1. CAUSES

Defects are numerous and basically attributable to:

-~ a partial or total ignorance of the nature of the soils and hydrology
of the site; ‘

-- an error or improper control of the job on the part of the construction
supervisor or the cémpany; '

-- the existence of a very rigid contract or a tight schedule that imposes
construction rates that are incompatible with careful construction;

-- the incompetence or lack of care by the company concerning the con-
struction of structures that appear more complex then they are; and

-- the fact that construction of a pile 1nvolves certain operations that
are simple but demanding so that the practitioner, despite good in-
tentions, does not always have good control.

In the following paragraphs the only causes of defects to be examined
will be those 1inked to the principal phases of pile construction: boring
and concreting.

8.1.1. Boring phase (see Chapter 3)

Defects that may be attributed to this phase are the result of:

-- the technique, boring equipment, or type of pile that is poorly adapted
to the soils involved;

-- accidental loss of mud (karstic soils, gypsum soils,...) or sudden
rising of the fluid surface in the borehole, resulting from cave-ins,
These two incidents cause the borehole to lose its intended dimensions;
-- poor control of the boring as a result of a slurry composition that
is poorly selected or poorly controlled;

-- accidental or systematic deviations of the boring from its intended
position due to occasional blocks or boulders or sioping bedding planes.
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These deviations lead to poor alignment of the borehole with the vertical
or with the inclination called for in the plans; and _
~- insufficient cleaning of the borehole to allow a layer of sediments
to remain at the bottom of the borehole that is fairly thick, causing poor
contact at the base of the pile and contamination of the concrete.
B.1:2. -Concreting phase (see Chapter 6)

Certain defects may be re1ated to the f011owing causes:
-- concreting equipment that is poor1y se]ected or 1n poor cond1t1on
-- poorly conducted concreting procedure, ‘error in initiating ‘the con-
creting operation, discontinuity in concreting as a result of 11ft1ng the
tremie too rapidly; ( » ' “ |
-- irﬁegu]ar supplying may in certain cases cause a premafufé‘sefting of
concréte (between the temporary casing and the liner for examh]é); and
-- pTacement of concrete having an improper mix, unsuitable workability,
or with a tendency to segregate.

It must be added that there are other causes that are also re]ated
to the bor1ng and concreting that may cause defects or a reduct1on in the
capac1ty of the pile. Included are:

- s1gn1f1cant water circulation that 10ca11y leaches the fresh concrete;
- remo1d1ng of the soil, causing a decrease in skin fr1ct1on or in end
bearing; ‘ : | .

-- an overly long delay betweén boring and concreting that causes caving
or sediméntation at the hottom of the borehole. These setbacks occur
frequently on jobs where piles are being constructed too rapidly and
without careful control; and | . '

-- us1ng percussion drilling too close to a pile in wh1ch the concrete
has not had time to set.

B8.2. NATURE AND SEVERITY OF DEFECTS

The causes mentioned in Section 8.1 may be .at the root of defects
affecting the tip, shaft, or upper pdrtion of the pile (Fig. 172).
8.2.1. Defects at the tip | .

THése defects are probably the most frequent. ' They are obvidﬁsTy
more serfous for end-bearing piles (especially in the case of lined or
cased pi1es).v A defect at the base may result in a noticeable decrease
in the total resistance of the pi1é, its end-bearing capacity, and can
cause significant settlement. The lack of proper performance may well

be due to the tip of the pile as well as the underlying soil.
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Fig;

172.

Test Coring taken from pi]e‘shaft Note Between'S'and 6 m presence
of segregated concrete and leached concrete at bottom of p11e
(12 to 14 m). (1 m=3.28 ft)



-- In the first case (Figs. 173 and 174), the base of the pile is con-
structed using concrete of poor quality (segregated, or contaminated by
inclusions of mud). As a rule, such a defect will not cause a failure
of the pile because it is rare that the bearing stress on this segregated
or contaminated concrete is large enough to cause a problem when the
service load is applied to the pile. The risk incurred is even less se-
rious when the pile is socketed into a strong‘formation (especially in
rock), in which even the concrete aggregate with no binder is securely
contained. However, taking into account the subjective character of these
considerations, the defective zone should always be reinforced by in-
jection. Serious repair and testing of the performance of the pile are
mandatory when the defect may lead to an instability of the foundation
due to horizontal loads or to a loss of axial capacity (lightly socketed
piles in rock ét an aquatic site, for example).
-- In the second case (Figs. 175 and 176), the defect may involve an
improper contact at the tip due to inefficient c]eéning of the bottom of
the borehole (resulting in a mixture of mud and sediments between the
concrete and the soil). Or, the defect may involve a weakening of the
in situ soil that is attributable to the use of boring techniques that
are poorly adapted to the nature of the soils (see § 3.4). There may be
a settlement that can prove to be unacceptable for the structure, or in-
deed, a decrease in carrying capacity that may completely invalidate the
design computations. For this‘type of defect, the use of injection or
grouting is a generally satisfactory remedy.
8.2.2. Defects in the shaft ‘

As a rule, discontinuities are involved in defects in the shaft:
-- bulging due to flow of a soft layer under the pressure of the fresh
concrete, or due to irregularities in the borehole (caving, cavities,
etc.);
-- contraction of the diameter of the borehole caused by hbrizonta] forces
from the soil;
-- fairly significant inclusions of mud (possibly to the point of the
complete replacement af concrete at some,pbint: Figs. 177 and 178) as a
consequence of errors in concrete placement; a local trapping of
sediments, etc.;
-- leaching attributable to horizontal water fiow or to interruptions in
concreting; and |
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Underiying soil Segregated Sound concrete
concrete

Fig. 173. -- Core of bottom of pile showing area
of leached concrete at soil contact.

Fig. 174. -- View by television camera of same defect. Note
clear lack of cohesion of aggregate.
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- Concrete

= Rebar cage

Access tube
? 102 -4

10.30 m |

-1 ‘
\ - Core
' V/ L 86 mm
10.80 m | \J |
‘ ™17 \
N ,
‘ .3 + Sediments and
‘”'05 m - _ ﬁ,slurry'
Limestone ‘
11,40 m _
Fig. 175. ~- Cross section of pile base. Bevelled-shape form

is due to interposition between concrete and
soil of mixture of mud and sediments.
(25.40 mm = 1 in.; 1.0 m = 3.28 ft)

Fig. 176. -- Axial view in corehole of‘é.éaVity at depth of 10.80 m;
concrete on 2/3 of circumference toward inside of pile,.
empty toward outside. (1 m = 3.28 ft) ‘
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Fig. 177. -- Cavities left after cleaning of mud pockets
in barrette. (From Institute of Research
on Bridges and Roads at Varsovie)

AFig.‘178. -- Discontinuity in section of barrette.
~ (From Institute of Research on Bridges
and Roads at Varsovie)
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-- errors in alignment inherent to deviations in boring (Fig. 179).

While protrusions or bulges and certain 1imited inclusions of mud
may not compromise performance, contraction, errors in alignment, sig-
nificant pockets of mud, and complete breaks (Fig. 180) are serious
problems when the number of piles is small and the foundation is heavily
Joaded. o _ '

Errors due to the use of 1nsUffic1ent1y workable concrete may also
be of concern. The placement of concrete with on]y a small slump is in-
compatible with a proper coVer1ng of the rebar ‘cage. Furthermore. a de-
fect is difficult to detect by geophys1cal 1nvest1gation (or by coring)
because it involves the per1phery of the pile while the core remains
normal. It must be noted that d1ff1cu1ty w1th 1ow-s1ump concrete is even
greater when the diameter of the p1le is sma]] ‘because the access tubes
are fewer in number (geophys1ca1 1nvest1gat1on limited to a smaller area).

Figure 181 illustrates the consequences of the use of a concrete with
a slump that does not exceed 11 cm (4.3 in.) for a pile of 80 cm (31.5
in.) in diameter. The pile was Judged to be set1sfactory on the basis
of investigation by wave transmission'usihg three access tubes. All that
was concreted was the interior space of the reinforcing cage.

Repairs to the sides of a bored pile (the shaft) are generally more
difficult than repairs to the base and, from an economic point of view,
shaft repairs depend on the dimensions of the pile. Thus, it may at times
be advantageous, in the case of a pile of large diameter, to grout or to
make use of special solutions (see § 8.5, examples 5 and 6). In the case
of a pile of small diameter (s 80 cm - 31.5 in.), it may be prefereble
to replace the pile with one or more piles that are placed neahby.
8.2.3. Defects in the upper portion of the pile

The inadeouacy or lack of care in being sure that mud and contam-
inated concrete are ejected at the top of the pile by the rising column
of good concrete is the most frequent defect and results in inclusion of
mud or sediments (Fig. 182). The relatively simple and well known remedy
for this defect consists of eliminating the defective portion of the shaft
by trimming; concrete of good qua]ity is then cast at the upper portion
of the pile. As shown in Fig. 183, poor covering of the rebar cage also
leads to defects which may compromise the durability of the foundation.
As in the preceding solution, repair is made by trimming away the defec-

tive concrete and reconstruction is performed with the use of concrete
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Fig. 179. -- Alignment defect of this barrette does not
_ compromise foundation stability.

Fig. 180. -- Comp]ete”bkeak of section of pile shaft.
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Fig. 182. -- Inclusion of mud at
pile head.

Fig. 181. --

246

Poor coating of rein-
forcing due to placement
of insufficiently work-
able concrete.



poured in the dry. If the defect is extensive, it may also prove more
econom1ca1 to construct a new pile and to mod1fy the re1nforc1ng of the
pile cap if necessary '

Fig. 183, -- Poor centering of reinforcing cage at head.

It is of intenest to note that in the case of‘ni]es‘with a liner at
the top, an annular gap is 1nev1tab1e between the shaft and the wall of
the borehole (see § 4.3.6). If negative skin friction (downdrag) is not
Aa_consideration»and,ff there is a desire to mobilize the lateral resist-

‘ancé of the soil, this annular space should be filled by gravity or,

o better, by grout1ng ' Obv1ous1y,}such an operaticn does. not constitute a

» repa1r of a defect but rather a mod1f1cat1on that ‘'should be ant1c1pated
at the p]ann1ng stage N
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8.3. APPROPRIATENESS OF REPAIR

Independent of the nature df_théfﬂgfett, repair always constitutes
a special case. B

Once a defect is detected by geophysical investigation or coring (see
Chapter 7), an estimation of its extent must be made and then an evalu-
ation is made of the risks incurred by the structure.

As a rule, there are not grounds for becoming concerned about anom-
alies such as protrusions or bulges in the shaft and minor alignment er-
rors (Fig. 179) inasmuch as they do not compromise the stability nor the
durability of the foundation.

Similarly, local reduction in the resistance of the concrete or of
the diameter of the shaft may be allowed when the location and the amount
of the reduction remains compatible with the forces exerted at the levels
involved (see § B.5, example 2). Estimation of the severity of such er-
rors is made through the progressive use of various methods of geophysical
investigaticn and through possible recourse to coring, compression test-
ing, and television viewing if necessary.

On the other hand, it was seen in § 8.2.1 that there are grounds for
imperative repair of any defect that affects the tip (leached concrete,
mud or sediment pocket, locsening or weakening of the soil). Also, repair
is essential 1f there are serious defects involving the shaft such as
concrete breaks, reduction of the diamétér; pockets of‘concrete with
voids, porous cdncrete without f]exuraT strength, aﬁd inclusions of bor-
ing mud. Such defects are especially serious in the uppéﬁ portion of the
shaft where the stresses are maximum, ‘ ‘ '

It should be noted that for those cases where there are defects in
the shaft of the pile, repair or complete reb]acement of the pile is
mandatory when the pile is subject to large axial loads or must sustain
lateral loads. - ’ :

In conclusion, depending on'thé dégree_of the severity of the de-
fects, three possibilities exist: o
-- not to repair because the defect 1s'judged to be of no consequence and
does not compromise the carry}ng‘capacity‘of the foundation;

-- to make répairs, in consideration of the efficiency, economy, and
speed of the treatment;
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-- to replace the defective pile, when repairs are neither technically nor
economically feasible or do not offer a sufficient guarantee concerning
durability.

8.4. GROUTING AS A MEANS OF REPAIR

In practice, grouting offers the possibility for repairing numerous
defects.

It is of interest to note that grouting permits:

-- repair of defective concrete for which the principal characteristic
is lack of binder;

-- improving the nature of soil by in-filling or compaction of soil that
has been loosened or weakened;

-- sealing of fissures or voids in the soil.

In all cases, a definition of the grouting parameters is essentiatl:
nature of grout used, pressure, and quantities to be injected.
8.4.1. Grout

Generally, a distinction is made between:

-- unstable grouts (cement + water with possible addition of fine sand)
with low cement content (W/C from 10 to 1);

-- stable, two-phase grouts (cement + water) with high cement content (W/C
around 0.5) or a compound mixture (cement + water + bentonite) with, if
the need arises, the addition of fine sand; and

-- chemical grouts (synthetic resins, silicate-based gels,
hydrocarbonated products) that are rarely used due to their high cost.

In relation to the problem to be solved, a selection is made that
is the most suitable noting that there may sometimes be reason to use two
grouts successively.

Thus, when the repair involves the filling=in of gaps or strength-
ening of very Jleached and, therefore, very permeable concrete
(permeability should be verified by a preliminary water test from
boreholes or access tubes), use of a stable, two-phase grout of high ce-
ment content (100 kg - 220.5 1bs of cement to 40 to 50 Titers - 10.6 to
13.2 gallons of water, W/C around 0.5) is recommended.

On the other hand, when the repair involves the compaction of soils
at the base of the pile that are toosened and disturbed by the boring,
there is a possibility for use of stable, cohpound grouts (cement + water
+ bentonite), that are more fluid and have proven to have a better range

of action than two-phase grouts.
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Of course, it is necessary to ensure the compatibility of the cement
used with the aégressiveness of the subsurface conditions (soil +.water).
Finally, it is ﬁoted that, in general, additives such as bentonite, fine
sands, or chemicals are also used in small amounts in the grouts. The
‘grouts should a1ways be prepared in mixers at a high turbulence (w 2 1,500
rpm, Fig. 184).

Fig. 184. -- Mixer with high turbulence.

‘8.4.2; Pressure of injection and. quantity of grout ‘ ‘

‘As is the nature of grouts, the pressure to be used and the quantity |
to be placed depend on the type of repair to be performed. Therefore,
it is necessary to distinguish between injections for filling-in of gaps
or regeneration of leached concrete, and injections for compaction of the
soil at the base of the pile.

In the first instance, the quantity of grout should correspond to
the volume of the gaps to be filled-in and may as a rule be preliminarily
estimated froh;the results of geophysical investigations. When used to
‘fiTT-{n gaps, éroutihg pressures are intentionally limited to 2 or 3 bars
(29 or 43.5 psi) at the end of the operation. On the\othér hand, the grout
must attain higher pressures (up to 20 or 30 bars - 290 or'435'psf71f
the case arises) in order to fill properly the areas of 1eéched'concrete.

In the second instance (see § 8.5, example 4), the injection pressure
should adhere to two contradictory requirements:
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-= sufficiently high to penetrate and sgeeze or compact as well as pos-
sible, and ‘
-- remain low enough to prevent hydraulic fracturing which could cause
an uplift of the pile or surface movement of the soil. .
The quantities of grout to be ﬁnjected may vary from several liters
to several cubic meters. Stable grouts (cement + water + bentonite) that
are often used for repair of defects in piles, behave in effect like fluids
that can be pumped indefinitely if the ihcreased viscosity due to the
settling of the grout did not cause an abrupt increase in the ihjéction
pressure [8]. A preliminary study should be made to decide on the
quantities of grout to be injected and to determine the injection pressure
in relation to the permeability of the soil. The flow of grout to the
exterior of the pile being repaired hay be proof that the area being
treated will not absorb more grout. ‘It is then necessary to halt the
injection immediately éndzto‘festart if necessary after the grout has set.
In general, it is difficult to éet precise rules for injection
pressure and grout quantitieé. Therefore, both must be controlled
throughout guidelines from observations made during the process and there
must be provisions in the arrangement of the injectiqn equipment for re=
corq1ﬁg these two parameters. |
8.4.3. Performance of grouting
The procedure to be employed obviously depends on the prob]em pre-
sented. However, nearly all of these treatments include:
-- placement of a minimum of two conduits allowing formation of a circuit
between the area to be treated and the surface {(Fig. 185);
-- washing of the defective zone; |
-- injection of the grout; and
-~ test for efficiency of the treatment. ‘

* The conduits may be affixed to the inside of core holes previously
constructed within the foundation or directly intoc the 5011 around the
outside of the foundation. The first arrangement is used when injection
is made in pockets, in breaks in concreting, or at the tip. .Use %s made
of the lateral conduits for injection of the tip as well as to improve
the soil/shaft friction.. Depending on the type of treatment to be. per-
formed, the conduit may be equipped with packers.
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Construction of boreholes may be superfluous if the pile or the
barrette has been previously outfitted for geophysical investigation with
access tubes that extend to the area involved:

-- For a treatment at the tip, the plugs obstructing these tubes are
broken by a wagon-drill.

-- For a local repair of the shaft, the tubes themselves are destroyed
by an oxygen torch over the entire length of the area to be treated. For
this, a special spear may be Towered to the level of the portion to be
cut, This spear is provided with an electric, self-igniting device
(Soletanche patent). The lance is composed of a steel pipe that is packed
with rods of fusible metal and a jet of oxygen under pressure is sent
through the steel pipe. The very high temperature given off during com-
bustion melts the surrounding steel and a molten liquid flows from tHe
end of the lance and destroys the plastic pipe.

The washing of the pockets of defective concrete and gaps in con-
crete of the shaft is done in the same manner as is used for elimination
of inclusions of mud and sediment at the bottom of the pile. The technique
is to use water that is emulsified with compressed air (see TN No. 12).
However, this technique may not be suitable for cleaning the base of the
pile except for piles socketed in cohesive soil or in rock. In the case
of cohesionless soil, the emulsifier may dangerously .uhdermipe the
socketing area. B |

Without an emulsifier, the washing operation may be peﬁformed with
an open system under low pressure (3 to 5 bars - 43.5 to 72.5 psi).
However, the efficiency of the cleaning is then difficult to control and
does not depend on the amount of water injected which should be limited.

Injection of the grout is achieved with a pump, most often with a
double piston, called a "squeezer" (Fig. 186). |

The pump is driven in various ways depending on the kind of pump and
in relation to the nature of the defect:
== In thé case of the improvement of the soil at the base of the pile,
tubes with packers may be installed in the peripheral boreholes (Fig.
185a). The grouting can be performed in stages with a packer placed above
and below each level where grouting is being done. At the end of each
stage, the grout tubes must be carefully c¢leaned so as to eliminate the
grout that has descended due to gravity when the packers are deflated.
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Fig. 186. -- Grouting pump.

-- When grouting of the pile itself (shaft or tip) is involved, injection
is made through fhe use of boreholes constructed for this purpose (Fig.
185b) or by access tubes (Fig. 185c)l One of the grout lines is connected
directly to the pump and the other serves as a return. Pressure gauges
can be installed in the system and the injection pressure can be con-
trolled by restricting the return Tine. Before the grout starts setting,
it is desirable to clean the various core hales or access tubes so that
they may be used again. Additional injections can be made after frac-
turing the‘previous1y placed grout. In this respect, a small diameter
hose is used and is lowered in each opening up to about 2 m (6.6 ft) from
the injected area; maintaining..the 2 m (6.6 ft) distance prevents
leaching. ' This "hose" operation prevents breaking of the grout over the
entire length of the grout tubes. In order to 1imit the residual amount
of grout in the access tubes or the boreholes, small diameter tubes may
be used that are equipped with a packer at the end (Fig. 187). Such a
device also facilitates cleaning of the grout openings. After releasing
the packers, the small tubes'may be withdrawn and cleaned with clear-wa-
ter. | S _ - '

The Tndispénsib1éﬂtést‘ofgthé‘effjﬁiéncy of the grouting.is performed
by the usual geophysicéTEjhvégtigafiah'héﬁﬁods (see Chapter 7): The tests
can be made after_opéhjh§ thé'éccéssjtﬁbésrby a wagon-drill because the
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Fig. 187. -- Grouting of tip with use of packers at end.

access tubes were more or less blocked if they had been used for injection
of the grout. _The opening of the access tubes would be much easier 1f"
they had been partially cleaned following the grouting. In case the ac-
cess tubes had to be cleared of grout, the use of the gamma-ray method
is preferable. The accufacy is better than with the wave-transmission
method and a larger volume of material can be invstigated. Another means
of testing the quality of the grouting is to put a core boring through
the treated zones; the possible viewing of the sides of the boring with
a television camera could also be done. - |
8.5. EXAMPLES OF REPAIRS _
1The pract1ca1 examples presented here illustrate the soiutions that
_héve‘been employed for repair of certain types offerrors‘affecting piles
or barrettes. o o -
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EXAMPLE NO. 1 -

A barrette of 28 m (91.8 ft) in length (cross-section 2.20 x 1 m -
7.2 x 3.3 ft) was placed into a hard, fissured limestone. At the time
. of concreting the tremie was too short and caused leaching of the concrete
at the base over a 1.50 m (4.9 ft) distance. This defect was detected
by geophysical methods performed in four access tubes (¢ 50/60 mm -
2.0/2.4 in.) cast into the barrette. Two tubes, diametrically opposed,
were destroyed‘by an oxygen torch over the entire length of the leached
area; these tubes were used for the cleaning of the defective zone. ' The
pressure in the cleaning system was 4 to 5 bars (58 to 72.5 psi) and
washing was continued until clear water was obtained. Then, cement grout
was injected, at first very diluted (W/C = 3), then very rich in cement
(W/C = 0.5). The injection was performed under low pressure, 3 to 4 bars
(43.5 to 58 psi), to avoid overconsumption of grout. A new test using
geophysical methods revealed the efficiency of the treatment.

EXAMPLE NO. 2

On another barrette of the same job, geophysical investigation al-
Towed detection of a defect at about 6 m (19.7 ft) of depth. The defect
seemed to be located near one of the access tubes. Coring confirmed the
existence of a pocket of concrete that was contaminated by bentonite.
Despite the divided opinions about the severity of the defect, it was
decided to make repairs. Washing was performed and then grouting of the
defective conérete was performed. The low quantity of grout that was
ultimately injected (1 to 2 liters - 0.26 to 0.53 gallons) confirmed the
insignificance of the defect.

This example, which is not unique, shows the extent of difficulty,
in some‘cases,hin making a decision about the severity of a defect.
EXAMPLE NO. 3

On piles .1.50 m (4.9 ft) in diameter that were socketed in a hard,
marly limestone and equipped with two access tubes, geophysical investi-
gation did not allow detection of any error along the shaft. On the other
hand, corings revealed the existence, at the base of the piles, of gaps
10 to 60 cm (3.9 to 23.6 in.) in height. After washing with water through
the two tubes, the repair consisted of injecting, under a pressure of 5
to 6 bars (72.5 to 87 psi), a cement grout of W/C equal to 0.5. The
amounts injected were variable, at times reaching 800 liters (211 gallons)

per pile. It‘must be pointed out that settling of several millimeters
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was reported during the subsequent construction of the superstructure and
that was under loads for which the piles had not been designed.
EXAMPLE ‘NO. 4 |

This example is taken from an important study that is based on load
tests for bored piles of 90 cm (35.4 in.) in diameter, socketed to 1l m
(36.0 ft) in a clayey, compact silt, that was, however, susteptib]e to
disturbance from boring. Tests in such soils [28] have -shown that con-
struction of piles with an auger or by the Benoto Method lead to a sig-
nificant disturbance of these clayey silts. The disturbed soil extends
to over 60 cm (23.6 in.) below and laterally. from the base of the pile.
Considering the behavior of the base of the pile, the 11ﬁ1ted capacity
found at the time of the first testing was practically identical (130 to
135 t - 143.3 to 148.8 tons) but very far from loads estimated from soil
tests (200 to 250 t - 220.5 to 275.6 tons). After a delay of nine months,
deemed necessary for recovery of the soil, grouting was performed at the
tip of the pile constructed with the auger. The grouting occurred 15 days
before the second load test and the program was designed so as to estimate
the efficiency of the injection. This injection was limited to 1 m* (35.3
ft?) of stable, compound grout (40G kg of cement of CPA 325, 200 liters
of water, 10 kg of bentonite - 882 1bs, 53 gallons, and 22 1bs) under a
pressure of around 10 bars (145 psi). The new load tests performed on
the two piles indicated a limited load at the tip of 195 t (215.0 tons)
for the augered and injected pile and 150 t (165.4 tons) for the pile that
was not injected. If the gain in capacity of 15 t (16.5 tons) is excluded
as being due to the recovered strength of the soil during the delay of
nine months, the increase in the resistance at the tip of 50 t (55.1 tons)
as a result of injection permits attainment of approximately the values
of load that were expected.

Finaily, it must be emphasized that injection, which reduced the
settlement very appreciably, permitted a significant increase in the
service loads for the "augered" pile (Fig. 188).

EXAMPLE NO. 5

The originality of the solution and methods used in this example of
repair of an defect in a shaft show that each case is special.

This involved a foundation on cased piles of 1.50 m (4.9 ft) in di-

ameter, bored at an aquatic site in a complex marl-limestone.
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. Fig."188. ~- Mobilization of load at tip. Load-
S settlement curves show increase due
-~ to grouting at tip. (2.54 cm =1 in.)

‘ Some d1ff1cu1t1es arose durfng the course of concret1ng when pumping
caused rupture of the pump line. A s1gn1f1cant 1each1ng resu]ted along
w1th a severe segregat1on of the concrete ev1denced by’ geophys1ca1 in-
[vest1gat1on and confirmed by corings (F1g 189) and v1ew1ng with a tele-

v151on camera (F1g 190) R o , - ‘_
f W1th the env1sioned possib111ty of a. comp1ete remova1 of concrete
to 11 m (36 0 ft) of depth on. the 1ns1de of the casing (15 mm - 0.59 in.
in th1ckness), an underwater, local repa1r was. preferred “Divers made
_an open1ng 1n the .casing, permitt1ng c1ean1ng of the segregated and
leached mater1a1 that' preva11ed over 4 m (13 1-ft) in- he1ght | This
- openfng was then p1ugged w1th a metal pIate and concreting of the defect
‘ in the p11e was made by using one of the core ho]es to 1nJect the grout
' ‘dand the other as a return passage The spec1a1 concrete had the following Iﬂ

{tAggregate ‘ :
C v 8/10 mm (0 24/0 39 in. ) 1 090 kg (2403. 4 1bs)
2. 5/6 mm (0: 10/0 24 in.):r 205 kg (452.0 1bs)
0/2.5 mm" (0/0 10 1n. ) 610 kg (1345.0 1bs)
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Fig. 189. -- Core showing sand and gravel resulting
from segregation and from leaching of
concrete over height of 4 m.
(lm= 3,28 ft)

Fig. 190. --.Photograph of television view at depth
~ . of 9,50 m: Cavity with diameter sig-
nificantly larger than borehole B
diameter. (1l m = 3.28 ft)

Reproduced from
est available copy.
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Cement:

CPAL: 400 kg (882 1bs)

Water: 210 liters (55.5 gallons)
Additive: o

. TTB 5477: 0.2% (set- and hardening-retarder).

Other: . ; |
~slump: 16 ¢m (6.3 in.),

7-day strength = 221 bars (3204 psi)

28-day strength = 373 bars (5408 psi).

The subsequent geophysical investigations attest to the efficacy of
‘the repair. However, it must be emphasized that this particu]ar site
presehted an exceptional problem.
EXAMPLE NO. 6

This example relates an incident that arose immediately after con-
creting when removing casing 1 m (3.3 ft) in diameter by vibration. There
was a breakdown of the electric-generating equipment when only 4 or 5 m
(13.1 or 16.4 ft) of the temporary casing remained to be extracted.

The repair of the electric-generating equipment required more than
‘two hours during which setting of the concrete was begqun. Then, at the
time of the resumption of the extraction of the casing there was a su-
perficial but fairly extensive desegregation of the concrete in the final
 meters of the shaft. 7

After the concrete had set, a core boring in the central portion of
the pile had revealed a satisfactory quality of the concrete located on
the inside of the rebar cage. It was decided to feinforce only the out-
side of the shaft.
_ In this repsect, the reinforcing was uncovered by a jack hammer for
about 0.70 m (2.3 ft) of length and the head of the pile was then capped
with a metal casing 1.50 m (4.9 ft) in diameter and 6 m (19.7 ft) long
that was.placed around the shaft by using a vibratory hammer (Fig. 191).

fo the inside of the casing were welded 22 Adx rebars § 25. The bars
‘were uniformly distributed and were designed to improve the connection
between the pile and the pile cap. After being cleaned by hosing, the
annular space between the pile and casing was concreted in the dry.
EXAMPLE NO. 7 | |

In order to illustrate the proper type of device to offset the con-
sequences of poor construction on the behavior of the upper portion of a
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shaft, an example is cited of lined, inclined piles (§ 1 m - 3.28 ft).
The boring methods were poorly selected and there was a considerable
over-break near the top of the pile. The location of the top of the pile
was shifted as was the angle of inclination. ‘

In this case, a classic type of repair was used for these defects
by grouting the annular space between the soil and the pile. This was .
done by gravity injection of a cement- and sand-based grout (50 kg - 110.2
1bs of cement CPF, 15 kg - 33.1 lbs of sand 0/1, 30 liters - 7.9 gallons
of water, 0.75 kg - 1.6 1bs of bentonite). The average amount injected
per pile was around 2.4 m® (84.7 ft?).

Bose plote

22 Adx @ 25

Metol cosing A A i
2150 15 mm thick Ol e0s5l
Sound concrete mno. ,,-;.
5 0. O nk e
3l Poao o 04 i Leached
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g (o) .6.‘ it
s ' Qoo ¢ 1%y
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Fig. 191. -- Principlefof repair at pile head after problems during
: extraction of temporary casing. (25.40 mm = 1 1in.)
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TECHNICAL NOTE NO. 1

MACHINES FOR PERCUSSION DRILLING

1. WOOD OR METAL TRIPODS WITH WINCH

Fig. 1.1. -- Example of wood and metal tripods with driving winch.

The boring Qutfit simply ‘includes: 1) a tripod or hoist positioned
~ovér the borehole, 2)'a winch used for the drilling tools as well as for
placement and extraction of_the temporary casing.

e 2y
TABLE 1 e

EXAMPLE CHARACTERISTICS OF DRIVING WINCHES WITH A SINGLE DRUM

Meight Required  [Maximum weight Winding Diameter Max imum
Model without motor Power of tool capacity of cable diameter of
(kg) (HP) (kg) (n) {nmum) p‘&ﬁng')
TPA 100 460 18/25 1,000 90 t2 50
TPA 251-B 1,000 25/40 2,500 200 16 60
TPA 350 H600 60/80 3,500 200 18 120

(*) Given by the constructor.

{0.453 kg = 1 1b; 0.0254 m = 1 in.;, 25,40 mm = 1 in,; 2.540 cm = ¥ in.)
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Fig. 1.3. -- Migal machine MB 10 C.

Fig. 1.4. -- Another example of winch
and hoist outfit. —_—

@roduced from
best avallable copy.
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2. INCLINABLE BORING MACHINES WITH DERRICKS

The machines that are available on the market are varied and some
contractors manufacture the equipment themselves. As an example, de-
scribed below is the range of Migal drills.

The machines are composed of hoists with two folding derricks, a
winch-carrying.frame and a motor that rests either on rol}ers,‘tires or
on tracks that permit increased mobility in poor terrain, . _

The winches on these drills are double or triple drum with a force
of 2.5 to 10 tonnes (2.8 to 11 tons) according to the purpose of the
derrick. The uﬁe of pullies for extraction of casings may reach 80 tonnes
(88 tons) of fdrce allowing construction of bored piles in excess of 1.20
m (4.0 ft) in diameter.

Table II summariies the main characteristics of the machines.

- It is also noted that the MB 10 C includes seVeral types of equipment
that make the machine very versatile. Thus, a standard machine may ac-
commodate: ,

L -~ a twister for the temporary casing, :

-- a rotary table (4,000 kgm - 29,000 ft- Wbs ) with a te1escopic kelly
of 3 x 7 m (10 x 23 ft) (¢ maximum: 800 mm - 32 in.),

--a revo1v1ng head with or without concrete injection under pressure for
construction of continuous-auger type p11es such as Tecvis (components
of 9m - 29. 50 ft, ¢ maximum: .800 mm - 32 in.).

TABLE 11 ‘
Weight of Height of Name of Maximum extrac- | Maximun opening
Name . machine boring mast winch outfit * tlan force ‘size for drill

‘ (v (m) () (mm)
MBS - M? ! 10 440 2TPA2SLB 30 1,100
MB6 ‘ 1 8.10 2TPA251 B 25 1,200
MB7C 15 7.00 2TPA251 B 40 1,400
MB10C ' 18 1100 TPA3ISOE 80 800 - 1,400 °
MB 12C ; 21 11.00 2TPA350S C40 100

(0.0254 m =1 in.; 25,40 nm = 1 in.; 0.91 t = 1 ton)
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TECHNICAL NOTE NO. 2
DRILLING TOOLS FOR PERCUSSION DRILLING

1. PERCUSSION DRILLS

These tools are used to penetrate b1ockages'or'fallenfroék'and for
socketing in rock or very resistant ground such as calcarious soils and
operate by freefall. They are adaptable to all drilling setups or cranes
with winches and equipped with a control fo ensure the freefall of the
tool. Their form is varied: with central éhopper, with a double chopper
arranged asymetrically, -or with tripje‘or‘crutifbrm‘choppérSy ‘The diam-
eter of the tools varies between 0;307£o‘lim_(1.0‘£6'3;28 ft) and their
weight may attain several tonnes by the addition of extra weights.

Table I shows several examp}é;-oflfHe ch§t§Etérist1cs of percussion

tools of the cruciform type.

Fig. 2.1. -- Example of'muTtTp]e—b1aded percussibh tool.

2. CLEANING BUCKETS OR GRAB BUCKETS
After the use of the percussion tools, the clean-out tools pefmit
the raising of the loose debris or cuttings. _
The iower portion or cutting shoe includes a grab that opens at the
time of the descent and closes itself after the debris has entered. With
the proper operation of the winch, the grab can be Towered with a high
velocity so that the interior of the tool will fill up (Fig. 2.4).
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Fig. 2.2 -- Two~bladed cutter,
asymetrical per-
cusion tool. Grab
in foreground.’

Fig. 2.3. -- Cruciform per-
cusion tool.
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TABLE 1

EXAMPLES QF CHARACTERISTICS OF CRUCIFQRM PERCUSSION TOOLS

: Inside diameter Thickness of Weight of tool without ex-
Diameter of casing Pay cutters tra weight from drill string
{mm) (mm) {mm) (mm) (kg)
300 340 20 50 400 - 600
320 360 20 50 500 - 600
350 390 20 50 550 - 650
360. 400 20 50 700
390 430 20 80 700 - 750
410 450 20 80 750
460 500 20 80 750 - 800
500 550 25 80 800 - 900
550 600 25 80 800 - 1,000
600 660 30 90 900 - 1,100
620 680 30 90 950 - 1,300
700 800 50 90 1,000 - 1,500
800 1,000 100 %0 1,800
1,050 1,250 100 90 2,000

(25,40 nm = 1 in.; 0.453 kg = 1 1b)

s, NG Sy

|§|
)

Fig. 2.4. -- Chopping tool with valve.
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For boring diameters of 60 cm to 1 m (24.0 in. to 3.28 ft) and above,
the diameter of the grab must be less by 10 to 15 ¢m (4.0 to 6.0 in.)
than the inside diameter of the temporary casing in order to facilitate
the operation of the tool.

The Benoto Company manufactures a special tool (sénd grab) for pen-
etrating sandy soils that are wet. The tool has a unique foot that opens
to empty the 5011 (Fig. 2. 5)

In seIect1ng a winch for a particular job, an 1mportant point is that
the required 1ifting force is from 2 to 2.5 times the weight of the empty
tool. |
3. HAMMERGRABS

A hammergrab is a bucket that can work 1in percussion, owing to the
presence of two chopping bits at the bottom of the tool which is dropped
(with tool open) and retrieved with the debris (with the tool closed).
The hammergrab can be operated by any machine that can 1ift the tool (and
so11) and can drop the tool in freefall.

The Benoto Company manufacteres five basic models of hammergrabs,
CP4, CP5, CP6, CP7 and CP8 (Table II), to which various types of chopping
bits can be attached. The particular chopping arrangement should be se-
Tected dependihg on the nature of the soils (see Technical Note No. 4).

The Casagrande Company also markets eleven models of hammergrabs for
~which the main characteristics are shown in Table III
4. GRAB BUCKETS . -

For the construction of ty]indrica] bored p11es all of the grab
buckets are of the cable type and their cIos1ng mechan1sm 15 composed of
two series of pu111es 10cated on the upper port1on and base of the body
of the bucket.. | o

There are also hydraulic buckets that may be used,wﬁth.boring ma<
chines of)the;POCIain'type, for example (see Technical Note No. 10).

Tables 1V, V and VI summarize the main characteristics of buckets
on cables that.may be employed for construction of bored pIIes with the
percussion‘mefhod‘:
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Fig. 2.5. -- Sand Va]ve, oben position (Document from Benoto).

Fig. 2.6. -- View of group of four models of Benoto chopping buckets
- (Hammergrab); from right to 1eft: CP 4, CP 5, CP 8, CP 6.
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TABLE II
MAIN CHARACTERISTICS OF BENOTO HAMMERGRABS

Ma\:ﬁ;i":_:;ulrt { Diameter Adaptable chopping bits or bpcke-ts
Tyopfe Lifting | with chop:ifng bit Hemispherical
bucket F‘(’[)Ce Ch"ppi("tg; " (mm) With for. semi- re?:feg:;ed
normal “claws clay " Tong
360 X X X
CpP4 1 0,360 440 X X X X
520 X X x
570 X X Pl
750 X X pd X
CP5 P 1.450 850 * X bt x
950 X X X
1,050 X X
950 X X x
CP6 s | 2850 1,200 x X x ¥
1,400
1,050 X
CP? 5 3.500 1,250 X
1,400 AR
1,400 "%
CP8 75 5,700 1,650 I
1,750 % )

(25.40 mm = 1 in.; 0,91 t = 1 ton)
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TABLE III
MAIN CHARACTERISTICS OF CHOPPING BUCKETS BY CASAGRANDE COMPANY

Model 05?2m2:§:et Height Weight
(mm) (m) (kg)
BELR 600 520 287 1,700
700 . 550 287 1,750
800 730 100 1,820
900 790 3.00 1,870
1000 850 295 2,050
BEL 1000 850 280 2750
1250 1,050 290 2,800 i
1300 1,150 300 2,850 O
1500 1,250 3.20 2,900 * :
1800 1,550 360 4,100
2000 1,750 3.80 4600

{25.40 rm = 1 in.; 0.0254 m = 1 in.; 0.453 kg = 1 1b})

Y~ Fig. 2.7. -- Type SC bucket.

273



TABLE IV. -- BENOTO BUCKETS, SC TYPE

Height
Borehole Lifting ’ Closed Open
Code, Crown diameter force _ Meight Capacity bucket bucke_t
(mm) kp) (kg) (1iters) (m) . {m)
SCO _ CP4 { 600 - 860 1,000 SDd 20 1700 1.750
sSCD CP4 . CPS 800 - 880 | - 1,250 1,050 40 1.900 1950
SCE CP5 1,000 - 1,000 2,000 1,750 90 2400 2415
SCE CP5 1,100 - 1,200 2,300 1,850 140 2450 2,550
SCB " CP6 1,400 - 1,540 3,000 2,550 . 300 ) 2920 3025
(25.40 mm = 1 in.; 0.453 kg = 1 1b; 3.8 liter = 1 gal; 0.0254 m = 1 in.)
TABLE V
GALLIA, HEMISPHERICAL BUCKETS
- | TABLE VI
| Empty . ‘ Open V MA -
1 weignt Woge1 | weisht | Capacity | width | neight : _ggggnggQLiNET
(kg) k) | (viters) | (m) (m) ETS
800 H 800 550 150 1.35 178
1,000 H1000 | . 700 200 1.60 1.85 )
1,250 H 1250 875 250 1.5 182 Diameter | yaq
1400 | H1400 [ 970 29 1.85 1.95 Mode) | OF bucket eight
1,500 H 1500 1,030 300 1.85 1.95 (cm) (kg)
1,750 H1750 | 1,150 370 1.95 212 — T
2,000 H 2000 1,200 400 1,95 212 750 75 2,100
2,500 H 2500 1,500 S00 230 20 . 870 87 '2,200
3,000 H 3000 1,950 600 240 240 1100 11 . 2,300
(0.453 kg =1 1b; 3.8 liter = } gal; 0.025% m = 1 in.) - (2.540em=11n.; 0.453 kg =11b)
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Fig. 2.8. -- Heavy, sinking bucket,
hemispherical type
(Document from Gallia).

275

Fig. 29 -- Heavy bucket, "Massenza
Galinet" (Document from
Galinet).



TECHNICAL NOTE NO. 3
- TEMPORARY CASINGS

1. BENOTO TEMPORARY CASINGS

Two types of temporary casings are manufactured by the Benoto Com-
pany: | H o
a) Welded, metal casings

A distinction must be made between the pipe that make up the main
portion of the casing from the "base" pipe to which the cutting teeth are
welded. ' .

Most of the pipe used for casing is delivered in uniform lengths of
1.5 m (5.0 ft) with the heavy-walled pipe for the bottom of the casing
coming in Jengths of 2 meters (6.56 feet). Table I lists the main char-
acteristics of casings. »

b) Quick-lock casings (Table II) |

-- the casings are double walled and perfectly smooth inside and outside;
-- they are delivered in uniform lengths of 6 m (19. 69 ft) 4 m(13.12
ft), 2 m (6.56 ft) and 1 m (3.28 ft); ,

-- assembly is ensured by one type of lock regardless of the diameter of
the casings; and

-~ pipe for the bottom of the casings is adaptable to cutting teeth of
various types that are selected in relation to the soils.

2. GALINET TEMPORARY CASINGS

Two models are manufactured by the Galinet Company:

a) Casings with square-face threaded connections |

These casings are made of steel, without welds, or rolled sheets that
have a male and female threaded connector welded to each end. Table III
1ists the main characteristics of these casings.

b) Quick-lock casing -

These casfngs of rolled sheet metal consist of a system of socketing
that is male and female, with an extendable lock similar to Benoto
casings. They-are delivered in the dimensions given in Table IV.

Again, it is necessary for construction of a pile and espec1a1]y for
passage of the reinforcing cage to take into consideration the inside
diameter at the connectors,
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f—— -

Fig. 3.1, -- Welded metal casing.

35°

Base pipe

Cutting teeth

TABLE I

TEMPORARY CASINGS

A | inside ) Ex]peanr:.ldtehd Height Ne;egrht ??grgegg. c

{mm} {mm} {mm) {mm) me“hﬁr W?I:gl')lt {mm}

] 400 1,274 1,500 B0 90 4

6 500 1,588 1,500 75 . 1125 4

& 600 1,902 1,500 90 135 4

B | 8OO 2,637 1,500 159 233 3]

10 1,000 317N 1,500 243 272 8

10 1,250 3,956 1,500 309 164 B

12 | 1,500 4,747 1,500 445 668 10

PIPES FOR BOTTOM OF CASING
: insi roll . Weight egment
| | 8 | ms(lde,ﬂ U?eﬁ;tﬁd Hi1gh)t per rgneter (wzm%rhnl
mm mm mm

L L {mm) {kg} (kg)

3 400 1,281 2,000 a0 160

8 500 1,595 2,000 | 100 200

10 600 1,915 2,000 150 300

10 800 2,543 2,000 198 397

12 1,000 3,177 2,000 298 595

12 1,250 3,962 2,000 3N 742
14 1,500 4753 2,000 520 1.(Bi‘

{25.40 mm = 1 in.; 0.453 kg = 1 1b)
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One type of lock
for all tube diameters

Fig. 3.2. -- Locking system,

Coredrili Plain DUR type |Secont type
2.9 ] 4% o 9 0]
R——
For soft For soils |For secant
ond clayey | with high | piles and
soils cohesion | rocky soils
TABLE II
Fig. 3.3. -~ Cutting teeth,
Inside Qutside | Number | Diameter| Diameter
diameter | diameter of of of cut-
of casing |of casing | locks locks ting head
400 470 6 40 480
460 530 6 40 540 .
L 540 610 8 j 40 620 |
I
| s | e 12 | ss 680
T T
r 800 ' B8O 12 | 55 890
| es0 | @70 15 i 55 980
|
1,000 |, 1,080 15 i 5 1,080
{
1,100 [ 1,180 T 1% \ 55 1,180
| 190 | 1,270 \ 20 55 1,280
| o J
{1,300 1,390 24 55 1,390 |
_ d
' 1,500 1,580 24 56 1,580 |
. i
| 1600 | 1,680 32, 85 1,690
C o750 1,830 2 ' ss 1,840
—— e d :
© 1,880 | 1,360 2 ss 1,570
Dimensions expressed in mm
=1 in.)
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TABLE III

connector

Diameter Outside Inside Total

of casing Thickness diameter diameter Length length Weight
(mm) {nm) . (mm) {mm) (mm) (m) | (kg/m)

me 207-219 6 228 198 250 2.50 - 400 35

me 261-273 6 281 251 250 250 - 4,00 45

me39-373 7 EE7) 300 250 2.50 - 4,00 60
me®339.355 8 365 LY 260 250-400 . 715
we 352368 8 175 Lo 250 | 250-400 [ . &3

me 388 406 9 w | 250 250 - 4.00 95

L m®400.419 9 - 196 0 | 250-40 110

' W 405-425 .10 42 39 250 250 - 4,00 15

w 430450 10 459 a2 250 2.50 118

® 450 -470 10 478 . 4e2 250 2,50 125

W 505-525 10 589 497 250 2.50 138

W 550-570 10 577 545 250 2,50 152

® 605- 625 10 636 800 300 2,60 t76
m6ss-675 | 10 686 - 650 300 2,60 185

B 680 - 700 (0 72 [ o6 | 300 2.60 192

. m80s-825 | .10 s | RO | 300 260" 230

[‘ Standard.dimgngidns _ ' ‘ Dimensions at connector

" (25.40 mm = 1 dn.; 1 kg/m = 0.672 1bs/ft)

TABLE IV
Inside
Thick-| dian- (V4707 Total} oo
Diameter | ness| eter |0, |lengtn §
;.(m'm) (mm) | (mm) {(m) .(kg/m)

800/ 20| 10 740 |-16 | 300 | 280
900/ 920 10 840 | 16 | 300 | 320
1000/1024| 12 940 | 20 | 200 | 400
1250/ 274 12 [ 1090 F 24 } 300 | s00
1,500/1,530 [ 15 {1,440 | 24 | 300 | 700

{25.40 Tm = 1 in.; 0.0254 m = 1 in.; 1 kg/m =
0.672 Tbs/ft)
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Fig. 3.4. -- View of quickfconnecting joints.
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TECHNICAL NOTE NO. 4
BORING BY BENOTO METHQOD

The Benoto method of boring is based on two principles: the use of
a special tool (the hammergrab), see TN No. 2, that performs the function
of the drill bit and or a bucket, and on the placement of a temporary
casing by a twisting and rocking movement.

After the creation of drills No. 5 and No. 6, the Benoto Company
built the EDF 55 machine, combining the operations of excavation and
placement of the casing. These operations had been independent until then
(1955). This machine, limited to boreholes cased to a maximum diameter
of 970 mm (38.2 in.) and making special use of the hammergrab CP 5, was
rapidly followed by the Super EDF, also called EOF 1180 (max. #: 1,180
mm - 47 in.), the EDF 1580 associated with hammergrabs CP 6 and 7, and
finally the EDF 2000 (borehole of 1,960 mm - 77 in.) with hammergrabs CP
7 and 8).

1. EDF SERIES MACHINES

These are composed of the boring system (winch, excavation system)
and of the hydraulic system for driving, twisting, and extraction of the
temporary casing.

The main characteristics of interest to the construction supervisor,
in addition to the boring diameters of each type of machine in relation

PR
[ S P

Fig. 4.1. -- Detail view of twisting system.

[P U T
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TABLE I

MAIN CHARACTERISTICS OF EDF MACHINES
(possible inclinations 6° and 12°)

Model Borehole . Weight
ode 0 b . ,
diameter Tool Height Lift To0 site Road
(mm) (m) (tonnes) (tonmes) (tonnes)
670- 880
980 - 1,080 CP5S
EDF 1180 1,190 13,50 60 2 3
470 - 520
610 CP4
1,180 - 1,270
1,380 - 1,580 cr7
EDF 1580 16.45 90 50 45
670 - 880 |
890 - 1,080 ‘CPS .
1,180 :
1580 - 1680
I'830 - 1'960 Cré
EDF 2000 21.24 120 105 65
1,180 - 1270
1,380 Cp7
(25,40 m = 1 in.; 0.0254 m = 1 in.; D.91 tonne = 1 ton)
Fig. 4.2. -- Detail view of debris-emptying system.
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2. FONCEX DRIVER-EXTRACTORS NO. 4 AND NO. 5

These machines, used for driving and extraction of temporary casing,
are coupled with an independent drilling machine (a crane for example).
They make use of the techniques employed by the EDF machines, ensuring
the placement of the casing by twisting motion (0 470 to 1,180 mm - 18.5
to 46.5 in.), (Table II). |

The machine consists of (Fig. 4.3):
== the apparatus for'hand11ng the casing that places, twists, and recovers
the casing; and ‘
== a group of controls that allows the machine to be operated remotely.

The Benoto Company has developed for commercial use a machine that
permits the placement of casings of 1,960 mm (77.2 in.) in diameter.

Note -- There is other equipment, similar in design to the Foncex,
that is not yet commercially available in France.

It is also of interest here tc mention the Casagrande
driver-extractors of the MKT type for casing diameters of 700 to .1,000
mm (27.6 to 39.4 in.), and those of the GC 72 type for diameters from 1,000
to 1,500 mm (39.4 to 59.0 in.). _

Salzgitter also manufactures VR-type machines for diameters of cas-
ing of 600, 800, 1,000, 1,250, and 1,500 mm (23.6, 31.5, 39.4, 49.2, and
59.0 in.) (Fig. 4.4).

A1l of these tools function on the same principal: the placement
of the casing is achieved by driving and twisting. Their main advantage
over machines of the EDF type is their light weight and the independence
of the boring system that involves a simple crane that maneuveres a tool

adapted to the nature of the soil.
TABLE II

Characteristics Foncex 4 Foncex 5 ‘_

Borehole diameter | 480 - 540 680 - 890 - 980
{mm) ........... 620 - 680 [1,090 - 1,190

Lifting force
(tonnes) ......... 20 61"

Outside dimensions
(meters):

A 3375
B ............ .. 2.40
cC .. 1.95

e
gt
oo

Inclination . ... up to 12°

(25.40 wm=11in,; 0.0254m=11in.; 0.91 tonne = 1 ton)
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Fig. 4.3. -- Foncex driver-extractor
(Document from Benoto).

Fig. 4.4. -- Casagrande driver-extractor (Document from Casagrande).
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TECHNICAL NOTE NO. 5
USE OF HAMMERS FOR PLACING CASING

1. DRIVING HAMMERS

There are .three main types of hammers:
-- hammers that operate in freefall,
== hammers that are operated by compressed air or steam, and
-- diesel hammers, for which the striking mass is raised by the energy
provided by the explosion of the diesel fuel.

Placement of casings of large diameter requires a driving energy that
is relatively large (generally above 3,000 kgm - 21,720 ft-1bs).

Table 1 summarizes the characteristics of the main hammers used for

‘placement of metal casings (energy = 3,000 kgm - 21,720 ft-1bs).

Fig. 5.1. -- BSP diesel hammer on Fig. 5.2. -- Delmag D 44 diesel hammer
sheet-wall piles. : (Document from Delmag).
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2. DOUBLE-ACTING HAMMERS )

Double-acting hammers strike with a faster rate (120 to 160 blows
per minute) than that of driving hammers.

They are also less powerful and thus are used for driving casings
of smaller diameter.

Table IT summarizes the charcteristics of some working hammers.

TABLE I
CHARACTERISTICS OF MAIN TYPES OF HAMMERS

Nature Total Weight Energy
Brand French Model of weight of ram per strike
Representative y energy (kg) (kg» (kgm)
D12 2,750 1,250 3,125
D22 5,030 2200 5,500
o D D30 . 5,600 1,000 3,300 - 2,500
ELMAG ELMAG-FRANCE D36 Diesel 8,000 3600 4200 - 10,200
D44 10,200 4,300 6,000 - 12,000
D55 11,960 5,400 8,650 - 16,200
Demac DEMAG | BB 3000 ~ Air 5,800 3,000 3,150
‘ K13 2,900 1,300 3,250
‘ K25 . 5,200 2,500 7,500
KoBe ‘ RoLea SA. K 35 Diesel 7,500 3,500 10,500
K 45 10,500 4,500 13,500
N 6 4,400 3,500 3,600
N 7 4,500 4,000 3,600
- Ne 8 ) 5,500 5,000 4,500
TIFINE TIFINE N9 an;‘” 6,500 6,000 5,700
N 10 7,600 7,000 6,300
N Il 8,500 8,000 7,200
N 12 10,500 10,000 9!000
ATl of these hammers strike at a rate of 40 to 60 blows per minute A

(0.138 kgn = 1 ft-1b; 0.453 kg = 1 1b)

TABLE II
CHARACTERISTICS OF DOUBLE ACTING . HAMMERS
‘ . . Total wexgnt of Energy
Brand |, ' French . Model Nature of | "Weight piston (ram) | Per strike
Representative energy kg) - (kg (kgm)
S o B1s | . . © 3,820 1500 | - 3790
. BSP . BSP FRANCE S.A. B 25 Digsel - 6,230 2,500 © 6,320
‘ ) B35 8,640 3,500 . 8,850
- -] ‘ . VRIS | 1,980 - 1395 - e
DEMAG DEMAG . VR 40 Air 3840 9o .
* NILENS MAITRAP - . Ta Air 3,400 " 1,400 3,350
. : 3600 ‘ 3,600 - 1425
Pajor - | Paot, 4700 Air or 4,700 —_ 1,950
: 6600 Steam 6,600 — . 2000
T4 . 2,400 380 1,240
TiFINE TIFINE Ts Air 3500 590 2100

0.138 kgm = 1 ft-1b; 0.453 kg = 1 1b)
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- TECHNICAL NOTE NO. 6
VIBRATORY-DRIVERS FOR CASINGS

1. PRINCIPLE ,

These tools for driving or extraction of casings (case of
vibratory-driven piles) operate on the principle of unidirectional wvi-
bration in the vertical plane.

A vibration-driver is composed of one or several motors causing ro-
tation of eccentric masses, an oscillating system (on springs), and a
helmet that permits, by tightening with hydraulic rahs, fhe joining of
the vibratory-driver and the casing to be driven.

At the time of driving or extraction, vibrations destroy the lateral
resistance and provide significant forces at the base. The devices differ

mainly as to their weight and frequency of vibration which may be variable
| on some models. Some companies have designed their tools so that they

can be used in tandem. Use in tandem is in fact advantageous.

Fig. 6.2. -- Muller MS 6 vibra-
over casing @120, Tength 22 m. tory driver (Docu-
ment from Rolba).
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2. BASIC COMPOSITION OF A VIBRATORY-DRIVER UNIT

This unit 'is composed of:
-- one or two Vibratory-drivers in tandem,
-- a mechanical device for connecting the driver to. the pile or a hy-
draulic device for that purpose,
-- a ground unit composed c¢f a housing, a set of cables connecting the
vibratory-driver to a push-button box and an power-generating outfit, and
-- a crane tha; is usually mounted on tracks.

For driving, the 1ifting force of the crane should be greater than
the weight of the vibratory-driver outfit, the helmet, and the casing.
The force available for extraction is equal to the difference between the
maximum acceptable value for the hook and the total weight of these com-
ponents. The height of the boom on the crane is obviously a functien of
the total height of the components of the casing and the vibratory-driver.

Fig. 6.3. -- Twin, Schenk DR 60 Fig. 6.4. --Muller MS 20H hydrau-
vibrators, licvibratorydriver.
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3. TABLE OF VIBRATORY-DRIVERS

For information on]y, the table accompanying this technical note
lists various vibratory-drivers that seem most characteristic for ensur-

ing driving and extraction of temporary casings required for construction
of vibratory-driven piles.
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VIBRATORY-DRIVERS FOR PLACEMENT OF METAL CASINGS

Vibrations

‘,Installat_ion

‘Diameter of

prand | uFreicn | Modet | weight ) Motor " power on| Lifting force | Diameter of [
T :E?P»"e??“t?t.‘i,"e R ‘(kg‘) Per minute ‘ ,',_'(kW), _(H?) . - power for(?;:iv;‘%(;;wn p]ac:ﬂncla)smgs ,
o Ms26 [ 4300 1465 | o2x 21 a0 d25kVA | 1525 - | 275 max. with
S , o N SR 7 |spegia) helme
: M B , - hydraulic : - di nifor
Muwer | -~ MS20H ‘ 3,200 - 1,600 7 y utie S , :dlgspl, 22 - |
.. TRow. ©.MS26D . 7,600 1,465 4x21 _80 250 kVA 0
e MS®E . 7,500 - 726 - 1,323 2% 55 250 kVA 40
10A2 2,350 720 - 1,140 2% 15 20 © 80 kVA" 8- 9 27 to 95
, . 20A2 3,700 920 - ,100 | 2x29 40 © 120 KVA 18-20 26 0195
PTC. PTC - 20H4 4,500 1450 max. | hydraulic = 200 HP 20 26to195 -
) " 40A2 7400 770 - 1045 2 %55 80 200 kVA 40 35 t0 285
4HHA © 10,500 1,450 max. hydraulic — 550 HP 40 35 t0285
- DR 40 5,500 1,200 - 1,920 — — 170 kVA 30 —
SCHENK : .
DR 60 7,200 950 - 2,350 2% 40 55 175 kVA — < 200
VM2. 4000A | 3628 860 - 1300 60 40 115 kVA >25 a0
7 L VM2. 5000 4,887 920 - 1,800 - 90 60 180 kVA >30 < 80
ToMEN-VIBRO|  SPEC’ VM 4-10000 8,300 1,100 150 10 300 kVA >30 <120
' ' KM 2-12000 4,510 500 - 600 90 60 - 200 kVA — <120
VM 2 - 25000 7,400 620 150 110 300 kVA - < 200
-] Lem VibroMac 5 | 4,940 1,095 - 1770 90 120 250 kKVA a0 80 - 150
VIBRO-Mac o7 . :
"EQUIPEMENT - | Vibro-Mac 12. 6,100 560 - 1,020 90 120 250 kKVA 40

* Weight with helmet;(0.91 t

1 ton; 2.540 cm = 1in.; 0.453 kg = 1 1b)




TECHNICAL NOTE NO. 7
AUGER-TYPE DRILLING MACHINES.

These machines,‘debendfng on the model, are mddhted on-heavyweight,
all-terrain trucks, oh:c551e -cranes ror on hydrau11c shove1s preferably
on thucks Their form 1s thus very diverse but they all emp1oy a rotary
table that turns the bar (ke]]y) that carries the dr1111ng tools. "The
kelly is most often te1e5c0p1c (doub]e tr1p1e or. even quadrup]e), SO as
to increase s1gn1f1cant1y the depth of boring. . L

To our knowledge, the: machines ma1n1y used on JObS 1n France are:
~-- English (B.S.P. McA1p1ne), e -

-- American (Hughes-W11]1ems, Watson{ Calweld),
German (Salzgitter), -

Italian (Soi]-Mec-TreviSani),

French (Galinet, Domine). ‘

However, companies sometimes modify these by adding supplementary equip-
ment.

1. TRUCK MOUNTED MACHINES

These machines are divided into two categories accord1ng to capac1ty
and use:

a) Lightweight machines ‘

Within this group are a number of models that are Timited to a‘boring
diameter of 60 cm (23.6 in.) for maximum depths of 10 to 15 meters (32.81
to 49.22 feet). These are similar to Highway or Texoma mechineé that are
- used for geotechnical investigations for highways and they are used for
the construction of less important foundations (installation of te1ephone
poles or similar ut111t1es, foundat1ons for houses or 1light buildings at
depths on the order of 10 meters - 32.81 feet). '

b) Heavy Machines | ‘

Table I gives an extensive (but incomplete) 1{st'of.various machines
used in. the constructton:of bored piles up to depths Of 30 m (98.43 ft)
and above. These are genera11y composed of (Fig. 7. 1)
==a platform (:) connected to the frame of the truck that supports the
boring unit. A turntable (:) permits rotation of the mach1ne to allow
. excavations on e1ther s1de of the truck axle or more s1mp1y to allow the
digging tools to be- empt1ed A transTation unit . ensures ' front-back
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Fig. 7.1.‘—- RTA 10 drilling machine mounted on truck
(after Document from Soil-Mec.).
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displacement on the order of one meter that thus facilitates the correct
positioning of the borehole. (It is of interest to note that these de-
vices are not available on Calweld machines.)

-- a derrick (:) that is placed in a working position or transporting
position by two hydraulic jacks (:) .

-- a set of levelling devices (:) composed of hydraulic rams attached with
arms on the truck frame that provide the required stability during the
course of drilling.

-- a boring unit including:

» the power unit consisting of a diesel motor (:) and a trénsmission
that drives the rotary table ;

e vertical bower system (:) providing the "crowd" force on the kelly
and drilling toc] @ that is required during rotation to cause the
tool to penetrate. This power device varies by model and is most often
patented (Pull-down system);

e two winches @ with several drums - one to support the kelly and
one as the "service" winch that is used for miscellaneous work or when
boring by percussion.

e possibly a cab @ with control panel and levers. .

The principal characteristics of various machines for which infor-
mation from the sellers and the manufacturers is available are shown in
Table I. ‘

The values of torque as well as the dimensions of the equipment are
given for information only, particularly concerning the brake torque.
Some of the values in the table correspond to theoretical torque, éssuming

Van efficiénéy of the transmission systems at 100%.
It is alsc noted that the somewhat Jarge weight of these machines

requires that they be mounted on trucks with a gross weight often ex-

ceeding 25 tonnes (27.5 tons), and thus job site roads are required for

access (Fig. 7.2).

Finally it is noted that such units may easily be used in asgg;%ﬁf?on

with a drilling-slurry station (see TN No. 9).
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2. DRILLS THAT MAY BE USED WITH CRANES OR HYDRAULIC SHOV-
ELS | o - |
| ‘a) Machines used wrth hydraullc shovels . - : ‘
This group includes B8 series, machines (F1g 7. 3) from Sa1zg1tter
the 400 CM from BSP and’ the MPC 2. from Ga11net These make use of the';”
hydrau11c mechanism of the shovel. ' ' ‘ -

Some units among these are distinct because they use their own .

dr1]11ng mast to serve as a guide for the rotary tab1e (with Sa1zg1ttero
models, the rotary table can shift on the mast a variable distance of 5.50 -
mto 850 m- 18.04 ft to 27.89 ft depend1ng on the mode1)'or may serve
as a gu1de for the ke]]y with a fixed rotary tab]e (case of the 400 CM
and the MPC 20 for wh1ch the - dr1111ng masts may be broken ‘down for
transport). : -
b) - Machines used with a conventional crane - , , :
The rotat1on unit composed of the motor and transmiss1on system and
the rotary table is mounted on a fixed or sliding p1atform that can be
" adjusted to variable distances from the crane- D1st1nct1on 1s made be-
tween: . : . ‘ T '
-~ Drills for- which the p!atform, 1ocated at a f1xed he'lght in r'elat1on

to the level of the natural terraln, is art1cu1ated.to the_frame of the

crane (Figs. 7.4 and 7.5).
Positioning of the platform is ensured: .
-+ by two vert1cal ‘cables that are attached to the . top of the boom that

also serves as a guidance system during both the 1ower1ng and ra1s1ng of »

the kelly. (models 500 BSP; 55 CH- Calwe]d CEZ 300 Hughes ),,_ ‘
* or by two hydraulic rams. The ke11y is thus gu1ded on]y at the 1eve1;>
of the rotary table and the "erowd" system (mode]s BSP ]000 to 1250
Calweld 150 and Soil Mec RTH 10, RTC 10 and RT 313); - o .
s or by both two hydraulic rams and two suspended cab]es‘ These'cables'
are used mainly to ensure guidance of the ke11y as 1s the case w1th the
more powerful models of Calweld ~and Hughes (CEZ 450). . '

-~ Drills for which the platform shdes Ver'tlcall'y on-a tw1n-gu1dance dev1ce' |
joined to-the frame of the crane as 1s the case with the McA]pwne mode]s‘
(Fig. 7.8) (EF 90 and 190) or the So11-Mec (RT 03) s P
' ~ This latter system moves. the ke11y by use of two hydrau]ic rams and*,"
can 1ift the rotary table enough to permit work w1th equ1pment that can
reach a height of 5 m (9.84 ft).
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Fig. 7.4. -- Calweld drilling
machine with fixed
table operating
simple auger.

Fig.

7.3.--BB8drilling machine
on hydraulic shovel
(Document from
Salzgitter).



“Fig. 7.8,

--Mc Alpine drilling
machine with s1iding
table (Document
from Mc Alpine).
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Fig.7.5. --RTH10 drilling
machine with fixed
table operating
drilling bucket
(Document from

Soil-Mec.),




Table 1II ines a partial list of various machines and their main
characteristics. These characteristics are related to the power and type
of transmission, to the boring depths and diameter of the tool, as well
as to the 1ifting capacity of the crane.

"As in Table I, and for similar reasons as for that table, the values
of torque are given for information only as are the dimensions of the
boring tools.

Of further importance:

* the use of cranes or shovels on tracks facilitates the movement of the
drilling equipment on the job site;

* the presence of a derrick ona drilling machine or of some type of
service crane aids in the placement of reinforcing, placement of a tem-
porary casing, placement of heavy permanent casing, and in the handling
of liners and tremies;

* such machines generally perform along with a slurry station (see TN No. -
9), and the various equipment used is listed in TN No. 8.
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TABLE

I

DRILLING MACHINES FOR PILES MOUNTED ON TRUCK

Lweight Torque to Speeds of
fmachinj Power rotary table rotation
with and " (kgm) rpm
kelly model 8 (rpm)
BRAND DISTRIBUTOR MODEL and - of
boring motor
too] used brake torgue | ome | min | m
; ax
(kg) (HP)  |torque |2t MM
speed
BSP-France diesel
s 58, rue P%l}gier, Ford 5530
BSP 78150 Le Chesnay 2802 E, v
England | Tel. : 9548140 130T ) 15000 | oHp | TS0 to 3 33| 125
2,500 rpm
rpm
100B 5000 1
150B 5,400 4
175 B 6,100 4
CALWELD Galinet-Paris
Zone industrielle,
[S?nxg:m_ RN. 191 bis, 200B 6350 4
TIONAL INC, EP 13, 7361\9 Lle
i j erray-en-Yvelines .
Sgk fornia, Tél. : 484 86 01 250 B 5,000 2
484 86 10
B 1000 B ?
giesel
eutz 2900
GALINET Galinet-Paris MPB 20 2 BrSL — o - o | o0
143 HP' to 10 rpm
2300
rpm
diescl, 2,270
MFGOT [ 13000 [I00HP to] — to 6 32 136
1,800 32 rpm
rpm
HucHEs SEP GMC
TooL Suciétd d'études LDH 471N
COMPANY pitrolicres 60 diesel, 4,300 122
Machines 201, bureaux de ia 20 20,000 | 144 HP to — to 6 23 to
series Coliine-de-Saint-Cloud 100 1,800 23 rpm 137
Williams, | 92213 Saint-Cloud rpm
Texas, USA | Tal. - 6024455
LLDH diesel,
80 175 HP to 12,670
100 28,000 |215 HP to — to 8 12 104
1HoT 1 800 12 rpm
120T rom
, diesel,
SowMec | LCM Eauipement GM 4/53, 9250 | 103
TREVISAN, 95363 Pomioise RTA/I0 | 16800 |10HAto | 9250 |t 2 0 12%
a i g 5 rpm
s Tel. : 03038 38 rom P
EHM motor
WATSON 45, rue C.-Nodier VB,
Texas Usa | BP 21, 93310 Le Pr¢. 1000 TM 2 156 HP to| 10,800 ? 3 26 205
' Saint-Gervais 2200 : '
Tél. : 8450394 rpm
(0.453 kgm=11b; .138 kgm = 1 ft-1b)
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DRILLING

TABLE I (continued)

MACHINES FOR PILES MOUNTED ON TRUCK

Characteristics
for drilling

e Characteristics
T .
Fg:srmn;is;o;fmggsl Kelly model Height of Tool or examples of
rotary table and dimensions mast apex/] Max. diameter carrying truck
abave depth (m) far drilling
ground of machines
{m) barehole
(m) min. | max
Hydrostatic transmission. iruble telesco TLr‘tu.c:t‘ZSE:'-c;l with
— Quadruple telesco- latform 2 8
Torque.convertor. pic 4x5.50 m 1510 30.50 _ 1,50 End .
Reduction gearbox. With power
> 170 HP
The rotary table here is |— double telescopic 10.00 14.30 0.30 0,70
a special type: the A 2%750m N
bucket or auger on top ¢ N !
a sliding stirrup in the |— tr1p1_e telescopic (stan- 21.30 0.30 0.90
kelly can completely pass| =+x7-0m dard)
to the inside of the ro-
tary crown which is lo- |7 Jouple telescopic 12.00 17.30 1 030 ] 090
cated at the back of the | 7T
truck. — triple telescopic | (option) | 2600 | 030 | 120
The transmission unit of Ix9m
chains and pistons with ]
reducer is an outfit -czzlougble telescopic 13.00 17,40 1.20
Twel X7 m
patented by Calweld. - tr181e telescopic 26,00
IJx9m
— trw‘iﬂe telescopic 18.00 26,00 1.20
Zx135 m
— trifﬂe telescopic 39,50
3135 m
See Table II, identical — triple telescopic 1250 20.00 040 1,20 | Truck }&x 4
‘ ] x8 m Tot. wt.225 t
ﬂgghggeaﬁg ﬁl‘;;‘;g , model 55 CH Calweld Example
' " Berhiet"
' GBH 127
i i in i —doutTe telescopic 1370 12,25 040 | L2 |Truck 6&x6
The kinematic chain jn- " h . Sl - -
cludes, after the fric- 4" 1/2 and 3 Tot. wt.20 1
; Burfivt, Mercedes,
tion clutches, 2 trans- . i
feed ; ; Man, Saviem,
mission with two selectivg Mul-Faun...
engageable ocutflows to a
gearbox with speeds of 3 |—doutle telescopic 13.70 18.25 060 | 240 | Truck Tot.wt33t,
or 4 ratios supplying a 6" and 4" 1/4 18.00 24.00 Mol-Faun, Berhet,
finzl range of 6 or 8 21.00 30.00 Hendrickson,
speeds to the rotary ta- Willeme 8x 6 and
ble. The Hughes rotary 8w d
tables are Model DG 5000
for the LDH and RP 500D
h H .
for the LLOH. —double telescopic 1900 | 2400 | 0.60 | 300 | Truck Tot,wtd0t,
7" and 5" 1/4 22.00 30.00 Bx4 8x6, §x8,
23.50 33.00 Mol-Faun, Berljet,
23,00 36.00 Hendrickson 1000
8 x4
The rotary table is con- |— triple telescopic 10.60 23,90 040 | L6 | Truck Tot.wt26t
trolled through anAllisor 34 m (te1gsco-
torque convertor and an | duddruple tefesco- pic) 32.00
Allison hydraulic pic &xS'm
gearbox. ‘
Engageable multidiscs. — simple 3" 9.00 200 — 090 | Truek 6 x4
Torque convertor. - %gub;_g lt}ezlescopic 15.00

0.0254 m =1 in.; 0.91 t =

1 tan)
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TABLE II
DRILLING MACHINES FOR PILES (ADAPTABLE TGO A CRANE OR HYDRAULIC SHOVEL)

Weight of
machine Power
P Torque to Speeds
”1;;‘?“ m;gg] rotary table of rotation
DISTRIBUTOR MODEL nor” of (em) {rem)
BRAND ISTR drilling| motor
tool used brake t%r‘;que name | min, | max.
(kg) (HP) torque fnin. speed
diesel
Ford
ssca | 309 | FUE | 2760 - 3 200
to2 500
rpm
diesel
BSP ' A E
TR E. - 0
INTERNA- BSP.France 1250CA | 5770 iio \p 7450 | 3 16
‘F:DNAL 58, rue Pottier 0 2,500
L‘}HND‘"DNS 78150 Le Chesnay rpm
1T Tél. 1 9548140
{Great two
8ritain) motors
2500 CA 8,480 27(1_4 E 11,000 - k) 160
; 0 -
1 1DHP
diesel
goca | 9550 | 4™ 1,000 - 3 160
148 HP
CEZ 300 .
. d 1
model: GMC | 10,400
' 471 N 65, | theore- | 4,700to
80 4,500 ' ' k] 26 204
90 tlgg_zl.lgo t’ch]a'l 10 rpm
100 6,000 )
1o rem actual
g CEZ 450,
HugHES s )
SEP - Société diesel
Wll_i.ums d'études pétroliéres gg about GMC 1;’000
Too 24 1201, bureaux de la % 6,000 |471N6s, [theore- | 45000 | , 1 142
o0 Coiline-de-Saint-Cloud 100 152 HP tical |10 rpm
SCompany » | 92313 Saint-Cloud 199 1. - | to2200 {10,500
TUSA) Tél. : 60244 55 . (50 rpm actual
180
diesel
CLIIi. DH | ZOg ::0\6
Williams, to 2, -
model: | 10900 |« rpm [ 22900 |06 J2x3 [ 15 | 85
120 (optional
180
240 HP)
l(éioeﬁgl 3,300
. o
SSCH | 3,400 | 45°9%500 — il 3 b | s
rpm
CALWELD - .
« Smith Société Galinet-Paris 1%'6'3?4*;;1 7.000
Interna- 78610 Le Perray-en- 105CH 9500 | +53100 — i 3 16 133
tional Inc.» | Yvelines 51 seérvice
California,| Tél : 484.86 10 rp
N
us 2 dii_sels
o
36,000 :
W0CH | 20000 | 150 KP —  |ervice | 3 5 45
rpm

{0.453 kg = 1 1b;y 1.488 kgm = 1 ft-1b}
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TABLE II (continued)

DRILLING MACHINES FOR PILES -(ADAPTABLE TO A CRANE OR HYDRAULIC SHOVEL)
Tool Crane
‘ diameter o o E > &
s Kelly mode) Max . b~ je~ ="
Transmission Modet and dimensions depth (m) =% S |SE2 e
' of §r 8¢ |38z (523
borehole . _ tm o £ | K2 @ % o~
min. | max. o3 lsLE| .3
(m) ea |« TutLcE
3 |8 ST elETw
Twin Disc Convertor, Triple telescopic )
reducer with gears. Ix9m 25.00 14.00
’ 3% 15m | %o | — ] 0% ) 56 460 5505 | 46
Triple teldscopic . = |- - . -
Same as above. . ].}x %2 m}- B T 3200 18.00
‘|Triple telescopic O - o
4x25m - Tl9500 L50 | 10 | 480 [ 599 | 8
T;iplg'teﬂleéc.oﬁc : )
}‘:?ncgqnsl,certors. Ix t16,50 T [ 4400 | . 20 ; 0 21,00
- Triple: telescopic . — 00 1 6.1 . 13
Two reducers, s 70,00 30.00
two pinions on crown. . Lo R
Allison cénvertors. Quadruple telescapic y
: 4% 1240 m - 44.00 18.00
reducer with gears, %ulntup'le telescopic - — 2.00 17 6,10 13
‘ % 25 m 120.00 30.00 :
Torque convertor with 70 21.50 10 20.00 5
hydraulic torquer with {Oouble 80 24.50 10.2 21,50 52
three speeds. telescopic . 90 27.30 10.5 23.00 5.5
Hughes Rotary DG 6000 6" x4"1/4 100 30.50 0.60 240 10.7 760 | 27.50 5.7
to gears with double . ; ' o
reduction. : to | 3350 1" 3050 | 6
Same as CE2Z 450, with Boub! 70 21.50 12,7 23.00 6,2
entry reducer. ouble 80 [ 2450 132 2440 | 65
Rotary table-Hughes telescopic - 90 [ 27.50 13,6 1200 | 7
RP 11000 with canical |7 X3"1/4 00 | 3050 | g0 |aso-) s | Te0 | 2750 | 17
pinions, ;pira] teeth, | Triple ) . 26.00 162 27:50 86
telescopic © 150 [ ss.a0 126 3350 | 10
! 1077/8 x 7" 180
X 5'1/4 L
Self-adjusting, Double
speed gearbox. t%‘gsgf’m.lc —— (120)] 36,50 30,50
10" x 7"
Rotary table model | 41\ ;{ 060 | 50 | 22 | 600 12
' telescopic ——s (180) 55.00 33.50
10777 x 1"
x $"1/4
Fuk et aste. | T Gmle e | o
r Y - | — double telescepic .
: o ' — triple telescopic 45.00 0.30 1.20 7 210 2n 65
Allispn convertor, — cimple, 2l m
— double tel i 17.00
041-bath, Calueld - t??plg t§1§§§g§;§ 300 | 040 | 200 |9t ] aso| =31 13
rotary table
Two Allison convertors,| On request, double
: kelly up to 80 m of
Calweld table. depth. 0.80 | .00

T.0854m =1 in.: 0,91 t =1 ton]

302



TABLE II {continued)
DRILLING MACHINES FOR PILES (ADAPTABLE TO A CRANE OR HYDRAULIC SHOVEL)

Weight of {_
maﬁhfne Power Torque to Speeds of
without and rotary table ratatiaon
BRAND DISTRIBUTOR MODEL | VeTly or| mogel il tom)
drilling of
toal mater torgue
used tg::E: at name | min. | max.
(kg) (HP) min, speed
?-‘iesjl max,
ord, t :
EF 90 | 8200 | S0WP logoents| 2ro0t [ 4 | 15 | 62
SPEC ta 2,500 rpm 2P
Mc ALPINE rpm
Fouwr—:su—:m %gela"‘y'MUquﬂ
Great : diesel
8ritain) 95’10% Argenteuil Rl max.
Tel. : 98209 33 EF 150 0.70 Royce, | torque | 7730 to
1700 | 50" P of0to 16, 16 rpm SO = I B
to 1,800 rpm
rpm
diesel
Deutz
66 Hp : 1,480
BB 6 6,800 of the - to 123 {25 ] 31
crane rpm
RH 6
QandK
dics‘el
SALZGITTER s
(f\;l:AZCHl.\‘.iEN ?Zalzgiu:rl- . lgg‘ﬁtpz | ooto |
edera , rue de Londres )l 0
Republ ic of| 75008 Paris BB 8 | 13000 | of the | — | g 8§11
epuntic on crane |
Germany) Tél, @ 29226 97 ' RHG '
OandK
diesel
Deutz
180 KP 5,000
BB 10 17,500 of the —_ to 7.3 7.5 [14.4
crane - rom :
RH 20 L rem
OandK
60 HP ,
RTO/3 | 2500 | diesel 3,100 ;ggg 2 o | 40
motor ] ‘
hydraulic
mator } .
RTH/I0 | 3500 | pol¥Se | 11000 ;-ﬁggt“ 2 | o |7
LCM Equipement ] giving
SoILMEC | Zone industrielle ' B8 HP to
CESENA ) Rue Ampere work
f1t R 95362 Pontoise -
aly) | Tal.: 03038 38 Siesel,
RTC/10 | 4200 | 97Wp | 11000 | SEG0te | w5 |
. to 2,800
rpm
diesel }
RTys | 7100 | SY/ 1 2o | JRaWte 30 130
175 HP
BDé?;BNE SDomjnglzc‘Ju y %iesel
Maintre- cléte qur; ler TG 2000 cutz
Chatelle. | Rue du Général. Ground | 8800 |FSLA%] 10 | tgoo | 3 f o 125
ral 1304 | 91420 Morangis Explorer to 2,200 ’
(France) Tél - 909 18 30 rpm

(0.453 kg = 1 1b; 1.488 kgm = 1 ft-1b)
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TABLE II (continued)

DRILLING MACHINES FOR PILES (ADAPTABLE TO A CRANE OR HYDRAULIC SHOVEL)
] L Crane
Tool >
diameter (2~ 12 [LE-[5,
Transmission model Kelly madel ::xih (m} T 1EE [SES |83
and dimensions P gx |6 |oe . [ES~
! o le (REg e
. borehold nin, |max, { .2 |28 |55 | .2
(m) Se |55 !lge2s (EE
= S SE |2 =
Hydrostatic transmission)Double telescopic
. . . 18 7.00 = 8.5
One master hydraulic sys- | {circular pipe). 27.40 — 1.20 2150
tem supplies four motors |Triple telescopic 39.60
with radial pistons, in [(circular pipe)}.
tar shape.
gup;ﬂying of 1,2,3 or 4
gotors gives 4 torques
nd 4 different speeds. -
— 210 20 2.00 24’_40 it
One Rydrauiic pump with |Triple telescopic. 20,00 - 0.80
variable output supplies
the hydraulic motor for
which the power is adap-
ted to the machine model
The hydraulic motor sup- )
plies directly the ro- | Orenstein cranes and
tary table, along with |[Triple telescopic. 25.00 _ .00 |Koppel RH &, RH 9 and
the hydraulic winch. RH 20 used on models BB 6,
‘ BB 8 and BB 10 may be re-
placed with any other
equivalent mode?, whether
on a shovel with
cable and supplementary
= - ~ hydraulic group or a
Triple telescopic. 30.00 _ 130 | hydrauiic shovel.
Rotary Group includes Quadruple, telescopic 28.20 043 110 10 31.00 = T
four motors with radial lkelly. 12.20
pistons. ‘ Quadruple, special kelly| 4200 I
Rotary group 15 controi-|Simple kelly to quadru-| 4100 | 0.35 | 160 | 25 s00 | =
led throu a compressor |[ple, telescopic kelly. 18.30
with ATlison terque and [Special guadruple kelly
an Allison, hydraulic 53,00
gearbox.
Reducer with gears.
Same as RTH/10. 0.35 .60 « %
Quadruple, telescopic | oy | gys | 220 | 115 | 60| =
ketly. 1830
Convertor with Allison |— Double, telescopic 21.00 z 17 ( 8
torgue and "Power-Shift® kelly 5*1/4 14 . crane
gearbox. '——'dl:gwie telescapic 48.00 - 2.00 “%0 560 | 21.00 %'B
— Quadruple telescopic 64.00 23,00 gr
57174 l 150) j

(0.0254 m = 1 in.; 0.91 t

= 1 ton)
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TABLE II {(continued)
DRILLING MACHINES FOR PILES (ADAPTABLE TO A CRANE OR HYDRAULIC SHOVEL)

Weight of Pg:zr Terque to Speeds of
machine rotary table rotation
BRAND DISTRIBUTOR MODEL | without | ™9€! (kgm) (rpm)
kelly or of
drilling| Doter torque
tool used brake at name | min. | max
{(ke) (HP) torque |min. speed
diesel
E Deutz
S BF 6 ‘
2900 to
. MPC 20 ?' 1&39}11% — 10 rpm 0 90
‘ to 2,300
- rpm
GALINET-PARIS BN - ;
Zone industrielle, R.N: 191 bis o -50000 | giocel
BP n* 15 o TR1g [(complete] peics
78610 Le Perray-en-Yvelines ‘ machine |FgL 413, _ 3000 to 0" 40
Tél : 4848601 per 175 HP 33 rpm
484 86 10 contract] to 2,000
) rpm
. lgieSel
i eulz,
HF2s | 11000 | 173Wp — | 3000t 0 40
© | to 2,000 P
rpm
IW EHM (SA) o )
ATSON 45, rue C.-Nodier . : diesel
|Texas 93310 Le. Pré-Saint- 5000 CA 4,600 GMC, 18400 | o3
USA) Gervais, BP n° 2] 241 HP
TélL : 84503 94 to-
diesel
o BIP bDiffusion (SA) motor
ASAGRANDE | Villebéon 130 or p
(Italy) | 77710 Lorrezle-Bocage | [RC120 | 6000 | y35p | 12000 3 8 %
Tél. : 4315097 2,000
rpm

{0.453kg= 1 1b; 1.488 kgm = L ft-1b)
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TABLE II (continued)
‘DRILLING MACHINES FOR PILES (ADAPTABLE TO A CRANE OR HYDRAULIC SHOVEL)

Tool Crane
Max diameter |0 |o I-_E:'
Kelly model : (m) ES (== |8 ‘
Transmission Model and dimensions depth = Ef— SEx |wo.
of g2 |2 (3 |s8=
sorehole | min. |max. |£9 |94 |[E€B |“Ta
(m) SR E2 |35 =53
Y IS8T |&FT8 |x€7
One pump with variable output | — I"inle telescopic 2000 | 040 | L20 [The base carrying frame is
supplfes a SMV 25 hydraulic 3xgm a hydraulic shovel on tracks
motor engaging directly the Pocldin LC 28. A Poclain
rotary table, model Calweld carrfer LY 80 with twin
55 CH. wheels may also be used.
— Simple kelly. 22.00 el 2.20 |Carrying frame model Paclain
a:ggly bysgump. PocTain model | Telescopic. . 36.00 GC 120. ¢
Hydraulic motor at bottom AT1 hydraulic parts are
extremity of kelly standard components from
(Galinet patent). Poclain,
Supply by Poclain pump. Standard version 000 | 060 | 220 L. 450
variable plus fixed output. "gimple kelly".
Hydraulic motor (GaHnet :
patent). ‘
Convertor with Allison torque.| — simple 17.00 — 2.20 20t 610 217
Watson 5 rotary table. — double telescopic 32.00 ’ 30 ‘
Reducer with gears.
Pump with variable ouput Triple telescopic. 32.00 0.45 2.00 7 400 2100 7
supplies 1 to 3 hydraulic : o
motars.
*| inde Guldner" pump. Link Belt 108 crane

(0,025 m = 1 in.; 0.9l ¢t =

1 ton)
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TECHNICAL NOTE NO. 8
TOOLS FOR ROTARY DRILLING

1. IN GENERAL

Drilling equipment that is rotated by machines with a rotary table

are:

-= augers,

-- clean~-out buckets or drilling buckets,

-- simple coring tools,

-- tools with extendable cutters (reamers) for use at the bottom of the
‘borehole-to enlarge the base (to cut a bell or underream), and

- rotatihg drill-bits with teeth or blades, especially on machines that
employ the pr%ncip]e of reverse circulation (see TN No. 10).

Each of these tools is manufactured or sold by cdmpanies that make
the machines or their French representative, but it is not uncommon for
contractors to make modifications or to manufacture their own equipment.
2. AUGERS L

Figure 8.1 shows a number of profiles or types of augers. These are
generally cy]indrical in form and sometimes but rarely conical and are
composed of one or two helices (flights). They are generally directed
at their base by a guide tool (stinger) with teeth (stellite or
tungsten-carbide) or of the fish-tail type. The helix has a series of
teeth in its cutting edge which are often interchangeable (screwed on,
fitted, or welded), or more simply one or-two cutters are used when boring
in loose soils. Also available are hinged augers that facilitate ejection
of materials (Fig. 8.2).

3. DRILLING BUCKETS AND CLEAN-OUT BUCKETS

A bucket is a cylindrical drill with a cambered or flat base plate.
This base plate, with or without a centralizing guide at the tip, creates
an opening with a radius that depends on extendable cutters with inter-
changeable teeth.

By pressure and rotation, the teeth cut the soil that accumulates
in the bucket. This is then raised and emptied by opening the hinged
bottom plate (Fig. 8.3a and b).
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Fig. 8.1. -- Examples of
simple augers.

Fig. 8.2. -- Type of articulated
auger (Document
from Salzgitter).
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Fig. 8.3a. -- Bucket in closed position
(Document from HTC).

Fig. 8.3b. -- Bucket in open position
L -+ (Document from Massenza).
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To empty the material that is extracted more éasf]j and more rapidly,
hinged buckets are sometimes used (Fig. 8.4), or more generally buckets
with an automatic system for opening the bottom (Fig. 8.5). The opening
device is attached to one sjde of the top of the bucket, and the releasing
of the system is achieved by contact with the bﬁttom‘of the rotary table
when the tool is raised. ;

Finally, some manufacturers offer special buckets with flaps to
close thé opening in the bottom plate when excavating 1hﬁwet or weak soils
(Fig. 8.6). Also, buckets have been built with rotary drill bits at the
bottom for boring hard rock (Fig. 8,7). These tob]slare, however, not
often used and are advantageously replaced by reverse circulation and a
rotating drill bit (see TN No. 11).

4. GRAB BUCKETS WITH EXTENDABLE ARMS

Such equipment is used for construction of belﬁs‘at the base of the
borehole. They are underreamers that can be used to enlarge the base of
the pile by progressive drilling. The enlargement is in the form of a
bell, which is where the angle-saxon name of "belling-bucket" is derived.
The height of the bell is limited and is dependent on the design of a
particular bucket.

As can be seen in Figs. 8.8 and 8.9, the tool includes one or two
hinged cutters at the head or. at the base and is rotated by the kelly.
The cutters are fitted with teeth so as'to facilitate the cutting of soil
during rotation of the equipment. f

It should befnoted that this t601 is rarely used for construction
of bridges for the Ministry of Transport.

5. BOREHOLE ENLARGERS

These are generally fixed above a bucket and are composed of reaming
cutters that are diametrically opposed which may or may not make use of
stellite teeth. Each cutter is 1nc1fned so that the materfial that comes
from the enlarging falls in the bucket. The borehole preliminarily con-
structed with a bucket or with an-auger serves as a pilot hole.

Such tools have been used to constfuct boreholes of 3 m (9.84 ft)
in diameter and above, as shown in Fig, 8.10.
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Fig. 8.4, -- Example of articulated bucket
- " (Document from Salzgitter).

Fig. 8.5. -- Bucket with automatic opening
system (Document from BSP).
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Fig. 8.6. -- Bucket with valves
for cohesionless
soils below water
table (Document
from HTC).

Fig. 8.7. -- Bucket with toothed-
cutting wheels for
hard rock (Document
from HTC).
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Fig. 8.8. -- Extendable bucket - Fig. 8.9, -- Extendable bucket with
with door (Document two cutters (Document
from Watson). from Semafor).

Fig. 8.10. -- Example of diameter enlarger
to 3 m (Document from ETF).
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6. CORING BUCKETS WITH RETAINERS OR SIMPLE CORERS

| As may be seen in Figs. 8.11 and 8.12, the base of the bucket 1s
fitted with teeth. The teeth are attached by welding directly to the
bottom of the bucket (Fig. 8.11) or they are replaceable and fitted into
holders that in turn are welded to the bottom of the bucket (Fig. 8.12).

Some corers such as the TEL.E.LECT have a cutting tool at the center
of the bucket that perm]ts easier sp11tt1ng of the core by hammering when
the core cannot be 1ifted (F1g. 8.13).

Some manufacturers providé, on demand, corers with a patented system
that permits cutting and retaining of the core so that the core can be
lifted from the bottom of the borehole (Fig. 8.14).

Despite everything, the 1ifting of cores of large diameter is not:
effective on the job site unless they have a diameter to 1ength ratio of
1 to 5. Thus, the core must often be broken up at the bottom of the
borehole with a drill bit.

Fig. 8.11. -- Core drills Fig. 8.12. -- Core drill with changeable-
with stellite - teeth (Document from
teeth. Semafor).
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Fig. 8.13. -- TEL-E-LECT core drill with guide tool
(Document from SEP).

- A’ ///’ /// rd \\
XD
4
3 , Q\

Fig.18.14. -- Bourlier core drill with extractor
(Document . from Salzgitter).
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7. ROTATING DRILL BITS
a) Drill bits with arms

These usually have three or four arms with forged steel teeth at-
tached by welds to the body of the drill bit. The drill bit is hollow
in order to permit the 1lifting of sediments (Fig. 8.15a and b). Figure
8.16 shows a special drill bit called a "jumbo" that has a tool of mul-
tiple arms that may be used for the drilling of rock.

b) Drill bits with cones or roller bits (Toothed Wheels) (Fig. 8.17a
and b) ‘

These tools are derived from drill bits used in petroleum drilling
(tricone or-"rock-bit“, also caled "roller-bit" when equipped with four
rollers). Distinction is made between:

-- single-plate drill bits (Fig. 8.17a and b),
-- tiered or enlarged-plate drill bits.

As indicated in Fig. 8.18, these are composed of a tricone or a
roller-bit as the cutter, mounted over several tiers and arranged in such
a way to cut an excavation whose base is conical shaped. . Each of these
has four wheels on arms. The superposition of cutting positions permits
attainment of numerous combinations of diameters.

Fig. 8.15a. -~ Rotary drills with cutters for loose so11s
(Document from Salzgitter).
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Fig. 8.15b. -- Another type of drill Fig. 8.16. -- Special drill with

with cutter and crown jumbo cutters
guide, for loose soil ‘ (Document from
(Document from Caldweld). Salzgitter).

Fig. 8.17a. -- Single-table drill used on Hydrofond
machine {Document from Soletanche).
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Fig. 8.17b. -- Another example of
single-table.drill
(Document from
Calweld).

" Fig..8.18. <~ Rotary drill with-
Sk _tiered levels. .

1

318



TECHNICAL NOTE NO. 9
DRILLING SLURRY STATION

This Technical Note gives the classic composition of a slurry station
(Fig. 9.1). Several makes and models of equipment are presented along
with the main characteristics. Also presented are the various procedures
and equipment used to test the slurry characteristics.

1. WHAT iS A SLURRY STATION?

A station always includes a manufacturing unit and a treatment unit
(Fig. 9.2).

a) Manufacturing unit

Storage of powdered bentonite (:) is most often done in 50-kg
(110.25-1b) sacks located under protection from bad weather (shed or
tarpaulin) or even in silos.

The manufacture of the drilling slurry which consists of water and
bentonite generally proportioned at 50 kg per cubic meter (3.12 1bs per
ft3) of water (5%) is achieved by one of the two following procedures:

Fig. 9.1. -- General view of slurry station.
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Fig. 9.2. -- Diagram of unit for fabrication and treatment of bentonitic slurry.



MUD HOPPER SYSTEM (b1)

The powdered bentonite is emptied into a funnel, through the bottom
of which water is foced to flow at right angles to the bentonite flow.
The water is concentrated into a jet that becomes loaded with bentonite
and the mixture is carried into a trough where a return pump completes
the slurry manufacturing. '

MIXER-TYPE BLENDING SYSTEM

The mixer, also called an "Auto-Deflocculating Mixer", is a vertical
mixer: an electric motor, with or without speed variation, drives a
vertical shaft that has a turbine with paddles attached to it. A high
circumferential speed (5 m/s to 80 m/s - 16.40 ft/s to 262 ft/s on some
models) permits perfect homogenization of the drilling slurry.

Storage of the new slurry (:) is either in a metal-tank silo or in
metal-framed, flexible vats, or in simple ponds created by excavation
(with or without wood lining). In order to maintain the viscosity of the
slurry, mixing pumps or air hoses may be used.

b) Treatment unit ‘

The stored mud is carried to the borehole by gravity or by pumping.
As the excavation is advanced, the slurry becomes loaded with sediments
and should be sent to the treatment station while maintaining the level
of the slurry in the borehole by addition of new or regenerated slurry

(:> The treatment unit (:) includes:

== One or several vibrating screens

* The slurry passes through the screens and falls into a primary tank and
is then taken up by a pump and sent to a hydrocyclone,

* Residue or refuse from the screens is evacuated to a discharge.

== One or several centrifugal desacnders (cyclones)

* The cyclone eliminates fines larger than 0.1 mm (3.9 x 10°* in.) by
centrifugal action (silt and clay sizes can remain in suspension). The
refined slurry comes out of the cyclones and is either sent directly to
the storage tank or is sent to a secondary tank from which the desanded

slurry can then be sent to the tank of refined slurry. At the lower

portion of the cyclone unit there is a line from the primary tank so as
to be able to condition the treated slurry if desirable.
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Fig. 9.3. -- Mobile treatment
‘ unit. o

Fig. 9.4. -- Example of slurry pump.

-- Storage of fresh
sturry in flexible
tanks. ‘

- Fig. 9.6. -- Return tank made
g - by excavation.
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Fig. 9.8. -- Vibrating screen in mud-

Fig. 9.7. -- Centrifugal desander
with vibrating sieve hopper with mixing and.
in foreground treatment unit.

'+ Current treatment units using a 1 m? (10.76 ft?) vibrating screen (2
mm = 0.08 in.) mesh and a hydrocyclone permit treatment of slurry at a
‘rate of from 30 to 50 m’/h (1059.3 to 1765.5 ft3/h).
‘2. SOME BRANDS AND MODELS OF EQUIPMENT
a) Auto-deflocculating mixers
~- Dosapro distributed by SEM.
| Types EPM 0 to EPM VII 3 HP to 50 HP. Current model EPM I with patented
Raynero turbine of 8 HP, § turbine 18 to 23 cm (7.0 to 9.0 in.).
-- Rayneri, Montreuil | | o
. Dynabloc type to 1,500 rpm, of 0.5 to 23 HP accordihgltq the model}"
== SMA of Val-Notre-Dame. y . | ' ‘
b) Pumps (recovery and distribution pumﬁS)"°'
1. Centrifugal Pumps '
~» GASOLINE OR DIESEL MOTORS
discharge in m*/hr (fti/hr)

~-- Bernard 9 to 70 ( 318 to 2,472)
-- Major Crampton 7 to 100 ( 247 to 3,351)
-- Deloule 11 to 60 ( 388 to 2,119)
-- DIA, distributed by CPI, series SZ 42 to 240 (1,483 to 8,474)
-- Geho, distrubed by MIM, series VP 30 to 320 (1,059 to 11,299)
--‘Rensome, series D 12 to 306 ( 424 to 10,805)
-- Richier, series P 16 to 306 ( 565 to 10,805)
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e ELECTRIC MOTORS

Major Crampton

Jeuhont Schneider

Pelger, distributed by Crampton
Ransome

Richier

Sihi

Salmson, distributed by LMT

2. Diaphragm pumps (with diesel motor)
-- DIA (CPI), current models:
s SH 100.1
¢ SH 100.2
~* SH 120.3
-- Domine (At]aé Copco),‘model PDM 3
3. EIectric,_SubmersibIe pumps (single or
-- ABS, distributed by SIHI, series AFP
-- Deloule, series Aqueval
-- DIA, distributed by CPI, series T
-- Flygt-France
-- Guinard, series EVI
-= Grindex
~- Richier
-- Rbbot, distributed by Sobatelec
~- Weda, distributed by Ingersoll-Rand,
series L
4. Piston pumps

discharge

in m*/hr (ft?/hr)

92 (

3 to 106
2to 20 ( 71
36 to 216 (1,271

22 to 306 ( 777
10 to 306 ( 353
6 to 130 ( 212
40 to 50 (1,412

35 (1,236)

60 (2,119)

80 (2825)

70 (2,472)

to
to
to
to
to
to
to

3,249)
706)
7,627)
10,805)
10,805)
4,590)
1,766)

58
15
14
18
22
40
10
30
42

discharge in m?/hr (ft?/hr)
triple phase) '

to 700 (2,048
to 1,100 ( 530
to 84 ( 494
to 1,800 ( 636
to 160 ( 777
to 360 (1,412
to 228 ( 353
to 216 (1,059
to 330 (1,483

to
to
to
to
to

to

to
to
to

24,717)
38,841)
2,966)
63,558)
5,560)
12,712)
8,051)
7,627)
11,652)

Bonne Esperance: pumps with one or two double-acting pistons with

;motors from 4 HP to 140 HP that may attain outputs of 1,500 1/min (396.3

gal/min) under a pressure of 30 bars (435 psi) (output of 347 1/min - 91.7
gal/min with p = 130 bars - 1,885 psi). With the series BE 3 in. to 7

in.

(cylinder diameter), the weight of the pump varies from 360 kg to
3,500 kg (793.8 1bs to 7717.5 1bs).
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-- Domine Johnson, distributed by Atlas Copco: Trido pumps with 3,
single-acting pistons with 8 HP or 16 HP motors, with service pressures
of 30 bars (435 psi) and 74 1/min or 130 1/min outputs- 19.6 gal/min or
34.3 gal/min (weight of the pumps 250 kg or 520 kg - 551.25 1bs or 1146.6
1bs). a
c) Vibrating screens or sieves
-- Babbitless:
* Open, vibrating screen models.
C19A,0.43mx 1.28m (1.41 ft x 4.20 ft)

C27 A, 0.66 mx 1.42 m (2.16 ft x 4.66 ft)

C32A, 0.80mx1.82m(2.62 ft x 5.97 ft)
-- Chauvin Industries: | ‘ ,
* Model ROL HC 9 with a rectangular screen 0.60 m x 1.50 m (1.97 ft xy4.92
ft), with meshes of 0.6 x 2.5 mm (0.02 x 0.1 in.) and output of 20 to 25
m*/h (706 to 883 ft/hr). |
« Model POL HC 18, 1.20 m x 1.50 m (3.94 ft x 4.92 ft), output of 40 to
50 m3*/h (1,412 to 1,766 ft*/hr) for meshes of 0.6 x 2.5 mm (0.02 x 0.1
in.). '
-- Strasbourg Forgers - Comessa:
e Vibrating, monoplanar sieve models with variable inclination:

0.50 m x 1.50 m (1.64 ft x 4.92 ft) '

0.75 m x 1.50 m (2.46 ft x 4.92 ft)

1.00 m x 1.50 m (3.28 ft x 4.92 ft)

1.25m x 1.50 m (4.10 ft x 4.92 ft)
~d) "Cyclone" or centrifugal desander
-- Alsthom - Sogreah:
s Model TT 280 TDF.TST permitting treatment of boring output up to 50
m*/h (1,766 ft?/hr).
¢ Other models with outputs > 50 m*/h (1,766 fti/hr).
-- Linatex:
* Model SE 12 for treatment station with maximum output of 50 m*/h (1,766
fti/hr).
¢ Other models that can treat up to 500 m3®/h (17,655 ft?*/hr).

It should be noted that these two companies manufacture a complete

purification group (or treatment unit) (maximum output 50 m®/h - 1,766

ft?/hr including: vibrating sieve, tank, return pump and cyclone.
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3. DETERMINATION OF DRILLING SLURRY CHARACTERISTICS
a) Measure of ~density’ ‘

"The tool used is the '"Baroid" ba1ance (Fig. 9 9) a true Roman bal-
ance 1nc1ud1ng a cylindrical cup with constan; volume and a beam directly
graduated for density. After fi1ling the cup with mud, the beam is bal-
anced by mov1ngithe s11de and the density is d1rect1y read.

b) Vlsc05|ty of the mud . o

. The Marsh funne]_(F1g. 9.10) allows expression of the viscosity by
the timé requiréd for refilling of a receptacle of a given capacity, that
is to say 946 cm® (1/4 of U.S. gallon). .

This funnel is composed of a sieve of 2'mm ~ O. 08 in. (No. 10 ASTM)
into wh1ch‘the mud 1s,poured up to a mark (around 1.5 liters - 0.40 gal),
the atcuféfe]y calibrated nozzle of 6/32 in., (about 4.75 mm) being
preliminarily sealed. A note is made of the time for filling of the re-
ceptacle below. The number of seconds elapsed expresses the Marsh
viscosity.

c) Sand content

A1l of the material that does not pass through a sieve of 80 microns
(No. 200 ASTM) is called "sand." Sand content is ekpressed by volume in
relation to overall volume of the mud sample.

The classic job site tool is the "elutrimeter" (barette with gradu-
ated, conical base). For example, samples of 100 cm? (0.03 gal) of mud
are taken and passed through a sieve of 80 microns. The sand retained
on th sieve is recovered, placed in the burette and washed by a Tlight
water flow until the water contained‘in the burette becomes perfectly
clear (Fig. 9.11). '

The volume of sand remaining at the boftom is meaéured in cubic
centimeters by direct reading and from this the sand content in percent
is obtained. , | :

Attention - Some burettés are directiy graduatéd 1n“peﬁcent. There
is also a line .mark giving the volume of mud to be‘pUt in the burette.
d) Filtrate (free Water] and cake thickness -

. The apparatus universally used is the Baroid filter-press (Fig.
9. 12) This s composed of a mud reservoir (:) installed in a
frame (:) a filration device (:) , a4 system for collection and meas-
urement of the quantity of free water and a pressure source (:) . A
graduated beaker‘(:) recovers the filtrate.
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Fig. 9.9. -- Measure of density Fig. 9.10. -- Measure of viscosity
with Baroid balance. ' with Marsh funnel.

Fig. 8.11. -- Measure of .sand Fig. 9.12, -- Baroid fi1ter-pres§.
‘ content with Measure of free water.
elutriometer.
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The test is performed during 30 min under a contant CO2 pressure of
7 bars (100 psi).

The free water is recorded in cubic centimeters. This is the quan-
tity of filtrate recovered in 30 min. The test may be limited to 7.5 min,
in which case the quantity of free water recovered is considered as the
halfway mark of that measured at 30 min.

The thickness of the cake is measured with a scaie to the nearest
millimeter, after dismantling of the device (Fig. 9.13) and by elimination
of the superficial gel by washing under a water jet.

e) Measure of pH

Color-coded papers, impregnated with chemical solutions, are dipped
in the mud to be tested. The color obtained is then compared with the
colors of a reference table graduated in pH units.

Fig. 9.13. -- Measure of thickness
of filter cake.
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TECHNICAL NOTE NO. 10
DRILLING TCOLS FOR BARRETTE PILES

The drilling methods used for construction of diaphragm walls have
permitted shapes- other than cylindrical when bored piles are involved.
The construction methods generally make use of grab buckets of rectangular
or. oblong form and occasionally require the use of special tools such as
the hydrodrill by the Soletanche Company.

The grab buckets consist of two scoops that when closed form a
pocket. The cutting edges of the buckets or scoops, either reinforced
or not, are of rectangular or semi-circular shape. The scoecps are
equipped with interchangeable teeth (Fig. 10.1) or teeth that are carved
into the cutting edges (Fig. 10.2) and these teeth are distributed in such

a way so that they fit into each other to form a closure (Fig. 10.3).

Al e b, T

Fig. 10.1. -- Grab bucket (Daocument Fig. 10.2. -- Grab bucket with
from Galinet). teeth carved into
cutting edge.
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Fig. 10.4. -- Bucket suspended by
crane-derrick cable
(Document from SIF-
BACHY).

Fig. 10.3. -- Another type of grab bucket.
Note overlapping of scoop teeth _
in closed position (Document from Gallia).

Openings are sometimes put in the tool to allow drilling mud to flow
rapidly from the bﬁcket without much loss of soil particles. There is a
large variéty‘of buckets as to weight (1 to 17 t) and as.to structural
characteristics. | '

THese permft construction of barrettes from 0.30 m (1.0 ft) to 1.50
m (S.Oth) wide and from 1.20 m (4.0 ft) to 3 m (10.0 ft) long. |

The c]as§1ficaiion of buckets presented in the table is ‘according
to tHe guidance system rather than the closure system as this classi-
fication also corresponds to types of machines that may be encountered
on projects.

1. BUCKETS SUSPENDED BY A CABLE

"The drilling bucket is suspended by the boém of a conventional crane
(Fig. 10.4) or by a hydraulic shovel (Fig. 10.5), using a cable. These
are the same as used in percussicn drilling.

In order to ensure a vertical excavation that completely avoids the
tehdency of rotation with depth, the grab buckets all include a skirt or
guide with dimensions that precisely correspond to those of the opened
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bucket. This skirt adds weight to the bucket and ensures the verticality
of the excavation. Hence, the name sometimes used for these tools is
Mself-guided buckets" (Fig. 10.6).

The method of closure for the scoops is most often by cab]e and

hence the name "bicabled buckets." Through the use of pu]]ey-b]ocks (up
U to 6 parts) in the interior of the bucket, the second cable contro]s the
opening and closing of the scoops (F1g 10.7).

The method of closure may also be by use of hydrau11c ‘rams w1th a
ram for each side of the bucket. ,

4  When the hydraulic fluid is sent from the surface by hoses, this is

a single-cable, hydraulic bucket (Fig. 10.8). .

When the hydraulic pressure is controlled using e]eétric cables, the

bucket has, under watertight casing, a hydraulic unit (electric motor +.

pump). These are hydro-electric buckets (Fig. 10.9a and b)

Fig. 10.5. -- Bucket suspended by der-  Fig.10.6. -- Self-guided, weighted
rick of hydraulic shovel bucket (Document from
(Document from Poclain). SIF-BACHY).
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Bucket and machine
model

Closing principle

Yarious brands

Buckets suspended by a cable
used with a hydraulic shovel
or crane with derrick

closing by cable

closing by hydraulic jacks
with lines

hydro-electric closing

Benoto, Gallia, Domine-Bachy,
Keller,

Tranchesol, Solétanche,
Intrafor-Color

Benoto, Gallia-Cella,
Tranchesol, Solétanche

Benoto, Gallia-Cella, Felhman

Kelly buckets sliding in a

guide that is attached to the

carrying hydraulic shovel or
crane with derrick

closing by cable

c¢losing by hydraulic jacks
with lines

hydro-electric closing

BSP, Gaollia, Suil-Mec,
Solétanche, Galinet

Gaila-Cella

Hydraulic bucket with one or two jacks using an extension arm
adapted to the derrick of a hydraulic shovel

Poclain

25‘:1%

S G 1+

Fig. 10.7. -- Two-cabled bucket

(Document from Gallia).
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Fig. 10.8. -- Single-cabled hydrau-
Tic bucket (Document

from Benoto).
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Fig.10.9%9. -- Example of Hydro-

Fig. 10.10. -- Kelly bucket maneuvered by crane cable
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2. KELLY BUCKETS .
These buckets are fixed to a sliding kelly within a guidance system
that is fastened to the frame and derrick of the crane (Fig. 10.10).
Kellys may be tubular, square, or simply constructed with
wide-flanged beams. After closing of the bucket, the kelly is 1if£ed by
one or more cables activated by a winch that i511ocated on the crane.
Kelly buckets have, as do suspended buckets, cab]e or hydraulic
closures, and the scoops are activated in this case by one or two Jacks.
In the case of buckets using a closing cable, th1s cable passes through
the inside of the kelly while in the case of hydrau11c buckets, hydraulic
fluid isisupp1ied to the rams by a rigid conduit that is fixed tp the kelly
or by hoses. In case hoses are used, drums are emp1oyed to wihd'and unwind
the hydraulic hose. T ' ' L
Figures 10.11 and 10.12 show, respective]y, a type of w1nd1ng drum
used and where the hydraulic Tlines are -looped from a point near the
mid-height of the kelly, commonly referred to as the "elevator" con-
nection. . | .

‘ It is noted that kelly guidance. is assured1y excellent without being
comp]ete1y rigid. As the machine is-operating, some vibrations may be
observed because of the f]exibi1ity in the kelly guide and 1n the machine
mounting. The two systems previously described each have their proponents
but tests have shown that the guidance, by either of the procedures, may
be good or bad depending.on the skill of the operator and the conditions
imposed by the soil.

3. BUCKETS FIXED TO A HANGING MOUNT
' ,‘As in the constructlon of cylindrical piles, the hydrau1ic' bucket

'is“fixed to the end of a rigid arm composed of several elements. ‘This
o oarm: As fitted to the outer arm of the shovel by a hinge as in the procedure
.‘deve1oped by Poc1a1n (Fig..10.13) and by Benoto (Fig. 10.14). - Orilling
'"‘1svperformed by the comb1ned movements of the outer arm and the other arms
; of the'shdve] The present max imum depth that may be atta1ned w1th the
GC 150 shove1 is 16 m (52.5 ft).

334



Fig. 10.11. -- Detail of winder
‘ for lines of
hydraulic bucket.

.Fig. 10.12. -- Hydraulic kelly 9
bucket with "eleva- .=
tor" pulley system
for lines (Document
from Galinet).

1

10.13. -- Hydraulic bucket
attached to end of
extension arm.
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Fig. 10.14. -- Hydroelectric bucket Fig. 10.15. -~ Head of hydro-drill
mounted on Benoto (Document from Sole-
arm on boring tanche).
equipment,

4. THE HYDRO-DRILL

This tool, adapted to the excavation of hardléoi1s, is itself a ma-
chine. Suspended by a crane, it includes (Fig. 10.15) two bits with
toothed wheels activated by a hydraulic motor which is protected by a
casing that is mounted inside the guidance skirt. The sediments are
raised by reverse circulation by a pumping system located on the surface.

This tool is available in only one size: 2.70°x 0.65 m (9.0 x
2.1 ft). o
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TECHNICAL NOTE NO. 11
DRILLING MACHINES WITH REVERSE CIRCULATION

Contrary to the classic boring method, the products of excavation
that are mixed with the drilling mud are evacuated by the velocity inside
of the sections of drill pipe. A high ascending velocity is brought about
either by a suction outfit (Saltzgitter procedure with centrifugal pump
and vacuum generator) or by an "airlift-ejector" located above the tool
and supplied with compressed air by a compressor (Honigmann method).

1. REVERSE CIRCULATION BY SUCTION (Fig. 11.1)

The machines described in the following table employ a suction group
that may or may‘noﬁ be a part of the machine. This includes:
a) Vacuum generrator ‘

The vacuum generator has the primary function, before the beginning
of excavation or after each addition of pipe, to suction the air from the
centrifugal pump as well as from the lengths of pipe and thus to fill the

system with fluid and ensure raising the water or the mud.

Cooling woter
receptacle

Emptying hose —

Injection head -—ji

Rotating pipe

— Emptying pump

Empiying receptocie

Suction pump

Suction hose

Rotary toble —*E

— Return flap

Exit pipe

Boring fines

Fig.11.1. -- Diagramof prin-
ciple for method
of reversecircu-
Tation by suction
(Document from
Salzgitter).
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TABLE TO DESCRIBE BOREHOLE MACHINES WITH.REVERSE- CIRCULATION

Pax. torqu ; Max. dept
:m- Spee'!rd Pump Collector soreholé of . Qbscrvations -
Name of Machine Weigh rotary 9 output _pipe diameter{ borehole
ght Motor rotation p
Manufacturer mode) (kg) power %i‘;;‘.ﬁp (r;am) (/mm) diameter (m) (m)
. dicsel Deutz
' Machines BB 6, BB 8,
RCe 12200 Faa e ~1,000 Otodo | 4000 BB 10 {see TN No. 7) can
s » . to 1,800 rpm - . B . ‘H - - _ . B also operate with reverse
rotary 1Scm 0.40 200 circulation.
1,100 Ho o 14,50 - to 1.
table dicsel Deutz | (1ablc of BF ml (67) o 1.50
SIS0 H 1,920 FoL912. | 300 mm) H
complete 68 HP 1,800
group | to 1,800 rpm (table of Hy 850 m
. R 3300 . ) 800 mm)
SALZGITTER R 0to23 8,000 -
52, r;e de Londres e (.:78 M;III] 0
75008 Paris rotary - diesel Deutz
Tél, - 2922697 table .~ | . F(,L'?'!a‘ (@ '{gﬂof 20 cm . o_zogo 00
S 200 H 2,90;) . to. ga) on 800 mm) "EF slgomm (87) o
' : compete oL v > For equipment with
»gr‘o;(pm - . ejector-emulsifier, the
y ‘ﬂpump is replaced by a
relatéd to 2,600 compressor of 5 m>/pn
: 30 cm 0.60 300 [(P 15 cm) to = 20.m”/mn
table type . (table of 16000 1z to2.50 to 500 |9 30 cm).
diesel Deulz 800 mm)
2,900 @ 800 F8LA1I
SIOH 6500 0 1.200 140 WP
Croup | L0 LB T
7,800 1,200 mm)
’ . ) 20 cm 060 |} practic-{This machine also is used
cis (d”ﬁﬂg) teo WP u 8.000 - (s":') to 1.50 aﬁ; no [to construct barrette
- (Soletanche 20000 - . limit fpiles or diaphragm walls.
SQLETANCHE r(‘!verlse“ ](drlving' 4 210 HP
ENTREPRISE b circulation rotation) )
7, rue de Lo ach = . 5
BP 309 e Lo 6 hydrau)ic, Machine in two versions:
;5}}22_ gg;izscﬁdex 17 {mmersible [t (work with soil),
el 622 25 00 .| wotors distri- M (work at aquatic site).
" buted 11ke a star 20 cm 130 250 [Force on tool increased -
Hydrofond ? driven by hy- 10,000 0to22 7,000 (8%) to 1.00 with ballast and may
draulic group ’ attain 80 t.
of 380 WP
CALWEWD - . .
Smith Intermmational Information unavailable unzja -1 20
(Galinet, Paris) - . 7

H = Lifting height; H" * Haacxriow® My ° Yyacuum ) )
(3.8 V/mn = 1 gal/mn; 0.028 @’/mn = 1 #t3/an; .139 kom = 1 Ft-Ib; 0.453 kg = 1 1b; 0.0254 m = 1 in.; 0,91 t = 1 ton)




b) Suction pump

This is a centﬁifuga] pump of high output (240 m*/h - 8,474 ft*/hr
through a series of pipe lengths of § 15 ¢cm - 6.0 in., and about 1,000
m*/h - 35,310 ft®/hr for # 30 cm - 12.0 in.). Because it is essential
that the level of water or mud be maintained constant with‘respect to the
level of the soil or sufface casing, a sufficient supply.of water or mud
is necessary. “ | ,

The‘dr{l11ng‘mud and the recovered products are emptied into tanks
so as to be able to screen the cuttings, and the mud may re-enter the
borehole by gravity or by pumping.
2. REVERSE CIRCULATION (HONIGMANN METHOD) (Fig. 11.2)

The equipment is arranged so as to be able to use compressed air at
the‘boitom of the drill pipe and above the tool using the principle of a
‘Mammouth pump (emulsifier-ejector), in order to ensure the raising of the

cuttings.
H Rising height
‘ ) L ] (water level — injection head )
a;;dln;echon.‘ ‘E Immersion depth
| ‘ R‘?,IS'JV?F., dir ™ {water level — expelled air )
Emssuge ,

O Duct tube

~ Rotary table
Air-hose ————"_

Compressor:

Pouring hose
Rinse /circulation level
(normal )

Air

Boring fines .

" Boring fines: Rinse water receptacle

Cosing Woter entrance ditch
Lowered water Air entronce '
- level o entr

Air exit pipe —

Rinse water level -

Duct tube

Boring Yool

Fig. 11.2. -- Diagram of principle for method of reverse circulation by
blowing of compressed air (Document from Salzgitter).
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The characteristics of the compressor and its- output of air depend
on the d1ameter of the opening in the driil pipe. The volume of air from
the compressor should achieve an upward fluid ve]ociéy of about'stm/s -
16.4 ft/s (6 to 10 m*/min - 212 to 353 ft*/min for a of 20 cm - 8. 0
in.). The air pressure should be at least 6 bars (87 psi), correspond1ng
with a maximum depth of excavation (1mmers1on) of about 50 m (164 ft).
This depth, El' is related to the pressure of the compressor minus 1 at-
mosphere, but clearly greater depths may be attained with p1acement of
air inflows at various depths along the p1pe lengths at d1stances of E /2
However, the maximum borehole depth depends on the nominal opening of the
pipes: this is 400 m (1,312 ft) for a diameter of 15 cm (6.0 in.) and
near 750 m (2,460 ft) for a diameter of 30 cm (12.0 in.). From a practical
point of view, raising of the cuttings is not a limiting factor in this

‘?perat1on.

cwngt g

Fig. 11.3. --Sa]zg1ttersw 200 machine Fig. 11,4, -- Arrangement for dril-
(Drilling by suction 700, . ling with reverse cir-

Document from Salzgitter). - culation, Salzgitter
’ Model RC (from $Salz.).
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3. CHARACTERISTICS OF MACHINES

The following table summarizes the principal charactéristibs of
reverse-circulation machines used in France. Although Salzgitter ma-
chines work in rotation, only the CIS machine by Soletanche (Fig. 11.5)
can combine percussion drilling and rotation for excavating formations

that are particu]ar]y'resistant.

P o U,

. Fig. 11.5. -- Soletanche arrangement Fig. 11.6. -- CIS 60 R'machine for
‘ C for drilling with re- ' drilling with reverse
-verse circulation, (CIS) circulation {Document
(Document from Soletanche). ' from Soletanche).

The Hydrofond (Figs. 11.7 and 11.8) is a mach{ne that is espécia]]y
powerful and unique-because it can descend into the borehole as excavation
progresses. This machine was developed by the-Soletanche-Company and Has,
directly above the too]E »

-- six hydraulic motors distributed in a star formation around a hollow
shaft of 8 in. (20 cm) by which removal of the detritus is achieved;

== a hydraulic driver also submersible that furnishes a torque of 10,000
kgm (72,400 ft-1bs) with a variable rotation speed of 0 to 22'rpm;

-- an electric submersible pump; |

-- a superimposed weight from heavy pipe (ba]]astedﬁwﬁth East'iron) that
produces a force on the tool of 50 t (55 tons) that may be brought to 80
t (88‘tons); '
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-- with the Marine version, the apparatusAis'sdspended by cables and
supplﬁed by hoses. The torque is taken up'by'plates or runners that pUsh
against the walls of a surface casing; | |
-- with the Terre or land version, the torque js resisted at the head of
the borehole by a series of squared bars, wedged against a guide in the
‘frame of the machine. '

-- the normal boring diameters are the following: 1.30 m (4.3 ft) - 1.50
m (5.0 ft) - 1.80 m (6.0 ft) - 2.10 m (7.0 ft) - 2.40 m (8.0 ft) - 2.75
m (9.0 ft) - 3 m (10.0 ft). - '
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Cast-iron bollast
§ K ast-iron |

Pump for
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f ttings : , .
of cutiing Hydrayli¢ motor

I “é Cutting Surfoce

Fig. 11.7. -- Diagram of principle for Fig.11.8. -- Arrangemenf for

method of Hydrofond dril- Hydrofond drilling
ling (Document from {Document from
Soletanche). ' Soletanche).
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TECHNICAL NOTE NO. 12
' DRILLING BY USE OF AIRLIFT

This equipment is used mainly: .
== to perform recovery or .extraction of sdft materials (silt, sands and
‘pebbles) cbntained in the . enclosures of sheet-pile walls forming
cofferdams or in driven or vibrated temporary casings for piles, ‘
== in boreholes with water after placement of a suction basket. : This
involves elimination of fines and thus cleaning of the borehole wall in
order tb obtain a maximum output of water without risk of plugging.
== in pipes for the investigation of piles by geophysical methods where
“the bottom of the pile has been cored or perforated, either to increase
the‘c1arity‘of,the;watér pefore‘passage of the'té1evfsion‘camera dr'tﬁ
clean out a pocket of sediments or mud before 1njection of -grout 1nto the
cavity. ) | -
1. FUNCTIONING PRINCIPLE (Fig. 12.1)
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Fig. 12.1. -- Principle of functioning:
of emulsifier,
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The introduction of compressed air, about 30 cm (12 in.) above the
base of a vertical pipe filled with liquid, produces a profusion of air
bubbles that rise and expand as the pressure decreases. The mixture
(water + sediment + air) thus emulsified, which has a lower density than
that of the ambient liquid, rises with increasing velocity and creates a
suction at the base of the pipe that will 1ift a liquid that is loaded
with sediments.

It is on this principle that Mammoth pumps are constructed to raise
muddy waters that are loaded with sand and gravel. An airlift is also
used in the reverse-circulation drilling method (see TN No. 11, Honigmann
method).

In practice, the apparatus is of simple construction. It is composed
of a metal column of between 150 to 300 mm (6 to 12 in.) in diameter, at
the bottom of which are connected one or more compressed air conduits of
20 to 60 mm (0.8 to 2.4 in.) in diameter. This piping is suspended from
the boom of a crane. The critical part of the operation consists of
maintaining the base of the pipe at 10 to 20 cm (4.0 to 8.0 in.) above
the materials to be extracted. This preseﬁ£s some problems when elimi-
nating Toose soil from a casing that has been installed by driving.

2. OPERATING CONDITIONS

 The conditions related to: proper funétioniﬁg of the equipment in-
volve: '  ‘. R B
-- geometric characteristics of,ﬁhe ajf1ift,>,:§f

-- priming and service pressurgs,Jénd o i»TH

-- quantities of air to be 1njeéted;f']"‘i"

a) Geometric characteristics . , - 7

Thé'coefficient of submergencé is the réﬁfo between the submerged
height h, and the total height h (Fig. 12.2). |

In practice, the submergence coefficient should be from 0.5 to 0.66,
0.5 for an airlift of 50 m (164 ft) total height and 0.66 for a height h
of about 10 m (32.8 ft).

The diameter D should be selected according to the output desired:
it is thus related to the volume of air to be injected (see §&c).
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Fig. 12.2. -- Diagram showing geometric charac-
teristics of emulsifier.

b) Priming pressure and service pressure

The air injected by the compressor should be sufficient to drive the
column of water whose initial height corresponds to the submerged height
at rest. The priming pressure is thus slightly above that of this column
of water.

In the case of continuous pumping there is a lowering of the level
of the water table as pumping continues. The_service presshre is thus
less and corresponds to the height of the water in the borehole after
pumping is ceased.
¢) Quantity of air injected

The volume of air injected is on the order of two or three times that
of the water to be pumped. A sufficient output of air is also required
to cause the mixing of the soil particles with the water and the raising
of the "emulsified" fluid. On the other hand, if the amount of air is
too high, there is risk of formation of a continuous stream of air through
the fluid and a halt to pumping. |

It must also be noted that the water evacuated can contain a maximum
of 10 to 20% sand and gravel by volume,
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3. USE OF AIRLIFT IN THE BORED PILE TECHNIQUE

The airlift is used [2]:

a) During boring

The construct1on of piles with percuss1on driven or vibration-driven
casing may be performed using an airlift, for which the role is then to
eliminate rapidly the loose soil inside the casing. This method permits
the resumption of placement of a temporary casing when there is premature
refusal to driving; for example, in a formation of .compact gravel or one
of great thickness. o
b) At the end of boring for the cleaning of the sIurry in the borehole

Here the airlift serves as a pump for recycling of the drilling mud.
As was noted above, it is important that not only a sufficient supply of
eir is required but also that water'or bentonitic slurry is supplied to
‘the borehole so as to maintain an essentially constant level of fluid in
the borehole. | |

This technique, which has the advantage of simplicity, permits at-
tainment of significant depths. The low bulk of the apparatus and its
tubular form (that of the tremie) make it well-adapted to the cleaning
of the bottom of the borehole even after placement of reinforcing.

To augment the information given earlier concerning the relation
between‘water, air output, and the percentage of materials raised, a graph
has been prepaﬁed (Fig. 12.3) that gives the diameter of the airlift for
.ascend1ng speeds from 4 m/s to 6 m/s (13.23 ft/s to 19.68 ft/s). Con-
: s1der1ng the comp]ex1ty of the hydrodynamic phenomenon (multi-phase dis-
charge of a quantity Q of water plus air plus solids) and considering the
small number of experimental studies that have been actua11y performed,
thevgraph in Fig. 12.3 gives only approximate values on the ouput of the
air compressqr‘and on the output of water required for functioning of the
equipment. ' |
c) For cleaning of the concrete sml contact

The apparatus here has a diameter that is less than that of the usual
airlift. The airlift-pipe must be lowered into the pipes that were in- ”
. sta11ed in the pile for the geophysical 1nvest1gat1on |

Tts arrangement (Fig. 12.4) is also slightly different because the
air pipe and the pipe for 1ifting the water are concentric. They may be
adjusted in a manner so as to reqgulate the height at which the air enters
the 1ift pipe.
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The procedure generally has two phases:

-- mixing of sediments in the water. The air pipe is lowered 25-30 cm
(10.0-12.0 in.) beyond the base of the water pipe;

-~ suctioning, the air pipe is raised to its initial position 30 cm (12.0
in.) above the base of the water pipe.

If the output of water fnjected at the top is 1nsufficient, the air
valve must be closed and the level of water must rise before resuming
pumping.

The air pipe alone may also be used for cleaning of the pipes of
50/60 mm (2 to 2.4 in.) in diameter reguired for geophysical investigation
by the acoustic method. However,the operation‘then consists of several
phases of succeséive blowing and refilling.

In conclusion, the apparatus described should permit: _

- c1eéning of the acoustic-investigation tubes of all dia@eters that are
obstructed by the mUd‘of by various debris. The 61éan1ng will free‘the
pipe for the bassage of the devices used in wave transmittal for the in-
vestigation; . . '
-- cleaning of the acoustic investigation tubes of  102/114 mm (4 to 4.5
in.) in diameter as well as the cored hole 1n‘the concrete at the tip
of the pile tovincrease‘thél;Tariiy of the Wétef and improve the viéw»fOr
the camera; - L | - .

-- cleaning defects in piles, prior to g}outing, that have been detected

by geophysical investigation}
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APPENDIX A - Bored-Pile Schedule

APPENDIX B - Pile-Concreting Report

Note from translator: The following forms are translated and are shown
here for interest. They are distributed in France at various offices
of the Ministry of Transportation.
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Cantracter

Constructien Superviser: . ............ ........
District e e
Subdivision e
_Project N
Structure S

Foundation Element

Contract No.
General Contractor

APPENDIX A

Foundation Contractor @ ... ... ... ........c...coevun...

Project Superintemdant i ... ... .o
Geatechnical Office e e e
Engineering Qffice e e e
Quality Contral e e e

CONSTRUCTION SCHEDULE FOR BORED PILE NO. . ..., ..

FOUNDATION PLAN NO........

THEORETICAL DIAMETER (or barrette dimension):

THEQRETICAL INCLINATION: . .. . ..

a.m, a.m.
A. Orilling Bequn . at .o o, Completed . . | at p.m.
GROUND ELEVATION AT TIME OF ORILLING | ....... DS'“ Type and matn characteristics
atum | of drilling and 1ifting machines
Drilling elevation [ ft SO Access conditions
anticipatad _ Tt 50
Level of bottom of bnrehole{ a::‘t.ua'ln fed L Tt 50
Total length of borehole = ... ..., ft
Upeer level of Easinq or collar ..., ft 50
Lower level of casina or collar L....... ft 50
Length of casing or collar oo ft
Date Time Depth $0IL TQOL 0BSERYATIONS -(setbacks. cave-~
. DESCRIPTION Type 1ameter ; Freefall[ins, cavities, waterfiow, slurry
P Helght | heiant floss, recycling of slurry, egc.
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CAUSES AND CONSEQUENCES OF CAVE-INS QURING DRILLING

ORIGIN AND DURATION QF DOWNTIMES (breakdowns, weather conditions, etc.)

Verificats Verticality or inclination Diameter
erifications Test methad Results Test method Results
a.m.
at_ ».m.
a0
N
Results
Cleaning of
Bottam of Borehale Mathod used Borehole battem level | Height of sedimants
4.Mm.
NN | SRty
o at BB
a.m.
at___p.m.
a.m
Hater Jevel in borehole before concreting  ............. fese ] p.m
Retrievable temp. casing
Outside diameter Component lengths .
Thickness Type of joint
Weight per ft Extraction method
ori111ng Slurry
Composition Brand Type Propartion
in sacks s
Bentonite Bentonite storage 3‘" silos E
Mud Mopper” pulverizer
Mixing { 0
agitator deflocculator -
Additives antrlfugal pump =
t
Slurry ’nmger
unit
Water source troughs Qcapacﬂy
TREATMENT OF RECYCLING UNIT
vibrating screen Cyclones Circulation pump
Model: Type : Type
Mesh Number Output :
PROPERTY TESTS
am| am am am a
Date and time af sampling __at_iii at I At [ __“_gj ] ] e
Measure Initial at During construction at various levels pht :::;:': of bo;::g’l':
mixing |at ftlat foat ftjat ft | recycling | cencreting
Density
Viscosity
Sand content
Cakeg
1itrate|
pH

353




B . cCasing - Liner

Refer to Plan Na.

Upper level _  ftsD :s_tli“;:egf casing
s Type and method of
Lower Tlevel ft 50 Iaesible coating
Component 2__:__. £t [Joints
Tatal length ft lengths x £t
OQutside diameter ft Bracing system
Thickness in. QObservations - Stockpiling - Placement difficulties:
Placement : before o reinforcing
with g i
C- Reinforcing
' Methad of fastening of hoops ding @
Ubper level fe 50 to longitudinal bars 3“ 1 E‘ion g
Lower level £t 5p |Method of fastening of cage E 5
components to each other i ; c'i:ﬁﬁgﬁ”’g
Tatal length b £t Component 3 x m |length of ’
lengths ol M Joverlaps
[o i id Type :
Qutside diameter ft entering guides 3Number' every
Base of D without basket
caqa Qwith {1.0. in.) Storage conditions
suspended at tgp a-
Cage zplaced on bottom o Coating system
Observations - Placement difficulties:
1
D - Acoustic investigation access tubes
Upper level | Lower Tevel Total length . Method of attachment
Number |Digmeter| “PRAC. Tt D t Types of plugs to reinforcing
2/2.48
4/4.5
E - Concreting Begun ._—at_p m. Completed —____at ;'
Source of design of mix cg:'l::::n:s Category Class Origin Proportion
Standard design a ~ Cement
Special design [s]
Job-site design - g
Other n‘
- Aggregates
Supplying by
cement miaers Watar
fsr . ydd
2nd yd3
3rd ydd
4th____ yd; Additives
Sth__ yd ' . ~
6th ya? Jvi=___ a0
- 3
th.____yd "\ .
‘Placement techniques Type of priming plug
Trente - © 0.0 in. 1.0.:—— 1In. ~ concretingdirectly from mixerQ
without couplings a upper leval (tremie base) . ft SO — concretingusing . [a]
ith . ‘ " base level - ft S0 bucket yd3
couplings 'O distance under tremie Cft -ﬂ;:oqcreﬂng by pump Q
K 1th pistonsp
Bucket  Modal Capacity. | ther | g Cuteut —yd¥/hr
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' CONCRETE QUALITY TEST .
Placement centrol
‘ mcie&epofr Addition{Slump, Number of tests
of
Maximum concreting level Yo g”‘;“;de; . comp. |bending
Height of fresh, purged concrete:.
Upper pile layel before trimaing:
Pile length befare trimming
Corresponding theor. vol.: Vo =_ .43t X ft = yd?
volume of excess in last truck: V, = __yd?
Volume used in overflow and purging: Vo = yd?
Actual, total consumption (¥ tncluded): V=V =V =__ yd
Actual pfle volume before trimming: V, ="V =V = yd?
Vy=V, -V, = yd?
Overpour v, =V % 100= %
V. ..
QBSERVATIONS: Operation of central mixzing
CONCRETING CURVE plant, supply frregularities (concrete
vol./yd? delays), possible setdbacks (loss of priming
. 1Y in ‘the tremte, rising or lowering of
T reinforcing, difficuities with extraction
of temporary casing, caving, etc.)
-
)
Depth
ft |
Trimmed height ft — Planned elevation ft SD

" F - Dfagram of location of finfshed pile in ralation to
theoretical locatfon

(report and mark position of accass tubes)

Fintshed pfle length  _ ____________ft

Final sofl Tevel ' i 5D

Total form of pile . _. . -t

Height above ground . ____ . ft

SUPERYISOR

Note - For all aperations, taking of photographs
1$ recommended, aspecially when there are _
setbacks or difficulties. ‘ :
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Test of finished pile

Method of .
acoustic Date Operator Repart Ho., Date Operator Repart No.
tnvestigation Cori
wavd transmim ] ‘ ring
sfon using ry
flaction methd
1
;ﬂmn g’f‘m’ : ' Carer: Brand Type
wavey Coring Type Length :
—— . .
radioactive :
transmission | tool 0.0. - t-o.
of waves Crown Ltype
" d| Ady
Depth | Level 1 arcespee .
DEFECTS OBSERVED P Description | oo [1b | rpun [f210
. mr
Position Assumed nature -j_
)
]
]
;
]
View Da":e‘ ’ Operatar Report No. J
with :
T.¥. camera
4
. Repairs by grouting
Pressure ' — ___psi Cleanin with pressurized waterC
Prg'lln1mry test for water flow 3 output _ qal/mm I with atrtfe ]
Number and | w g 23 Seals Tests st phase ‘ 2nd phase
- - -
type of 3 w@lc8
it |33 |EE (%3 rype stavle O stable =
2L Type Levels ! unstable O unstable O
- Compasition| Type Proportion| Type Praportian
grout
. Cement
satyration ’
(blowholes) ‘ ‘ Sand
Kixer Pump % Clay
Type ! — e |Type —_— e
o ume ' Output P Mater
peed | e—— R pTRS.
BSERVATIONS - DIFFICULTIES ENCOUNTERED: ‘ Additives
Viscosity
Maximum
 |pressure psi S— 1
2
< [volume —_ gal —_ g2l
2
=
Duration mn mn
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APPENDIX

Cantractor T General contractor T .
CanSErUCtION SUPBFVASOT: « e v o Foundation contractor @ ................ .. o .
Structure e e a s Geotechnical affice I e e e
Foundatian element e e Qualfity control e e e
REPORT ON CONCRETING OF BORED PILE NO..,.......
FOUNDATION PLAN-NO.........
DIAMETER OR O[MENSIONS : ... ........... INCLINATION : . ......... ..
1. TEST QF CONCRETE CQMPQNENTS

Names Samples 08 ATION

Categories | Origing SERVATIONS ‘

Classes Taken with| Date Tests performed in place

1.1 - Cements

1.2 - Aggregates

1.3 - Water

1.4 - Additives

rame of technician L p
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2. TEST OF FRESH CONCRETE - TRANSPORT

Concrete typele— | Referencel —— |

Mixing Plant |

(types - number - ages)

. Batch Moisture Slump, Gradation
o ‘ontent. ::;::g revg\;:':hns ::ﬁ::nt ' {steves)
truck no. | of sands befordafter [w} a
“{observations on fresh concrete and operation of center
Batch No. of - HOYRS Volume of
or passes of Depart Arrlve at concrete
truck no. | truchs batch cancrete | Start of {yd3)
plant site emptying
Qbservatians of transport
Sample preparatian and test program
Types of tests | J L L J
Number | i i L I
Destinations | | L \ J
Tests to be performed L | 1 | J
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3. PLACEMENT
1.1 . Weather
T Precipitation Atmos -
empera={ yumidit =1 pheric Sky .
Hour3 | tures type. | and/or | condi- | Hid i condt- | sunshing OBSERVATIONS
duratian| tions {Y€'9C'*¥ tions

3.2 - Drilling - cleaning

methad

Methods used_

equipment
personnel

Method of drilling

-« brief description

dry, water, slurry

watar level
caving

conditiaons at bottom

Cleaning

State of borehple before concreting

nature of excavation soils

methods of cleaning
cleaning efficiency

"examination of excavation bottom

condition after cleaning

after lowering of refnforcing

cleaning setbacks

359




3.3 - Reinforcing

Camposition

-- sectlonaI-issembly cage

.= steel averlap

-- welded connections

- stirrup-hoops

- centering devices

-« hang-up risk

-- basket at bottam of cage

-- acoustic investigation devices

Handling - storing
-- handling methods
.- stiffeners, 1ifting beams
== Tifting and lowering
-= conditions of storage area

-- safling of rebar
.- misalignment

Behavior during concreting !

-- ralsing of steel”
-+ lowering of steel

3.4 - Placement Note beside

each observation the number of the batch involved

Technique used
-=- name
-~ brief descr1ptfon

=~ equipment

~ spacial davices

Tremie priming
-~ technigue

-= difficylties

air purge

satbacks

Concrete feed
-+ method
~- rate

-= sgtbacks
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-| Placement of concrete

- ease of flow

-- raising of céncrete

== flushing of sediments

-- overly rapid set

-- operating mistakes

-- Toss of priming

-- rajsing of water or silting

-- aspect of the flushed concrete
-= bottom sediments flushed

-~ other current problems

Serious setbacks
-« description
-- causes
=~ equipment used
-- results

- extraction of concrete

Extraction of temporary casing
-- methods
-- setbacks

Overpour of concrete
(data for computation)

-- theoretical volume of barehole
from actual dimensions

== yolume 0f poured concrete

-- volume remaining in last truck
{approximate)

-- volume possibly refused

-- volume ejected by purge

Trimming
-- method
-- description

-- setbacks

Date

The number of the patch invalved and concrete levels attained

Writer

7rU.S. GOVERNMENT PRINTING OFFICE:1 9 g ¢ - b91~810~-2 0 717
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