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FOREWORD

The four-volume series that constitutes the state-of-practice review is the larger of
two deliverables from the contract let in September 1993 on drilled and grouted
micropiles. The volumes cover all aspects of the technology, with special reference
to practices in the United States, France, Italy, Germany, and Great Britain - those
countries that are most active. This final report was originally prepared as one
document. However, its length is such that it is now divided into four separate
volumes, each containing certain groups of chapters from the original final report.

Volume I (FHWA-RD-96-016) provides a general and historical framework and a new
classification of micropile types based on both the concept of design and the mode of
construction (chapter 1). Chapter 2 introduces the applications in a structured
format, while chapters 3 and 4 deal with feasibility and cost, and contracting
practices, respectively. Volume II (FHWA-RD-96-017) reviews design. Chapter 1
covers the design of single micropiles, chapter 2 covers groups of micropiles, and
chapter 3 covers networks of micropiles. Volume III (FHWA-RD-96-018) includes a
review of construction methods (chapter 1) and provides an introduction to
specifying QA/QC and testing procedures (chapter 2). Volume IV (FHWA-RD-96-019)
is a summary of 20 major case histories specially chosen to illustrate the various
principles and procedures detailed in volumes I, II, and III.

These volumes together are intended as a reference work for owners, designers, and
contractors, and as a statement of current practice to complement the companion
French national research program, FOREVER.

Charles J. Nemmers, P.E.
Director, Office of Engineering
Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use. thereof. This report does not
constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.
Trademarks or manufacturers' names appear herein only because they are
considered essential to the object of this document.

PROTECTED UNDER IN
ALL RIGHTS RESERVED’I"ERNATIONAL COPYRIGHT

NATIONAL TECHNICAL INF
ORMA
U.S. DEPARTMENT OF COMMERgfleN SERVICE
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DEDICATION

This study is dedicated to Dr. Fernando Lizzi, of Napoli, Italy, whose technical
acumen in developing the concept of micropiles has been matched only by his
imagination in applying them. Since obtaining the first micropile patents in
1952, Dr. Lizzi has overseen the growth in their use on five continents. He has
been inspirational to all associated with preparing this study, and doubtless
will remain so to all those who read it.

Fernando Lizzi
“The Father of Micropiles”
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PREFACE

When designing this study, the Federal Highway Administration recognized
the necessity of ensuring input by practicing engineers, in general, and those
in Europe, in particular. This was reflective of the origins of micropiles and of
the countries of most common use.

This input has been forthcoming to the Principal Investigators through both
written submittals and commentaries on drafts, and through the attendance of
these specialists at a series of workshops.

At the first workshop held in Washington, DC, March 10-11, 1994, discussions
were held about the structure and purpose of the study, and attendees made
presentations on local and national practices. By the second workshop, also in
Washington, DC, October 27-28, 1994, several chapters had been prepared in draft
form, and these were reviewed by the group. At the third workshop in

San Francisco, March 10-13, 1995, all chapters were reviewed in anticipation of
concluding the Final Draft Report, and considerable verbal and written
comments were received. In addition, the International Advisory Board also
provided the Principal Investigators with published and unpublished data.

Throughout this report, all such published or unpublished written reports are
duly acknowledged. However, there are numerous examples of statements made
by individual participants that are not specifically listed. These statements were
made during the workshops and have not been separately referenced because:
(1) this saves space and improves the flow of the text, and (2) other researchers
have no means of retrieving such unwritten references. This report also
contains information obtained by the Principal Investigators on study trips to
specialists in Europe.
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VDER M U H U A UH
APPROXIMATE CONVERSIONS TO SI UNITS APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know . Multiply By To Find Symbol |lI Symbol When You Know  Muitiply By To Find Symbol
LENGTH LENGTH
in inches 254 millimeters mm mm * millimeters 0.039 inches in
ft feet 0.305 meters m m meters 3.28 feet ft
yd yards 0.914 meters m m meters 1.00 yards yd
mi miles 1.61 kilometers km km kilometers 0.621 miles mi ]
AREA AREA
in* square inches 645.2 square milimeters  mm? mm? square millimeters  0.0016 square inches in2
fee square feet 0.093 square meters m? m? square meters 10.764 square feet fe
yd square yards 0.836. square meters m? mt square meters 1.195 square yards yd&?
ac acres 0.405 hectares ha ha hectares 2.47 acres ac
mit square miles 2.59 square kilometers km? km? square kilometers 0.386 square miles mi?
VOLUME VOLUME
floz fluid ounces 29.57 milliliters mL mL milliliters 0.034 fluid ounces fioz
gal gallons 3.785 liters L L liters 0.264 gallons gal
f cubic feet 0.028 cubic meters m? m? cubic meters 35.71 cubic feet fs
yd cubic yards 0.765 cubic meters m? m® cubic meters 1.307 cubic yards y&P
NOTE: Volumes greater than 1000 | shall be shown in m?.
MASS MASS
oz ounces 28.35 grams g g grams 0.035 ounces oz
b pounds 0.454 kilograms kg kg kilograms 2.202 pounds b
T short tons (2000 1b)  0.907 megagrams Mg Mg megagrams 1.103 shorttons (20001b) T
(of "metric ton") (or "t") (or °t") (or *metric ton")
TEMPERATURE (exact) TEMPERATURE (exact)
oF Fahrenheit ~ 5(F32/0 Celcius c °C Celcius 1.8C + 32 Fahrenheit °F
temperature or (F-32)/1.8 temperature temperature temperature
ILLUMINATION ILLUMINATION
fe foot-candles 10.76 lux Ix Ix lux 0.0929 foot-candles fc
f foot-Lamberts 3426 candela/m? od/m? od/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS ° FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N N newtons 0.225 poundforce Ibf
btin? poundforce per 6.89 kilopascals kPa kPa kilopascals 0.145 poundforce per Ibtfin?
square inch square inch

* Sl is the symbol for the Intemational System of Units. Appropriate
rounding should be made to comply with Section 4 of ASTM E380.

(Revised September 1993)
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CHAPTER 1. CONSTRUCTION PRACTICES

INTRODUCTION

The load-carrying capacity of a micropile as related to grout/soil bond
capacity is highly sensitive to the major processes used during construction,
principally the techniques used for drilling, flushing, and grouting. Figure 1
illustrates a typical sequence of construction for a simple Type A or B
micropile, although as is described below, there is a wide range of details,
depending on national practice and constructor preference and experience.
In general, the drilling and grouting equipment and systems used for
micropile construction are similar to those used for the installation of soil
nails, ground anchors, and grout holes (figures 2, 3, and 4).

GENERAL OVERVIEW OF CONSTRUCTION TECHNIQUES
Drilling

The drilling method is chosen to impart minimal disturbance or upheaval to
the structure or soil, while being the most efficient, economic, and reliable
means of penetration. Micropile holes must often be drilled through an
overlying weak material to reach a more competent bearing stratum. They
therefore typically require the use of overburden drilling techniques to
penetrate and support weak and unconsolidated soils and fills. In addition,
unless .the bearing stratum is rock or a self-supporting material such as a stiff
clay or marl, the drill hole may need temporary support for its full length.
An exception to this, for example, would be where piles are required to
strengthen masonry, weak, or broken rock. In such a case, the drill hole can
possibly be formed by open-hole techniques, i.e., without the need for
temporary hole support by drill casing or hollow stem auger.

In addition, it is common for a different drilling method to be used first to
penetrate through an existing structure.  This operation often requires
concrete coring techniques to provide an oversize hole to allow the
subsequent drill casing to pass through. In some cases, conventional rock
drilling methods involving rotary percussive techniques can be used to
penetrate existing footings or structures with only light reinforcement and
where a certain level of vibrational energy can be tolerated.

Water is the most common cooling, cleansing, and flushing medium, followed
by foam. Air flush (except for down-the-hole hammer drilling) is used only
infrequently and with great caution, especially in urban or industrial
environments. The use of bentonite slurries to stabilize holes instead of using
casing is generally believed to impair grout/ground bond capacity (by
creating a skin of clay at the interface), although this is not an uncommon
choice in Italian and French practice with Type D piles.

Drilling techniques as introduced in table 1 are summarized below (Bruce,
1989) and are illustrated in figure S.
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Figure 1. Typical constructicn sequence for a Type A or B micropile.




Figure 2. Long mast diesel-hydraulic track rig installing test micropiles. Reinforcement
consists of both drill casing (bottom center) and bars (with centralizers, bottom right).
Typical grout mixer/pump unit shown at bottom left.



Figure 3. Short mast electro-hydraulic drilling rig operating in very
restricted access and overhead conditions.

Figure 4. Similar micropile rig drilling in close proximity to wall.
(Photograph courtesy of Hutte and Co.)



Table 1. Overburden drilling methods (Bruce, 1989).

COMMON
DIAMETERS
DRILLING METHOD PRINCIPLE AND DEPTHS NOTES
1. Single tube advancement
a) Drill drilling Casing, with "lost point" 50 - 100 mm Obstructions or very dense soils
percussed without flush, to 30 m problematical.
b) External flush Casing, with shoe, rotated Very common for anchor
with strong water flush. 100 - 200 mm installation. Needs high torque
to 60 m and powerful flush pump.

2. Rotary duplex Simultaneous rotation and Used only in very sensitive soil/
advancement of casing 100 - 200 mm site conditions. Needs positive
plus intermal rod, carrying to 70 m flush return. Needs high torque.
flush,

3. Rotary percussive As 2, above, except casing Useful in obstructed/bouldery

concentric duplex and rods percussed as well 89 - 175 mm conditions. Needs powerful top
as rotated. to 40 m rotary percussive hammer.

4. Rotary percussive As 2, except eccentric bit Somewhat obsolescent and

eccentric duplex on rod cuts oversized hole 89 - 200 mm technically difficult system for
to ease casing advance. to 60 m variable overburden.

5. "Double head" duplex As 2 or 3, except casing Powerful, new system for fast,
and rods rotate in opposite 100 - 150 mm straight drilling in very difficult
senses. to 60 m soils.

6. Hollow stem auger Auger rotated to depth to Obstructions problematical; care
permit subsequent 150 - 400 mm must be exercised in
introduction of to 30 m cohesionless soils to avoid

reinforcement through

stem.

cavitation and/or loosening.
Prevents application of higher
grout pressures,

Note: Drive drilling, being purely a percussive method, is not described in the text as it has no application in micropile

construction,



. 2. 3. 4 5
SINGLE TUBE ROTARY DUPLEX ROTARY PERCUSSIVE ROTARY PERCUSSNE *DOUBLE HEAD® DUPLEX -
HOLLOW STEM AUGER
B OF cAsia R G CONCENTRIC DUPLEX ECCENTRIC DUPLEX [CASING CAN BE PERCUSSED  WITH "KNOCK-OFF" BIT)
FLUSH) Aot [ROD CAN BE PERCUSSED BY TOP HAMMER. ROD
HAMM AT TOP, OR MAY HAVE MAY BE PERCUSSED BY
TO BREAK BOULDERS, DOWN-THE-HOLE TOP HAMMER, OR MAY
OBSTRUCTIONS] HAMMER ABOVE BIT. HAVE DOWN-THE-HOLE
IN THIS CASE, CASING HAMMER ABOVE BIT.IN
IS NOT PERCUSSED THIS CASE, CASING IS NOT
AT HEAD] PERCUSSED AT HEAD]
LEGEND . PERCUSSION (CASING) Q ROTATION (CASING) — FLUSH CASING ROD
CROWN
¢ PERCUSSION (ROD) (O  rotATioN ROD) (SHOE) l

Figure 5. Schematic representation of the six generic overburden drilling
methods (Bruce, 1989). '




Overbﬁrden Drilling Techniques

There is a large number of proprietary overburden drilling systems sold by
drilling equipment suppliers worldwide. In addition, specialty contractors
have often developed their own variations in response to local conditions and
demands. The result is a potentially bewildering array of systems and methods,
which does, however, contain many that are of limited application, and many
that are either obsolete or virtually experimental. Closer examination of this
array further confirms that there are essentially only six generic methods in
use internationally in the field of specialty geotechnical construction (i.e.,
hole diameters less than 300 mm, and depths less than 60 m).

Single tube advancement - external flush (wash boring)

The toe of the drill casing is fitted with an open crown or bit, and the casing is
advanced into the ground by rotation by the drill head. Water flush is pumped
continuously through the casing and washes debris out and away from the
crown. The waterborne debris typically escapes to the surface around the
outside of the casing, but may be lost into especially loose and permeable
upper horizons. Care has to be exercised below sensitive structures that
uncontrolled washing does not damage the structure by causing cavitation.

Air flush is not normally used with this system, due to the dangers of
accidentally over-pressurizing the ground in an uncontrolled manner and
causing ground disturbance. Conversely, experience (Bruce et al.,, 1992) has
shown that polymer drill flush additives can be very advantageous in certain
ground conditions, in place of water alone. These do not appear to
detrimentally affect grout/soil bond development as may be the case with
bentonite slurries.

Rotary ' duplex

A drill rod with a suitable drill bit is placed inside the drill casing. It is
attached to the same drive head as the casing. This allows the simultaneous
rotation and advancement of the combined drill and casing string. The
flushing fluid, usually water or polymer flush, is pumped through the head
down through the central drill rod to exit from the flushing ports of the drill
bit. The flush-borne debris from the drilling then rises to the surface

through the annulus between the drill rods and the casing. At the surface, the
flush exits through ports in the drill head. Air flush must be used with caution
because blockages within the annulus can allow high air pressures and
volumes to develop at the drill bit and cause ground disturbance, although this
danger with duplex is less than when using the single tube method.

Rotary percussive duplex (concentric)

Rotary percussive duplex systems are a development of rotary duplex methods,
whereby the drill rods and casings are simultaneously percussed, rotated, and
advanced. The percussion is provided by a top-drive rotary percussive drill
head.



Rotary percussive duplex (eccentric)

Originally sold as Overburden Drilling Eccentric (ODEX), this system involves
the use of rotary percussive drilling combined with an eccentric under-
reaming bit. The eccentric bit undercuts the drill casing, which therefore can
be pushed into the oversized drill hole with much less rotational energy or
thrust than is the case with the concentric method. In addition, the drill
casing does not require an expensive cutting shoe and suffers less wear and
abrasion.

The larger diameter options — more than 127 mm in diameter — involve the
use of a down-the-hole hammer acting on a drive shoe at the toe of the casing,
so that the casing is effectively pulled into the borehole as opposed to being
pushed by a top hammer. This is synonymous with air flush drilling which
may not be acceptable for certain micropile applications, although foam can
also be used with a down-the-hole hammer. This method has proved very
useful in projects involving karstic limestone bedrock conditions.

Most recently, similar systems to ODEX, now sold as TUBEX, for proprietary
reasons, have appeared. Some are merely mechanically simpler versions of
TUBEX, whereas others, such as the new Japanese system "Supermaxbit," are
more distant cousins. Each variant, however, is a percussive duplex method in
which a fully retractable bit creates an oversized hole to ease subsequent
casing advancement.

Double-head duplex

As a development of conventional rotary duplex techniques, the rods and
casings are rotated by separate drill heads mounted one above the other on the
same carriage. These heads provide high torque (and thus enhanced soil and
obstruction cutting potential), but with the penalty of relatively low rotational
speed. However, the heads are geared such that the lower one (rotating the
outer casing) and the upper one (rotating the inner drill string) turn in
opposite directions. The resulting aggressive cutting and shearing action at
the bit permits high penetration rates, while the counterrotation also
discourages blockage of the casing/rod annulus by debris carried in the
exiting drill flush. In addition, the inner rods can use either purely rotary
techniques or rotary percussion using top-drive or down-the-hole hammers.
The counterrotation feature promotes exceptional hole straightness, and
provides a guarantee of penetrability, even in the most difficult ground
conditions.

Hollow stem auger

Hollow stem augers are continuous flight auger systems with a central hollow
core, similar to those commonly used in auger-cast piling or for ground
investigation. These are installed by purely rotary heads. When drilling
down, the hollow core is closed off by a cap on the drill bit. When the hole has
been drilled to depth, the cap is knocked off or blown off by grout pressure,
permitting the pile to be formed as the auger is withdrawn. Such augers are
used mainly for drilling cohesive materials or very soft rocks.

Various forms of cutting shoes or drill bits can be attached to the lead auger,
but heavy obstructions such as old foundations are difficult to penetrate



economically with the system. In addition, great care must be exercised when
using augers: uncontrolled penetration rates or excessive "hole cleaning"
may lead to excessive spoil removal and the risk of soil loosening or cavitation
in certain circumstances. As a guide, the DFI Augercast Pile Manual (1990)
allows a minimum spoil volume of 115 percent of nominal hole volume,
although for micropiles, the 110 percent figure allowed by BS8081 (1989) for
anchor holes is a more realistic maximum value.

QOpen-Hole Techniques

When the pile can be formed in stable and free-standing conditions, the
advancement of casing may be suspended and the hole continued to final
depth by open-hole drilling techniques. There is a balance in cost between
the time lost in changing to a less expensive open-hole system and continuing
with a more expensive overburden drilling system for the full hole depth.
Open-hole drilling techniques may be classified as follows:

Rotary drilling

Rotary drilling involves using only rotary energy provided by the drilling
head. This method typically employs drag or tri-cone drilling bits and a
suitable flushing medium (usually water or foam flush). In almost all cases, a
full-face bit is used (i.e., one that cuts across the full diameter of the borehole).
Rigs used for rotary drilling must be capable of applying substantial thrust to
the bit to obtain high productivities.

Rotary percussive drilling

Particularly for rocks of high compressive strength, rotary percussive
techniques using either top-drive or down-the-hole hammers are utilized.
With the hole diameters typically used for micropiles (i.e., 100 to 300 mm),
down-the-hole techniques are the most economical and common, and use air,
air/water mist, or foam as the flush.

Top-drive systems can permit the use of air, water, or other flushing systems,
but are of limited diameter and depth capacities, and are relatively noisy.

Continuous solid-core flight auger

In stiff to hard clays without boulders and in some weak rocks, drilling may be
conducted with a continuous flight auger. Such drilling techniques are rapid,
quiet, and do not require the introduction of a flushing medium to remove the
spoil. They thus avoid the problems of soil softening and interface smear
associated with the use of rotary techniques with water flush, although there
may be the risk of lateral decompression or wall remolding, both of which may
adversely affect grout/soil bond. Such augers are used in conditions where
the careful collection and disposal of drill spoils are particularly important
environmentally.

A guide to selection of the appropriate rock-drilling method is provided in
figure 6. These charts were first developed in the middle 1960's; since then,
many technological developments have been made, especially in the use of
down-the-hole (D-T-H) drilling, as noted in figure 6a. ‘
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Figure 6. Guide to selection of rock-drilling methods
(Littlejohn and Bruce, 1977).

Underreaming

Various devices have been developed to enlarge or underream open holes in
cohesive soils or soft sediments, especially when the piles are to act in tension,
for example, under transmission towers. These tools can be mechanically or
hydraulically activated and will cut or abrade single or multiple underreams
or "bells." However, this is a time-consuming process, and it is rarely possible
or convenient to verify its effectiveness. In addition, the cleaning of the
underreams is often difficult; water is the best medium, but it may cause
softening of the ground. For all these reasons, it is rare to find underreaming
conducted in contemporary micropile practice, and increases in load-holding
capacity favor pressure-grouting techniques.
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Figure 7. Effect of water content on grout properties
(Littlejohn and Bruce, 1977).

Grouting

As described in volume I, the processes of the grouting operation have major
control over subsequent micropile capacity, and indeed form the most
fundamental construction basis for micropile classification. Details of each
type of grouting vary somewhat throughout the world, depending on the
origins of the practice and the quality of the local resources. However, as
general observations, it may be noted that:

. Grouts are designed to provide high strength and stability, but must also
be pumpable. As shown in figure 7, this implies water/cement (w/c)
ratios in the range of 0.45 to 0.50 by weight for micropile grout.

. Grouts are produced with fresh water, to reduce the danger of
reinforcement corrosion.

11



. The best quality grouts, in terms of both fluid and set properties, are
produced by high-speed, high-shear mixers (figure 8) as opposed to
low-speed, low-energy mixers, such as those that depend on paddles
(figure 9).

. Cement is supplied either in bagged or bulk form, depending on site
condition, job size, local availability, and cost.

. Equipment can be driven by air, diesel, or electricity and is available in
a wide range of capacities and sizes from many manufacturers.

. Lower pressure injection (to 1 MPa) is usually effected via constant
pressure, rotary-screw-type pumps (figure 10); while higher pressure
grouting, such as for Type C or D micropiles, usually requires a
fluctuating pressure piston or ram pump (figure 11).

. Most grouting is conducted with neat cement-water mixes, although
sand is a common additive in certain countries (e.g., Italy and Great
Britain). Bentonite (which reduces grout strength) is used in primary
mixes only with extreme caution, while additives are restricted only to
those that improve pumpability over long distances and/or in hot
conditions (e.g., high-range water reducers).

Comprehensive guides to cement grout mix design, performance, and
equipment in general are provided by Littlejohn (1982); Gourlay and Carson
(1982); and Houlsby (1990). Similar issues relating solely to the similar
demands of prestressed ground anchors are summarized by Littlejohn and
Bruce (1977).

Gravity Fill Techniques (Type A Micropiles)

Once the hole has been drilled to depth, it is filled with grout and the
reinforcement is placed. Grout should always be introduced into the drill hole
through a tremie pipe exiting at the bottom of the hole. Grout is pumped into
the hole until grout of similar quality to that being injected is freely flowing
from the mouth of the borehole. No excess pressure is applied. Steps are
taken to ensure that the quality of grout is maintained for the full length of
the borehole. This type and phase of grouting is referred to as the primary
treatment.

The grout usually comprises a neat cement mix with w/c ratio between 0.45
and 0.50 by weight. In addition, sanded mixes of up to 1:1 or 2:1 sand/cement
ratio have been used in European practice, although they are becoming less
common as there is a growing trend towards types of micropiles using higher
pressures, which therefore require unsanded grouts. Gravity fill techniques
tend to be used only when the pile is founded in rock, or when low-capacity
piles are being installed in stiff or hard cohesives, and pressure grouting is
unnecessary to generate adequate bond (e.g., Bruce and Gemme, 1992). For
sanded mixes, the w/c ratio is often extended to 0.60 (e.g., Barley and
Woodward, 1992). :
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Pressure Grouting Through the Casing (Type B Micropiles)

Additional grout is injected under pressure after the primary grout has been
tremied, and as the temporary casing is being withdrawn. The aim is to
enhance subsequent grout/soil bond characteristics.  This operation can be
limited to the load transfer length within the design bearing stratum or may
be extended to the full length of the pile where appropriate.

Pressure grouting is usually conducted by attaching a pressure cap to the top
of the drill casing -- this is often the drilling head itself — and injecting
additional grout into the casing under controlled pressure. In the early days,
this pressurization of the grout was achieved by applying compressed air
through the grout line (figure 12), since contemporary drill head details and
grout pump technology could not accommodate these relatively viscous, sand-
cement mortars. This method has now been rendered obsolete by the
developments in grout pump capabilities, combined with the trend to use
stable, neat cement grouts without sand. ’
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Grout pressures are measured as close to the point of injection as possible to
account for line losses between pump and hole. Commonly, a pressure gauge is
mounted on the drill rig and monitored by the driller as a guide to rate of
casing withdrawal during the pressurization phase. Alternatively, if a
grouting cap is used and the casing is being extracted by means other than the
drill rig (e.g., by hydraulic jacks), then it is common to find a pressure gauge
mounted on the cap itself. Contractors acknowledge that there will be line
losses in the system, but typically record the pressure as indicated on the
pressure gauge without correction, reasoning that such losses are

compensated by the extra pressure exerted by the grout column due to its self
weight in the borehole.

American practice is to inject additional grout at a maximum pressure of
between 0.5 and | MPa, with the aim of reinstating lateral soil pressures that
may have been reduced by the drilling process, and achieving some degree of
permeation into coarser grained granular soils or fractured rocks. The
maximum injection pressures are dictated by the following factors:

. The need to avoid soil hydrofracture, heave, or uncontrolled loss of
grout.

. The nature of the drilling system (permissible pressures are lower for
augers due to leakage at joints and around the flights).

. The ability of the soil to form a "seal" around the casing during its
extraction and pressure grouting.

. The "groutability” of the soil.

. The required grout/soil bond capacity.

Similar practices are found in the United Kingdom, although in Continental
Europe, and France in particular, higher pressures tend to be used.

The injection of grout under pressure is aimed at improving grout/soil bond,
and thus enhancing the load-carrying capacity of the micropile. Extensive
experience with ground anchors has confirmed the effect of pressure
grouting on ultimate load-holding capacity. This is discussed in detail in
volume II.

When pressure grouting in granular soils, a certain amount of permeation and
replacement of loosened soils takes place. In addition, a phenomenon known
as "pressure filtration" occurs, wherein the applied grout pressure forces
some of the integral mixing water out of the cement suspension and into the
surrounding soil. This process leaves behind a grout of lower water content
than was injected. It is thus quicker setting and has higher strength. It also
causes the formation of a cake-like cement paste along the grout/soil interface
that improves bond. In cohesive soils, some lateral displacement, compaction,
or localized improvement of the soil can occur around the bond zone, although
the effect is generally less well marked than for cohesionless soils.

Pressure grouting also appears to cause a recompaction or redensification of
the soil around the borehole and increases the effective diameter of the pile in
the bond zone. These mechanisms effectively enhance grout/soil contact,
leading to higher skin friction values and improved load/movement
performance.  Such pressure grouting may also improve mechanically the soil
between piles. This is an interesting concept within the CASE 2 pile
application, but is as yet untested.
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Post-Grouting (Types C and D Micropiles)

It may not be possible to exert excess grout pressures during the casing
removal stage. For example, there may be leakage around the casing, or
uncontrolled hydrofracture or "lensing” into horizontal soil structures.
Alternatively, some micropile construction methods may not use or need a
temporary drill casing, and so pressure grouting of the Type B method is not
feasible. These circumstances have led to the development of post-grouting
techniques, whereby additional grout can be injected via special grout tubes
some time after the placing of the primary grout. Such grouts are always neat
cement-water mixes (for ease of pumpability) and may have higher water
content than the primary grout for the same reason, being in the range of
0.50 to 0.75 by weight. It is reasoned that excess water from these mixes is
expelled by pressure filtration during passage into the soil, and so the actual
placed grout has a lower water content (and therefore higher strength).

As described in the following paragraphs, high post-grouting pressures are
typically applied locally for very restricted periods. For example, it may only
take a few minutes to inject grout at a particular horizon. Herbst (1994) noted
* that the required aim of providing higher grout/soil bond capacity may, in
fact, be more efficiently achieved in Type B micropiles, where grouting
pressures are lower, but are exerted over a larger area and a much longer
period. This has yet to be evaluated.

The construction-based classification of volume I identified two types of
post-grouted piles, namely Type C and Type D.

. Type C - Neat cement grout is placed in the hole as for Type A. Between
‘15 and 25 minutes later, before hardening of this primary grout, similar
grout is injected once from the head of the hole, without a packer, via a
38- to 50-mm-diameter preplaced sleeved grout pipe (or suitably
perforated reinforcement) at a pressure of at least 1 MPa. This type of
pile is referred to in France as a Type III or Injection Globale et Unitaire
(IGU) pile.

. Type D - Neat cement grout is placed in the hole as for Type A. Some
hours later, when this primary grout has hardened, similar grout is
injected via a preplaced sleeved grout pipe. Several phases of such
injection are possible at selected horizons and it is typical to record
pressures of 2 to 8 MPa, especially at the beginning of each sleeve
treatment when the surrounding primary grout must be ruptured for
the first time. There is usually an interval of at least 24 h between
successive phases. This facility is reflected in the French term
"Injection Répétitive et Sélective (IRS)" for these piles, which are also
referred to as Type IV. Three or four phases of injection are not
uncommon, contributing additional grout volumes as much as 50
percent of the primary volume.

Variations on the technique are found. The post-grout tube can be a separate
25-or 38-mm-diameter sleeved plastic pipe (tube a manchettes) placed together
with the steel reinforcement (figure 13), or it can be the reinforcement tube
itself, suitably sleeved (figure 14). In each of these cases, a double packer is
used to grout through the tubes from the bottom sleeve upwards.
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Alternatively, this pressure grouting can be conducted from the surface via a
circulating loop arrangement (figure 1°). Grout is pumped around the system
and the pressure is increased steadily by closing the pressurization valve on
the outlet side. At the critical "break-out” pressure, dictated by the lateral
resistance provided by the adjacent ground, the grout begins to flow out of the
tube through one or more sleeves and enters the ground at that horizon.
When using the loop method, it is assumed that with each successive phase of
injection, different sleeves open, ultimately ensuring treatment over the
entire sleeved length (a feature guaranteed by the tube 2 manchette method
using double packers). :

A slight cautionary note against the use of post-grouting was raised by Lizzi
(1994) regarding leaving "foreign materials” (i.e., the post-grouting tubes) in
the pile and contractors being tempted to use low-strength primary grouts to
reduce "break-out" pressures. However, this appears not to be an issue for
practical concern in good practice, bearing in mind always that most (and
occasionally all) of the applied load is designed to be accepted by the steel
reinforcement, and not the surrounding grout.

Top-Off condar routin

Due to slow grout seepage, bleed, or shrinkage, it is common to find that the
grout level drops a little during the stiffening and hardening phases. In
ground anchorage practice, this is simply rectified by topping off the hole
with the lowest water-content grout practical, at some later time. However, in
micropile practice, such a cold joint should be avoided since the grout column
should be continuous for load transfer and corrosion protection reasons.
Topping off is therefore best conducted during the stiffening phase to ensure
integrity.  Where particularly high interfacial bond stresses must be resisted
between the pile and an existing structure, proprietary high-strength, non-
shrink grouts may be considered.

Reinforcement

Type f _Reinfor

The reinforcement may consist of a cage of reinforcing bars (either standard
or high strength), a single high-strength bar (or group of bars), or a steel
pipe. When using a steel pipe reinforcement, this may be formed from the
drill casing itself or from a tube of smaller diameter placed within the
temporary casing.

For low-headroom applications, it is often not possible or practical to place the
reinforcement in a single length or in lapped lengths. In such cases, the use
of threaded and coupled reinforcing bars is a simple and effective measure. A
common choice throughout the world is the GEWI bar (figure 16 and table 2).
These bars have a characteristic yield stress of approximately 420 or 525 MPa,
conforming to ASTM AG615 and A706, and BS4449 Deformed High-Yield Steel, as
examples. The bar has a coarse pitch, continuous ribbed thread rolled on
during production. This ensures good grout/steel bond, but in addition, the bar
can be cut at any point for joining with couplers to restore full reinforcement
strength in both compression and tension. Coupled bars permit the continuous
full-length reinforcement of long micropiles in even low-headroom
conditions., The manufacturer also claims that the bar contributes a "large
ductility to the pile, which is required to compensate shear deformations and
seismic loadings" (figure 17).
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Figure 16. Details of continuously threaded GEWI bar (DSI, 1992).

Table 2. Details of GEWI bars (DSI, 1992).

Q‘EWI Plle, steel properties

Steel ‘ Bar dia. Crose- Uitimate Yield Nominal Maximum
.grade sectional load foad weight threadbar
area " dia.
A, At Ay 1y
No. mm in? mm? kips kN kips kN Ibs / ft | kg/m in m.m
60 #14 43 2,25 1452 202,5 901 © 135 601 7,85 11,38 1,88 47,2
60 #18 57 4,00 2581 360 1601 240 1068 13,60 20,24 2,50 63,5
75 #20 63,5 4,91 3167 491 2184 368 1637 16,71 24,86 2,72 69,0
60 3x#14 | 3x43 6,76 4356 607,5 2702 405 1802 22,85 34,14 - -
60 3x#18 | 3x57 12,00 7743 1080 4804 720 3203 ' 40,80 60,72 - -
75 3x#20 | 3x635 14,73 9501 1473 6552 1104 | 4911 50,13 74,58 - .

Note: Grade 75 #14 and #18 are also available;
all combinations of up to three GEWI bars are possible.
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Figure 17. Stress-strain performance of GEWI bar (DSI, 1992).

In certain high-capacity pile types, such as the "composite" Type A3 or B3,
more than one type of reinforcement may be needed (figure 18) to satisfy
design requirements or construction restraints.

Corrosion Protection

Traditionally, and except for permanent tension piles in aggressive ground
conditions, little protection other than the surrounding cement grout has
been provided to the reinforcement in most countries. The design of corrosion
protection is detailed in volume II, although the principles can be reviewed at
this point. Attention to this important detail is growing, in line with the use of
higher capacities in aggressive ground conditions.

Protective barriers can be applied to the reinforcement (e.g., epoxy coating)
or around bar reinforcement (e.g., corrugated sheathing, (figure 19) prior to
placing in the pile hole). Minimum thicknesses of grout cover (e.g., 20 mm,
increasing to 30 mm in "strongly aggressive" conditions, in Germany) are
then specified to prevent groundwater from reaching the steel, the
assumption being that microfissures are unlikely to develop through grout in
service, compressive conditions.
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Other philosophies prevail where additional protection is not applied, where a
continuous grout cover of adequate thickness cannot be guaranteed, or where
the reinforcement acts in tension. Large-diameter reinforcing bars have a
surface area that is small in comparison with the cross-sectional area.
Suppliers refer to this as a geometric corrosion protection, which relates to
the concept that a progressive loss of section with time is allowable, and
typical rates are widely quoted (e.g., Fleming et al., 1985).

acing/ tralizi f Reinforcement

The individual elements of a group reinforcement are separated by the use of
spacers, or ties to the helical reinforcement in order to ensure that grout flows
between the bars so that uniform contact is ensured with the hardened cement
grout. In addition, centralizers are commonly attached to the reinforcement to
ensure adequate cover of grout between the bars and the sides of the borehole
for corrosion protection purposes.

Typical centralizers used with mono- and multi-bar systems are illustrated in
figures- 19 and 20.

Where the drill casing is used as an external tube reinforcement, allowance

may be made in the design thickness of the steel wall for loss of section due to
corrosion.

Removal of Drill Casing

Drill casings are removed by either pulling with the drilling head while
slowly being rotated, or by independent jacking systems that straddle the
casing and bear on the ground surface or piling platform. The choice reflects
the capabilities of the equipment available, the type of grouting to be
conducted, .and the usual general considerations of cost, effectiveness, and site
logistics.

Connection to the Structure

The connection of CASE 1 micropiles to the structure that is to be directly
supported is an important detail. This is particularly significant in seismic
applications where the connection may have to be designed to take movement
during seismic events.

Where piles have been installed through existing structures, the normally
smooth borehole wall, typically formed by coring, can be grooved and
roughened to provide additional mechanical interlock and to ensure adequate
bond. One such proprietary system, known as Ankerbonder, was used
successfully on a major underpinning project for cooling towers in England
(Anonymous, 1987), while other non-proprietary options also exist, based on
the same principle of "roughening up" the interface to provide enhanced
mechanical bond.

In another approach, horizontal post-tensioning of the foundation beam cast
around the pile heads has also been used to achieve a clamping effect to
guarantee structure/pile continuity. As noted above, it is also common to find
the upper pile section grouted within the structure using high-strength, non-
shrink grout. Such grouts, with strengths often two times greater than
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normal, are able to resist the high stresses that may be associated with this
region, where loads may have to be transferred over the short distances that
reflect the thickness of the original footing.

Where permanent steel tubes are used as the reinforcing member, bond
between the foundation grout or concrete and the tubes can be provided by
the use of shear rings or keys or studs welded to the steel tubes (figures 21 and
22).  For bar reinforcements in new footings, these may be equipped with an
anchor nut, or may be expected to transfer load solely by bond in footings of
higher strength (figure 23).

For new works, similar considerations apply to the design of pile caps for
micropiles as for the design of conventional piles. The small cross-sectional
area of micropiles in conjunction with their higher axial load may mean that
design against punching, shear, and bursting failure has to be addressed in
particular detail in the pile cap design.

Preloading of CASE 1 Piles

Micropiles, constructed as described above, provide excellent load/movement
performance, often with less than 10 mm of total movement at service load
(Bruce, 1989a). In certain cases, however, movements of even this magnitude
are unacceptable structurally. Preloading techniques can then be used with
certain types of CASE 1 piles. The service load is preapplied to compress the
pile and induce compression and movement prior to its connection to the
structure. The frictional resistance of the pile is thus "activated," without
needing further, future settlement of the structure. Preloading also has
potential in seismic retrofit applications, since it makes the pile more resistant
to "rocking" motions induced on the foundations of tall structures such as
bridges with/ tall columns.

Preloading can be accomplished in several ways. In one system (ROPRESS),
the pile is preloaded by a hydraulic jack reacting on an anchor pipe and
locked-off against the pipe when the desired load/movement criterion is
achieved. The pile head is then grouted to the structure, and the preload is
released (figure 24). A similar system can be used for thread-bar
reinforcement (figure 25). Conversely, the Nicholson Compressed Anchor
(NCA) pile provides a similar stiff prestressed pile/anchor system that acts
equally efficiently in tension and compression (Bruce and Gemme, 1992). Here
preloading is achieved through a strand tendon founded below the tip of the
pile (figure 26), as in the case of the Pocomoke River Bridge (Bruce et al.,
1990). After the grout has reached a certain target strength, the tendon is
stressed against the steel casing up to the service load. The annulus between
the casing and structure is then grouted with special high-strength grout.
Several days later, the prestress is released, thereby allowing full structural
load transfer to the pile, but without causing further pile head movement.

An additional benefit of preloading is that this operation routinely tests each
pile to at least its working load. For preloading to be practical, the pile must
not be fully bonded over its entire length; rather, it must have a "free length"
(capable of being compressed) and a lower "bond length.” Of course, since
fully bonded piles exhibit less movement (volume I), then preloading is not
needed anyway.
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Figure 21. Welfiing shear studs onto micropile casing prior to incorporation
Into new reinforced concrete ground beam.

Figure 22. Reinforcement placed around micropile head prior to pouring of
concrete ground beam.
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As a cautionary note, Lizzi (1982) recommended that preloading, when the
preload is induced via reaction against the structure itself, should be
“decisively rejected...for the following reasons:

1) The preload introduces, into the soil and the building, stresses that
" constitute a striking disturbance to the existing stability, the
consequences of which could also be very grave.

2) The safety factor of an underpinning such as that, is no longer the
safety factor of the existing foundation plus the safety factor of the
piling, but on the contrary, only that of the piling alone; that is, it has
to rely only on the capacity of the piles, without the essential
contribution that the existing subsoil could supply.

3) The building is transferred onto the piling, losing its contact with the
soil; this [soil], freed from the building load, loses, sooner or later, its
high degree of consolidation reached, sometimes, after centuries.
Should the building settle again, pressing anew on the soil, it would be
found to have characteristics much worse than those it had before
being imprudently detached.

4) The connection between the piles and the structure has to be postponed
until the time when the piling is complete, at least in some parts, and in
a condition of being subjected to the preload. Instead of a progressive
improvement of the piling as in the case of a normal pali radice, a long
state of crisis would occur that could terminate only with the end of the
piling and its connection to the structures above ground level.

What could happen in the meantime to the building? Very probably, shoring
or other supporting structures would be necessary, with technical and
ecénomic inconveniences."

Clearly, preloading is not an option in fully bonded CASE 1 piles or iq any type
of CASE 2 piles. In addition, its practicality must also consider the ability _of the
structure to accept the short-term stresses applied. Nevertheless, pre.loadmg is
an extremely useful facility and a powerful option, and has wide use in
appropriate applications.

OUTLINE OF TYPICAL PROPRIETARY SYSTEMS AND NATIONAL TRENDS

The wide range of techniques available for drilling, placing reinforcement,
and grouting means that many proprietary systems have been developed.
These reflect practices within a company, a region, or even a country, where
national codes and building regulations may favor developments along a
particular- path. The following outlines cover a range of micropiling
techniques that illustrate the breadth of typical common practices.

United States Practice
From the early applications of low- to medium-cabacity Type A and Type B
piles, the national trend has been towards providing higher unit pile

capacities, especially in compression. This has led to the development of the
Nicholson Pin pile and its different variations. =~ Numerous other contractors
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now provide basically similar options, and practices across the country are
fairly similar. This is a result of a strong technical literature base, and the
growing confidence and ability of consultants to design micropile systems,
rather than rely on contractors to provide proprietary solutions. As described
in volume [, however, even those specifications tend to be performance-based
rather than prescriptive, and so there still remains scope and initiative for
innovation and development.  This is particularly evident in the approach to
seismic applications.

All current American applications are of the CASE 1 type, although a limited
number of CASE 2 structures, for slope stabilization, were installed in the
1970's. Types A and B are most common, although Type D piles are becoming
more popular, especially on the East Coast. Preloading, via the central tendon
method, is required infrequently, although it has proved to be very successful
when actually adopted (Bruce, 1988, 1989).

Pearlman and Wolosick (1992) proposed four micropile types, based on the
configuration of the reinforcement and the geology of the founding stratum.
These are illustrated in figure 27 and, as shown in table 1 of volume I, are
readily assimilated into the construction classification used in this report.

Type S1 - This type of configuration is used when the pile is founded in soil

and it is the most common type of micropile installed by contractors in the
United States.

. Drilling. A steel casing is rotated into the soil, most commonly using
duplex drilling methods with water or foam flush. Single-tube
advancement is preferred whenever soil and environmental conditions
permit. Air flushing is typically avoided due to the potential for soil
and structural disturbance. Contemporary applications utilize track-
mounted, diesel- hydraulic or electro-hydraulic drill rigs with high-
torque rotary heads. In low-headroom conditions, modular, wheel- or
skid-mounted rigs are used. Pile diameters are typically between 120
and 300 mm, with the majority less than 200 mm.

. Grouting/Reinforcement.  Once the casing has reached the design
depth, neat cement grout is tremied from the bottom of the hole to
displace the drilling fluid. This and other configurations typically
utilize a neat cement grout with a water/cement (w/c) ratio of 0.45 to
0.50. The reinforcing element, appropriately centralized, is then
placed to the bottom of the hole. Such micropiles are constructed most
often with a single, high-strength bar of yield strength fy = 415 or 517
MPa or low-steel alloy pipe (fy = 380 MPa) as the primary reinforcing
element. Many of the high-capacity piles also utilize N80 casing (fy =
551 MPa) in conjunction with a centralized bar or pipe. Cages or groups
of bars may also be used. Details of bars and casings used in American
practice are shown in tables 3 and 4, respectively. Additional grout is
then pumped under significant excess pressure, typically between 0.4
and 1 MPa (Type B), while the casing is simultaneously withdrawn. This
process establishes the pile bond zone. Certain very-high-capacity
piles employ a composite reinforcement system, consisting of a
centralized reinforcing bar in the bond zone and a casing in the upper
part. Once the full length of the centrally reinforced bond zone has
been formed, the casing is then plunged back down 1.5 to 3 m into this
pressurized grout for permanent seating. For lower capacity elements,
the temporary drill casing is usually fully extracted.
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Table 3. Axial tension and compression loads for ASTM A615 and ASTM A706
reinforcing bars.

|Grade Grade 60 Grade 75
ebar_No, 8 9 10 11 14 18 11 14 18
ength in 1.00 11.13)] 1271 141] 1.69] 2.26 1.41] 1.69 2.26

mim 25 29 32 35 43 57 35 43 57
ea in2 079 11.0041 1271 1,561 2.251 4,00 1.56] 2.25 4.00
mm# 510 1 645 8191 1006 14521 2580 1006 | 1452 2580
Yield 1.oad 47 60 16 94 1351 240 117 169 300
kips
kN 211 2671 3391 416] 600] 1068 520 | 7'51 1334
Ult. Load 71 90 114 140 ] 203 360 1641 236 420
kips
kN 316 1 4001 sS081 6241 9011 1601 7291 1051 1868
BAR APPROXIMATE BAR PROPERTIES
INO. DIAMETER DIAMETER | AREA CONVERTED
(mm) (inches) (inches2) ARFEA (mm2
6.4 0.250 0.05 32.255
3 9.5 0.375 0.11 70.961
4 12.8 0.500 0.2 } 129.02
5 16.0 0.625 0.31 199,981
6 19.0 0.750 0.44 283.844
7 22.2 0.875 0.6 387.06
8 25.5 1.000 0.79 509,629
28.7 1.128 1 645.1
10 32.3 1.270 1.27 819,277
11 35.8 1,410 1.56 1006.356
14 43.0 1,693 2.25 1451.475
18 57.3 2.257 4 2580.4
Notes:

(1) Certain dimensions are shown rounded off in the table. Specifically,
bars #9, #14, and #18 have diameters of 1.128, 1.693, and 2.257 inches,
respectively.

(2) Grade 60 reinforcing steel has a yield stress of fy = 60 kips/in? (415 MPa)
and a tensile strength of f, = 90 kips/in? (620 MPa).

(3) Grade 75 reinforcing steel has a yield stress of f, = 75 kips/in? (517
MPa) and a tensile strength of f, = 105 kips/in? (723 MPa).
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(4) Conversion data are: 1 inch = 254 mm; 1 in2 = 64.5 mm?; 1 kip/in 2 = 6.89
MPa; 1 kip = 4,448 kN

Grouts are typically neat water cement mixes. Type I/Il cement is most
common, although Type III is used for special occasions such as
precontract test programs. At this point, post-grouting techniques may
be used if enhanced grout/soil bond characteristics are needed. The
tube-a-manchette system with double packers gives the best
performance (Type D), although in many cases, an acceptable level of
performance can be obtained by merely grouting from the top of the
tube (without packers) and permitting the grout to exit at the sleeves of

its choice.

Type S2 - This pile type also is designed for use in soils. Its installation is

similar to that for Type S1, but with the following differences:

. The centralized reinforcing element is not needed, since the steel
casing is reinserted to the full depth of the bond zone after pressure
grouting.

. Post-grouting cannot be used. (Hence, these piles are Type B in the

general classification.) Such piles are less common than Type S1, and
are used only under special conditions, usually reflecting cost and
logistical factors.

Table 4. Axial tension and compression loads for API N-80 steel casing.

Casing OD in 5-1/2 7 9-5/8
mm 139.7 177.8 244.5
Wall Thickness in 0.361 0.498 0.472
mim 9.17 12.65 11.99
Steel Area in? 5 5.83 10.17 13.57
mm 3760 6563 8756
Yield Load kips 466 814 1086
kN 2075 3619 4829
Notes:

() Casing outside diameter (OD) and wall thickness (t) are nominal
dimensions.

(2) Steel area is calculated as A, = t (OD - t).
3) Nominal yield stress for API N-80 steel is Fy = 80 kips/in? (551 MPa).

4) Conversion data are: 1 inch = 25.4 mm;1 in2 = 64.5 mm?; 1 kip/in?2 = 6.89
MPa; 1 kip = 4.448 kN.
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Type R1 - This configuration is used when the pile is to be founded in rock and
is the more common of the two rock pile options. It is also (rarely) used when
founding low-capacity piles in hard or stiff cohesive soils.

Drilling. The drill casing is advanced in the same manner as for the
Type S1 pile, except that it terminates at the top of rock. After the
casing is seated into rock, a drill string is then advanced through its
center to drill the rock bond zone. For cohesives, augering is typically
used, so as not to cause water flush softening of the borehole wall.

Grouting/Reinforcement.  Once drilling is complete, neat cement grout
is then tremied from the bottom, and a reinforcing element is placed in
the bond zone to complete installation. This makes it a Type A pile.

Type R2 - Also intended for rock formations, this type of micropile differs
from Type R1 in that the steel casing extends the full length, as in Type S2.

Drilling. In order to penetrate both the overburden and the rock, a
permanent drill bit that is attached to the end of the steel casing and
that is greater in diameter is employed. This is also a Type A pile.
Underreaming is not conducted in American practice.

Removal of Drill Casing. As indicated above, a distinguishing
characteristic of high-capacity micropiles is that the drill casing is
usually left in place through the upper zones of the pile, whether or not
it is used as the main reinforcing element. This contrasts with the
practice of other countries, where the drill casing is often fully
extracted. Testing has proved that both vertical and lateral micropile
performance are enhanced when the casing is left in place above the
pressure-grouted zone (figure 28). This practice also prevents grout
loss into the often permeable upper strata and adds an extra measure of
corrosion protection to any full-length internal reinforcement that has
been placed. Casing is most typically extracted by the drilling rig,
although the use of separate hydraulic jacks is not uncommon.

Load Ranges. It is most common to find CASE 1 micropile service loads in
the range of 500 to 1500 kN, although test loads of more than 1780 kN in
silty sand and more than 3340 kN in dense alluvial gravel have been
reported (Bruce et al.,, 1993c). Most recently, a maximum test load of
5200 kN was obtained for a 244-mm-diameter Type B pile, and 3300 kN

for a 178-mm-diameter Type B pile, both founded in silty sand (figure
18).

Corrosion Protection. When drill casing is used as the load-bearing
element, it is difficult to provide pre-applied corrosion protection in the
form of a coating or sheath. Instead, grout is regarded as protection,
and a nominal reduction in steel thickness may be considered as
sacrificial. It is possible to paint exposed pile sections with protective
coatings.

Any elements introduced into pre-drilled holes can be protected, either by
separate plastic sheath (grouted annulus around the pipe or bar) or more
commonly by epoxy coating (e.g.. Groneck et al., 1993).
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Figure 28. Test performance comparison of two 11-m-long Type 1B micropiles, with and
without permanent casing, Coney Island, New York (Bruce, 1988).

In general, due to the compressive nature of the stresses in most applications, microfissuring of the
annular grout around the steel pipe is not considered to occur, and so concerns have not been
typically high over-corrosion susceptibility. However, recent applications of high-capacity permanent
piles subject to tensile stresses in aggressive environments are drawing attention to this issue.

British Practice

As with the United States, there are many contractors, each with his/her own special techniques, as
illustrated in table 5. However, in general, the technology is regarded as mature, and national practice
is fairly uniform. There is less emphasis on achieving high capabilities than on minimizing structural
movements. Applications tend to be largely designed by consultants, and specifications are therefore
mainly prescriptive. All applications have been CASE 1. No preloading case histories have been
reported.
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Table 5. Main fcaturcs of various systems of "micropiling”
(Fleming et al., 1985).
Nominal Nominal
pile dia. design load
Pile type Company {(mm) kN) Special features
Bored or drilled Cementation Piling & Range 76 to 290 Range 3 to 550

grouted or cast in
place

Displacement piles

Foundations Ltd. (Grouted
mini piles)
Colcrete Ltd.

Fondedile Foundations Ltd.

(Pali Radice)
Ground Anchors Ltd.
(Dywidag GEWI pile)

The House Piling &
Foundatioa Co.
Hydro-Technique (micro-
pieux)

Quickpile (Ground
Engineering Ltd)
Terresearch Ltd.

GKN Keller Foundations
Ltd.

(GKN mini piles)
Menard Techniques Ltd.
(Menard mini pile)
Harison and Co, Ltd.
The House Piling &
Foundation Co.

West's Piling &
Construction Ltd.

(West's mini-shell)

PM Minipile Ltd.

Roger Bullivant

Range 125 to 225
Range 120 to 280

150 approx.

180
Range 60 to 300
76

120
Range 160 to 300

Tapered 160 to 100
Tapered 250 to 150
Range 150 to 300
112

280

80+
65

Range 200 to 450
Range 100 to 500

400 approx.

Range 500 to 1500
Range 20 to 600

150
Range 165 to 350

160
200
Range 150 to 300
400

300

40 +
20

Versatile with high load transfer
characteristics .

High load transfer characteristics,
especially suited to tensile load as
well as in compression.

Versatile with high load transfer
characteristics.

Top-driven steel tube, by drop
hammer. Various rigs available,
Vibro-driven cast in place.

Rapid installation.

Driven.

Conventional shell pile, drop-
hammer driven.

Hydraulically jacked vibration-{ree

system.
Driven.

Drilling.

The drill hole, typically 120 to 250 mm in diameter, is formed to

the design depth using one of the techniques described previously in

this chapter.

Rotary or rotary percussive drilling techniques are

employed most often in the overburden (duplex) and founding strata

(down-the-hole hammer). In the  majority of cases, a temporary casing
is required to support the borehole, at least through the upper, usually
weaker horizons. Water is the most common flushing medium, but air

flush is also used if ground conditions can support their use. Augering
techniques are common in stiff to hard clays and marls.

Drilling rigs vary in size, depending on the physical constraints
associated with a particular application, and vary from small, low-
headroom skid- or crawler-mounted electro-hydraulic rigs to large
crawler-mounted diesel-hydraulic drilling machines. Barley and
Woodward (1992) reported the use of underreaming techniques for test
micropiles, but the method is not commercially used.

Grouting. Grout typically comprises a neat cement, or 1:1 to 1.5:1

sand/cement mix. Appropriate fluidity is achieved with w/c ratios
ranging from 0.45 to 0.60, which, in turn, yield characteristic strengths
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between 25 and 40 MPa. Many micropiles are constructed with sulfate-
resisting portland cement to help protect against the risk of Alkali
Silica Reaction (ASR) (Barley and Woodward, 1992). Most systems
appear to correspond to Type A or Type B.  Grouting, at pressures of up
to 0.2 to 0.3 MPa, is usually conducted through the drill casing as it is
extracted.  Post-grouting techniques (Type D) usually are not employed,
although Jones and Turner (1980) reported favorably on earlier
developments in cohesive soils.

Reinforcement.  Micropile reinforcement usually comprises a single
centralized deformed reinforcing bar such as GEWI. Steel tubes or
small-diameter, centralized reinforcing cages (of up to six bars with full
helix) are used where moment resistance is high, or very small
movements or very high loads are required. The reinforcement is
placed either before or after tremie grouting and usually extends the
full length of the pile. Composite piles similar to the American Type S1
or Type R1 Pin piles described above have also been installed.

Removal of Drill Casing. After the reinforcement has been placed and
the hole tremied full of grout, the casing is usually completely

extracted. Turner (1994) reports on systems drilled by rotary percussive
(eccentric) techniques (i.e., TUBEX) where the casing is left in place as
the main load-carrying element. Similar applications in Hong Kong by
other British- owned companies have also been reported (Bruce and
Yeung, 1983), but mainly for rows of micropiles used as retaining walls.
During casing removal, to maintain the integrity of the grout column
within the micropile hole, a permanent liner, usually in the form of a
thin-walled plastic or galvanized steel sleeve, is often incorporated over
the upper section of the pile, particularly through fill materials.

Load Ranges. Working loads typically range between 100 and 500 kN.
However, test loads of 1000 kN have been reported for micropiles in stiff
sandy, silty clay, and 1800 kN for micropiles in rock (Barley and
Woodward, 1992). Turner (1994) reports designs for micropiles with
'working loads of up to 1400 kN that have been proposed for some
projects, utilizing composite reinforcement and bond zones in

competent rock.

Corrosion Protection. It is not usual that specific measures are taken to
provide additional protection to the reinforcing steel, other than by the
provision of standard design cover of grout to the steel. Turner and
Wilson (1990) describe the use of a permanent corrugated plastic liner
to a central bar reinforcement through overburden and fill, above the
load-bearing stratum (weak sandstone), as illustrated in figure 29. This
reflects the type of systems provided by thread-bar manufacturers, as
shown also in figure 19.
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Italian Practice

Although micropiles were initially developed in Italy, it would seem that
current practice is heavily influenced by French and German codes and
practices. This reflects the absence of comparable Italian regulations.
Specifications in micropiling, as is typical throughout the specialty
geotechnical construction industry, are usually of the performance type, and
thus considerable scope is afforded the contractor in his/her design and
construction procedures. Recent developments appear to be focused toward
enhancing the unit pile capacities of CASE 1 piles, although the traditional
CASE 1 and CASE 2 root pile concepts of Lizzi still remain popular, especially for
the underpinning of old, historic structures. Micropiles of Types A, B, and D
are common, and preloading is often used (e.g., ROPRESS system in CASE 1
piles), having been patented in the late 1960's.

. Drilling. Drill holes for lower capacity piles, as with CASE 1 or CASE 2
elements, tend to be in the range of 100 to 150 mm. Larger diameters, up
to 270 mm, are used for more highly loaded CASE 1 piles. Water flush is
most common, although bentonite slurry is also used during the rotary
drilling of difficult rock conditions. The usual range of drilling
methods is used, but with a focus on purely rotary techniques.

. Grouting. The same practices common in other countries are used in
Italy. Sand-cement grouts are often employed for Type A piles, and
cement-bentonite grouts are economically used in highly reinforced
Type D piles. Otherwise, high-strength neat cement grouts are standard
practice. Water/cement ratios are between 0.45 and 0.50 for primary
grouts and up to 1.0 for post-grouting mixes. Type B grouting pressures
are rarely more than 0.6 MPa, and Type B piles are relatively less
common than in the United States, for example, since more attention is
paid to Type D piles. In recent years, the use of air to pressurize the
(sand/cement) grout column has declined with the advent of better
pumps.

. Reinforcement. No single "local" steel is used and, for example, much
use is made of the GEWI bar type reinforcement for medium- and high-
capacity piles. Low-capacity piles typically have a single steel bar or a
cage of light bars ~ typical of a CASE 1 or CASE 2 root pile. For Type D
piles in which the post-grouting is to be conducted through the
reinforcing tube, as in the TUBFIX method, the tube is thick-walled,
high-strength steel with perforations and sleeves at 0.5-m centers in
the bond zome: Further bar reinforcement may be placed and grouted
inside these tubes after post-grouting to provide additional structural
capacity. An early classification of Italian micropiles by Mascardi
(1970), which focused mainly on the TUBFIX method, is provided in table
6. This appears to have been used routinely by the Rodio Company, who
in 1970 published a list of 34 Italian case histories based on Mascardi's
classification.

. Removal of Drill Casing. In all published examples, the temporary drill
casing, if used, is wholly extracted. A short steel or plastic stand pipe
may be placed around the upper pile shaft for corrosion protection or
grout flow restriction.
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. Load Ranges. Root piles are typically designed for service loads of up to

500 kN. Mascardi (1982) reports TUBFIX capacities of up to 1000 kN,
while Rodio (1994) reports a test load of 2465 kN on a ROPRESS pile in
calcarenite. Rarely, however, are such high loads needed, as the
national emphasis is usually on movement minimization (for CASE 1
piles), or networks of lightly reinforced CASE 2 eclements.

i Corrosion Protection. Attitudes appear to be similar to British practice,
being less formalized than in Germany.

Table 6. Classification of TUBFIX micropiles (Mascardi, 1970).

Diameter
Typeof  |Boreholel " | Pian | Peau P ™ E T Bl w | B oW
Micropile  jdiameter eint Cot t t kgfem® | kgfem® | m t kg/em* | kg/em®* | m
Tubfix ‘
A/l 8s | slozss0 | 238 |-136 | s95 091 | 105 | 195 | 432 Les | 123 | 160
- B/1 100 | 603/443 | 307 | -170 76,7 0,69 95 | 23¢ | s42 130 | 17 | 19
B/2 100 | 6037403 | 340 |—170 | ss1 081 | 1o | 229 | 625 14 | 128 | 188
B/3 100 | 603/353 | 318 |-—216 | 944 09s | 128 | 221 | 09 115 | 1ss | s
| en 120 | 7617600 | 419 | —238 | 1047 051 g5 | 291 | 13 | os0 91 | 246
1 ¢ 120 | 761/561 | 465 | —238 | 1162 059 | 91 | 285 | 858 09 | 106° | 243
g|cn 120 | 761/511 | s18 | —28¢4 | 1295 060 | 13 | 218 | 991 113 | 127 | 238
€| bn 145 | 825/665 | s33 | —260 | 1332 038 726 | 346 | 830 0,69 8s | 267
D/2 s | 82s/62s | sss | -313 | 1460 043 85 | 339 | 957 0,81 99 | s
g D/3 145 | 825/575 | €43 | —339 | 16038 0.50 99 | 330 |10 098 | 120 | 260
Enn | 115 | ssorr2e | es9 | —287 | 1723 028 68 | 411 | 920 061 | 81 | 289
g E/2 175 | 8897689 | 145 | —368 | 1863 032 | 71 | 408 {1060 072 | 95 | 286
E/3- | 175 | 8897639 | 811 | —368 | 2027 036 | 8.6 | 3971 |1224 o8s | 112 | 282
F/1 200 |1016/856 | 862 | —~327 | 2155 029 64 | 482 | 1106 049 4 | 331
F/2 200 |1016/816 | 928 | —432 | 2320 0.26 1 | 412 |121) 057 96 | s
F/8 200 | 1016/766 | 1006 | —471 | 2516 029 19 | 461 | 1467 067 | 101 | 326
] )
45| a 80 24 147 - %68 | 076 g1 | 113 | 163 807 | 215 | 044
ES| b 100 30 230 - 576 0,61 82 | 216 | 254 646 | 275 | o0
LK 120 36 131 - 82,9 051 82 | 259 | 366 538 | 275 | 096
+Pamm = Permissible compressive load Pamm= Pemissible tensile load

German Practice

All applications in Germany are CASE 1, and most micropile projects are built
around the use of the GEWI bar. Most common micropile types are A, B, and D.
Since 1974, the Federal Government has granted certifications of approval, or
licenses, which confirm that the particular pile components in question meet
certain specified criteria. Contractors are granted national approval to use
these components. Such certifications ultimately lead to the development of

codes of practice. Preloading, facilitated by the GEWI hardware;, is common
(figure 25).
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Drilling. German industry is particularly well served by a large and
powerful group of drilling manufacturers, including Krupp, Klemm,
Wirth, and Hutte. Many of the overburden drilling techniques listed in
table 1 were originally developed by these companies, and German
specialty contractors have high levels of knowledge and experience,
backed by rigorous educational and training schemes. Reflecting the
medium-load capacity requirement of the .industry in general,
micropiles are typically in the range of 100 to 200 mm in diameter with
150 mm being the most common GEWI pile size.

Grouting. Standard practices are used to provide micropiles of Types A,
B, and D. In Type D piles, the "loop" type of post-grouting method
(figure 15) is particularly common, since it reduces time (and labor-
related cost), and gives adequate performance in medium-capacity piles
in the prevailing soil conditions. Often such tubes are incorporated as
"an insurance policy” in case service or test loads cannot be achieved
with Type A or Type B methods. Post- grouting pressures with the loop
system are reported not to exceed 3.5 MPa (Harvey, 1980). Primary
grouts are usually neat cement mixes with w/c ratios of 0.36 to 0.44,
depending on the type and quality of cement. Admixtures are used only
for special grouts for shop fabrication of corrugated sheathed bars.
Grout strengths typically exceed 35 MPa at 28 days.

Reinforcement. Most installations use a GEWI bar or similar bar, and
the most common diameters are 40 mm, 50 mm, and 63.5 mm. Details are
provided in tables 2 and 7. Since the trend is toward very small

borehole diameters, the reinforcement is usually only a single bar,
given the additional space needed by couplers or multi-bar units.
Increasing attention is being paid to lower capacity "self-drilling"
thick-walled piles, such as those produced by MAI and Ischebeck (tables
8 and 9, respectively).

Removal of Drill Casing. No cases have been reported of drill casing
being left in place, although plastic or steel stand pipe may be placed in
the upper shaft through very loose or aggressive materials during
primary grouting.

Load Ranges. Pile service loads are typically tied to bar capacities and
so, by applying codified safety factors on the yield strength of the steel,
service loads of 300 to 800 kN (typically around 500 kN) are found.

Corrosion Protection. German practice focuses heavily on this aspect
(e.g., DIN 4014). Minimum protection of 20 mm of grout around the steel
bar is mandated in normal conditions, increasing to 30 mm in very
aggressive conditions. If the micropile is to be subjected to tensile
loading or is to be installed in particularly aggressive conditions, then a
"double corrosion" protection system is used. The bar is encased in a
corrugated plastic sheath and the annulus between the bar and sheath
is filled (usually in the factory or shop) with a special high-strength,
non-shrink grout.
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Table 7.

Further details on GEWI bars (DSI, 1992).

Service Life Load Case 1 - 3 (acc. German Standard)
Compression Tenslon
< 2 years with
Standard Corrosion Protection 1 2and 3 1to3 -
2 2 years with
Standard Corrosion Protection 1 2and 3 2and3 1
</> 2 years with 1
Double Corrosion Protection 1 2and 3 1to3 -
{only for Monobar Pile} ‘
Bar Steel  Characteristics® Working Load
o Nom. cross yield Fe 11,71 FJ/1,50 FJ1,75 5=
section strength 165 kN/mm?
mm | (mm?) CONE BN KN] kN] [kN]
2 32 804 402 235 268 230 133
5 :
s 40 1257 62¢ 367 419 359 207
-]
Y 50 1963 982 574 654 561 324
iy
o2 635 |3167 1758 | 1028 172 1004 523
3x32 2412 1206 705 804 690 399
3220 1610
1x40 942 1073 820 531
1x50
P 3x40  [3770 1885 | 1102 1257 1077 622
a ‘ ‘
_§__§ 2x50 3927 1963 1148 1309 1122 648
w3 2x 40
o= 1:50 4477 2238 | 1309 1492 1279 739
1x40
2xs0 5184 2592 1516 1728 1481 855
3x50 |s5890 2945 1792 1963 1683 972
* ©32,40,50 Load cases Load Case 1 Example for using the table
steel grade ace. to the permanent loads and
500/550 German Standard  regular traffic loads Service Life: > 2 years with
OIN 1054 standard
0‘61?.5 g Load Case 2 corrosion protection
steel gradge Load case 1 plus
5§55/700 occasional highetraffic loags ~ Load Case:  Load case 1,
compression
Load Case 3 GEWI Pile: 50 mm dia.

Load case 2 plus
extraordinary loads

46

Working Load: 574 kN



Table 8.

Details of

MALI systems reinforcements (MALI, 1992).

R25N R32N R32S R38N
Tensile strength 200 kN 280 kN 360 kN 500 kN
Yield strength 130 kN 220kN 280 kN 430 kN
Weight . 2,5kg/m ¢ 3,6 kg/m ca. 39 kg/m ca. 64kg/m
Thread 1in/1SO 1719 1% in/1SO 1719 | 1% in/ISO 1719 | 1%4in/1SO 1720
Standard lengths 2m,3m,4m,6m Q
' Q
Lengthsupto 12 m are g
Custom lengths available on request. \g X
Special steel qualities and hot dip o)
Special qualities | galvanized finish are available I
On request. :
. Standard is left-hand thread.
Threads Right-hand thread is available on re-
quest,

Vochaical daza Is ickvaat ouly oa correct iastaflation.

Goh

‘.
%2}
g 3
8wt B
(3
)

»
V.

!
. s
L3 2 renry

R25N R32N R32S R38N
25 32 2 a8
+

14 20 =15 14 -

Meaturements are approsimase dau before rolling (ia millimetens)
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Table 9. Details of TITAN reinforcements (Ischebeck, 1993).

Ankertyp / Plahltyp Einheit TITAN TITAN TITAN TITAN TITAN
30/16 30/11 40/16 73/53 103/78
AuBendurchmesser mm 30 30 40 73 103
for adurchmesser mm | 272 | 262 | 371 | evs | 1004
Innendurchmesser mm 16 1 16 83 78
zul. Belastung auf Zug und Druck kN 100 150 300 554 900
zul. Querkraft _ kN 58 88 164 329 535
Bruchlast kN 220 320 660 1160 1950
Gewicht kg/m 3.0 3,5 6,9 12,8 24,7
Kleinster Querschnitt mm? 382 446 879 1631 3146
Kraft an der FlieBgrenze kN 180 260 490 970 1 570.
FlieBspannung N/mm? 470 580 560 590 500
Tragheitsmoment cm* 237 2,24 8,98 78,5 317
Widerstandsmoment cm3 1,79 1,71 4,84 22,4 63,2
Plast. Widerstandsmoment cm? 2,67 2,78 783 32,1 89,6

French Practice

There is a long and rich history of micropile practice in France, and French
methods and regulations have international influence. Much work is done to
underpin historic structures and so CASE 1 elements designed to perform with
minimum movement are common. The demand for very high capacities is not
so strong. Considerable attention is being paid to the potential of CASE 2
structures, as evidenced by the establishment of the FOREVER project. All four
pile types are commonly used, with perhaps Type B being less frequent.
Preloading is well known but not widely used. Despite the presence of national
regulations, there 1is still considerable scope for innovative technical and
contractual practices within these frameworks, and strong technical input is
still supplied by - and solicited from — a number of very strong specialty
contractors of world renown. Although micropiles are discussed in the French
Code C.C.T.G. Facsicule 62, titre V, practice is more thoroughly described with
reference to the classification adopted in the French Code DTU 13-2 (1992).
Micropiles are considered to have diameters less than 250 mm. The
classification is illustrated in figure 30.

Type I. A cased borehole is usually formed using water flush, although
drilling with bentonite slurry or "self-hardening drilling mud" (i.e., a
cement-bentonite grout) is also commonly undertaken (for all types).
Reinforcement, if used, is light. A sand-cement mortar with a minimum
cement content of 500 kg/m3 is placed either by gravity or under moderate
pressure. The drill casing is wholly extracted. Due to the very low axial
capacity ("some tens of tonnes"), Type I piles are very rarely used in practice
and have very low lateral resistance. It is equivalent to a low-capacity Type A
or B micropile. 48
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Tvpe II. A casing is installed again only if pressure grouting is to be
undertaken or if the ground specifically dictates. The reinforcement, in this
case a thick tube or a high-strength rebar or group of bars, is then installed,
and grouting is conducted through a tremie pipe. If soil or loading conditions
do not dictate the need for subsequent pressure grouting, the drill casing, if
present, is removed at this time, and the borehole is topped-off with additional
grout as necessary, Otherwise, the drill casing is extracted in conjunction
with pressure grouting. Pressures up to "hydrofracture" may be applied, but
in reality never exceed 1 MPa. Neat cement grout is used with w/c ratios of
0.45 to 0.50. The allowable elastic limit for reinforcement is set at SO0 MPa for
tubes and 1100 MPa for bars. Such piles are forbidden in artesian conditions.
A Type II pile is equivalent to a medium high-capacity Type A or B micropile.

Type III. (Injection Globale et Unitaire [IGU]). The borehole is formed with or
without a casing. The heavy steel reinforcement is then placed, along with a
post-grouting tube. The reinforcement may consist of a high-strength bar, a
group of bars, or a tube. If tube reinforcement is used, it can be perforated
and equipped with sleeves to serve jointly as the post-grouting tube. After the
reinforcement has been installed, the borehole is filled with neat cement
primary grout via tremie (w/c = 0.50). The casing is totally removed at this
time. After 15 to 25 minutes, post-grouting is undertaken once using global
techniques, i.e., without the use of packers, from the top of the hole. Injection
pressures typically exceed 1 MPa. The code suggests that the IGU pile can be
useful in artesian conditions.

Type IV. (Injection Répétitive et Sélective). The Type IV micropile is
constructed similarly to the Type III except that post-grouting is conducted
after the primary grout has set (typically at least 6 hours after placing), via a
system permitting several phases of injection. This is accomplished with a
double packer placed in a separate sleeved pipe or in the steel tube
reinforcement itself if suitably sleeved. Due to the higher grout/ground bond
capacity that can be generated, these piles can be more heavily reinforced and
thus can sustain high service loads.

Table 11 provides a summary of borehole diameters, reinforcement
characteristics, and nominal service loads. Although this table was produced
by one contractor for one concept of pile (Type D), the details are reflective of
general practice. Many applications are of smaller diameters (<150 mm) and
low to moderate service loads (<500 kN). GEWTI type bars of 32- to 40-mm in
diameter are common. However, there is a significant number of larger
capacity installations (up to a 2000-kN service load) demanding larger
diameters and groups of bars, a common selection is three 32-mm GEWI bars.

Corrosion protection is provided in the form of applied coatings (e.g., paint or
epoxy) or encapsulating plastic sleeves. Alternatively, it is also common to
find the design philosophy of permitting a sacrificial steel loss over the
service life of the pile.
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Other National Practices

The practice in Europe has generally driven developments in the rest of the

world.

(1)

This has been accomplished through two major mechanisms:

European specialty contractors have set up overseas branches or joint
ventures or licensing agreements to install micropiles in specific

countries, particularly in Southeast Asia, the Middle East, South Africa,
and South America.

(2)

international

native technologies by local contractors.

United States, for example.

European specialists have published key papers at national or
conferences, thereby stimulating the development of
This has happened in the

As a consequence, although micropiling has truly a worldwide application, the
technologies used in Europe and the United States cover the range of methods
that can be found, local variations in materials (e.g., table 10) or equipment

specifications

notwithstanding.

Table 10. Types of TUBFIX micropiles used in South Africa (Rodio, 1980).

. Seamless Pipe St-52
Pipe diameter (mm) | 48.3/38.3 | 60.3/44.3 | 76.1/60.1 | 88.9/68.9 | 101.6/76.6 | 101.6/66.6 | 114.3/79.3
Working load (tons) 14 28 36 52 72 87 111
Steel area icmgL 6.80 13.14 17.11 24.78 62.00 46.21 53.20
Weight of steel (kg/m) 5.34 10.30 13.40 19.90 - 27.60 36.20 41,70
Overview of International Practices

The construction of a micropile involves a succession of processes, the most
and grouting.
There are a large number of drilling systems available for both overburden
and rock, but the particular environmental needs of micropile construction
This narrower range then
tends to be utilized worldwide as a result of the comprehensive international
marketing and sales efforts of the drill rig equipment manufacturers and the
ongoing exchange of data and experiences in trade and professional
The newer, more innovative drilling
equipment and methods are common among the five countries under closest
review in this report, with other countries outside Europe or Japan tending to
use more traditional methods, more appropriate to local resources and skills,

significant of which are drilling, placing the reinforcement,

naturally focus attention on a more limited range.

organizations and their related journals.

The placing of reinforcement is also a fairly standard process, although
different countries use different grades, sizes, and configurations.

Only in the

United States is it common practice to have the drill casing left in place from
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Table 11,

Details of micropile types used by Soletanche (1980).

’ ) g - NOMINAL SERV
REINFORCEMENT GEOMETRIC CHARACTERISTICS PPOPOTIONAL 0 SAPELY EAGTOR
_ Elastic Minimum Area Inertio
REINFORCEMENT Dimensions limit borehole of steel of steel 2/30.5§ 1720. S
TYPE (mm) (0] diameter S 4 (kN) (kN)
(MPa) (mm) (cm?) (em®) .
SECTION IPE100 X 55X 4 240 150 10 71716 160 120
390 310 230
D 46/60 530 100 12 43 420 310
' 390 600 450
@ 70/89 530 120 23 189 820 620
390 730 550
TUBES @ 97/114 530 150 28 394 1000 750
390 ' 880 660
2 109127 530 170 34 584 1200 900
390 1300 980
157178 530 200 | 50 1728 1760 1320
Q2T 400 60 to 250 mm 3 depending 80 60
2327 400 depending 8 on number - 210 160
D407 400 on the number 13 of bars 340 260
BARS 9 26 DY 800 of bars 5 " and 280 210
AND @ 33 DY 800 in the 8 . digmeter 450 330
BAR GROUPS 2 36 DY 800 group 10 of group 530 400
60327 400 150 48 129 1290 970
4@ 36 DY 800 150 40 129 2120 1600




the surface down to the top of the "bond zone," although isolated examples
have been recorded by certain British companies, both domestically and
internationally.

It is, however, in the process of grouting that the most extreme range of
practices and preferences is evident. This, of course, promoted the nature of
the grouting method as the basis for the construction-based micropile
classification adopted in volume I of this report. A summary of practices is
provided in table 12. Practice is influenced partly by contractor capability
and experience, but mainly by the provisions of codes and regulations,
including those related to site investigation parameters.

Types A and B would seem to be the most popular choices, reflecting still the
original concepts of Lizzi's root piles. Type C is only common in France, while
Type D is becoming more popular in countries with access to sophisticated post-
grouting technologies. Underreaming of micropiles is not now routinely
conducted anywhere given the fact that skin friction, not end bearing, is the
prime load transfer mechanism, and that developments are focused on bond
improvement instead. Indeed, it would seem that the "Expanded Base" pile
described by Lizzi (1982) is the sole viable member of this type, and even then,
few applications have been reported.

This trend towards increased bond capacity, and so higher individual pile
capacity, is in line with the fact that most micropiles are conceived to work in
a CASE 1 fashion. Only in Italy and Japan are the low-pressure Type A piles
common, this being in step with their prime use as CASE 2 elements.

Regarding the subject of corrosion protection, it would seem that German
practice addresses it most stringently, although its importance to the French,
in particular, is becoming paramount as evidenced in the national research
program name FOREVER. Elsewhere, an increasing degree of attention is
being paid, although nowhere is the approach as rigorous as the
corresponding requirements imposed on tensile elements including ground
anchors and soil nails.
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Table 12.

Summary of single micropile types used internationally,

Country Pile Type
A B C D
nited Relatively rare; Most common No knowledge Rare, but
Btates only for bond of use becoming
zones in rock more
and stiff popular
cohesive soils
United Very common Common No knowledge Not used
Kingdom of use
[taly Common Common No knowledge Common
of use
(Germany Very common Common No knoWledge ‘| Very
of use common
France Very common Common Common Common
Dthers Common Common No knowledge Rare, but
of use becoming
more
popular

Additional Considerations for Micropiles as In Situ Reinforcement

The individual elements comprising groups or reticulated networks are
fundamentally no different than those used for direct axial load bearing and
are constructed much the same as described above, except that the temporary
drill casing is completely extracted and no post-grouting is conducted (or
necessary). Type A is most common, with Type B used if a greater degree of
interpile ground treatment or improvement is sought. Figure 31 illustrates the
overall construction sequence of such a network. The concrete capping beam
may be cast either before or after construction of the piles. However,
evidence indicates that if the beam is cast before drilling, less movement will
occur in the reinforced soil mass both during and after construction (Bruce,
1989a).

If the beam is constructed before drilling commences, plastic sleeves are
embedded within the forms at planned pile locations and battered at
appropriate angles before the concrete is poured to provide openings for
subsequent drilling. Once the beam is poured, it can serve as a mat upon
which drilling equipment can operate. In cases where the beam is
constructed after the piles, a mud mat can be formed to serve as a working
platform for pile placement (Palmerton, 1984).
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Step 1. Excavate 0.6 - 1.0 m for concrete cap.

/

Step 2. Place reinforcing steel and corrugated
polyethylene sleeves for the reinforcing units.

onnn \/

Step 3. Pour 2-m-wide x 1-m-deep concrete cap.

Step 4. Drill and grout reinforcing unit into place,
pressure grouted at 0.2 - 0.3 MPa.

/

L

Step 5. Regrade shoulder and repair roadway.

mt—

Typical steps in reticulated micropile wall construction

Figure 31.
(Bruce, 1992).

55



For relatively shallow slide planes (i.e., within about 6 m of the ground
surface), the beam provides added stiffness and is therefore an essential
component of the CASE 2 pile wall. If the slide plane is deeper or the sliding
surface is overlain by stiff soil, the piles may be of sufficient length that the
bending moments and axial forces in the CASE 1 piles are dissipated into the
overlying soil prior to reaching the surface. In these cases, analyses seem to
indicate that neither a cap beam nor full extension of the pile reinforcement
to the ground surface may be required (Pearlman et al., 1992).
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CHAPTER 2. INTRODUCTION TO SPECIFICATIONS,‘ QUALITY CONTROL,
QUALITY ASSURANCE, AND LOAD TESTING

INTRODUCTION

Micropiles are relatively slender elements that often have to be formed
through random fills or heterogeneous soils underlying sensitive or delicate
structures. They employ a variety of specialized drilling and grouting
techniques and a wide range of constituent materials. Despite their long and
successful record of use in Europe and along the eastern seaboard of the
United States, micropiles remain a relatively new technology in many parts of
the United States.

There is no comprehensive national standard or code of practice to be
compared to those available in France or Germany, for example, although the
subject is addressed specifically in certain local guidelines (e.g., Massachusetts
State Building Code, 1988) or partially or indirectly in national standards,
issued by the American Society for Testing and Materials (ASTM), the
American Concrete Institute (ACI), or the American Association of State
Highway and Transportation Officials (AASHTO) in the 1992 edition of
"Standard Specifications for Highway Bridges." Due to the various unique
aspects of design and construction, it is not appropriate to broadly enforce
standards developed for driven, or even large-diameter, drilled piles for
micropile works.

In the case of prestressed ground anchors — a similar technique from many
viewpoints — every installation is routinely tested to a demonstrated factor of
safety. As with other bored pile systems, however, micropile capacity can only
be definitively proven by a load test, although dynamic testing may be used to
demonstrate pile integrity. Although micropile load testing is relatively quick
and inexpensive, it is not practical or economic to test every element installed,
and indeed, there are many projects where no load testing is or can be
conducted at all for technical or economic reasons.

It is therefore essential that close attention is paid to the quality of the
materials and the construction at all stages of the work. The purpose of this
chapter is to highlight issues that should be addressed when preparing
construction and testing specifications. This chapter is not a manual or
a specification per se: the information it contains still affords the
specialist the opportunity for innovation and resourcefulness at the same time
that it provides a process control framework ensuring a high-quality product.
It does not address design issues (volume II) nor does it address contractor
prequalification and selection methods (volume I), both topics that should be
an integral part of a micropile specification. The information is provided in
the following sequence:

. Materials.
J Construction.
. Pile testing.

It should also be emphasized that although micropiles are often formed in
large groups, and the consequences of a single member being substandard will

57



probably not be severe, a systematic construction defect because of inattention
to detail may result in the integrity of a large number of piles being
compromised. For example, Turner (1994) reports that at a recent site in
England, uncontrolled drill flushing water was able to contaminate and dilute
freshly grouted micropiles within a considerable area. The resultant grout
washout and bleed caused the rejection of a large percentage of the piles
installed, leading to major project delays and cost overruns.

Reference should also be made to the details provided in chapter 1 of this
volume, especially as they relate to materials selection and application.

MATERIALS

Grout

Cement

Cements for use in micropiling are typically ordinary Type I or II or rapid-
hardening (Type III) portland cements to accepted national standards. If
aggressive ground and/or groundwater conditions dictate, sulfate-resisting
cement (Type V) is used. Barley and Woodward (1992) note that sulfate-
resisting cement is often routinely used anyway as this limits the alkali
content of the grout to below 3 kg/m? (as recommended by BS8110, 1989) to
avoid the risk of alkali-silicate reaction. Cement replacement materials such
as fly ash are not used, as they reduce strength. In the United States, the
following ASTM standards apply:

C150-92 Specification for Portland Cement
C595-92 Specification for Blended Hydraulic Cements, excluding Types S

and SA, which are not intended as principal cementing
constituents of structural concrete.

AASHTO MS85 is also relevant.

Fillers

The use of an inert filler to reduce the unit cost of the grout is common in
certain countries. The most common filler is sand, in proportions between
0.5:1 and 2:1 of sand/cement (reflecting early Italian regulations for
reinforced concrete). Around 1:1 is the most common proportion. Sand fillers
should comply with recognized national standards for aggregates used in
concrete, and in the United States, these are in conformance with ASTM
standards:

C33-90 Specification for Concrete Aggregates

C144-90 Specification for Masonry Mortar
Aggregate

Admixtures

It is not common to use admixtures with a neat cement grout except where long
pumping distances and/or high temperatures favor a fluidifier/plasticizer.
Other additives are typically not necessary and should be avoided for
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technical, economic, and practical reasons. When using sanded grouts,
suitable plasticizers, anti-shrink, or anti-bleed admixtures are more commonly
used to improve both fluid and set grout properties. Such admixtures must
comply with national and recognized standards and, prior to their use, tests
should be undertaken or other substantiated evidence provided to demonstrate
that their use improves the properties of the grout without detriment to its
strength or durability characteristics. = Admixtures containing chloride should
not be permitted. Relevant ASTM standards are:

C260-86 Specification for Air-Entraining
Admixtures for Concrete

C494-86 Specification for Chemical Admixtures
for Concrete

C1017-85 Specification for Chemical Admixtures
for Use in Producing Flowing Concrete

Water

Water used for grout mixing must not contain impurities harmful to the steel
or the grout. It is normal to stipulate that water be of drinkable quality and
comply with recognized national or local standards for water for making
concrete. As an example, the British standard for ground anchorages [BS8081
(1989)] requires that water for anchor grouting should not contain oil,
organic matter, or deleterious substances, and that it should not contain more
than 500 mg of chloride ions per liter (500 parts per million). ACI Building

- Code 31811 (1992), "Building Code Requirements for Structural Plain Concrete,"
confirms similar requirements, noting that excessive impurities may affect
not only setting time, strength and stability, but may also cause efflorescence
or corrosion of reinforcement.

Reinforcing Steel

Deformed bars are exclusively used for micropile reinforcement, rather than
smooth bars, and should generally conform to appropriate recognized
standards. In the United States, the following ASTM standards apply for
deformed reinforcement:

A36-90 Specification for Structural Steel

A82-90a Specification for Steel Wire, Plain, for
Concrete Reinforcement (for spiral reinforcement)

A615-90 Standard Specification for Deformed and Plain Billet-Steel Bars
for Concrete Reinforcement

A706-90 Specification for Low-Alloy Steel Deformed Bars for Concrete
Reinforcement ‘

AT722-90 Standard Specification for Uncoated High-Strength Steel Bar for
Prestressing Concrete ‘

A242-89 Specification for High-Strength Low-Alloy Structural Steel

A572-88C  Specification for High-Strength Low-Alloy Columbium-Vanadium
Steels of Structural Quality

A588-88a Specification for High-Strength Low-Alloy Structural Steel With 50-
ksi Minimum Yield Point to 4 in Thick
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Steel bars used for pile cages or bar groups should comply with national
standards for hot-rolled or cold-worked steel bars for the reinforcement of
concrete. Any coupling systems should also comply with such standards or
have adequate and sufficient test or supporting data to allow their evaluation
and use in the piling system. It should be realized that most micropile systems
utilize readily available bar or coupling systems that have been developed for
general use in reinforced concrete or concrete piles and drilled shafts. Thus,
any such additional data are likely to have been routinely provided for the
much larger construction industry market.

Steel tube and threaded or welded connections should similarly comply with
relevant standards. Lap splicing is never permitted. Further data from
various countries are provided in tables 2, 3, 4, 6, 7, 8, 9, and 10.

Centralizers _and__Spacers

Centralizers are required, where appropriate, to ensure that cage or bar
reinforcement is centered within the grout column with a minimum cover of
grout. The Federation of Piling Specialists (FPS) (1987) calls for a cover to "all
steel reinforcement"” of at least 30 mm, while the Massachusetts State Building
Code (1988) specifies a minimum cover of 25 mm in soil and 13 mm in rock. It
also notes that these requirements may be reduced when the steel is provided
with a "suitable protective coating." This code also notes that piles subjected to
sustained tensile loading in corrosive environments should have their
reinforcement protected by "a suitable protective coating or encapsulation
method.”  Similarly, German DIN4128 (1983) for small-diameter injection piles
specifies various covers (table 13), depending on degree of soil aggressiveness,
longevity, and grout or concrete type.

Spacers are provided to ensure adequate separation between the individual
bars of a group or cage. The minimum value ranges from zero (i.e., touching)
to 5 mm, although for efficient load transfer and proper grout penetration, the
high end of this range should be specified as a minimum.

Centralizers should be formed from inert, non-metallic materials and be
designed such that they have sufficient bearing area in soft cohesive
materials that they will not penetrate into the walls of the drill hole. In
addition, they should have a low cross-sectional area so that they present as
small an obstruction as possible to the flow of the pile grout.

Spacers may be made of steel, except that the minimum grout cover
requirement would apply to the largest dimension of the spacer.

It should be noted that where coupled monobar or multibar reinforcement is
used, the couplers themselves also require the minimum cover specified.

Typical spacers and centralizers are illustrated in figure 20..

Corrugated Plastic_ Sheathing

Corrugated plastic sheathing for corrosion protection is usually of the type
used for soil and land drainage, e.g., ASTM D2665-91b, "PVC Plastic Drain, Waste
and Vent Pipe and Fittings." This material should therefore comply with an
accepted national or other standard relating to such pipes. In addition,
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Table 13. Minimum dimensions of concrete cover of reinforcement for the
steel load-bearing member (DIN4128, 1983).

Degree of aggressiveness
Line t1ack on conereie in accorcance Peemissible sggressiveness 10 sieel Concrete cover (1)(3)
with DIN4030 in aceordance vaith DVGW.Dazenblaut .
{Dsta shem) GW 9 - in mm
1 not aggressive 3
‘ 30
not sggressive, but with 3
2 .sulfate content cl?ssified aggressive, slightly aggressive, _
in DIN4030 as slightly or barely aggressive (4) 0
aggressive
3 slightly 2ggressive
35(3)
4 o
very aggressive )
ggres 45(3)

(1) The figures apply to concrete; where cement mo: i

) H rtar is used, they may be
g; l::'llngh-sue:egth cement shall be used for forming the pile shmy Y fediced by 10 mm.

iles may inserted only if an expert in matters of corrosion o.f steel
y y ted ¢ . and concrete confirms that the long-
:t:‘aex:s l:::::g ‘:’?havwr is not affected b'y a time-dependent reduction of the skin friction. In the zone ::lii::emthe
(sos DML (:1115 tu;)g ‘::ngg, ¢1>19h7e8r protective measures, in place of an increase in the concrete cover, may be taken
, December iti "

(see D edition, subclause 13.3), but the concrete cover shall at least conform to table 1,

(4) In the case of injection piles for tem i
¢ : porary purposes, piles may also be formed in soils that i
) ;:‘ee!:‘eprovmed !h.at it can be shown by an expert that the load-bearing behavior is not im::ir::mgly spgreasive fo
case of piles for temporary purposes, the figures may be reduced by 10 mm. )

however, other points of interest to the geotechnical application should be
checked. A minimum wall thickness should be specified, the material should
be resistant to ultraviolet light, and the pitch and amplitude of the
corrugations should be sufficient to provide a good mechanical interlock
between internal and external grout.

BS8081 (1989) recommends a minimum wall thickness of 0.8 mm, a pitch of
between 6 and 12 times the duct wall thickness, and an amplitude of not less
than 3 times the duct wall thickness. It also suggests that continuous
diffusion-impermeable polypropylene or polyethylene sheaths are
preferable, but that Poly-Vinyl Chloride (PVC) sheathing is quite acceptable
with the proviso that in the event of exposure to fire, corrosion-promoting
chlorides may be released. The latter problem is of particular importance to
high-tensile ground anchorage tendon steels, but is generally considered less
of a factor with conventional mild or high-yield steels used for micropile

reinforcement.

Table 14 outlines properties of such plastics that have been specified by the
Geotechnical Control Office in Hong Kong.
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Table 14. Properties of plastic sheaths specified by Geotechnical Control Office,
Hong Kong (from BS8081, 1989).

Property Test method Acceptance criteria
Units PVC PP and PE
Density Method 620A of kg/m? 2 1.35 >:0.93
BS2782: Part 6 (1980)
Tensile strength at yield Method 320C of MPa z 45 2 29 (PE)
at 23 °C,testing speed BS2782: Part 3 (1976) | Z 30 (PP)
50 mm/min.
Softening point Method 120A of °c 275 2 |10
BS2782: Part 1 (1976)
Hardness (Shore D) Method 3658 of - 2 65 2 65
BS2782: Part 3 (1981)
Brittleness temperature ASTM D746 °c <-5° . s-5°
Environmental stress- ASTM D1693 hour 200 (no cracking)

cracking resistance

Fungal resistance ASTM G21 - Rating 1 or less
(see note 3 below)

Bacterial resistance ASTM G22 procedure 'B' - No bacterial growth on surface
of spécimen

Water absorption ASTM D570 % increase Max. 0.5%

23+1°C Long-term immersion in mass

Hyfirostatlc pressure B56437 - No localized swelling, leakage

resistance

or weeping

NOTE 1. ASTM is the American Society for Testing and Materials.

NOTE 2. PVC = polyviny! chloride; PP = polypropyiene; PE = polyethylene.

NOTE 3. Unless otherwise specified, the latest issue of referenced document applies.

NOTE 4. Observed traces of fungal growth shall not cover more than 10% of the surface area.

Epoxy and Galvanic Coating

It is extremely rare to encounter galvanized reinforcing bars in micropile
work, due to concerns about the effectiveness of the protection.  Likewise,
stainless steel bars are not used due to cost. Conversely, epoxy-coated bars are
becoming more popular in the United States following progressive
improvements to the quality of the coating processes. In addition to the
previously listed standards for steel, the following ASTM standards also apply:

A767-90 Specification for Zinc-Coated (Galvanized) Steel Bars

for Concrete Reinforcement
A775-90 Specifications for Epoxy-Coated Reinforcing Steel Bars
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CONSTRUCTION
Drilling

Drilling _Methods

As outlined in chapter 1, a wide range of methods can be used for micropile
drilling, usually based upon rotary or rotary percussive techniques, either
with or without temporary casing through overburden. Most drilling
techniques are likely to be acceptable, provided they can form a stable hole of
the required dimensions within permitted tolerances, and without detriment to

their surroundings.

It is important in this regard not to exclude a particular drilling method
because it does not suit a pre-determined concept of how the project should be
executed. On the other hand, it is equally important that a drilling contractor
should be aware not only of the ground conditions on the job, but also of the
possible wider effects of the method chosen. Drilling within a congested
urban site surrounded by historic buildings on deteriorating foundations has

very different restraints than drilling the foundations for a new development
on a green-field site.

It is common to find that the groundwater surface is very close to the pile head
elevation. The drilling methods described in chapter 1, if employed with
water, mud, or foam flush by an experienced overburden drilling specialist,
will ensure that a stable (or stabilized) hole can be formed with minimal
disruption to the surrounding soil mass. This is a prelude to placing the
reinforcement and placing the cement grout, as described below.

On very rare occasions, significant artesian head is encountered. The simplest
solutions, namely installing temporary dewatering wells or raising the pile
head elevation may not be practical or economical, in which case, other
technological solutions must be used. These include placing a "blow-out
preventer” at the pile head so that excess flush (and grout) pressures can
always be maintained on the pile hole. This is time consuming, technically
challenging, and costly, and is very rarely adopted. Instead, drilling can be
conducted using a viscous and heavy cement-bentonite flush, if geological
conditions permit, and this "self-hardening drilling slurry” can be substituted
by a stronger mix after the placing of the reinforcement, or can be subject to
a post-grouting operation as in the case of Type C or D piles. This is a more
common solution to this uncommon problem.

Ground Disturbance

The act of drilling and forming a hole may disturb the surrounding ground for
a certain time, and to a certain distance. It is important, therefore, that a
drilling method be selected that will cause the least disturbance to the ground
or, perhaps more realistically, that will not cause an unacceptable level of
disturbance to the ground. Conversely, it is likely that the removal of these
fines from mixed soils by rigorous flushing can aid subsequent grout
penetration and, therefore, increase micropile  load-holding capacity by
enlarging the effective bond zone diameter. :

The use of high pressures in poorly controlled flushing operations should
nevertheless be viewed with extreme care, because of the dangers of either
overzealous flushing (which may cause voiding and collapse) or
hydrofracture of the ground should blockages occur (which may lead to

ground upheaval).
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Tolerances

Piles may deviate somewhat from their designed inclination and position.
Normal tolerances suggested by the Federation of Piling Specialists (FPS)
(1987) are typical of those proposed for larger diameter elements:

In plan: 75 mm in any direction at
commencing surface

Vertical: 1in 75

Between vertical or
inclined up to 1:6: 1 in 25

Inclined greater
than 1:6: 1in 15

FPS also states that these tolerances are realistic for most sites. However,
where the ground contains service ducts, tolerances may have to be locally
tightened and appropriate allowances made in the design of piles, caps, and
ground beams. FPS further suggests that the need for close tolerances
generally diminishes with capped pile groups having three or more piles, -and
that in such cases, it is more important to achieve alignment near the head of
the pile than near the pile toe.

BS8081 (1989), related to -anchor drilling, suggests a setting-up allowance of
+2.50 degrees in addition to the deviation tolerance. The Massachusetts State
Code (1988) requires that, for piles drilled without casing, the minimum design
diameter of the hole be verified immediately prior to placing the

reinforcement and grouting, although this is typically not a source of concern
for holes in rock or cohesive soils.

Hole Support

As detailed in chapter 1, either temporary or permanent casing or some other
approved method of support to the pile hole should be used for piles installed
through unstable or potentially unstable ground, so as to permit the pile shaft
to be formed to its full cross-sectional area.

When temporary casing is to be fully extracted during the grouting process, it
should be removed in such a way that the pile reinforcement is not disturbed,
damaged, or allowed to contact the soil. It should also be kept full of grout
during the extraction operation in order to minimize the danger of collapse of
the hole sides into the pile hole.

Continuity of Operations

The drilling, installation of reinforcement, and grouting of any given pile

should be completed in a series of continuous processes as expeditiously as

possible. Some materials, such as over-consolidated clays and weak mud-rocks,
can deteriorate and soften rapidly on exposure, providing a consequential loss
of interfacial bond capacity. Where such a phenomenon may occur, it is usual
to require, as a minimum, that drilling of the load transfer length should only
be undertaken on the same day as reinforcement installation and grouting. If
this cannot be done, due to equipment malfunction for example, then the hole
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may be grouted and later redrilled just before placing and grouting the
reinforcement. Care should be taken that this pre-grout is not allowed to
achieve a strength markedly in excess of the native ground prior to redrilling,
as this may force the redrilling activity to deviate off the original hole
alignment. :

Hole Plugging

Unless pile construction is continuous, it is usual that when a pile hole has
been drilled to final elevation, it should be temporarily plugged at the surface
to prevent debris from falling into the hole and for the safety of personnel
working on the site.

It is also usual to require that any permanent or temporary casing should be
left projecting above the head elevation to prevent fluid cuttings and flushing
water from other operations from flowing down and contaminating the
completed hole.

Grouting

Purpose

The importance of a successful grouting operation is underlined by the fact
that the placed grout is required to serve a number of purposes:

. It transfers the imposed loads between the reinforcement and the
surrounding ground.

. It may form part of the load-bearing cross section of the pile.

. It serves to protect the steel reinforcement from corrosion.

. Its effects may also extend beyond the confines of the drill hole by
permeation, densification, or fissuring, or a combination of all these
processes.

The grout, therefore, needs to have adequate properties of fluidity, strength,
stability, durability, and impermeability. These are, to some extent, mutually
contradictory goals (figure 32), although of all the factors that influence fluid
and set grout performance, the water/cement ratio is the dominant one.
Figure 32 illustrates why such ratios are limited to the range of 0.36 to 0.50,
although even then, additives may be necessary to ensure adequate
pumpability for grouts less than 0.4 in certain conditions. :

Grout Tightness of Pile Hole

It is essential to the integrity of the pile that upon completion of the grouting
operation, there is no significant loss of grout from any part of the pile that
will be relied upon for load bearing or corrosion protection. This can be
achieved by grouting to refusal during the pile construction, or in extreme
cases in certain types of rock mass, by undertaking some form of permeability
testing immediately after completing the drill hole and carrying out pre-
grouting work if this is necessary, prior to placing the reinforcement.

For example, Mitchell (1985) described the installation of micropiles for the
Pan Pacific Hotel in Kuala Lumpur that were installed in pinnacled and
cavernous limestone. The micropiles had service loads of 1250 kN. The main
foundation members were 1.2-m-diameter bored piles or 0.6-m x 2.7-m
barrettes, and the micropiles were used as underpinning if cavities were
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found within the influence zone beneath these main units. For this work, a
simple falling head water test was used as a basis for accepting the pile hole
prior to placing reinforcement. A criterion of less than 3.2 L/min under an
excess head of 0.1 MPa over 10 minutes was used.

Current practice may be summarized as:

(1)  Where pressure grouting through the casing is carried out, a controlled
flow rate coupled with an appropriate back-pressure and a slow fall-off
in pressure on cessation of pumping are taken to indicate a satisfactory
grouting operation. Where high grout takes are recorded, a sand-
cement grout may be employed in order to limit travel.

(2) Where gravity filling techniques are used, without pressure grouting,
the level of the grout after filling is monitored until it becomes steady.
If the head continues to fall, it should be topped-off, the reinforcement
removed (and cleaned), and the borehole redrilled after the grout has
‘hardened and retested similarly. This process is known as a falling head

ro L.

(3) The watertightness of a hole in rock can be assessed by a falling head
water test conducted through the casing or via a packer, or by a pump-
in test. The routine acceptance criterion is 5 L/min at an excess head of
0.1 MPa over a period of 10 minutes. These flow rates are related to
excess head and consequently, a knowledge of the position of the local
.water table is necessary. Permeability testing of this type is extremely
rare in micropile practice.

If there is a measured gain in water, under artesian pressure for instance,
then this pressure must be stabilized by a back-pressure prior to (or during)
grouting. This may occur when working within a cofferdam or during deep
excavation at a level below the local water table. This situation is also
addressed in Drilling Methods.

Grouting Equipment

As a general statement, any plant suitable for the mixing and pumping of fluid
cementitious grouts may be used for the grouting of micropiles. This -includes
either "colloidal" or paddle-type mixers. In particular, however, it is usual
that high-speed, high-shear, colloidal mill mixers are recommended for grout
mixing and that a positive displacement pump, typically a rotary screw
(Moyno) or ram pump, should be used for placing and directly pressurizing
the grout. The use of air for direct grout pressurization should be avoided
since it may lead to the entrainment of voids in the grout column.

The use of colloidal mill mixers produces a well-wetted, uniform cement grout
that resists dilution and dispersion in water-bearing ground and is also less
prone to bleeding since it permits the use of lower water/cement ratios than
paddle mixers. A general discussion of mixers and pumps is provided in

~ chapter 1.
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Figure 32. Effect of water content on cement grout properties
(Littlejohn and Bruce, 1977).

Grout vMixing

The measured volume of water is usually added to the mixer first, followed by
cement and then aggregate or filler. Admixtures are added as directed by the
admixture supplier, but typically they immediately follow placing of the water.

It is generally recommended that grout should be mixed for a minimum of 2
minutes and that thereafter the grout should be kept in continuous slow
agitation in a storage or holding tank prior to being pumped to the pile
location. Only in extreme cases, for example where exceptionally large takes
are anticipated, should "ready-mix" supplies be considered.

The grout should be injected within a certain maximum time after mixing.

This "safe workability" time should be determined on the basis of on-site. tests,
as it is the product of many factors, but is less than 1 hour in most conditions.
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Srout  Batchi

Water should be batched into the mixer by means of a calibrated tank or a flow
meter.

Cement grout is usually batched by weight, either in bags or in bulk from a
silo. When using bagged cement, it is usual to require that only whole-bag
mixes are used.

Sand (or inert fillers) should also be batched by weight — either by using pre-
weighed and bagged materials or, more commonly, by using a gauge box that
has previously been checked and weighed. A conventional weigh-batching
system may be used for larger operations. When using fillers, allowance has
to be made in the water calculations for the moisture content of the filler.

Admixtures are usually provided ready-proportioned to a single bag of cement
or the dosage can be adjusted by the mixer operator.

Grout Pumping and Injection — General

Primary grout is placed by pumping the grout through a tremie pipe exiting at
the bottom of the borehole. This ensures that the grout is not diluted or
contaminated during placing, and that it progressively displaces water and
other fluid debris out of the hole. Although the tremie pipe may be withdrawn
as grouting proceeds, it should at all times remain below the level of the rising
grout column. A minimum embedment of 3 m is typically required. Grouting
should be continued until the grout exiting at the head of the pile is of the
same consistency as that being injected.

Grouting operations should be performed in one continuous operation. During
pumping, the suction lines of the pump should be airtight and the level of
grout in the holding or supply tank should not fall below the crown of the
inlet pipe to the pump to avoid drawing air into the injected grout.

After each section of temporary drill casing is removed, the level of grout
should be checked and topped up through the tremie pipe if necessary to
ensure proper continuity of the grout column.

Pressure _Grouting

During. casing withdrawal (primary grouting)

Pressure may be applied to the primary grout prior to or during casing
withdrawal as is the case with Type B piles. Care must be taken with such
pressures to avoid distress to the ground or adjacent structures, and the
process is discontinued if grout is observed escaping at the surface around the
\(r:VahSel:gﬁigh pressure is applied to fluid grouts in certz'lin'situations.
hydrofracture can possibly occur.  The pressurized fluid is then no longer
traveling through the strata by permeation through the pore spaces between
the soil particles. Rather, the fluid pressure acts to phy§|cally separate an
interface or line of weakness within the soil (perhaps a fissure plane or a soil
layer or lamination) in a manner reminiscent of a hydraulic flat-jack. Once
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initiated, the injected fluid pressure then rapidly exploits the widening
interface, and grout will travel along the propagating line of weakness in an
uncontrolled and indeterminable manner. A common rule of thumb in
grouting to avoid hydrofracturing the ground is to limit grout injection
pressures to 20 kPa per meter depth of ground cover at the point of injection,
although many studies suggest this is over-conservative by a factor of at least
two, and the exact limit can be established for each site.

In American and British practices, the use of hydrofracture techniques at this
grouting stage is discouraged because of the fear of causing damage, although
in Europe where there is a tendency to use higher pressures, no catastrophic
occurrences have been reported. Careful logs of grout volumes and pressures
must be maintained, and any structures considered susceptible to wuplift
damage should be monitored. In general, however, grout usually breaks
through to surface around the casing before hydrofracture pressures can
develop lower in the ground, and so grouting at that elevation is suspended.

For piles installed with a hollow stem auger, the grout should be pumped under
continuous pressure, at controlled and monitored withdrawal rates. This is to
ensure that the volume of grout injected is at least the theoretical hole volume
and that no "necking" occurs of the pile shaft during extraction of the auger.

Mitchell (1985), describing the Kuala Lumpur micropiles, cites grouting at
pressures of between 0.5 and 1.2 MPa causing several instances of intrusion of
air bubbles and grout into newly grouted piles at other locations. Air bubbles
and grout also appeared at ground level up to 3 m from the pile being grouted,
although this was probably a result of near-surface travel only. This
phenomenon must always be monitored, and steps taken to prevent any

reoccurrence.

It should be noted that where high pressures are to be used, sanded grouts are
not practicable. The pressure-filtration effect can cause the water to be
squeezed out of the mix at points of pressure change, such as at joints or
elbows in the relatively small-diameter pipework, so that lines become
blocked. This largely explains why post-grouting operations use only
relatively fluid, neat cement mixes.

Post-Grouting

Post-grouting for Type C or D micropiles is most usually undertaken using neat
cement grouts of water/cement ratios between 0.6 and 1.0. The technique
invariably requires initial grout pressures in excess of hydrofracture values.
The grout breaks through the primary grout and exploits the interface
between grout and soil, before breaking into the soil at its weakest point.
Grout pressures and volumes must be carefully monitored throu'gh.out' the
injection of each sleeve to prevent dangerous or needless over-injection, and
to progressively verify the effectiveness of the treatment.
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For ground anchor practice, Jorge (1969) recorded grout injection pressures of
up to 4.0 MPa, and Ostermayer (1974) prepared skin friction design curves
based on injection pressures of between 0.5 and 4.0 MPa (figure 33).

Bustamante and Doix (1985) recorded results on ground anchors using post-
grout pressures of up to 6.5 MPa, while Ostermayer and Scheele (1977) extended
the work of Ostermayer up to 6.0 MPa. Rarely are post-grouting pressures in
excess of this, and a typical range during injection is 2 to 4 MPa.
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Figure 33. Influence of post-grouting pressure on skin friction in a cohesive
soil (Ostermayer, 1974).

Quality Control

Because the grout is such a vital component of the micropile, close attention is
paid to the control and quality of the product. Traditionally, this has been
achieved by taking cubes or cylinders of the grout and demonstrating quality
by the attainment of preset crushing strengths. A drawback with this
approach is that it is a retrospective test. Additional quality control measures
related to the batching and mixing process are therefore also used by some
contractors, especially if admixtures are to be used.

It is good practice that such tests be made on the design grout mix in pre-
construction trials. Measurements of fluidity and density of the fluid grout
should be taken together with Vicat setting times. Bleed measurements for the
setting grout and cube strengths at 7 and 28 days for the hardened grout
should also be recorded. Such fluidity measurements are taken by flow cone
(often called the Marsh cone) or by a flow trough (e.g., the Colcrete flow
trough).

Grout density (a direct reflection of the water/cement ratio) is measured by
Baroid mud balance, and is a very quick, easy, and reliable test. Bleed capacity
should ideally be measured in a metal or glass cylinder, 100 mm in internal
diameter, with a grout depth of 100 mm, although for routine testing, a
standard 1000-mL graduated cylinder (75 mm diameter) is considered
satisfactory. During the test, the container should be covered to avoid
evaporation. '
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BS8081 (1989) recommends that fluidity, bleed capacity, density, and strength
should be tested daily. Vicat setting time is normally a laboratory-based test
and therefore is not usually undertaken as a routine monitoring test, although
simple grout stiffening and hardening time observations can easily be made
in the field.

Grout crushing strengths for a neat cement grout of 0.5 water/cement ratio
are typically greater than 24 MPa in 3 days. A 28-day cube strength for such
grout would typically be expected to be in excess of 40 MPa. Barley and
Woodward (1992) quote characteristic crushing strengths at 28 days for 1:1 and
1.5:1 sand/cement micropile grouts of 25 to 40 MPa.

Typical bleed requirements in anchor standards for neat cement grouts are
that bleeding of tendon bonding grout at 20° C should not exceed 2 percent of
the volume 3 hours after mixing, and should be a maximum of 4 percent upon
final hardening. .

FPS (1987) specification limits quality tests on micropile grouts to workability
(fluidity), measured by a suitable flowmeter or other approved means, and
unconfined compressive strength of the hardened grout, measured by test
cubes. FPS suggests that 1 set of 4 cubes be taken for every 10 piles installed.
Relevant ASTM standards for grout testing are as follows:

C243-85 (1989) Bleeding of Cement Pastes and Mortars

C109-92 Compressive Strength of Hydraulic Cement Mortars
(Using 2-Inch Cube Specimen)

C188-89 Density of Hydraulic Cement

C359-89 Early Stiffening of Portland Cement (Mortar Method)

C451-89 Early Stiffening of Portland Cement (Paste Method)

C191-92 Time of Setting of Hydraulic Cement by Vicat Needle

C807-89 Time of Setting of Hydraulic Cement by Modified Vicat
Needle

Installation of Reinforcement

Reinforcement may be placed either prior to grouting or placed into the
grout-filled borehole before the temporary casing is withdrawn. It must be
free of deleterious substances such as surface soil and mud that might
contaminate the grout or coat the reinforcement, thus impairing bond
development.  Suitable spacers should be firmly fixed to maintain the specified
cover, as described above.

Pile cages and reinforcement groups, if used, must be sufficiently robust to
withstand the installation and grouting process and the withdrawal of the drill
casings without damage or disturbance.

Records

Comprehensive records of the pile installation operation are of vital
importance in establishing the basis of payment and highlighting any
deviation that may be significant to pile performance at a later stage. The FPS
specification (1987) recommends that the following records be kept for every
pile:
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Pile number.

Inclination, where appropriate.

Piling platform level related to datum.

Commencing surface level related to datum.

Nominal diameter.

Details of steel reinforcement.

Type of cement and type of any cement replacement material (where used).

Type and quantity of admixtures (where used).

Grade, quality, and slump of concrete or grout placed.

Date and time constructed.

Length from commencing surface to toe.

Length of temporary casing.

Length of permanent casing. -

Final set or driving resistance, weight, and drop of hammer or the equivalent
energy per blow (if driven). '

Quantity of grout placed.

Details of any obstructions encountered and time taken in overcoming them.
Details of major interruptions to the construction process.

It is equally useful to record any changes approbved for the particular pile by
site supervision and the reasons for these changes.

Ancillary Operations

The pile construction process is not complete until the pile has been
incorporated into ‘the structure. Fleming et al. (1985), discussing conventional
piling practice, suggested from their research that a large proportion -of pile
damage necessitating repair or replacement occurs after the piles have been
constructed, and are a result of operations associated with other contractors on
the site. It is important, for example, that all operators are aware of the
situation when moving or working around the completed piles.

Because of their small size, particular care must be exercised to prevent
damage to the micropiles during the trimming process or during excavation in
their immediate vicinity. Mechanical, excavator-mounted trimmers would
normally cause unacceptable damage to the piles.

Connection to Structure

Piles constructed through existing structures have to develop their load by the
bond between the structure, the pile grout, and the steel reinforcement. It is
important that any smearing or contamination of the drill hole through the
existing foundation is cleaned prior to final grouting and that the interface is
mechanically roughened, if necessary (chapter 1), to enhance the bond.
High-strength, non-shrink special grouts are often used to enhance the bond,
and shear connectors can be fixed to the reinforcement for the same reason.

Safety and Training

There appears to be no separate set of safety regulations related specifically to
micropiles. However, micropile construction is subject to all relevant national
and trade regulations and guidelines. In the United States, for example, sites
generally fall under the provisions of the Occupational Safety and Health
Administration (OSHA), as supplemented by the guidelines proposed by the
Association of Drilled Shaft Contractors (ADSC). Such guidelines may be
further supplemented on a local scale by provisions governing the control
and disposal of drill flush and other construction-related waste, including

excess grout.
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There are no special training provisions on a national basis. However, since
operator training is a key to good productivity and quality, as well as safety,
contractors typically pay close attention to this. Intensity and formality vary
_throughout the world: in the United States, the "buddy system” predominates
In most companies, in contrast to the much more formal apprenticeship
programs run by European contractors, usually with some form of Federal
financial subsidy.

PILE TESTING

General

Exactly as is the case with other pile systems, it is common practice to subject a
certain proportion of micropiles to some type of acceptance testing on each
site. This testing may be in the form of preliminary testing, perhaps to
failure, prior to commencing the installation of production piles. Such testing
is especially common where ground conditions are unfamiliar or otherwise
not fully understood, and where design assumptions have to be clearly
confirmed. Less rigorous testing of selected production piles is then common
to verify and demonstrate the quality of the routine product.

Micropile testing is typically undertaken by static load testing of individual
elements regarded as acting in a CASE 1 manner. Tests of this type invariably
feature incremental axial loading until the pile either sustains a
predetermined load (typically substantially higher than the service load), or
reaches a predetermined movement threshold, or reaches a predetermined
creep threshold indicative of grout/ground interface failure. With the
current trend towards higher capacity CASE 1 piles, failure may also be
typified by a sudden, explosive loss of load, associated with a materials failure
within the pile section. Most static micropile testing is of the compressive
type, reflecting the most common mode of loading, although tensile testing is
often conducted, typically on the same pile with a minimum of modification to
the compression test setup.

Lateral testing of individual units is not common, and its interpretation is
subject to many variables. This form of testing is, however, being requested
more often, mirroring again both a new trend in application and the concerns
engineers demonstrate over the use of such relatively small-diameter
elements in certain applications. Combined loading tests (e.g., axial and
lateral) have not been recorded in micropile practice to date, although there is
no practical restraint on this.

Standard load-test procedures for driven piles in non-axial modes are scarce, a
notable exception being ASTM D3966-81, and for drilled shafts alone they are
non-existent since they are grouped with driven piles. Given the differences
between these two pile groups in terms of construction, aspect ratios, and
capacities, care is warranted in adopting driven pile standards without

modification.

Static load testing of groups or networks of piles, either in CASE 1 or CASE 2
applications, is extremely unusual on the grounds of cost and conservatism,
although this aspect of pile performance remains tantalizingly under-
evaluated and under-exploited.
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There are two other basic types of testing that are becoming increasingly
popular for piles in general, if rather less so for micropiles to date:

Dynamic testing techniques work by imparting a major high-strain energy
source to the pile, and then analyzing the resulting load/movement
characteristics. The energy source can be a falling weight or an explosive
charge. Various computer-based solutions are available for analysis.

Integrity testing is, in contrast, a low-strain test and has also been used
infrequently on simple, centrally reinforced micropiles. These tests aim to
investigate the structural continuity of a pile by monitoring electronically its
response to a light hand-held hammer blow on the pile head. Analyses of data
are complicated by the peculiar nature of many micropile types, which may
have a variety of structural cross sections in any one pile (e.g., figure 18).

There is a large body of literature on the testing and performance of piles,
which covers the entire range of activities from set up and execution, to the
definition of failure and the selection of appropriate service loads. In the case
of drilled and injected piles alone, the data available are voluminous and
frequently inconsistent or contradictory. In the following sections, the
philosophy is to provide details and procedures relevant to micropiles against
a background provided by the comprehensive synopses funded by the Electric
Power Research Institute (EPRI) in the last few years. In particular,

reference will be made throughout to EPRI EL-5915 [Volume 1, 1988, Conduct
and Interpretation of Load Tests on Drilled Shaft Foundations (Detailed
Guidelines), written by Hirany and Kulhawy, and its companion report
(Volume 2, 1991), a condensed User's Manual version by Kulhawy, Hirany, and
Dunnicliff.]

Static Load Tests

Planning and Documentation

Advance planning, proper organization, and comprehensive documentation
are essential for a successful, efficient, and informative load-testing program.
The site's geotechnical conditions influence the selection of test pile location,
number of tests, loading procedure, equipment type, instrumentation, and
interpretation of the results. Therefore, geotechnical site characterization is
essential, and Hirany and Kulhawy (1988) recommend that the data of table 15
be collected. The details of the pile itself must also be recorded, as described
and illustrated in table 16.

Regarding the items that should be recorded or measured during a test, table 17
provides a summary. Since pile behavior may be affected by the rate of
loading, the load-increment schedule must be planned before selection of the
test equipment and instrumentation. This selection depends on the anticipated
maximum micropile load and movement, which are governed by the
geotechnical conditions, test shaft geometry, and rate of load application and
economics. So while figure 34 and tables 18 and 19 illustrate the range of
conventional types of instrumentation, it is typical to find only dial indicators
and a wire-mirror scale for head-movement monitoring, a hydraulic pressure
gauge (connected into the jack circuit) and load cell to record load.

Table 20 summarizes the list of items to be documented.
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Table 15. Checklist of items for geotechnical site characterization
(Hirany and Kulhawy, 1988).

General considerations
» site location map
» site description and plan
- existing conditions
- proposed construction

Reglonal geology
* physiography
« surficial geology
+ bedrock geology

Subsurface exploration

« boring location plan

* boring logs
- stratification, identification, classification
- ground water elevations and water chemistry

* in situ tests

« simple field tests

+ subsurface profile

Laboratory tests
* index tests
« strength tests
+ compressibility tests
* any special tests

Presentation of field and laboratory test results

Load-Testing Egquipment an

For axial and lateral testing, by far the most common and convenient
contemporary system is the hydraulic jack and reaction arrangement, as
shown in figure 35 (a-e¢). The reaction shaft may simply be an adjacent
micropile or may be replaced by a post-tensioned ground anchor. Hirany and
Kulhawy's studies show that for axial loading conditions, the reaction element
has a negligible influence on the test pile if it is placed at a clear distance
equal to three times its diameter away. The setup is very adaptable to specific
site conditions, but must always be sufficiently safe, strong, and rigid.

A useful guide to aspects of the arrangement is provided in table 21. Such
arrangements are usually far cheaper and certainly more convenient to use
than the use of dead weight as applied by concrete or masonry blocks.

Data Recording and _Presentation

The minimum information required from a load test is the load acting on the
pile head and the corresponding movement. To obtain this information, at
least eight types of observations have to be recorded periodically: (1) clock
time, (2) hydraulic jack pressure, (3) applied load, (4) head movement (and
rotation if appropriate) measured by gages, (5) head movement and rotation
determined from surveying methods, (6) elevations of the reference beam,
(7) elevation of the surveying instrument referred to a benchmark, and

(8) ambient temperature. However, the elevation of the surveying
instrument, ambient temperature, and reference beam elevation do not have
to be measured as frequently as the other items. If the test pile and soil are
instrumented for evaluating load distribution, pore water stress, soil total
stress, and soil displacement, a significantly greater number of observations
will have to be recorded.
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Table 16.

List of essential additional information to accompany pile test

records (Fleming et al., 1985).

Item Information needed
Dates Date pile was installed
Date of test
Location Sufficient detail to permit the site to be located and also the
position of the pile relative to the works. The pile number should always be stated
Pile type Various categories of pile type are set out in Report PG1

Pile installation
details

Pile dimensions

Installed level (driven),

Concreted level

(bored), Trimmed level,

and Toe level
Orientation
Design load of pile
Type of test setup
and settlement
measuring system
Weather

Soil information

If a bored pile (i.e., non-displacement), the depth of temporary casing, how much
concrete, mix details, how placed (e.g., tremie or chute into dry bore), and any special
circumstances, particularly regarding groundwater. If driven (i.e., displacement), type
of hammer, weight, drop, final set. The driving record should accompany pile test
report

Nominal diameter (or section) weight per meter run as applicable. Size of under-
ream, bulb, 'wings' etc. Length of pile - include the entire pile length

Give full data so that there is no doubt regarding the reduced level

of the pile toe, the ground level af the time of the test, and the level of the top

of the pile, either at the end of installation, after :

trimming, or both (above or below ground level)

State whether vertical or raking (with degree of rake if applicable)

State design load or indicate on plot

Whether kentledge or tension pile test. Leading plan dimensions of

the setup, including reference system. Method of measuring

settlement, subsidiary leveling of reference beams, temperature corrections

Brief comment on weather conditions and extremes of temperature

during test .

It is not generally feasible to provide full soil information. If a report exists,

the name of the company who produced the report should be given, together with a
reference number. The position of relevant site, investigation boreholes should be
given on the pile location plan. Summary logs of nearby boreholes with SPT N values
and cohesion values alongside are useful. In some cases, a Bored Piling Contractor will
log the boring -- such logs should be given with an indication of their source.

The reduced levels of boreholes must be given

A typical sheet for manually recording the basic data is shown in .figurg 36:
While it is possible to record such data automatically, this is rare in micropile
testing and in any event should always be supplemented by manual dgta
recording. Table 22 lists the kinds of plots required by selected.agenmes for
presenting the results of axial tests, and figures 37 through 41 1llustrqte t.he.
most common presentation forms. Lateral test data can be presented in similar
format, but may require more sophisticated analyses, including depth versus
coefficient of subgrade reaction, or versus soil stress (volume D).

Load-Testing Procedures

Axial load tests are commonly conducted by incremental loading (figurq 42),
using one of several procedures, as listed in table 23. The slow-maintained

procedure is the traditional ASTM procedure, which according to Kulhawy et

al.,, (1991) "has received much criticism during the last two decades given the

long duration (30-70 hours) and restricted data yield." They do not recommend
this test "unless special circumstances warrant."

Combination or hybrid versions are also used, and this is typical in micropile
testing where the ASTM D1143, Quick Load Test is often enhanced by adding
cyclic loading provisions. The rate of loading may influence performance,
and the severity of the effect depends on the geotechnical conditions. Hirany
and Kulhawy's (1988) recommendations are shown in table 24. For layered soil
profiles, the more stringent soil type recommendations should be followed.
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Table 17. Recommendations for items to be measured during testing
(Hirany and Kulhawy, 1988).

Axial Uplift (u) or Lateral or
Item To Be Measured Compression (c¢) Loading Moment Loading
Butt load 1 1
Butt displacement, vertical 1 1
Butt displacement, horizontal 2 1
Butt slope - 1
Shaft load 2 2
Shaft moment - 2
Shaft displacement, vertical 2 3
Shaft displacement, horizontal - 3
Tip load 2(c), 3(uw) -
Tip displacement 2 : .
Pore water stress 3 3
Soil stress 4 3
Ground displacement
surface, vertical 3 3
surface, horizonﬁal 4 3
subsurface, vertical 4 4
subsurface, horizontal 4 3

Legend: 1 - always

2 - in most cases

3 - if financial payback can be justified
4

- rarely

Dial indicator (commonly 3 at 120° spacing)
\ Tiltmeter

Surveying methods ————-i 9/
N Wire/mirror/scale affa-@——Dial indicator
FRIRXYEOR e (COMmonly 2 at
KRN 90°* spacing)

B D

Multiple telitales

9 alla
Dir;ih 5 ala Inclinometer

Instrument

i

ala4——— Embedment strain gauge —=fa||a

afa
gla - atlal
- ——— Tip load cell

a) Axial Compression b) Lateral

Figure 34. Illustrative instrumentation layouts for static load tests
(Hirany and Kulhawy, 1988).
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Table 18.

General

recommendations for drilled shaft instrumentation during
testing (Hirany and Kulhawy,

1988).

Instrument

Primary?

Backup

Item
Butt load
Shaft load

Shaft moment
Tip load
Butt displacement

Butt slope

Shaft displacement

Tip displacement

Soil total stress
Pore water stress

Soil surface
displacement

Soil subsurface
displacement

Electrical resistance load
cell (vibrating wire load
cell)

Vibrating wire sister bar
(fixed (series) extensometers]

Fixed (series) extensometers
(sliding micrometer)

Vibrating wire load cell
(hydraulic load cell)

Three dial gauges (three DCDT's)

Electrical tiltmeter (bubble
level-pivot clinometer)

Telltales - vertical;
Inclinometer - horizontal

Telltales

Hydraulic cell with vibrating
wire (pneumatic) transducer

Vibrating wire piezometer
(pneumatic piezometer)

Timber stakes and surveying
me thods

Subsurface settlement points
(probe extensometers) - ver-
tical;

Inclinometer - horizontal

Calibrated hydraulic jack

Multiple telltales
Vibrating wire sister bar
Multiple telltales

Mirror-wire scale;
surveying methods

Ax{al steel rod extending
from shaft with dial

gauge at top and bottom
of rod

Same as primary devices

Same as primary device

Same as primary device
Same as primary device
Same as primary devices

Same as primary devices

a - Second choice for primary device is given in parentheses.
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Table 19. Instrumentation commonly used for drilled shaft load tests

(Hirany and Kulhawy, 1988).

8UTT
(Head)

Load cell

Tension
meter

INSTRUMENTATION
DRILLED SHAFT SOIL
LOAD OISPLACEMENT TOTAL PORE WATER DISPLACEMENT
(axiai, lateral, rotational) STRESS STRESS l
Soil stress Piezometers Surveying
SHAFT TIP BUTT  SHAFT TiP cells methods
(Toe) (Heod) (Toe) Subsurface
| . | settlement
Embedment Load cell  Diol gauges Telltoles Telttales points
strain gauges .
DCDT's Fixed (series) Probe
Muttiple extensometers
telltales Surveying o extensometers
_ methods Sliding Inclinometers
Fixed (series) . . micrometer
extensometers Mircor-wire
scale Inclinometer
Sliding .
micrometer Tiltmeter
Concrete

stress cells
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Table 20. Checklist of items to be documented during testing
(Hirany and Kulhawy, 1988).

Overall load~-test plan
Geotechnical conditions

Observation of geotechnical conditions during construction
e description, identification, stratification
« ground water elevation
¢ construction difficulties

Load-test arrangement with dimensions and instrument locations
+ plan view

e cross section
Test shaft record

Load application schedule
« procedure
¢ magnitude and duration of load increment

Equipment for load application
hydraulic jack and calibration
* hydraulic pump

» spherical bearings

¢ steel bearing plates

* load cell to measure load

Reaction arrangement

Instrumentation, including backup instruments

Reference beam

Proper shading of test area

Weather, temperature, and general information

Readings from instruments and hydraulic jack pressure gauge

Personnel conducting tests and their responsibilities

Reaction béam(s) or frame

Steel bearing Load cell
plate

~=——Hydraulic jack

Dial gauges

Reaction
shaft

Test shaft

Figure 35a. Reaction arrangement for axial compression load test
(Hirany and Kulhawy, 1988).
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Hydraulic

iack Load cell
 Reaction beam
11 id N |
Timber
crib
Reaction pad Test shoft

a) Beam and Reaction Pads

Hydraulic jack

(with load cell)

Test shoft

b) Fulcrum-Beam Arrangement

{
o R H
A-frame 'eacﬂon beom-\
i‘ i Hydradulic jeck 4
%» (with load cell)
7 AT RT
: Reaction shaoft
Reaction pad Test shaft Test shaft A
c) A-Frame d) Beam and Reaction Shafts
Figure 35b. Reaction arrangements for axial tension load tests

)

/

Y

(Hirany and Kulhawy, 1988).

Hydraul

ic
jack
locking

Z Steel

Timber bearing

deadman plates -
b) Deadman
Figure 35c.

plates

bearing

Hydraulic
jack

a) Reaction Shafts

Load cell
Dial gauge

Reference
beam

Test shaft

Load cell
Reference beam

Dial gauge

Test shaft

—J
Hydraulic jock
. Load cell
Weights Dial gauge
Reférence
Strut beam
Platform :
Steel bearing plates -Test
shoft

c) Weighted Platform

Reaction arrangements for lateral load tests
(Hirany and Kulhawy, 1988).
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Elevation A-A

Hydraulic jack
(with load cell)’

; k/- ¢ Tripod
[

tub angle

(7]

Tension tie ]

Figure 35d. Reaction arrangement for combined axial tension and lateral
load test (Hirany and Kulhawy, 1988).

| Jf}éocﬁon load l

Reaction beam

Load cells /-Crib
Roller
Cap Hydraulic
™~ iacks assembly

{

—+——Reference beam

A] \ PRAVAVRS
tr “‘\ Dial gauge Support as
Sfeel beofing cOncre'e Cop necesscry

Reaction

shafts: |———Test shaft

Figure 35e. Reaction arrangement for combined axial compression and lateral
load test (Hirany and Kulhawy, 1988).

82



For evaluating maximum load, the effect of loading rate is insignificant in
sand, while the effect may be substantial in cohesive soil: -granulometry must
therefore be considered during process selection. For load-movement
response, creep does not become significant until the load is close to 50
percent of maximum load (Mitchell, 1976) and so only at higher loads should
the rate of loading be considered.

For lateral load tests, the procedures of figure 42 can be used, as well as two-
way incremental, reciprocal cyclic, reverse cyclic, and surge loading

(figure 43), although these are not common in micropile practice. The effect
of load duration appears comparable to that observed for axial loading in
similar soil types and so the procedures of table 24 should also be used..

In all cases, the specific testing procedure should replicate the field-loading
case. Tests involving combined axial and lateral loading are not common.

Interpretation of load test data

Kulhawy et al. (1991) have devoted considerable effort to examining the
different criteria proposed for interpreting the results of axial tests, and to
developing guidelines for evaluating the failure load. They avoid using the
term "ultimate capacity”" because it suffers from the lack of a universally
accepted definition. They advocate the term "interpreted failure load."

For compression tests alone, 41 different interpretation methods have been
cited in current practice for (large-diameter) drilled shafts. These are based
on one or more of the following:

. Movement limitation (36 cases).
. Graphical construction (4 cases).
. Mathematical modeling (4 cases).

Micropile experience shows a similar range of criteria, although one
graphical construction method (Davisson, 1972) is occasionally used in the
United States. Even this method, however, may not be applicable to tests in
which load increments are held over 1 hour, and may be overly conservative
for holding periods of 24 hours (Peck et al.,, 1973). In general, however, axial
micropile acceptability is simply based on (1) the ability to sustain a certain
target test load (within a certain creep criterion, and/or (2) the ability to
sustain a certain target test load within a certain total (and/or permanent)
movement target. Lateral acceptability is based on pile head deflection at a
.certain load. These criteria should be project-specific and should closely
reflect the expectations of the pile in service.

Other Aspects Specific to Micropiles

Throughout this report, the close links between ground anchor and micropile
practice have been noted and it is understandable that these similarities
include load testing also. With ground anchors, every installation is load tested
and so considerable attention is paid in the numerous national codes of
practice to testing and acceptance criteria. This level of attention is not
apparent in those micropile-specific documents that do exist, notwithstanding
the comprehensive guidance provided by Kulhawy et al. (1991) on drilled shaft
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Table 21. Recommendations for arrangement for axial, lateral, and moment
load tests (Hirany and Kulhawy, 1988).

Item

Recommendation

Loading system (axial
and lateral; low
moment)

Loading system (high
moment)

Hydraulic jack

Load cell

Reaction arrangement

Reaction shaft distance
from test shaft

Reference beam

Hydraulic jack and reaction arrangement
with adequate steel bearing plates, spherical
bearings or seats, and load cell

Moment pole with cable rigging, winch, and
load cell

Capacity: > 1.5 times QyJq

Stroke: axial compression > 0.1B
axial uplift > 50 mm (2 in) -
lateral > larger of 0.1B or 2° butt rotation

Calibration: apply hydraulic pressure to jack and
measure piston force with load cell
or in testing machine

Gauged to compensate for eccentric loading;
Capacity same as hydraulic jack;
Calibrated prior and subsequent to use

Any arrangement that is safe, has a working load
capacity equal to at least 1.5 times Qyu)¢ or Myj, and
has a minimal influence on the test results

Axial: > 3Brand> 1.5 m (5 ft)
Lateral: 20B or 6.1m (20 ft) minimum

Follow Table 3-1.

B - test shaft diameter

Br - reaction shaft diameter

Qurt - estimated maximum axial or lateral capacity of the test shaft
M it - estimated maximum moment capacity of the test shaft
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Project Test shaft no. ~ — Sheet of
Location Shaft diameter — Temp.
Date Bell diameter P —— Weather —_—
Engr/ Techn, Butt elevation Hyd. jack no.
Remarks Tip elevation — Pres. gauge __
Ground elevation - Load cell no. —
Load cell Butt displacement ¢
(';il:\zk iihl-:zs. ﬁ%%d' :?:k K= Gage | Gage 2 Gage 3 |Mean gﬁ:ge{:ﬁxgl/ Remarks
{ ) ) [pressureiGagelLoad}reading{Zchangelreading Xchanqeﬁreodmg'ichonqe (mm)f'Scate (
{ ) ( ) ( ) ( ) ( reading{Zchange

Figure 36. Typical data sheet for butt (head) load and displacement
(Hirany and Kulhawy, 1988).

Table 22. Plots of data recommended by selected agencies
(Hirany and Kulhawy, 1988).

Agency Requirements
ASTM Not specified
ICE Load-displacement time
CIRIA Load-displacement time
NYSDOT Load-displacement time

Load-net displacement
Load-telltale displacement

SPC Load-displacement
Load-tip displacement
Load -creep displacement
Displacement-number of cycles

ASTM American Society for Testing and Materials (D1143 - 1987)
ICE - Institution of Civil Engineers (1978)
CIRIA Construction Industry Research and Information
Association (Weltman, 1980)
New York State Department of Transportation (1977)
Swedish Pile Commission (1980)
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Load (kN)}

- sou_DETAILS™ Shear Moisture SPT'N' Skelch of
N ) v Oescription Legend strength content wvalue  pile™”
—
1 2]

| %State whether composite log or from adjacent borehole
% %*Indicate top level, tip level, changes of section, etc.

Elapse.d time (h.) Ground water conditions | oq4 (kN)

Settlement (mm}

v T T 5]

A 'l L ] ] A

1 L

Figure 37. Load/movement plots recommended by CIRIA (1980)
(Hirany and Kulhawy, 1988).
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Percent of Design Load
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b) Load/movement versus time for an
incremental static load test with a design load
of 35 tons (typical for all design loads).

Figure 38. Plots recommended by NYSDOT (1977) (Hirany and Kulhawy, 1988).

87



(tons)

= 12 50 100 150 200

QEJ =T T 1 {

8

k=
Q'D
§§ 1ol Jo0.4
O e
- E -
ow £
o J =~
‘6%‘ 5 -10.2
* g

2

.Eai Mmin

E 0 R N 1 0

S 0 500 1000 ! 1s00 2000

Qgr
Load (kN)

Figure 39a. Load/movement plot recommended by SPC (1980)
(Hirany and Kulhawy, 1988).
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Figure 39b. Rate of creep versus load (SPC, 1980)
(Hirany and Kulhawy, 1988).
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Figure 40. Movement versus number of cycles (SPC, 1980)
(Hirany and Kulhawy, 1988).
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Figure 41. Movement versus time (Beckwith and Bedenkop, 1973, in Hirany
and Kulhawy, 1988).
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(a) 1 (b)

Incremental Cyclic

Load
Load

Time Time

Figure 42. Incremental and cyclic load-testing procedures (Hirany and
Kulhawy, 1988).

Table 23. Procedure for axial uplift tests (Hirany and Kulhawy, 1988).
PROCEDURE DESCRIPTION

Maintained Load Each of eight equal load increments is maintained
for up to 2 hours until the rate of displacement at
a maximum load over 12-24 hours reaches a
specified value. (ASTM D1143 Compression, ASTM
D3689 Tension*)

Constant Time Interval Each of eight equal load increments is maintained
for a specified duration (usually 1 hour).

Equilibrium After applying pressure to the jack, the pressure
supply is turned off and the equilibrium load and
displacement are recorded over a 5-15 minute
period. Up to 10 increments.

Cyclic The foundation is loaded and unloaded after each
load increment.

Constant Rate of

Penetration/Uplift (CRP) A constant rate of displacement is applied to the
shaft.

Quick Test Each of 10 to 20 equal increments is maintained for
2-5 minutes until failure. :

Quick-Maintained Load As for maintained load test, but each load increment
is maintained for about 15 minutes.

*ASTM D3966-81 applies for lateral loads
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Recommended load-testing procedures as related to soil conditions
(Hirany and Kulhawy, 1988)

Table 24.

Test Purpose

Maximum Load Load
Soil Type Load Displacement Distribution
Clean sand and gravel Quick Quick Quick
Micaceous and carbonaceous Quick Quick Quick
sand and gravel ’ Maintained Equilibrium Equilibrium
Sand and gravel with > 20 Quick Quick Quick
percent fines Equilibrium Equilibrium
Lightly cemented and weakly Quick Quick Quick
structured sand and gravel Maintained Equilibrium Equilibrium
Ssilc Quick Quick Quick
Normally consolidated and Quick Quick Quick
lightly overconsolidated clay Maintained Equilibrium Equilibrium
Heavily overconsolidated clay Quick Quick Quick

piles in general.

It is, therefore, common to find much of the testing

philosophies and terminologies associated with anchoring being adopted for

micropiles.

For example, in the United States, the influence of the Post-Tensioning

Institute's Recommendations (1986, reissued 1996) is strong.

Three major

classes of test are distinguished and this approach is reflected broadly in

micropile practice:
(1) Pre-Production Tests.
(2) Performance Tests.
(3) Proof Tests.

(1)  Pre-Production Tests are tests performed to demonstrate to the engineer,
client, or other interested party, including the piling contractor
himself/herself, the detailed performance of the micropile system in the
particular ground conditions, including the suitability and interaction of
materials, components, methods of construction, and workmanship. In this
respect, an enhanced range of performance data may be required from the
test: repeated load cycling at gradually increasing load levels to examine the
load/movement characteristics of the pile shaft, or the method of load transfer
into the ground or extended creep testing, for example. Extensive
instrumentation may be associated with such tests. Such piles are often tested
to failure and are not incorporated into the permanent works.

(2)  Performance Tests, by contrast, are site-specific and are required to
demonstrate in some detail the adequacy of the design and performance of the
pile constructed in the same manner and located in. the same strata as the
production piles. In conventional piling practice, it is often required that
measures are taken with such piles to ensure that they transfer the test loads
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Figure 43. Lateral load-testing variations (Hirany and Kulhawy, 1988).

into the design-bearing stratum, by sleeving through the upper levels or
otherwise.  Such measures are not particularly common in micropiling
practice, given the high slenderness ratio. In general, however, Performance
Tests are required to act as a standard against which the performance of the
production piles may be referenced and evaluated. Thus, if production piles
are not sleeved, then preliminary piles are similarly left unsleeved.
Performance-tested piles may be incorporated into the works (assuming no
failure has been achieved), although they are quite often tested to a higher
load than required under the contract and may therefore contain additional
reinforcement to allow this load to be attained safely by the pile as a structural
element. Test loads to twice service load are typically applied, and progressive
cyclic loading and/or extended creep testing are characteristic. Typically, the
first few piles installed on the project, or in each distinctly different stratum,
are subjected to such rigorous tests. Likewise, if questions arise about the
integrity of any given pile, as a result of geological or constructional
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difficulties, or questions remain after Proof Testing, then a Performance Test
can be called for on those specific piles. Cyclic loading allows the total
movements to be partitioned into permanent and elastic components and this
is very useful in assessing load transfer or failure mechanisms (figure 44).

(3) Proof Tests are carried out on service piles installed routinely under the
contract. They may be randomly selected or chosen where a particular pile or

area of the site gives cause for concern. The purpose of a Proof Test is to
confirm the performance of the pile as a foundation element. The pile cannot

normally be loaded higher than the maximum load that can be safely applied
to the pile as a structural element. Test loads are therefore normally limited to
about 1.5 times service load. Such tests are typically quicker and simpler than
Performance Tests, featuring progressive loading to Test Load, and only short

duration creep testing.

TP3 (36° LONG. 25° 80‘0!]

TP4 (S8° LONG, 25° B8ONOY .
1° CASING \ [-‘
L ad

300 oo
\ B 16 &

s 14" AEBAA

e i
a
g
¢
LOAD (KIPS)
\‘
~
-

—TP1 (36° LOHG. 25° 80MO}
—TP2 {S1° LONG. 25° 8OMOI

12-CREEP IN 60 WLINUTES
(x Q.001°1 AT CYCLE

MAX T MM
DEFLECT ON
Cerees i , e 6.000 ey o
.éo z<lao L z!so ‘L°
1in = 25.4 mm
1ft=0305m
1 kip = 4.48 kN

Figure 44. Ela}stic/permanent movement performance of Test Pile 1 and Test
Pile 2, Postal Square, Washington, D.C. (Bruce, 1992a),
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A review of American practice suggests the following current trends:

(1) Most axial compressive pile testing is undertaken in accordance with

ASTM D1143-81.

(2)  Tensile testing to ASTM D3689-87 is undertaken only to determine
performance of the piles under tensile loads (i.e., not to predict
performance in compression, although the Massachusetts State Code,
1988, permits this).

(3) Typically, routine testing by the ASTM D1143method is to load equivalent
to twice service load by incremental steps, but without load cycling.
However, on many occasions, this ASTM test has been modified to allow
load cycling, in a similar manner to that used for Performance Testing
of ground anchors.

(4) Special test piles are often debonded through the upper horizons by
external casing, or by external greasing of the load-carrying tube,
above the design bond length, to ensure that the bond length is
exclusively tested.

(5) "Telltales" placed at the top and bottom of the design bond length also
.give valuable information on pile behavior and load transfer, and are
not uncommon.

(6) A soft plug is often placed at the base of the test pile to eliminate any
end-bearing contribution.

(7) Lateral testing may be conducted to ASTM D3966-81.

The German DIN 4128 (1983) calls for "trial loadings" on not less than two piles,
but on' at least 3 percent of all piles. It highlights that tests should be carried
out in those areas where it is believed that the soil conditions (for "bearing
capacity") are least favorable.

The FPS (1987) specification calls for testing at "an early stage in the contract,
and the test loads should not normally be greater than the Design Verification
Load plus 50 percent of the Specified Working Load."

The testing of groups or networks of piles is not specifically addressed in any
code. This reflects the fact that micropile testing is invariably treated as an
individual unit CASE 1-type demonstration: the performance. of a composite
CASE 2 structure is not considered, and the possible advantages of a CASE 2
network or group are not currently exploited at the design stage. With the
growing awareness of the potential for CASE 2 structures, it can be anticipated
that such testing will become an integral part of their development.

Dynamic Testing

This is a method of predicting the load-carrying capacity and load-movement
characteristics of a pile by measuring its response to the impact of a heavy
weight, or explosive charge, on the head of the pile. It is a high-strain testing
method, of which the most widely accepted method in the United States (40
States) is the Pile Driving Analyzer (PDA) method. Although such methods are
becoming more common, especially in Great Britain and France, for testing of
conventional, driven piles, it has yet to be used for micropiles. Given the
micropiles' mode of construction and operation, and their often complex,
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cross-sectional compositions, it is doubtful if dynamic testing will have
widespread application. A comprehensive review was undertaken by Turner

(1994a).
Integrity Testing

This is a much lower strain method designed to confirm the integrity of the
installed product and especially the grout or concrete. It is a valuable tool for
prefabricated, driven elements, or for certain types of uncased grout or
concrete-filled bored piles, such as continuous flight auger piles. However, as
for dynamic testing, micropiles do not typically prove amenable to this
technique and, in addition, are largely comprised of pretested load-bearing
elements (e.g., casing, reinforcement) with well-defined properties. Only in
rare cases, such as when the potential for a major defect has been recorded
during construction and the pile cannot be replaced for technical and/or cost
reasons, is the mobilization of an integrity testing setup justified. A
comprehensive review of integrity testing methods was presented by Turner
(1989) who estimated that between 10 and 20 percent of concrete piles are
tested in this manner, as opposed to 2 percent that are subjected to static load
tests. He estimated the cost of a static load test to be several hundred times
higher than a typical hammer-based integrity test.

EXISTING MICROPILE SPECIFICATIONS

Despite the fact that micropiles have been used since 1952, they are still
regarded in many parts of the world as a novel and innovative piling method,
and the level of understanding by many engineers is not high. Consequently,
they are either not addressed specifically in codes or standards (and thus,
because they do not "exist," they cannot be offered), or are included under
sections on other drilled and grouted (or concreted) piles. In the latter case,
micropiles must then be designed to conventional piling criteria that
invariably lead to unnecessarily high levels of both conservatism and cost.

Work may be governed by national codes such as the Uniform Building Code
(UBC, 1991), by local State or city codes such as Massachusetts (1988), or by an
owner's own specification and code. While most such codes are designed to be
flexible and to allow the use of new materials and construction systems,
nevertheless, disputes often arise as the result of ignorance and distrust. One
major difficulty is often the definition of the pile system within conventional
classifications. For example, is a micropile with a central reinforcing bar a
reinforced concrete pile or a cased steel column?  Alternatively, in a micropile
where the main load-carrying member is the permanent steel drill casing, is
this a concrete-filled steel pipe pile? Micropiles often fall outside the limits
drawn for such conventional systems. For example, concrete-filled steel pipe
piles in UBC (1991) are required to have a minimum outside diameter of 200
mm. In addition, the allowable minimum specified yield strength might be
limited to a ceiling value that is well below the values applicable to the
high-strength steel used in micropiles. No (or very little) contribution from
the grout may be allowed. Similarly, drilled micropiles with a single central
bar or small pile cage reinforcement might exceed normally accepted
steel/concrete area ratios or length/diameter ratios for such piles. Lizzi (1982)
outlined some of the problems in the design and acceptance of the original
root pile from its initial development. He notes that the development of
micropiling systems was spurred by the large size of conventional bored piles
and the associated equipment that meant they could often not be installed in
the confined and restricted working areas. He notes that contemporary
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national and local building codes in Europe often specified that bored cast-in-
place piles could not be less than 400 mm in diameter -- several times that of
his innovation.

However, as micropiles have grown in acceptance in Europe,‘ codes and
specifications have been modified or proposed to specifically accommodate the
unique features of their design, construction, and performance.

In France, Bustamante and Doix (1985) proposed guidelines applicable to both
ground anchors and micropiles. The French foundations code (CCTG, 1992) was
principally based upon the work of the same researchers. The Unified
Technical Document (Document Technique Unifié) on deep foundations (DTU
13.2, September 1992) specifically includes micropiles and deals with their
classification, construction, and design parameters (appendix 1). In addition,
the French also observe Norme Frangaise NFP 94-150 (Static axial testmg, 1991)
and NFP 94-151 (Static lateral testing, 1993).

In the United Kingdom, the Federation of Piling Specialists (1987) proposed a
specification for micropiles (termed "minipiles” in their document). A copy of
this specification is attached in appendix 1.

In the United States, the Commonwealth of Massachusetts Building Code (1984)
has proposed amendments to cover design and construction. procedures
associated with micropiles (September, 1988). This revision covered grouted
cast-in-place piles of less than 300 mm in diameter and in which all or a
portion of the piles are cast directly against the soil without permanent
casing. A copy of this document is also attached in appendix 1.

In Germany, DIN 4128 (1983) relates to small-diameter injection piles (cast-in-
place concrete piles and composite piles) of up to 300 mm in diameter
(appendix 1).

The Guide to Pile Design and Construction (Geoguide 6), issued by the Hong
Kong Geotechnical Engineering office, refers to "minipiles" under "special
pile types," this being typical of general piling regulations. Diameters of 100
to 250 mm are included. Interestingly, a small contribution to load-holding
capacity by the grout is now allowed - in line with "national...overseas
practice.”
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APPENDIX 1. SPECIFICATIONS AND CODES

The following documents are included in this appendix:

Page
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SMALL-DIAMETER GROUTED PILES (Massachusetts, 1988) ........ccccoevvvvvnivenennnnns 104
SMALL-DIAMETER INJECTION PILES (DIN 4128, Germany, 1983) .................... 115
122

UNIFORM BUILDING CODE (United States, 1991) ......oooevvviciniiiiiiiiieciiecnee,
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Specification for the

construction of mini piles

Preface

Where the term ‘Engineer is used in the following
clauses, this shall be taken to mean the person
appomted by the Employer to supervise and control the
engineering aspects of the work. In some forms of
contract the equivalent term may be the Architect or
Supervising Officer.

Introduction

Mini piles are generally smaller than those in
traditional use for structural support and are often
constructed using small boring or driving equipment.
The term micro pile is sometimes used.

Mini piles are frequently employed inthe same manner
as traditional piles but they have a special application
where piles are required for underpinning, in restricted
working areas, adjacent to sensitive structures or where
difficult ground conditions exist (e.g. boulders, fissured
rock, old foundations etc.) (See Note 1).

Desugn
The general design of piles shall be in accordance
with the British Standard Code of Practice for Foun-
dations BS 8004 where appropriate (See Notes 2-
101
2. The piles shall be designed to carry the loads speci-
fied on the Engineer's drawings or in the provided
schedules taking into account the required
minimum Factor of Safety, settlement, pile spacing,
pile head restraint, downdrag, the overall bearing
capacity of the ground beneath the piles and any
other relevant factors. (See Note 2.3).
Values of design parameters assumed by the p||e
designer shall be supplied prior to the commence-
ment of the works. The allowable pile capacity or
design load shall not be less than the specified
working load.
3. Theaxial compressive stresses shall be designed in
accordance with BS8110 Clauses 3.8.4.3 and
3.8.4.4 — Short Braced Axially Loaded Columns
and Clause 5.2.3.4 for pile sections located in fully
restrained ground conditions. (e.g. Rock, stiff clay,
or dense granular soil).
In the case of piles required to act in tension or
bending, the stresses in the reinforcement shall be
in accordance with the appropriate parts of
BS8110 (See Note 10).
5. The ultimate pile bearing capacity shall be taken as
: the load at which the resistance of the soil t¢ the
motion of a pile becomes fully mobilised. Pile
capacity may also be limited by the sectional ." etail
and properties.

6. Safe working load shall be calculated by modifying
the ultimate bearing capacity to eliminate the effect
of downdrag forces and dividing by a suitable factor
of safety.

7. The coverto all steel reinforcement, inciuding tinks,
shall be not less than 30mm unless otherwise
approved. Where additional protection is required,
approved sleeving shall be provided over an upper
specified pile length.

101
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Materials

8. Cement shall be ordinary or rapid hardening
Portiand cement complying with BS 12 or sulphate-
resisting cement complying with BS 4027,
Cements other than these shall be to the approval of
the Engineer and shall comply with the relevant
British Standard.

9. Cement replacement materiat and the proportion in

which it is used shall be to the approval of the

Engineer.

Aggregates shall comply with BS 882 or BS 1200,

as appropriate.

Clean water free from acids and other impurities

and inaccordance with BS 3148 shall be used inthe

Works.

Grout mixes shall be designed to be readily pump-

able and to give the specified cube strength.

The cement content including any replacement

material shall be not less than 0.5 of the total

aggregate weight per unit volume unless otherwise

approved by the Engineer,

The waorkability of grout shall be measured by a

suitable flowmeter or other approved means and

the method and frequency of monitoring this shall

be to the approval of the Engineer.

The slump of concrete mixes shall be designed to

give the specified cube strength and shall be such

as to permit pumping. or placing without

segregation. They shall comply with the following

requirements:

Piling Mix D Siump 175mm or greater

Minimum cement content 350kg/m?

The workability of concrete where used shall be

measured by the slump testor, where approved, the

flow test described in BS 1881 part 105 and shal}

conform with Piling Mix D requirements

throughout.

The use of admixtures in concrete or grout shall be

stated prior to commencement of piling. Evidence

shall be given when required by the Engineer that

these admixtures will allow pumping to be carried

out successfully, will yield concrete or grout of the

required strength and durability and have been used

successfully in previous practice.

Test cubes shall be prepared and tested in

accordance with BS 1881 {See Note 11).

All steel shall be in accordance with the appropriate

British Standard unless otherwise agreed by the

Engineer.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Piles employed in underpinning or

adjacent to sensitive structures

19. The selection of drilling equipment shall take-into
account /nter alia the necessity to drili through
concrete or masonry foundations without causing
undue or potentially hamful disturbance and
vibration.

20. The bond of piles constructed through existing
foundations must be able to transmit the load from
the structure to the piles with an adequate Factor of
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21.

22.

23.

24.

25.

26.

27

28.

Safety. (See Note 3).

Pile capacities and spacing shall be appropriate to
the condition of the structure to be underpinned
(See Note 3).

Piles shall be constructed in such a manner as to
ensure that no damage is sustained either by
previously formed piles or by adjacent structures.
Temporary or permanent casing or other approved
method of pile bore support shall be used in all piles
installed through potentially unstable ground to
permit the pile shaft to be formed to its full cross-
sectional areas.

Care shall be exercised to prevent loss of ground
from below existing adjacent structures and to
avoid ingress of drilling fluid into adjacent
basements, sewers or the like.

The grout shall be placed through a tremie pipe
extending to the bottom of the pile until
uncontaminated grout flows from the pile bore.
Temporary casing shall be extracted in stages
ensuring that, after each length of casing is
removed the grout level is brought back up to
ground level before the next length is removed.
Additional grout shall be placed by the use of a
tremie pipe at all times. The tremie pipe shall always
extend below the level of existing grout in the pile
bore.

The grout shall be brought up to the commencing
surface level upon completion.

The reinforcement shall be placed beforetemporary
casing is extracted. Suitable spacers shall be
provided to maintain the specified cover.

Driven piles

29.

30.

31.

32.

33.

Piles shall be installed in such a sequence that their
construction does not damage any piles already
constructed.

When required by the Engineer, levels shall be taken
to determine the movement of previously installed
piles resulting from the driving process. Adequate
measures shall be taken to overcome any
detrimental effect on the piles from ground heave
{See Note 12).

Where significant changes of driving character-
istics are anticipated or observed across a site,
additional records of driving resistance over the full
length of piles shall be taken as agreed with the
Engineer.

Where piles are driven to a set, the final set shall
normally be recorded either as the penetration in
millimetres per 10 blows or as the number of blows
required to produce a penetration of 25mm.
Where solid core, tube or other steel section piles
are installed double corrosion protection
techniques shali be employed at the head of the
piles and elsewhere where corrosion is a high risk.

General

. 34.

35.

16

Individual piles shall be constructed within the
following normmal tolerances (See Note 13).

tn plan 75mm in any direction
at commencing surface
Vertical Tin75
Between vertical and
raking up to 1:6 1in 25
Raking greater than 1:6 1in 15

Any failure of a pile to reach the required depth shalt

Ground Engineering

36.

37.

be reported to the Engineer without delay and the
reasons shall be stated. {f there is any reason to
amend pile depths this shall be agreed with the
Engineer.

The head of each pile shall be trimmed to the
specified cut off level as shown on the drawings.
Particular care shall be exercised to prevent damage
to mini piles during the trimming process or during
excavation in their immediate vicinity (See Note 14).
The following records shall be kept of every pile:—
Pile number

Rake, where appropriate

Piling platform feve! related to Ordnance Datum
Commencing surface level related to Ordnance
Datum

Nominal diameter

Details of steel reinforcement

Type of ¢. mentand type of any cement replacement
material iwhere used)

Type a:. J quantity of admixtures (where used)
Grade, quality and slump of concrete or grout
placed

Date constructed

Length from commencing surface to toe

Length of temporary casing

Length of permanent casing

Final set or ¢iving resistance, weight and drop of
hammer or tf : equivalent energy per blow.
Quantity of grout placed

Details of any obstructions encountered and time
taken in overcoming them

Details of major interruptions to the construction
process.

EXPLANATORY NOTES

1.

Main applications

Driven mini piles are mainly employed for

foundations to domestic dwellings, lightly loaded

buildings or structures.

The bored injection grouted mini pile is mainly used

for underpinning and in other situations requiring

the piles to be installed through foundations,

obstructions including steel reinforcement, old

grillages, timber etc. Other applications include

foundations adjacent to sensitive structures and soil

reinforcement.

Pile design—general

Pile design should ensure:

2.1 that an adequate Factor of Safety is provided
against reaching the ultimate load of the pile (as
BS 8004);

2.2 that the required load  settlement
characteristics are achieved at or near to the
design load.

2.3 that even where the Engineer does not carry out
the pile design, he should provide all
information to enable the pile designer to make
due allowance for additional loading. This may
be caused by downdrag, resulting from ground
and ground water level changes and direct
surcharge loads, or tension forces resulting
from, inter alia, the swelling of clay soils
following the removal of trees from the site or
bulk excavation. Design should take account of
uplift forces which may be transmitted to piles
via pile caps, ground beams or slabs. The
deformability of the soil and the relationship of



10.

anticipated settlement to time shall be taken
1nto account.

Pile design for underpinning

When selecting piles for underpinning special
consideration must be given to the transfer of load
from the structure to the piles. High concentrations
of stress should be avoided, and it is usually
desirable to minimise total and differential
settlements.

In piled underpinning the structure continues to rest
on its original foundation and will only call on the
piles to assist if further settlement occurs and then
only to the exient induced by that settlement. The
pile design should take into account the additional
movement of the foundation required to generate
the necessary pile reaction.

Preliminary test piles and
re-assessment of pile design

When possible, and particularly where soil con-
ditions are unfamiliar, a preliminary test pile or test
piles should be installed to check the pile design.
These should be constructed under the closest
supervision in an area where the soil conditions are
known, and tested to a specified foad of not less
than the Design Verification Load plus the Specified
Working Load. The information from pile tests or
from other data gained during the contract may
require the initial pile design to be modified.

Proof tests on working piles

Where there is a requirement to test working piles,
the test programme should be initiated at an early
stage in the contract and the test loads should not
normally be greater than the Design Verification
Load plus 50% of the Specified Working Load.

Testing piles in underpinning

It is not normally practicable to proof test pileswhen
they are constructed through existing foundations.
In these circumstances additional test piles should
be specified if required.

Testing piles installed

through obstructions

In cases where cast-in-place piles installed through
obstructions, made ground, large boulders etc., are
required to be tested, they should be doubly sleeved
to below the obstruction or made ground to
minimise friction and prevent misleading results.

Data requirements

When piles are specified by the Engineer, the
specialist piling contractor will require the foliowing
information — site investigation, drawings showing
layout, levels, and borehole positions, loads, pile
details and other particular requirements.

When the specialist piling contractor is required to
design the piles, or when alternatives are permitted,
the enquiry documents should in addition state the
required minimum design Factor of Safety, and the
acceptable settlement of individua! piles under test.

In-situ soil testing

Where in-situ soil testing is a contractual
requirement, the type and anticipated number of
tests should be indicated in the enquiry document
and included as a measured item" in the bill of
quantities.

Loads
Loads supplied for the purpose of pile design
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should be ‘service loads” and not ultimate loads as
used in limit state design practice.

Concrete or grout test cubes
Opinions vary as to the number of test cubes which
should be required on a piling contract. but it is
suggested that a set of four cubes be taken for every
ten piles installed.

The anticipated number of test cubes should always
be included as a measured item in the bill of
quantities.

Heave of driven piles

The acceptable amount of heave depends upon
whether the piles are designed to carry the majority
of their load by shaft friction or by end bearing.
Heave due to pile driving has generally a minor
effect on anadequately reinforced pile which carries
its load mainly by shaft friction or on an end bearing
pile which had not been unseated. Where an end
bearing pile has been unseated by heave, the effects
of heave may be reduced by pre-boring or
alternatively the contractor may elect to re-drive
piles where this is a practicable solution.

The particular measures required will vary with each
site and those adopted should be a matter for
discussion and agreement with the specialist piling
contractor concerned.

Positional and alignment
tolerances

Tolerances should be related to the construction
conditions and the design should take this into
account. ]

Thetolerances quoted are realistic for most sites but
where the ground contains obstructions, tolerances
may have to be increased and appropriate
allowances made in the design of piles, caps and
ground beams. The need for close tolerances
generally diminishes with capped pile groups
having three or more pites and it is more important
to achieve alignment near the head of the pile than
near the pile toe.

Tolerances should be further considered in the light
of specific requirements for work in marine and
shoreline conditions.

Trimming of piles

Thetrimming of pile heads to a final cut-offfevel and
the cutting of steel to required projections are
normally carried out by others and do not fall within
the scope of the specialist piling contractor's work.
Clause 36 of this specification should be included in
the general contracy specification, where
appropriate.

11,

12.

13.

14.

This document is published for the Federation of Piling
Specialists by Piling Publications Ltd. of Dickens House,
15 Tooks Court, London EC4A 1LA (whose copyright is
retained in the specification), and is available to
interested parties by application to that address or by
telephone on 01-831 7581.

The Federation of Piling Specialists does not accept
any responsibility nor liability for the use and application,
in whole or in part, of the Specification. Users must
ensure that specifications employed and any
explanatory notes supplied are compatible with the
particular circumstances and requirements of the work
involved.
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SMALL-DIAMETER GROUTED PILES
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Erecutive Office of Frublic Futoty

STATE 304ARD OF 3UILCING REGCULATLIONS AND STANDARDS
Cne Ashbuzzon Placs - Room 1301
3oscon, Massachuseccs 02108

(617) 727-3200

CODE REVISION PROPOSAL FORM

(please cype or princ)

E: 21 September 1988

ilding Code Sectiom Ne._ 742.0, 743.0 Code Change No.

oponenc_ (NAME) Geotechnical Adyvisory Commirtee, S,B.P.R.S.

DDRES3) One Ashburton Place, Rm. 1301, Boston, MA 02108

lease check type of amendmenc proposed.)

% Change Section as follows:

Delece Section and subscitute as

follows:
Add new Seccion as follows:

Delece Section - no substitute.

‘0POSED CODE AMENDMENT:1) 742.0 SPECIAL PILES AND CAISSONS; change to SECTION 743.0
') 743.0 LATERAL SUPPORT; change to SECTION 744.0

}) Insert niew SECTION 742.0 SMALL DIAMETER GROUTED PILES (6 pages attached).

IPPORTING STATEMENT(S): The proposed changes cover design and construction procedures

thich are considered current state of the art. Draft copies have been circulated to the

.ocal engineering community and reviewed at a forum sponsored by BSCES on 14 June 1988,

‘he provisions were unanimously voted by the Geotechnical Advisory Committee on
.4 September 1988.
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MASSACHUSETTS STATE BUILDING CODE

PROPOSED Revision: 9-14-88

SECTION 742.0 SMALL DIAMETER GROUTED PILES

742.1 General: This section covers grouted cast-in-place
piles which are less than twelve (12) inches in diameter and in
which all or a portion of the pile is cast directly against the

soil without permanent casing.

742.2 Installation: The pile may be formed in a hole
advanced by rotary or rotary percussive drilling methods (with
or without temporary casing), by a hollow-stem auger, or by
driving a temporary casing. The pile shall be érouted with a
fluid cement grout. The grout shall be pumped through a tremie
pipe extending to the bottom of the pile until grout of

suitable quality returns at the top of the pile.

742.2.1 Piles grouted with temporary casing: For piles
grouted inside a temporary casing, the reinforcing steel shall
be ‘inserted prior to withdrawal of the casing. The casing
shall be withdrawn in a controlled manner with the grout level

maintained at the top of the pile, to insure that the grout
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completely fills the drill hole. During withdrawal of the
casing, the grout level inside the casing shall be monitored to

check that the flow of grout inside the casing is not

obstructed.

742.2.2 Piles grouted without temporary casing: For a pile or
portion of a pile grouted in an open drill hole in soil without
temporary casing, the minimum design diameter of the drill hole
shall be verified by a suitable device immediately prior to
grouting. The reinforcing steel shall be inserted pfior té

grouting.

742.2.3 Piles grouted with hollow-stem augers: For piles
installed with a hollow-stem auger, the grout shall be pumped
under continuocus pressure, and the rate of withdrawal of the
auger shall be carefully controlled to insure that the hole is
completely filled with grout as the auger is withdrawn. The
actual volume of grout pumped for each one(l) foot of
withdrawal of the auger shall be recorded and must be equal to
or greater than the theoretical volume. The reinforcing steel

shall be inserted prior to withdrawal of the auger.

742.2.4 Tiles uwesigned for end-bearing: For piles designed
for end-bearing a suitable means shall be employed to verify
that the bearing surface is properly cleaned prior to

grouting.
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742.2.5 Protection of grouted piles: Subsequent piles shall
not be drilled or driven near piles that have been grouted

until the grout has had sufficient time to harden.

742.3 Pile diameter: The design pile diameter shall be

taken as:

1. The outside diameter of the temporary casing, or

2. The diameter of a full circumferential drill bit attached

to the bottom of the temporary casing, or
3) The outside diameter of the hollow stem auger, or

4) The borehole diameter verified by suitable measurements

made immediately prior to grouting.

742.4 Allowable design stresses: Except as provided in the
fourth paragraph of Seaction 734.3, the design stresses shall

not exceed the following allowable values:

1. For compression loads: The allowable stress on the cement
grout shall be thirtv-three (33) percent of the twenty-eight
(28) day unconfined compressive strength, but not exceeding

sixteen hundred (1,600) psi. The allowable stress on the steel

107



reinforcing, including permanent steel casing, ghall btn fcouly
140) nercent of the minimum specified yield strength, but not

exceeding twenty-four thousand (24,000) psi.

2. For tension loads: The allowable stress on the =z=tasel
reinforcing shall be sixty (60) percent of the minimum
specified yield strength. The allowable stress on the cement

grout shall be zero.

742.5 Minimum reinforcing: The steel reinforcingbshall be
designed to carry the following minimum percentage of the

design compression load:

1. For a pile or portion of a pile grouted inside a temporary
casing, grouted inside a hole drilled into rock, or grouted
with a hollow-stem auger, the rzinforcing steel shall be
designed to carry not less thavr forty (20} cercent of the

design compression load.

2. For a pile or a portion of a pile grouted in an open drill
hole without temporary or permanent casing, the pile shall be
designed to carry the entire design compression load on the
reinforcing steel. If a steel pipe section is used for
reinforcing, any portion of the cement grout enclosed within
the pipe may also be includéd at the allowable stress.for the

grout.
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742.6 Corrosion protection:

1. Minimum grout cover: Where steel reinforcing is not
enclosed inside a permanent casing, centralizers shall be
provided on the reinforcing to insure a minimum grout cover of
one (1) inch in soil and one half (1/2) inch in roeck. Grout
cover requirements may be reduced when the reinforcing steel is

provided with a suitable protective coating.

2. Permanent steel casing that is used as structural
reinforcing shall be protected in accordance with the

provisions of Section 733.3.

3. For piles subjected to sustained tension loading in
corrosive environments, the reinforcing steel shall be
protected by a suitable protective coating or encapsulation

method.

742.7 Allowable load: The load on small diameter grouted
piles shall not exceed the allowable load computed on the basis
of the allowable stresses given in Section 742.4 and minimum
reinforcing requirements given in Section 742.5, nor shéll the
ioad exceed the allowable load determined by load test in
accordance with section 722.8. Load tests may be waived by the
building official based on substantiating data and analyses

prepared by a registered professional engineer.
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742.8 Alternative load test procedure for friction piles:
For piles designed as friction piles, the friction capacity in
compression may be verified by load testing in tension. The
tension load test shall be performed in accordance with Section

722.8.2, with the following exceptions:

1. The test pile must be cased or left ungrouted down to the
top of the bearing stratum in a manner which will insure
that no friction resistance is developed above the bearing

stratum.

2. The maximum design load shall be taken as fifty (50)
percent of the applied test load which results in a
movement under load of one half (1/2) inch at the pile
tip. The movement at the pile tip shall be a) measured
directly by a tell-tale or b) computed by deducting the
theoretical elastic elongation of the pile from the

displacement neasured at the top of the pile.

742.9 Records: The owner shall engage a registered
professional -engineer to observe the installation of the piles
in aécordance with 732.10. The engineer or his representative
shall make an accurgte record of the installation equipment
used, pile dimensions, grouting volumes and procedures used and

all other pertinent installation data.
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722.8 Requirements for Pile Load Tests:
722.8.1 Compression Load Test:

722.8.1.1 Required Test Load: A single pile shall be load-tested to oot less than
twice the allowable-design load. When two (2) or more piles are to. be tested as a
group, the total load shall be not less than one and one-hailf (1 1/2) times the
allowable design load for the group.
In no case should the load reaching the bearing stratum for a single pile or pile
group be less than the following:
Case A - piles designed as end-besgscing piles, 100% of the allowable design
load.
Case B - piles designed as friction piles, 150% of the allowable design load.
For piles desxgned as combination end-bearing and friction piles., Case A
applies if the pile is designed to support more than fifty (S0) percent of its
design in end bearing; otherwise, Case B applies.

722.8.1.2 [ntemal Instrumentation: The test pile shall be instrumented in
accordance with the requirements in paragraph 4.4.1 of ASTM D1143 to enable
measurement or computation of the load in the pile where it enters the beamg
stratum. For piles containing cancrete, instrumentation shall be installed in the
test pile to permit direct measurement of the elastic modulus of the pile.

This requicement is waived for the followmg cases:

1.) The test pile is installed within a casing that extends to within 10 (t above
the bearing stratum.

§/27/88 (Effective 7/1/88) 780 CMR - 296
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2.) The pile ta be tested has been functioning satisfactorily under load for a
period of one year or more.

3.) The pile is 30 ft long or less and no appreciable load will be supported
above the bearing stratum.

722.8.1.3 Loading Procedure: Pile load tests shall be conducted in accordance
with ASTM Di1143, Standard Method of Testing Piles under Static Axdal
Compressive Load. except that Section § Loading Procedures shall be deleted and
replaced by the following provisions: ’

1) Apply 25% of the allowable design load every one-half hour. Longer time
increments may be used, but each time increment should be the same.

2) At 200% of the allowable design load (or 150% for pile groups), maintain
the load for a minimum of one hour and until the settlement (measured at
the lowest point on the pile at which measurements are made) aver a
one-hour period is not greater than 0.01 in. .

3) Remave 50% of the design load every 15 minutes until zero load is
reached. Longer time increments may be used, but each should be the
same,

4) Measure rebound at zero load for a minimum of ene hour.

In no case shall a load be changed if the rate of settlement is not decreasing with
time. For each load increment or decrement, take readings at the top of the pile
and on the intemal instrumentation at 1, 2, 4, 8 and 15 minutes and at 15 minute
intervals thereafter.

A load greater than 200% of the allowsble design load (or 150% of the allowable
design load for pile groups) may be applied at the top of the pile, using the above
loading procedure, to ensure that Section 722.8.1 is fulfilled. .

Other optional methods listed in ASTM D1143 may be approved by the Building
Official upon submittal in advance of satisfactory justification prepared by a
registered professional engineer who is qualified in this fisld.

722.8.1.4 Selection of Design Load: Provided that the allowable design load does
not exceed the load allowed in this section for the type of pile and provided that
the allowable design load does not exceed 100% of the load supported in the
bearing stratum {or 2/3 of the load upported in the bearing stratum for friction

piles) when the maximum test load is applied. then the allowable design load shall
be the greater of the following: :

1) Allowable Design Load Based on Settlement During Loading:

Fifty (50) percent of the applied test load which causes a gross settlement at
the pile cutoff grade equal to the sum of: a) the theoretical elastic
compression of the pile in inches, assuming all the load on the butt is
transmitted to the tip. plus b) 0.15 inch. plus ¢) one (1) percent of the pile tip
diameter or pile width in inches. [f the settlements are so small that the
load-settlement curve does not intersect the failure criterion, the maximum
test load shall be taken as the failure load and used to compute the allowable
design load.

$/27/88 (Effective 7/1/88) 780 CMR - 296.1
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2) Allowable Design Load Based on Nét Settlement After Rebound:

Fifty (50) percent of the applied test load which results in a net settlement at
the top of the pile of 1/2 inch, after rebound for a minimum of one hour at
zero load

722.8.2 Tension Load Test:

722.8.2.1 Requited Load Test: A single pile or a pile group shall be load tested to
not less than 200 percent of the design load for transient loads (i.e. earthquake and
wind) and 250 percent for sustained loads.

}22.8.2.2 Test Setup and Loading Procedure: The load test setup, instrumentation,
and loading procedure shall be in accordance with ASTM D3689-83.

722.8.2.3 Selection of Design Load: Provided the allowable design load does not
exceed the allowable stresses in the pile materials, the allowable design load shall
be the lower of the following: : .

1) Fifty (50) percent (for transient loads) or forty (40) perceat (for sustained
loads) of the applied test load which results in a net upward movement of
one-half (172) inch at the top of pile after removal of the maximum test
load. (The gross upward movement minus the rebound movement).

2) Fifty (50) percent (for transient loads) or forty (40) percent (for sustained
loads) of the applied test load which results in coatinuous upward
movement with no increase in load.

722.8.3 Lateral Load Test:

722.8.3.1 Required Test Load: A single pile shall be load tested to not less than
200 percent of the design load.

722.8.3.2 Test Setup and Loading Procedure: The load test setup, instrumentation,
and loading procedure shall be in accardance with ASTM D3966-81.

722.8.3.3 Selection of Design Load: The design load shall be selected by the
tesponsible registered professional engineer, based upon his interpretation of the
load deflection data from the load test.

722,9 Application of pile load test results: The results of the load test can be
applied to other piles within the area of substantially similar subsoil conditions as
. that for the test pile: and providing the performance of the test pile has been
. satisfactory and the remaining piles are of the same type. shape and size as the
test pile: and are installed using the same methods and equipment and are driven
into the same bearing strata as the load-tested pile to an equal or greater
penetratioa cesistance.

722.10 Settlement analysis: Whenever a structure is to be support.ed by medium ar
soft clay (materials of Classes 12 and 13} or other materials which may be subject
to settiement or consolidation, the settlements of the structure and of neighboring

5/27/88 (Effective 7/1/88) 780 CMR - 296.2
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structures due to consolidation shall be given careful consideration, particularly if
the subsurface wmaterial or the loading is subject to extensive variation. The
building official may require a settlement analysis to be made by a registered
professional engineer in case the live and dead loads of the structure, as specified
in this article, minus the weight of the excavated material, induce a maximum
stress greater than three hundred (300) pounds per square foot at mid-depth of the
underlying soft clay layer.

722.11 Settlement analysis cotnputations: Settlement anslyses will be based on a
computation of the new increase in stress that will be induced by the structure and
realistically appraised live loads, after deducting the weight of excavated material
under which the soil was fully consolidated. The effects of fill loads within the
building area or fill and other loads adjacert ta the building shall be included in the
settlement analysis. The appraisal of the live- loads may be based on surveys of
actual live loads of existing buildings with similar occupancy. The sail
compressibility shall be determined by a registered professional engineer and
approved by the building aofficial,

5/27/88 (Effective 7/1/88) 780 CMR - 296.3
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Small diameter injection piles (cast-in-place BTN
concrete piles and composite piles) —
Construction procedure, design and permissible loading 4128

Verpresspfahle (Ortbeton- und Verbundpfahle) mit kleinem Durchmesser; Herstellung, Bemessung und zuf3ssige-
Belastung

As it is current practice in standards published by the Internationsl Organization for Standardization (1SOJ, the
comma has been used throughout as 3 decimal marker,

This standard is the outcome of many years of consultation within a joint committee of section Baugrund of the
Normenausschuss Bauwesen (Building Standards Committee) of O/N Deutsches Institut fir Normung e.V. and the
Deutsche Gesellschaft fir Erd- und Grundbau (German Soclety for Earthworks and Foundation Engineering). It has
been recommended o the Laender building inspectorates by the Institut &r Bautechnik (lnctutute for Building
Technology), Berlin, for inclusion in the official approval procedure.

The term “load” is used for forces acting on a system from outside; the same applies to terms which include the word
“load" (see DIN 1080 Part 1),

Because the planning, design and execution of injection piles call for sound knowledge of the method of construction
and wide experience, only those contractors and engineers may be entrusted therewith who meet these requirements
and ensure expert construction. Only such persons as possass a thorough knowledge of the method of construction
and its execution may be appointed as the responsible contractor’s agent. Supervision of the work may be exercised
only by trained foremen drillers, site foremen or gangers who have already successfully constructed injection piles,
Sufficient time shall be stlowed for preparing piles.

See DIN 4014 Part 1 for bored piles of conventional type,
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1 Field of application and scope

This standard serves as a basis for the planning and exe-
cution, and for the assessment of the bearing capacity of
non-prestressed injection piles (cast-in-place concrete
pites and composite piles} with shaft diameters of less
<han 300 mm with circular shaft cross sections or com-
parable similar cross-sectional shapes. The required
minimum shaft diameters are 150 mm for cast-in-place
concrete piles and 100 mm for composite piles. Piles are
formed vertically or raked and are usually axially
stressed, Piles transmit their loads into the ground by
skin friction, unfess the pile rests on rock.

Injection piles are used for temporary purposes, nor-
mally for not more than 2 years, and for permanent pur-
poscs.

. The general principles of pile foundations specified in
DIN 1054, November 1976 edition, clause 5, shall apply.

2 Designation
The designation of an injection pile (V) shall read:
Injection pile DIN 4128 — V

3 Concepts

3.1 Injection pile

An injection pile i5 a cast-in-place concrete pile or a
composite pile in which the transmission of stress to the
surrounding ground is schieved by the injection of con-
Crete or cement moriar,

A cast-in-place concrete pile has a longitudinal reinforce-
ment of reinforcing steel running its whole length. It
may be formed of concrete 25 specified in DIN 1045 or
of cement mortar,

A composite pile has a prefabricated load bearing mem-
ber of reinforced concrete or steel running its whole
length. The load bearing member is either placed in a
cavity in the ground or inserted into the soil with the
aid of a foot, larger than the toad bearing member, e. .
in the form of an impact-driven injection pile. In this
case, the cavity may already be filled before insertion of
the load bearing member. In the process, the grout
surrounds the load bearing member over its entire
leagth in the ground. The stress is transmitted through
the bond from the load bearing member into the grout
along the whole or part of the pile length.

3.2 lnterna! and external bearing capacity

The internal bearing ¢apacity of an injection pile is
determined by the failure of the materials of which the
pile is made,

The external bearing capacity of an injection pileis

determined by the failure of the ground supporting the
pile.

3.3 Stress transmitting length

The stress transmitting lengih is that length of the pile
shaft through which the pile stress is transmitted into
the ground,

3.4 Diameter of pile shaft

The diameter of the pile shaft is the greatest outside
diameter of the drilling tool, casing pipe, casing or
driving shoe. In the case of piling with external flushing,

“it may be assumed that the diameter of the pile shaft is

equal 10 the outside diameter of the casing pipe plus
20mm,

3.5 lnjection, re-injection

Injection is @ method in which grout is placed at a pres-
sure greater than the hydrostatic pressure. Pressure can
be applied to the grout by atmospheric pressure or by
liquid pressure,

Re-injection is a method in which a single or repeated
injection 15 effected afier the first injection has set or
hardened.

4 Soil investigation

Before piles are formed, the sequence of strata, the con-
dition of the soil and the groundwater circumstances
shall be investigated a5 described in DIN 1054, Novem-.
ber 1976 edition, clause 3, to an adequate depth below
the pile base.

1n non-cohesive soils, the strength properties shall be
determined by soundings (static soundings, standard
soundings, drop-penetration soundings or lateral pressure
soundings) and the particle size distribution of the indi.
vidual soif strata ascertained. )

in cohesive soils, the particle size distribution, the con-
sistency index, the uniaxial compressive strength and the
shear strength of the individual soil strata shail be deter-
mined.

In rock and rocky soils, those methods of exploration
and investigation shall be selected which, in addition to
determining the sequence of strata, the types of rock
and the strength of the rock, also permit conclusions to
be drawn regarding formation strength, permeability to
water and sensitivity 10 water,

Groundwater and subsoil shall be examined for prop-
ertics harmful 1o concrete 2nd other building materials
including, where appropriate, those which could affect
the mechanical properties of @ supporting liquid.

5 [nvestigation of existing structures

A1 an early stage of plannning, where work on or in the
vicinity of existing structures is involved, investigations
shall be made into their depth, the width and height of
1heir foundations and the method of construction of the
building materials used and their strength. If no stability
computations are available, the loads shall be determined.

_ In this connection, particular attention shall be paid to

horizontal loads.

When selecting the method of formation of injection
piles, the structural condition, with particular reference
10 sensitivity to deformation and vibration, shall be
taken into account.

6 Design of individual piles
6.1 Cast-in-place concrete pifes

Cast-in-place concrete piles shall be reinforced as speci-
fied in DIN 1045, Table 1 applies to the concrete cover
of the teinforcement, Where these minimum dimensions
are not ensured by the method of manufacture, bar
spacers shall be fitted as a centre guide; they shall con-
tinue to provide adequate cover after withdrawal of the
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3

casing of casing pipe, e. g. spring cage bar spacers. Espe- 7 Formation of cavity and injection
cially in the case of piles inclincd at more than 15° 10 1 . .

ion of cavi
1he vertical, bar spacers shall be so consiructed that 7.1 Format Y g
there is no danger of the reinforcement cage sinking Boring methods, driving methods and vibratory methods
down into the freshly mixed concrete. are suitable for producing the cavity for an injection

pile. Internal or external flushing may be usedto trans-
port drifl cuttings. Loosening of the'soil by flushing

6.2 Composite pile methods only is not permissible. A stable cavity of the

The load bearlng member of a composite pile &hall be intended geometrical cross section shall be created over
located centrally, if necessary with the 2id of suitable the entire length. The method of producing it shall be
bar spacers {sce subclause 6.1} and shall extend over the adapted to the subsoil involved.

whole length of the pile. The spacing between the axes of piles in the area of the
DIN 1045 shall be observed regarding the design of load stress transmitting lengths shall be not less than 0,80 m,
tearing members of relnforced concrete. This minimum axial spacing may be reduced if damage
In the case of steel l0ad bearing members, the cross sec- to adjacent piles can be excluded during their formation.
tion may be in the form of a solid round.bar, 3 pipe or Cavities inclined at more than 15° to the vertical may be
sectiona! steel. 1t shall be formed as specified-in formed only with sufficiently rigid casings or casing

DIN 1050, In addition 10 the steels listed therein, other pipes.

steels approved by the building inspectorates, with a Piles shall not be inclined at more than 80° to the vertl-

nominal tensile yield point of up to 500 N/mm2, may be cal,
used. Steel load bearing members shall be protected
against corrosion over their whole length. Table 1 spplies
to the concrete cover of 105d bearing members,

Cavities shall be checked for position, length and inclina-
tion,

Where adequately rigid casings or casing pipes are used,

the Inclination can normally be measured 3t the uppers
6.3 Measures against aggressive soil or groundwater most casing ot casing pipe.

Should the soil or groundwater attack concrete within Checking of the inclination is especially important in the
the meaning of DIN 4030 or be aggressive within the case of groups of piles.

meaning of DVGW-Datenblatt {Data Sheet) GW 9, the By way of departure from DIN 4014 Part 1, the joints of
contents of table 1 shall be observed. the casing pipe may be formed with internal nipples

Table 1. Minimum dimensions of concrete cover of reinforcement or of tha stee! load bearing member

Degree of aggressiveness

Ui Atzack on conerete in accordance Permissible aggressiveness 10 stecl Concrete cover 1), 5)
ine with DIN 4030 in accordence with DVGW-Datenblaty i m
{D3ta sheet) GW © in mm
1 " not aggressive 30

0ot sogressive, but with a

2 sulfate content classified aggressive, stightly aggressive . A 2
in DIN 4030 as slightly or barely aggressive <) 302)
aggressive
3 slightly aggressive 35 3)
4 very aggressive 453)

') The figures apply to concrete; where cement mortar is used, they may be reduced by 10 mm.
2) An HS cement shall be used for forming the pile shaft.

3) Piles may be inserted only if an expert in matters of corrosion of steel and concrete confirms that the long-term
10ad bearing .behawow' is not affected by 3 time-dependent reduction of the skin friction. In the zone outside the
siress trapsmitting fength, other protective measures, in place of an increase in the concrete cover, may be taken

l('m 1D|N 1045, Decernber 1978 edition, subclause 13.3), but the concrete cover shall at least conform to table 1,
ne1l,

4 . @ - . .
) Inthe case o.f ln)ectlor.n piles for temporary purposes, piles may also be formed in soils which are strongly aggressive
to steef provided that it can be shown by an expert that the load bearing behaviour is not impaired.

§) 1n the case of piles for temporary purposes, the figures may be reduced by 10 mm.
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{internal sockets) provided that, when the casing pipe is
withdrawn, there can be no possibility of damage to the
réinforcement or to the load bearing member.

‘1f drilling takes place below groundwater level, over-
pressure of the flushing or supporting liquids shall be
used 10 prevent soil from entering the cavity.

The borehole shall be cleared of residue from drilling.

7.2 Injection

Concrete or cement mortar are used as grout. To form
the shaft, an injection pressure shall be applied which
should be not fess than 5 bar in the vicinity of the stress
transmitting length,

The concrete shatl be made up as specified in DIN 1045,
. December 1978 edition, subelause 6.5.2. Contrary
thereto, the minimum cement content of the concrete
shall be 500 kg/m3, The concrete shall conform st lesst
to strength category B 25, Contrary to DIN 1045,
December 1978 edition, subclause 6.5.7.1, concrete
injected by the tremie method, see DIN 4126 Part 1 (at
present at the stage of draft}, shall be produced in the
conditions appticable to concrete B L. If piles are injected
in injectable or fissured ground, the proportion of
cement shall be correspondingly increased.

The maximum particle size of the aggregate shall not be
greater than half of the concreie cover or of the clesr
space between reinforcing bars, In the case of piles with
2 shaft diameter less than 200 mm, the diameter of the

maximum particle size of the 2ggregate shail not exceed
Smm,

Where cement mortar is used, materials conforming to
DIN 1045, December 1278 edition, clause 6, shall be
employed. Ey way of departure from DIN 1045, Decem-
ber 1978 edition, subclause 2.1.3.1, the addition of a
concrete aggregste may be dispensed with, The comp:es-
sive strength of the cement mortar shall conform at least
to concrese sirength category B 25. .
Injection operations in the stress transmisting length
shall take place immediately following completion of the
cavity. Placing of the grout shall start 3t the bottom and
proceed continuously upwards,

Grout shall be fed in by pumps through pipes, hose or
the drill pipe. On withdrawal, iis discharge opening shall
terminate not !ess than 3,0m in the grout.

73 Re-injection

Re-injection is always necessary if the cavity has not
been injected as specified in subclause 7.2, paragraph 1,
The injection equipment should be located symmetri.
cally in the cross section of the pile. The re-injection
material, pressures and quaniities shall be adapted to the
type of subsoil and to local conditions. The re-injection
material shall e of such a composition that voids are
filled up again,

Piles under 10ad shall not be re-injected.

7.4 Record of formation

Records shall be kept for all injection piles during their
formation, For this purpose, the information corre-
sponding 10 the type of pile used shall be taken from
Appendix A.
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8 Quality testing

DIN 1045, December 1978 edition, clause 7, applies to
the verification of the quality of building materials.
Where cement mortar is used, then, contrary 1o what is
stated in DIN 1045, verification of the compressive—
strength shall be provided as specified in DIN 4227
Part 5. For quality tests, however, 2 sets of 3 cylinders
shall be produced and tested on each of 7 working days
or for each building site.

9 Design and verification "

9.1 Ve_rif_ication of external bearing capacity

The stress transmitting length of injection piles shall be
located in adequately firm subsoil, as described in

DIN 4014 Part 1, August 1975 edition, subclause 13.1,
and shall be not fess than 3 m. In rock or soils similar to
rock, the stress transmitting length may be appropristely
reduced. However, it shafl be not fess than 0,5m.

In the case of pressure piles, the thickness of the soil
stratum shall be checked to ensure that lower lylng
strata cannot give rise 1o harmfuyl settlements as 8 result
of the pile loading.

Where existing foundations are being strengthened, then
by way of departure from DIN 1054, November 1976
edition, subclause 5.2.1, injection piles may also be used
10 transmit partial loads, provided that the compatibility
of the deformation behaviour of the foundation ele.
ments involved is taken into account.

The permissible pile loading shall be specified on the
basis of trial loadings which shall be carried out 3s
described in DIN 1054, November 1976 edition, sub-
clauss 5.8 and appendix. Trizl loadings shall be carried
out on not less than 2 piles, but on at least 3% of all
piles. Tests shall be carried out at those points where, on
the basis of soil investigations, the least favourable soil
orofile for the bearing capacity of the piles can be
expected, unless appropriate rial loadings are carried
ous for each characteristic profile.

When cartying out the trial loading, skin friction shall be
eliminaied by constructive messures in sectors which are
excavated in the working condition of the pile founda-
tion. In those cases in which it is necessary that the pile

Table 2. Safety coefficients  for injection piles

afor lo:‘ding case
1ecti i 93 defined in
lnjection piles used as BTN 1854
1T L2 3
pressure piles Z0 {175115
0 to 45° deviation
. from the vertical 20 (175115
tension
piles with 80 ° deviation from 20 l2s {20
the vertical ‘ (AN
For tension piles, vaiues between 45 and 80 ° shall
be interpolated.




loads be transmitted 10 a limited Icngth of the shaft,
consiructive measures shall be taken during the trial
loading to prevent the stress from being transmitted into
other sections. In exceptional cases, this proportion of
the skin friction may be estimated by calculation.
1f structural piles are used as test piles, then it shall be
chown that their bearing capacity does not suffer as a
result of the test foading.
The safety level shall conform at least to the figures in
table 2. The lowest tria! value shall be taken for deter.
mining the permigsible pile loading. .
Note. As specified in DIN 1054, November 1976 edi-
tion, table 8 and 10 the Empfehlungen des
Arbeitsausschusses “Uferelnfassungen” (Recom-
mendations of Technical Committee Bank Sur-
rounds) EAU 1980 — € 26, the safety coeffi-
cients 77 are, in the case of tension piles, for static
and geometrical reasons, reduced as the deviation
of the tension pile from the vertical increases. In
contrast thereto, in this standard, the safety
coefficients for injection piles used as tension
piles are Increased as the deviation from the
vertical becomes greater, because of the more
extensive utilization made in such cases of skin
friction. The intention is to achieve, in compar-
ison with injection anchors as described in
OIN 4125 Part 1 and Part 2, a comparable level
of safety despite the abandonment of the prin-
ciple of an acceptance test.
The results of tensile tests on injection piles may be used
for assessing the bearing capacity of pressure piles pro-
vided that the pile stresses are mainly transmitted into
the ground by skin friction over the entire length.
Trial l0acings need not be carried out if the results of
trial loadings in comparable circumstances are available.
if, in exceptional cases, no trial loadings are carried out,
the limit skin friction values given in table 3 may be
applied. Point bearing shall not additionally be taken
into account.

Table 3. Limit skin friction values for injection piles

X Pressure piles | Tension piles
T
ype of soil MN/m? MN/m?
Medi ravel 3nd
comncoravel 0,20 0,10
Sand and gravetly sand 0,15 0,08
Cohesive soil 0,10 0,05

The permissible skin friction values are obtained by
dividing the limit skin friction values given in table 3 by
the safety coefficient 7 shown in table 2.

For individual piles of 8 total length up to 10m and
without freestanding parts, axial displacements of the
pile head of up to 10 mm must be expected under the
permissible loading. These figures inctude clastic and
plastic deformations.

53N
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9.2 laternal bearing capacity

Cast-in-place piles made with concrete shall be designed
as specified in DIN 1045. Evidence of serviceability shall
be provided for the design of composite piles and of
cast-in-place concrete piles which do not conform to
DIN 1045 (e. g. injection piles formed with cement
mortar}.

{n the case of cast-in-place concrete piles, evidence of
timitation of the crack width, as described in DIN 1045,
December 1978 edition, subclause 17.6.2, shall be pro-
vided for a “very small” expected crack width.

1f, in the case of composite piles, concrete or cement
mortar is used for protection against corrosion, the
appropriate procedure shall be adopted.

Other measures shall be regarded as effective protection
against corrosion only if it is shown that, for the stresses
in question, they provide long-term protection equiva-
lent to that of concrete or cement mortar,

9.3 Evidence of safety against buckling

1f the shear strength of an undrained cohesive soil, as
defined in DIN 18 137 Part 1 or DIN 4096 is less than
10kN/m32, then, in addition to the specifications of

DIN 1054, November 1976 edition, subclause 5.2.10,
evidence of safety 2gainst buckling shall be provided for
2 bar which is not laterally supported. -

9.4 Bending stress

1n addition to the specifications of DIN 1054, Novem-

ber 1976 edition, subclause 5.3.3, the bending stress

caused by lateral pressure shall be taken into account in
accordance with the DGEG recommendations “Seften-
druck auf Pf3hle durch Bewegung von weichen bindigen

Bdden (Lateral pressure on piles due to movement of

soft cohésive soils)”,

In order 10 avoid bending stresses on individual piles

caused by unintentional eccentric loading, piles shall be

50 arranged that such eccentricities can be regarded as

harmless to the individual pile.

Note. This implies, for example, the arrangement of at
least three piles under a point load or of two
rows of piles under a linear load, unless other
siructural measures are adopted.

9.5 Stability and deformation behaviour of the system
as a whole
Evidence shall be provided of the stability and deforma-
tion behaviour of the system as a whole. In 50 doing, the
procedure set out in DIN 1054, November 1976 edition,
subclauses 5.2.3 and 5.3, shall be followed as appro-
priate.
Where injection piles are used for purposes of anchoring,
OIN 4125 Part 1, June 1972 edition, subclauses 5.6 to
5.8, shall be taken into account as appropriate.
In the case of repeated unidirectional toading and of
alternating stresses, the unidirectional and alternating
loading in the working state shalf be simulated, in addi-
tion to the usual trial loading for determining the
breaking load. The number of load reversals in the test
shall be sufficient to enable an estimate to be made of
the dying down to zero of the increase in deformation.
In the case of repeated unidirectional loading, this test
may be dispensed with if the unidirectional loading is
less than S0 % of the working load,
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Appendix A
Statement of the record of the formation of injection piles as specified in DIN 4128

1 Goneral information relating to the building project
1.1 Company

1.2 Site

1.3 Pile plan No.

1.4 Reinforcement plan No,

1.5 Placing plan No.

1.6 Description of the pile system
1.7 Permit No.

1.8 Drilling equipment / pile driver
1.9 Casing pipe outside diameter/inside diameter

1.10 Bit outside diameter / pile shoe dimension

1.11 Internal nipple

1.12 Flushing: air / water / suspension / external / internal

1.13 Placing of grout using hose / pipe / drill pipe

1.14 Injection equipment

1.15 Injection by air / liquid

1.16 Strength category of concrete / cement mortar

1.17 Composition of mixture

1.17.1 Cement: type, strength category, proportion by weight per unit of volume
1.17.2 Aggregate: maximum particle size, proportion by weight per unit of volume
1.17.3 Addition agent: type, proportion by weight referred to the cement weight
1.17.4 - Additive: type, proportion by weight per unit of volume

1.17.5 Water / cement ratio

1.17.6 Result of suitability test

1.18 Reinforcement joint: cover / welding / or joint of Joad bearing member: socket / dowel pin

O

m(ﬂth—'

2 Data relating to the individual pile

2.1 General

2.1.1 Pile number

2.1.2 Pile diameter

2.1.3 Inclinstion %0 the vertical

2.1.4 Pile head position relative 10 the drilling plane and structural zero or absolute

2.1.5 Pilelength

2.1.6 Ne-load lenath

2.1.7 Stress transmizting length

2.2 Sequence of strata 3s specified in OIN 4014 Part 1, August 1975 edition, 2ppendix, or driving reports according to
DIN 4026, August 1975 edition, appendix

2.3 Pile reinforcement [ load bearing member

2.3.1 Length or reinforcing cage / of load bearing member

23.2 Top of reinforcing cage / of load beuring member refative to the drilling plane and structural zero or absolute
2.3.3 Number of blows

24 Injection, re-injection

24.1 Injection pressure in the stress transmitting length (discharge pressure at the pump)
2.4.2 Volume of grout used per valve

2.4.3 ‘Total volume of grout used

2.5 Time needed for

2.5.1 drilling / driving

2.5.2 reinforcing / installation of load bearing member
253 injecting

2.5.4 re-injecting

2.6 Remarks / special points

2.7 Signatures

2.7.1 Foreman driller / site foreman / ganger

2.7.2 Conmtractor’s agent

2.7.3 Owner’s representatlve
2.8 Date
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DIN 4128 Page 7

Standards referred to and other documents

OIN
DIN
OIN
OIN
OIN
DIN
DIN
DIN
DIN

DIN

DiN
DIN

1045
1050
1054
1080 Part 1
4014 Part 1
4026
4030
4096
4125 Part 1

4125Part 2

4126 Part 1
4227 Part &

DIN 18 137 Part 1

EAU (1920}

DVGW-Arbeitsblatt GW 9

Concrete and reinforeed concrete; design and construction

Steel in building construction; calculation and constructional design

Subsoil; permissible loading of subsoil )

Terms, symbols and units used in civil engineering; principles '

Bored piles of conventional type; manufacture, design and permissible loading

Oriven piles; manufacture, dimensioning and permissible foading

Evaluation of liquids, soils and gases aggressive to concrete

Subsoil; vane testing, dimensions of apparatus, mode of operation, evaluation

Earth and rock anchors; injection anchors for temporary purposes in loose rock: design,
execution and testing

Earth and rock anchors; injection anchors for permanent anchorages (perrnanent anchors} in
soil; design, execution and testing ) :

{at present 3t the stage of draft) Mole walls; cast-in-place mole walls; design and execution
Prestressed concrete; injection of cement mortar into prestressing concrete ducts
{Preliminary standard) Subsoil; examination of soil samples, determination of shear
strength, concepts and basic principles of test conditions

Empfehlungen des Arbeitsausschusses “Ufereinfassungen™ of the Hsfenbautechnische Gesell-
schaft (Technical Harbour Construction Association) and the Devtsche Gesellschaft fir Erd-
und Grundbav (1981}, 6th edition, published by Emst & Sohn

Merkblstt fir die Beurteilung der Korrosionsgefibrdung von Eisen urid Stshl i Erdboden

{Data Sheet for the assessment of the risk of corrosion of iron z2nd steel in soil} ZFGW-
Vérlag, Frankfurt am Main

Recommendations of AK 5 of the Deutsche Gesellschaft fir Erd- und Grundbau: Seitendruck suf Pfihle durch Bewegung
von vreichen bindigen Biden {Lateral pressure on piles due to movement of soft cohesive soils), Geotechnik 1978,
pp 100 et seq.

Obtainable from DGEG, Kronprinzenstrasse 35 a, 4300 Essen

International Patent Classification
E02D 5734
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Preface

THE UNIFORM BUILDING CODE is dedicated to the dévelopment of bet-
tér building construction and greater safety to the public:by uniformityin building
laws. The code isfounded on broad-based performance principles that make possi-
ble the use.of new materials and new construction systems.

THE UNIFORM BUILDING CODE was first enacted by the International
Conference of Building Officials at the Sixth Annual Business Meeting-held in
Phoenix, Arizopa, October 18-21,.1927, Revised editions of this.code have been
published since that time at approximate three:year intervals, New editions inéor-
porate.changes approved since the last edition.

. THE UNIFORM BUILDING. CODE is.designed to be compatible with. re-
lated pubiications listed onthe following pages to.provide a complete set of docu-
ments for regblatory use.

Anyone may propose amendments to this tode. For-more information, write to
the International Conferénce of Building Officials at the address on the copyright
page. '

Changes in the code are processed each year and published in supplements in a
form permutting ready adoption by local communities, Thiese changeS'ate careful-
ly reviewed in publiGhearings by professional experts in the fieid of building cori-
striction and firé and life safétv. ' .

Solid vertical lines in the margins within the body of the code indicate achange
from the requirements of the 1988 edition except where the entirg.chapter was re-
vised, anew chapter wasadded or the change was minor. Where a gntire chapter s
changed or new chapter was added,.a notation:appears,at the, beginning of. that
chapter. Vertical lines in the margins that are interrupted by the letter *E™ indicare
that {fié proyision is miaintained undcf the code ¢hafge procedures pf the, Westem

Fire Chiefs Association, Deletion indicators (#.) are provided in the.margin -

where a:paragraph or item listing has been:deleted if the deletion resuited in'a
change’of:requirements. .

‘An dnialysis of thariges between editions is published in pamplilet form by the
Conference. :
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PartVI
DETAILED REGULATIONS

" Chapter 29-

[ EXCAVATIONS, FOUNDATIONS AND
RETAINING WALLS - -

Scope

Sec. 2901. (a) General Thls chapter sets fonh requu'emcms for excavation and
fills-for any bulldmg or. structure and for foundations and retaining structures.

Reference is made to Appcndnx Chapter 70 for requirements governing excava-
tion, grading and-earthwork construction, including fills and embankments. .

. (b) Standards-of Quality. The standards listed -below labeled a *U.B.C. stan-
dard” are also listed in Chapter 60,.Part I, and are part of this:code. -

- 1. Testing

A.UB.C, Standard-No..29-1, Soxls Classifitcation

‘B.U.B.C. Standard No 29-2 Expansxon Index Test

2 Deslgn

‘A, U B.C, Standard No. 29-3 ’I‘rcated Wood Foundanon System

B.U.B.C. Standard No. 29-4, Dcsxgn of Slab-on-gradc FoundationstoResistthe
Effects of Expansive Soils

Quality and Deslign ,

Sec. 2902. The qualxty and design of matenals used structumlly in excavanons.
footings and foundations shall conform to the requirements specxf‘ ed in Chapters
23.24.25,26 and 27 of this code.

Excavauons and Fllls

Sec. 2903. (a) General., Excavanon or ﬂlls fqr buildings orstructuges shall be.so
constructed or prqtqpped that-they do‘ not ¢nda4nger{lec or property.

- Slopes for permanent fills shall not be steeper than 2 horizontal to 1 vertical, Cut .
slopes for permanent excavations shall not be steeper than 2 horizontal to 1 vértical.
unless substantiating data justifying steeper cut slopes are submitted. Deviation
from the foregoing limitations for cut slopes shall be permitted only‘upon the pre-
sentation of a soil investigation report acceptable. to the building official,

No fill orothier surcharge loads shall be placed adjacent to any building or struc-
ture unless such building or structure is capable of ‘withstanding the additional
loads caused by the fill or surcharge.

Existing footings or foundations.which may be affected by ‘any excavation shall
be.underpinned adequately or otherwise protected against settlement and shall be
protected against.lateral. movement,
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Fills to be used to support the foundations of any burldmg or structure shall be
placed in accordance with accepted engineering practice. A soil investigation re-
port and a report of. sansfactory p]acement of ﬁll both acceptable to the building
official, shall be submifttéd.*

(b) Protection of Adjolning Property ;The requiremnents for protection of adja-
cent property.and dep(he to.which protecuon is required shall be as defined by pre-
vailing law. Where notdefined 1by Taw'the ' following shall apply: Any person
making or causing an exca }t.iog;o’be riadé to adepthiof. 12 feet or less below the
grade shall protect the excavation so that the soil of adjoining property will not cave

in or settle, but shall not be liable for the expense of underpinning or extendmg the:

foundation of buildings on adjornmg properties when the excavation is not in ox-
cess of F¥1eet in deptH! Before cornrherﬂ:rhg the excavation, thie person iking o
causing the eXciivation’fo bé made shall notify in wntmg ‘the owners of adjommg
buildings hot less'than' 10 days: ‘beforesfich-excavation is to bé made that the'exca-
vation is to-be made and that theradjoining burldmgs should be protected.

The owriers of thé ad)ouung ‘properties shall be given access to the excavauon
for the purpose'of protecting such adjoining buildings. - s

Any person making or causing an excavation to be made exceedmg 12 feet in

- depth below the grade shall protectthe excavation so that the adjoining soil will not

cave in or settle and shall extend the foundation of any _adjoining buildings below
the depth of 12 feet below grade at the expense of the person causing or making the
excavation. The owner of the ndJomrng burldmgs shall extend the foundatron of
these burldtngi foa depth'of 2 feet below grade at such owner’s expense. as pro-
vided-in'the preceding paragraph.'- P

Soll Classlfication—Expansive Soll
Sec. 2904. (a) Soil Classlfication: General. For the purposes of thrs chapter. the

deﬁnmoh and classification‘of soil materials for use: m 'ntble No. 29 B shall be ac-

cording to U.B.C. Standard N6i 29-1,+ 7 -+ -
(b) Expansive Soil. When the expansive characteristicé of a soil are to be déter-

mined, the procedures shall be in accordance with U.B.C, Standard N?. 29-2and ,
the soil shall be classified according to Table No. 29-C. Foundatlons for structires *

resting'oh s6il¢'with in'expkdsron index' gréater than 20, as defermined’by U.B.C.
Standard No. 29-2; shallrequire Special design-considetation; In the evént the soil
expansron index.varies wrth depth the wei ghted index shall be determined accord-
ing:to Table No. 29:D.: * ...

Fou?tdatlon Investlgatlon RPN

Sec. 2905, ('i) General. The classification of the soil at each: btnldmg site shall'

be determined when required by the building official. The building official may re-

quire that this: determxnatmn be made by an engmeer or architect licensed bv.the:

state to practice as such.
.[b) Investigation: The classification shall be based'on observation and any nec-

essity.tests of the materialsdisclosed by borings of excavations made in appropri--*

ate locations, Additional studies may be necessary to.evaluate soil strength, the
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effect-of moisture variation on soﬂ-beanng capaclty. compressrbrhty and expan-
siveness. .. .. :

(c) Reports. The sorl classification and design bearing capécity shall be shown
on the plans, tinless the foundation conforms to Table No.29-A. The buildingoffi-
cial may require submission of a written report of the investigation which'shall in-
clude, but need not be limited to, the followxng information: - - .

ILA plot showrng the location of all tést bonngs and/or excavatrons

2 Descnppons and classrﬁcatxons of the matenals encountered T

'3, Elevation of the water. table, if encountered. :

4, Recommendations for foundation type and design criteria, rncludmg beann I3
capacity, provisions to minimize the effects of expansrve soils and the effects of
adjacentloads.. . .. - ..+ s .

5. Expected total and differential settlement.

(d) Expansive Soils. When expansive soils are present, the burldmg official may
require that special provisions be made in the foundation design and construction.
to safeguard against damage due to this expansiveness. The building official may

~require,a specral,rnvestrgatron and report to provrde these desrgn and constructron
“criteria.

{e) Adjacent Loads Where fooungs are placed at varymg elevatrons the effect
of adjacent loadsshall be included in the foundation design. - -

(f) Drainage. Provisions shall.be made for the control and drainage of surface
water around burldmgs [See also Sectron 2907 (d) 5. ] '

i --f eer

Allowable Foundatlon and Lateral Pressures

Sec. 2906. The allowable foundation and-lateral pressures shallinot exceéd the
values set forth in Table No. 29-B unless data to substantiate the use of highet'val:'-
ues are submitted. Table No.29-B may be-used for design'6f foundations.on rock
or'nonexpansive:soil for Types I One-hour, II-N and V.buildings which donot ex-
ceed three stories inheight or for stnictures which have continuousfootings having:
aload of less thans2,000 pounds per lrneal foot and 1solated footings with loads of
less: than 50 000pounds

Fooﬂngs

Sec. 2907. (a) General. Footmgs and fotndations shall be constructed'of ma-!
sonry, concrete of treated wood-in conformance with:U,B.C. Standard:No,29-3
and shall extend belowhe frostline. Footings of concrete and masonry:shall be of-
solid materialrFouridations supporting wood shall extend at least6'inches above !
the adjacent finish: grade. Footings.shall ‘have a-minimum:depth-as indicased. in:-
Table No. 29-A unless angther depth is-recommended by:a foundation jnyestiga-

l'tlonn LI

~The provisions ofithis section dondt apply tobuilding-and foundatronsystems in-

" those areassubject toscour and waterpressure by windand wave action; Buildings::

and'foundations subjectito such loads shall: be designed-in -accordance Withiap:-
proved national standards.
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(b) Bearlng Walls. Bearing walls shall be supported on masonry or concrete
foundations or piles or other approved foundation system which shall be of suffi-
cient size to support all loads. Where a design is not provided, the minimum foun-
dation requirements for.stud bearing walls shall be as set forth in Table No. 29-A.

EXCEPTIONS: 1. A one-story wood- or metal-frame building not used for hu-
man occupancy and nqt.over 400 square feet in floor arca may be constructed with
walls supported on a wood foundation plate when approved by the building official.

2. The support of puild_ingi_ by posts embedded in earth shall be designed as speci-
fied in Section 2907 (g). Wood ‘posts or poles embedded in carth shall be pressure
treated withan approved preservative, Steei posts or poles shall be protected as speci-

. fied in Section 2908 (1). - : .

(c) Stepped Foundations. Foundations for all buildings where the surface pf the
ground slopes more than 1 root in 10 feet shall be level or shall be stepped so that
both top and bottom of such foundation are level, . .- — .

.(d) Footings on or Adjacent to Slopes, 1. Scope. The.placement of buildings
and structurss onor adjacenttoslopes steeperthan 3 horizontal to 1 vertical shall be
in accordantce-with this section. - o

*2: Building clearance from ascendling slopes. In general, buildings below
slopes shall be set a sufficient distance from the slope to provide protection from
slope drainage, erosion andshallow failures. Except as provided for in Subsection
6 of this section and Figure No: 29-1, the following criteria will be assumed to pro-
vide this protection. Where the existing slope is steeper than 1 horizontal to | verti-

cal, the toe of the slope shall be assumed to be at the intersection of a herizontal .

plane drawn fromthe top of the foundation and a plane drawn tangent to the slope at

an angle of 45 degrees to the horizontal, Where a retaining wall i€constructed at the
toe of the slope; the height of the slope shall be measured from the top of the wall to

thetop of theslope. .-y - .. . o

.:3; Footing setback from descending slope surface. Footing on or adjacent to

slope surfaces shall be founded in firm material with an embedment and setback

from the slope surface sufficient to provide vertical and lateral supportfor the foot-
ing without detrimental 'settlement. Except as provided for In Subsection 6 of this
section and Figure No, 29-1, the following setback Is deemed adequate tomeet the
criteria. Whero the slope is steeper than 1 horizontal to 1 vertical, the required set-

" back shall be measured from an imaginary plane 45 degrees to the horizontal, pro-

jected, upward.from the toe-of the slops. | . .

“4, POols)The sctback between pools regulated by this code and slopes shall be.

cqual to'one half the building: footing:sétback distance required by this section,

That portion:of the pool wall within a-horizontal distance of 7 feet from the top of .

the slope shall be.capable of supporting the water in the pool without soil support.

5. Fouridatlon elevatlon: On graded sites; the'top of any exterior foundation
shall extend above the elevation of the street gutter at point of discharge or the inlet
of an approved drainage device a minimum of 12 inches plus 2 percent, The build-
ing official may.approve alternate elevations, provided it can be demonstrated that
required drainage to the point of discharge.and away from the structure is provided
at all locations on the site. : S :
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t6. Al:’ernate setback and clearance. The building official may approve alter-
:ade setbacks and _clcarances. '.l"hc building official may require an investi gation
n fcczmmendatlgn of a qualified engineer to demonstrate that the intent of this
tscc::lorll] c?gs}zcc;l s;atlsﬁcld. Such aninvestigation shall include consideration of ma-.
' of slope, slope gradient, load intensity and erosi isti
Slope ot . 34 rosion characteristics of

(¢) Footing Design Except for speci isi i i
¢ 1 - pecial provisions of Section 2909 covering th
design of pllcs: gll portions of footings shall be designed in accordance wi?l% m:
structural provisions of this code and shall be designed to minimize differential
settlement and the effects of expansive soils when present,

Slab-on-grade and mat-type footin ildi i

g - gs for buildings located on ex i

::::{1 b: tgeSIgnet.i Inaccordance with the provisions of U.B.C., Standarzarfllzlégleo]i
her engineering design based on geotechnical i ion 2

proved by the building official. £ l rcCt?mmcndatlon * 38:

() Foundation Plates or Sills. Foundation i : ]
oL 1 . plates or sills shall be bolted to th
foundfmon or foundauon. wall with not less than !/,-inch nominal diarﬂctcr'stccei
tl;}olts embedded at least 7 inches into the concrete ormasonry and spaced not more
l an 6 fee_t apart. There shall be a minimum of two bolts per piece with one bolt
s;c?lt;i :Y“::m ll:j]nchcs ofeachendof each piece. A properly sized nut and washer
ha 1ghtened on each bolt to the plate. Foundation plat i

kind of wood specified in Section 2516 (c). - - P sadsills sl?all be-thc

(8) Deslgns Employing Lateral Bearing. 1. General. Constructionemployi
posts or poles as colqlmns embedded in earth or embedded in concrete foolt)il:gsl?rgm
the earth may be used'to resistboth axial and lateral loads. The depthtoresistlateral
loads shall be determinedby means of the design criteria established herein or oth-
er methods approved by the building official. o

2. Design criteria. A. Nonconstrained. The followij
s, JA. . owing formula may be used in
dctgnn.mmg tpe depth of embedment required to resist lateral loads wh');rc nocon-
Straint is provided at the ground surface, such as rigid floor or rigid ground surface

pavement,
) .
a=21, / |, 436k
2 1. A
WHERE:
A = 2.34P

Sib
P .= applied lateral force in pounds.

S = allowabie lateral soil-bearin i .
g pressure as set forth in Table No., 29-
based on a depth of one third the depth of embedment. ° 9 g

Sy = allowable lateral soil-bearin i
g pressure as set forth in Table No. 29-
based on a depth equal to the depth of embedment, =N 2? ?
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-b = diameter:of round post or footmg or dxagonal drmenslon of square post
orrfooung (feet): 1. .0

h = drstanbe'ln feet from ground surface to point of applrcatron of P

d = dept'll fembedment ml edrth in feet but not over 12 feet for purpose of

computing ldtéral pressure.’ .
B. Constrained. The following formula may be used to determine the depth of
embedment'reﬁulred 16 résist-ldteral 16ads where constraint is provrded at the
grotnd suifade, stich as Fy ngrd ﬂoor or pavement ‘
S,b

. C. Vertlcal l‘o d Theresrstance fo verucal loads is determmedby the allowable
;sorl-beanng mssurp set Fqnh in Table No 29-B ) .

3. Backfill, The backfill in the annular space around columns not embedded in
poured foonngs all be by one of the followmg methods' ,
A Backlféll be of concrete wrth an ‘ultimate stnength of 2, 000 pounds per

: square inch. at daxs The hole shali notbe less than 4 inches larger than the djam-

eter,of the coh} Q‘ts bottom or4 mches larger than the dtagonal dimensionofa
square Of mcmgu ke qo umn =

.B. Backfill shall.be. of.cleamsand The sand shall be thoroughly compacted by
tamping in layers not more than 8 inches;in depth,

.. Limltations, Thedesign. prosedure puthned inthis subsectron shall be subJect

to, the folloynngh;m}auqns,, il et Vo
- _1iThe frictional nesistance forretaining. walls and slabs on srlts and clays shall be.

limited to onshalf bf the.nonnal force 1mposed on the sonl'by the \yer ght of thefoot-
ing or slab. e
.Postsembeddedin carthshallnot! be used to provrde lateral support for structural

or,nonstructiral materialg such as-plaster, masonry or concrete unless. bracmg is.

previded,that. dezelops the limited deflection required. .

(h) Grlliage Footlngs. When grillage footings of structural steel shapes areused-

onsoils, they shall be completely embedded in concrete with atleast 6inches on the
bottom and at least 4 mches at al,l other points.
(i) Bleacher Footings. Footx,ngs for open-arrseatmg facilities shall comply with

-Chapter 29.

EXCEPTIONS: Temporary open-air ponable blcachers as defined in Section
3322 may be supported upon wood sills or steel plates placed directly 'upon the
ground surface, provided soil pressure does not exceed 1,200 pounds persquare foot.

Plles—General Requlrements

Sec. 2908. (a) General. Pile foundations shall be designed and iristalled-on 'the
basis’ofa fouzidition mvesugauon as defined-in Section. 2905 where required by
the building official.::

The investigation and report provisions of Section 2905 shall be expanded toin-
clude but not be limited ta the following:.
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1. Recommended pile types and installed capacities.

2.°Driving criteria.

3. Instaliation procedures.

4. Fteld inspection and reporting procedures (to include  procedures for venﬁca
tion of the' mstalled bearing capacity where requrred)

5. Pile load test requlrements ' :

The use of piles not specifically mentroned in this chapter shall be pcrrmtted '
subject to the approval of the building official upon submission of acceptable test
data calculauons orother mfon'natlon relating to the propemes and load-carrymg .
capacities of such piles. .

® Interconnectlon. lndrvrdual pile caps and caxssons of every structure sub-'
Jected to sersmlc forces shall be interconnected by ties. Such ties shall be capable of
resisting, in tension or compresston, a minimum horizontal force equal to 10 per-
cent of the larger column vertical load. .

. EXCEPTION: Other approved methods may be used where it can be demon
strated that equivalent restraint can be provided.

(c) Determinatlon of Allowable Loads. The allowable a;xal and lateral oads
on piles shall be determmed by an approved fonnula. by load tests or bya founda-
tion investigatiop.. .- ; -

(d) Statlc Load Tests, When the-allowable axial-load of a smgle prle is deter-
mined by a I6ad-tést, one of the following mettiods shall be used: -

Method 1. It'shall ot exceed 50 percent of the yxeld pomt under test load The
drsproporuonate tnc[ease in settlement. C o

Method 2. It shall no}exceed one half of the load whrch causes a net settlcment, .
afterdeductmgrebpun of 0.01 inch pertonof testload whxch hasbeen apphed for.

a period of at.least 24 hours.

Method 3. It shallnotexceed one half of that load under which, dunnga40-hour
period of continuous load application, no additional settlement takes place,

(¢) Column Actlon. All piles standing unbraced in’ atr, "Water or matehal ot
capable of lateral support, shail conform with the applrcable column formula as
specified irrthis code. Such piles driven into firm ground may be considered fixed
and laterally supported at’s feet below the ground surface’and in soft material at 10
feet below the ground surface unless otherwise presecribed by the building: ofﬁcnal
after a foundation investigation by an approved agency L

(f) Group Actlon. Consideration shall be given to'the reduction of allowable
pile load when'piles are placed in groupsr Yhere soil conditions make.such load
reductions advisable or necessary, the allowable axial load determined fora single
pile shall be reduced by any. rational method or formula approved by the building-
official, . .

(g) Piles in Subsiding Areas, Where prles are driven through subsidirig fills of
othersubsiding strata and derive support from underlying firmer materials, consid-
cration shall be given'to the downward frictional forces which-may be imposed on"-
the piles:by the subsiding upper strata.’
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Where the influence of subsiding fills'is considered as imposing loads on the
pile, the allowable stresses specified in this chapter may be increasedif satisfactory
substantiating data are submitted, . . )

'(h) Jetting. Jetting shall not be used except where and as specifically permitted
by the building official. When used, jetting shall be carried out in such a manner
that the carrying capacity of existing piles and structures shall not be impaired. Af-
ter withdrawal of the jet, piles shall be driven down until the required resistance is
oblfified, -+ iy T

') Protection of Pile Materials. Whers thie boring records of site conditions in-
‘dicate possible déletérious action on pile materials because of soil constituents,
changing water levels or other factors, such materials shall be adequately protected
by ‘methods ot processes approved by the building official. The effectiveness of
such methods ‘or processes for the particular purpose shall have been thoroughly
established by satisfactory service records or other evidence which demonstrates
the effectiveness of such protective measurés; = - -

_(GyAllowable Liodds. The allowable loads bésed on'soil conditions shall be es-
tablished in accordance with Section 2908. ~ ©

‘ EXCEPTTONY Ay’ ithcased éastéin-place pile may be assumed to develop a

fricionalrésistahbe equal to dne sixth of the bearing value of the soil material atmini-

mum depth as set forth in Table No. 29-B butnotto exceed 500 pounds per square foot *

unless a greater.value is allowed by the building official after a soil investigation as

specified in Secjion2905 is submitted. Frictional resistance and bearing resistance

shall not be assumed to act simultaneously unless recommended after a foundation
investigatibh as’specifiéd In Section 2905~ i

') Use of Higher Allowable Pll¢ Stresses. Allowable compressive stresses

greater than those specified in Section 2909 shall be permitted when substantiating

. datdjustifyingsich Higher stresses dre submnitted to and'ipprovéll by the building
‘official. Suchistibstantiating‘data 'shall'include a foundation investigation includ--
‘ing a report in accordance with Section 2908 () by a soils engineer defined as a -

civil engineerexperienced andknowledgeable in the practice of soils engineering.

Speclic Pils Reqiifaments .. S

Sec. 2909. (2).Round Wood Piles, 1. Materlal. Except where untreated piles
are permitted, wood piles shall be pressure treated. Untreated piles maY be used
only when it hagbeen established that the cutoff will be below lowest groundwater
leyel assumed. to.exist during the life of the structure,

2. Allowablesstresses. The allowable unit stresses for round wood piles shall not
exceed those set forth in Table No, 25-E. . L .

iThe allowable. values listed in Table-No. 25-E for compression parallel to the
grain at extreme fiber in bending are based on load sharing as occurs in a pile clus-
ter, For piles which support theirown specific load, a safety factor of 1.25 shall be
applied to compression parallel to the grain values and 1,30 to extreme fiber in
bending yaluesd, vy . 0 e - e : .o

-(b) Uncased.Cast-In-place Concrete Plles, 1. Material, Concrete piles cast in
place against earth in.drilled or bored holes shall be made in;such a manner as to
ensure the exclusion of any foreign matter and to secure a full-sized shaft. The

s
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léngth of s%cl;lplijle shall be limited to not more than 30 times the average diameter.

oncrete shall have an ultimate compressive strength £% of not | )

pounds per square inch (psi). . g es:s thanv 2'50.0

des?;ﬁmgﬁ a:t'.'l‘he l;:hgth gf pfile mayexceed 30times the diameter providcd the

lon ° 0] e_ e . y . )

vestigation repans ¢ pile foundation is in accordance with an approved in-

2. Allowable s’tresses. The allowable compressive stress in the concrete shall

not exceed 0.33f¢. The allpwable compressive stress of reinforcement shall not
exceed 34 percent of the yield strength of the steel or 25,500 psi.. ‘

© Met?l-cased Concrete Piles. 1. Material, All concrete used in }nctai-cascd
concrete piles shall have an ultimate compressive strengthf . of not less than 2,500
psi. ' S
2. Installation. Every metal casing for aconcrete pile ledtipwi
2.In shallh

a diameter of not less than 8 inches, Presahaveasealed ipwit

Concrete.piles cast in place in metal shells shall have shells driven for their fu
lengthin contact with the surrounding soil and left permanently in placg.";{?:;?#sl
shall be ;qfﬁcxﬂep_ﬂy strong to resist collapse and sufficiently watertight to exclude
water and foreign material during the placing of conerete,
'P'ile.s_ shall bedriven insuch oraérand withsuch spacing as to ensuré againstdis-
tortion of or injury }o'piles already in place. No pile ls)ha'l'l' ge driveri wnﬂ:ia;::: ixlusd
one-half average pile diametets of apile filled with concrete less than 24 hours old
unless approved by the building official, ~~ * - - o

inSecion D09 012 rcephoen i s e h e e
girt?:;;num value of 0.40f ;. for thit portion of the pi!c".’-'-.iééting: the following con-
21.1'111:6 thic.:km.:ss of the metal casing is not less thin No. 14 gauge,
configuraion which will rovistconfcment v el Sengihand i of 3
N a3ll ':l;: g:silegsr; }t‘}’: a;hgfl not exceed 5,000 psi anq the ratio of metal yield stréngth

4. The pile diameter is not greater than 16 inches.

(d) Precast Concrete Piles. 1. Materlal Precast concrete pi o ivi
. 1. . iles priortodrivin
and at 28 days after pouring shall develo i Sives - ofat
least 3,000 oot pouring pan ul.txmate compr;ssxvc-suength 4 of at
2. Reinforcement ties. The longitudinal réinfo;‘ccmcnt in v ecastc
: - T driven precast con-
crete piles shall be laterally.ned with steel ties or wire spirals.Ties andgpirals scr?arlll
3:::: ds:ac;% n:qx;; thx:hn 3 xgcheg,apan,,center tocenter, foradistance of 2 fest from
nds and notmore than 8 inches elsewhere, i i
s an nche ere. The gauge of ties and spirals shall be
. . . . Ve N _’"_A’. PR A e : (N
s gl:orpllcs having adiameterof 16inches orless, wire shall not be smaller than No
uge. o , o
For piles having a diameter.of more than 16 inch d inches; wi
shall not be smaller than No. 4 éauge. e andlcss than 20 inches, warc.
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.For piles having adiameterbf 20 tnchcs and larger, wire shall not be smaller than
l/J‘tnch round-oriNo: 3-gauge.

*3. Allowablesstresses. Prccast concrete ptlmg shall be designedtoresiststresses
mduced by handling and driving as well-as by loads. The allowable stresses shall
not'exceed: the values specified in Section-2909 (b) 2. -

- (¢) Precast Prestressed Concrete Piles (Pretensloned). 1. Material. Precast
prestrcssed concretc ptles shall a'evelop a cOmprcsstve strength of not less than
4, 000 psibeford dnvtng ‘and an ulnmate compressnve strength f* at 28 days after
pc:unng of not less‘thal 5,000 psi.”

2. Relnforcement. “The longtmdmal reinforcement shall be high-tensile
. sevén-wiré strand. Longitudinal reinforcément shall be laterally tied with steel ties
or wire spirals.

Tiéé o Spiral réififorcknierit shail not bé spaced more than 3 inches apart center
“to ccntcrforadxstancc of 2 feet from the ends andnot more than 8 inches elsewhere.

tcach end of thc ptle thc t'u'st ﬁve ties or spirals shall be spaced 1 inch centerto

I
center. .
For ptles havm g a dtamctcr o{ 24 tnchcs orless, wire shall not, be smaller than No.

"5 gauge. For ptlcs havmg a dtamcter greater than 24 inches but less than 36 inches,

- wire:  Shall not bc smallcr than No. 4 gauge, For piles havmg adiameter greater than

361 mches, wire sha]l hot be' smaller than '/4 in¢h rourid or No. 3 gauge.

3" Allowable ;tresses. Precast prestressed piling shall be designed to resist
stresses mduoed by handlmg and driving as well as by loads. The cffccttvc pre-
strc sS'inthe ile shall notbeless than40Qpsi for piles up to 30 feet inrléngth, 550 psi
for ptlcs upg
" than 50 feet'in length

The compressxve stress in the concrete due to externally applied load shall not
_exceed:

o fe= 033 - 0.27fp,
WHERE:
fp. = cffective prestress stress on the gross section.

_Effective prestress shall be based on an assumed loss of-30,000 psi in the pre-
stressing:steel. The:allowable stress in the ‘prestressing stccl shall not cxcccd the
values spccxﬂed in. Section 2618, .

(f)Structural Steel Piles. 1. Materlal Structural steel piles, steel ptpeptlesand -
fully welded stez) piles fabricated from plates shall conform to U.B.C, Standard

No.27-1 and be.ideritifiéd in accordance with Section 2701-(b):

2! Allwable stresses: The allowable axial stresses shall not exceed 0.35 of the

mtmn‘tum specified:yield strcngth ‘Fy, provided such yield strength shall not be as-
..sumed grcatcr than 36,000 psi for computational purposes.

¢ . .EXCEPTIONyWhen' jusuﬁed in accordance with Section 2908 (k), the allow-

able stresses may be increased to 0.50 £),.
3iMInlmum dimensions. Sections of driven H-ptles shall comply with the fol-
lowing:
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59 feetin ]length and 700 pounds per square inch'for p}les greater,
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A. The flange projection-shall not.exceed 14 times the minimum thickress of -
metal in either the flange or the wéb, arid the flange w1dths shall notbe less than 80
percent of the depth of thé section.

B. The nominal depth i the direction 6f the web shall not be less than 8 mchcs

C F]anges and webs shall have a minimpm nommal thtckncss of A mch

Secttons of driven pipe piles'shall have an outside diameter of not less than 10
inches and a minimum thickness of not less thart_'/4 inch.

(g) Concrete-filled Steel Pipe Piles. 1. Material. Steel pipe piles shall conform
to U.B.C. Standard No. 27-1 and shall be identified in accordance with Section
2701.(b). The concrete-filled steel ptpe piles shall have. an ultimate comprcsswc
strength £ of not less than 2,500 psi. _

2. Allowable stresses. The allowablc axial strcsscs shall not exceed 0. 35 of the.
minimum specified yield; strength F’ onthe steel plus0. 33.0f the ultimate compres-.
sive strength f% of the concrete, prov:ded F, shall not be assumed g{cater than
36,000 psi for computattonal purposes.

" EXCEPTION: When justifiéd in accordance wnh Section 2908 (), the allow-
able stresses.may be increased to 0.50 £,

3. Minimum dimensions? Drivén piles of uniform section shall have a nominal
outside diameter of not léss than 8 mches

Foundatlon Constructlon4elsmlc Zones Nos. 3.and 4,

Sec. 2910, (a) Gefieral. In Seismic ZonesNos. 3'and 4.the further requirements
of this section shall applyto the design and construction of foundations, foundauonN
components and the connection of superstructure elements thereto.

(b) Soii Capacity. The one-third stress ingrease allowcd by Section 2303 (d)
may be exceeded for soxls for combinations including earthquake when substan-_
tiated by geotechnical data, The foundation shall be capable of transmitting the de-
sign base shear and ovcrtummg forces prcscnbcd in" Section!2334 from the
structure into the suppomng soil. The short-terrn dynamxc nature of thc loads may
be taken into account in establishing the soil properties. -

©) Superstructure-to-foundation Connection. The connection of supcrstruc-
ture elements to the foundation shall be adequate to trafismit to the foundation the *
forces for which the elements were; required to bé, dcstgncd

(d) Foundation-soil Interface. For regular butldmgs. thc forcc F;-may be
omitted when'determining the overturning’ moment to bc rcsxstcd atthe founda-
tton-sou tntcrface .

© Speclal Requirements for- Plles and Calssons Ptles and cmssons shall be
désigned for flexurewhenever thé tops of such members wifl be dtsplaccd bye carth
quake motions. The. criterizand| dctatlmg requiremnents of Sectton 2625 (c) forcon-
crete and Section 2710 (¢) for steel shall apply fora length of such members cqual
to 120 percent of the flexural length.
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TABLE NO. 29-A—FOUNDATIONS FOR STUD BEARING WALLS—MINIMUM

i REQUIREMENTS? 2
. MBER OF THICKNESS OF BELOW
: ‘Run.oons . FOUNDATION WALL | wWiDTH OF | THICKNESS gsns}yrunaso
-. 8UPPORTED. (inches). FOOTING |['OF FOOTING QROUND
. -BYTHE . ) UNT. (inches) (inches) SURFACE
.- FOUNDATION? |- CONCRETE § 'MASONRY |~ ' {inches)

1 1 6 6 12 6 12

2 8 ) 8 Is 7 18

3 . 10 10 18 8 24

1Where unusual conditions or. frost condiuons are found, footings and foundations shall be
as required in Section 2907 (a).

“The ground under the floor may, be excavated to the elevation of the top of the footing. -

3Foundations ray suppott a'roof {n addition to the stipulated number of floors, Foundations
supporting roofs-only shall be as required for supporting one floor.

TABLE NO. 29-B—ALLOWABLE FOUNDATION AND LATERAL PRESSURE
' . LATERAL SLIDING!

LATERAL
BEARING |
LBS/SQJFT/
ALLOWABLE [FT.OF DEPTH
FOUNDATION | BELOW )
PRESSURELBS. | NATURAL COEF-. |HESISTANCE

CLASS OF MATERIALS2 /8Q.FT3 GRADE¢ | “'FICIENTS [LBS/SQ.FT.8
[ 1, Massive'Crystalline Bedfock{ ~ 4000. | 1200 70 o
2 Sedimentary and Foliated - : :
Rock 2000 400 35
3. Sandy Grave] and/or Gravel .
" (GW and GP) © 2000 200 .35

4. Sand, Silty'Sknd, Clayey
"Sand, Silty Gravel and :
-Clayey Gravel (SW, SP, SM, | .

SC,GM and GC) . 1500 150 { .25

5. Clay, Sandy Clay, Silty Clay

and CI?‘? S (CL, ML,
MH and CH) 1 - 1000* 100 130

! Lateral beanng and latera{ siiding resistance may oe combined.

2For soil classifications OL, OH and PT (i.e.; organic clays and peat), a foundation investiga-
gion.shall be required. : - : :

AN values of allowable foundation pressuic are for footings naving a minimum width of,
12 inches'and ¥ minimum depth of 12inches intd natural grade. Except as in Footnote No.
7 below, increase of 20 percent allowed for each additional foot of width or depth to 2
maximum value of three times the designated value. . )

“May be increased the amount of the designated value for each additional foot of depth to
amaximum of 15 times thé designatéd value. Isolated poles for uses such as ﬂag?olcs or
signs and poles used tb support buildings which are not adversely affected by a !/3-inch
‘motion at ground-'surface due to short-térm lateral loads may be designed using lateral
bearing values equal to two times the tabulated values. -

3CoefTiclent to be multiplied by the dead load.

SLateral sliding resistance value to be multiplied by the contact area. In no case shall the lat-
eral sliding reslstance exceed one half the dead load. .

"No increase for width Is allowed.

590

1991 UNIFORM BUILDING CODE 29-C, ¢9-D, 2941

TABLE NO, 29-C—CLASSIFICATION OF EXPANSIVE SOIL

EXPANSION INDEX POTENTIAL EXPANSION
0-20 Very low
21-50 Low
51-90 Medium
91-130 High
Above 130 Very high

TABLE NO, 29-D—WEIGHTED EXPANSION INDEX?

DEPTH INTERVALZ WEIGHT FACTOR
0-1 0.4
1-2 0.3
2.3 0.2
34 0.1
Below 4 0

1The weighted expansion index for nonuniform soils is determined by multiplying the
expansion index for each depth interval by the weight factor for that interval and summing
the products. :

Depth in feet below the ground surface.

Face of
footing

. Face of structure

Toe of
I N\ slope

H72 but need not exceed 15 max.

H/3 but need not
-exceed 40’ max.

.

FIGURE NO. 29-1
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