High Capacity Pinpiles for Structural Underpinning
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ABSTRACT

The benefits of pinpiling have been exploited in the USA during the last
two decades. The demands and skills of American practice have led to
developments of sufficient importance to now distinguish it sharply from
aspects of the original European technology. This paper provides
summary details from almost 50 projects and reviews in greater depth
four major case histories. These particular projects illustrate major
features about new developments in design, construction and performance

in unique applications.

1. INTRODUCTION

A number of recent papers have
described the state of practice
in pinpile technology in the
United States (Bruce, 1988; 1989;
1991; Bruce and Gemme 1992).
These papers demonstrated that
pinpiles - known elsewhere in the
world as minipiles or micropiles,
but defined generically as small
diameter cast-in-place bored piles
-had arrived relatively late in
the United States, probably some
20 years or so after their Europe-
an genesis in the early fifties.
However, the growth in their use
had been dramatic, as the special-
ist geotechnical -construction
industry responded to the demands
of renovation, remediation and
redevelopment, largely in urban
and industrial locales. These
reviews also detected that the
pinpile market 1in the United
States was generating a special
identity for itself as a result
of its ongoing pursuit of progres-
sively higher unit capacities in
a wide and complex range of sub-
surface conditions.

This paper presents brief reviews
of four selected case histories
of pinpile projects conducted by
the author's company alone, in the

few years since the first survey.
To begin with, it should be noted
(Table 2) that 20 pinpile projects
can be cited in the two years from
early 1989, compared to the total
of 25 projects 1listed in the
previous 11 years (Table 1). This
is clear evidence of the rapidly
increasing use of the technique,
especially in the older cities of
the East Coast (Bruce 1988a).
Equally noteworthy is the routine
use of individual pile working
loads appreciably higher than in
earlier years, or elsewhere in the
world. Whereas the test loads of
200 tonnes in fine sands in Brook-
lyn, 340 tonnes in sand near
Portland, OR, or 320 tonnes in
poor rock in Pittsburgh (Table 2)
are, admittedly, exceptional,
normal working loads of 70-100
tonnes in soils, and higher in
rock are now fairly routine.

This expansion in application, and
growth in working loads, have been
supported by evidence from numero-
us exhaustive test prograns,
executed in a consistently routine
and scientific manner as an in-
tegral part of each commercial
project. In most cases the test
piles have been loaded in incre-
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TABLE 1 -- Some pinpile projects executed in the U.S.A. by Nicholson,

1979-88

(Bruce,

1988)

(Imperial Units)
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mental, cyclic fashion, so per-
mitting movements to be parti-
tioned into elastic and permanent
components. Analysis of the
former provides indications of
load transfer mechanisms within
the pile, whereas examination of
the latter essentially permits the
behavior of the founding medium
to be investigated. This approach
has significantly aided the under-
standing of how the ancillary
ground treatment technique of post
grouting works to enhance pile
performance (Bruce, 1989a).

The principle of enhancing grout-
soil bond by postgrouting has long
been expounded (Jones and Turner,
1980; Herbst, 1982; Mascardi,
1982; Bruce, 1991). Grouts are
injected through a separate grout-

ing tube (Figure 1) or through the

steel core pipe itself (Figure 2)

at reqgular intervals by a double

packer. The grouting improves
soil-grout bond (Figure 3), and
may increase the nominal pile
cross section, especially in

weaker soil layers. PTI (1986)

indicates for ground anchors an

enhancement potential of 20-50%

in both cohesive and cohesionless

soils. Postgrouting can

e allow higher loads to be sus-
tained for similar pile dimen-
sions; _

e allow equal loads to be sus-
tained for reduced pile dimen-
sions;

e allow "failed" piles to be
"repaired" to safely reach
target working loads.

More experience 1is also being
obtained with the concept of
preloaded piles. The aim is to
cause compression of the pile
(elastic and permanent) prior to
connecting it to the structure to
be underpinned. In this way,
further settlement of the struc-
ture is not required to "activate"
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FIGURE 1. GEWI pinpile (After
Mascardi, 1982)
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FIGURE 2.

Concept of repeated

postgrouting through the steel
core to enlarge effective grouted
diameter (Mascardi, 1982).
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FIGURE 3. a) Influence of grouting pressure on ultimate load holding

capacity (Littlejohn and Bruce, 1977). b) Effect of postgrouting on

skin friction (Herbst, 1982).

the pile, and so this technique
is well suited to the problems of
supporting extremely delicate
structures. This was used recent-
ly in the underpinning of the
Pocomoke River Bridge, MD, an old
and very sensitive structure
(Bruce, et al., 1990). Inciden-
tally, this prlnc1p1e is also of
extreme potentlal in the seismic
retrofit of bridge structures.

Pier footings are often supported
on soft soils by piles. Applying
extra vertical load through con-
ventional prestressed rock anchors
bearing on the footing may there-
fore cause overloading of these
pile foundations. On the other
hand, prestressing has the benefit
of reducing the amplitude of any
"rocking" motions which may devel-
op during a seismic event. The
recently developed  NCA- -pile™

solves both problems by providing

a very stiff prestressed pile/
anchor sytstem which will act
equally efficiently in tension and
compression, without putting any
extra vertical load on the exist-
ing foundation system.

In addition, it should be recorded
that much recent attention has
been focused on the performance
of pinpiles when subjected to
lateral loading. The impressive
results from laboratory testing
(Brown, et al., 1988) have been
supported by recent field test
programs (Table 2) at Brooklyn
and Augusta: provided casing is
left in place through the upper,
typically "soft" horizons, pinpile
performance is excellent.

2. REVIEW OF ILLUSTRATIVE CASE
HISTORIES



The case histories selected for
more detailed review to illustrate
new developments are:

(1) Postal Square. Washington,

D.C. - A classic application of
conventional pinpiles as an ad-
vantageous construction alternate
to hand underpinning or large
diameter calissons duri ng the

S B e LR LS S LI N~

redevelopment of an old, massive
structure, and.which.demonstrates
the benefits of cyclic loading.
ii) Brooklyn Queens Expresswa
NYC - high capacity pinpiles of
more contemporary concept install-
ed as temporary and permanent
supports during the renovation of
a major overhead freeway.
(iii) Presbvterian Hospital,

Pittsburgh, PA - High capacity

ninmmilese inetalled in verv d4if-
r*ilr**uu ke A T ot ol ohe Y el i A & 'H-bJ A o

ficult access conditions, and

subsequently partially exposed to
operate without lateral restraint.

Background. The original portion
of the massive 0ld Postal Build-
ing, Postal Square, was completed
in 1911. A major extension fol-
lowed in 1931. For many years it
served as the main Post Office
for Washington, D.C., being 1lo-
cated adjacent to the Union Sta-
tion on Massachusetts Avenue, a

Bu11d1ng.

The developer (Gerald D. Hines
Interests), acting for the Federal
Government, planned to remodel the
existing structure by adding new
office floors in the center court
area and constructing mechanical
space below the existing lowest
basement elevation of +7 m. This
meant that existing foundations
had to be upgraded and new columns
added to support new interior
framing. The existing supports
are steel and concrete columns on

large concrete footings, and 356

mm square caissons end bearing on
dense sands.

Originally a very cumbersome
underpinning scheme was consi-
dered, involving hand dug support,
massive spread footings and large

diameter <caissons, both hand
excavated and mechanically
drilled. However, the hand work

would probably have caused sig-
nificant undermining of the exist-
ing footings, leading to settle-
ment, whereas drilled caisson work
would have been inhibited by the
very restrictive access, and low
headroom. Both techniques would
have been unattractively time
consuming and costly. The pinpile

alternate resolved both concerns.

Site and Ground Conditions. The
work was conducted underground in
three main areas in the basement

of the existing structure:
a B2 Tevel (EL 1.8 m): lar

- i ek Tt Wt §, i = et

level area With about 3.6 m
headroom. Piles reached El
-=13.5 m.

@ B2 Level (El1 3.3 m): most
restricted area, headroom 2.5
m. Piles reached El1 -13.5 m.

@ Bl Level (E1 7 m): Open access
with 5-6 m headroon. Piles

reached El1 -10.6 m.

Under the concrete footings and
a .|'|"|"1"|n 'F'|'|1 +he natinral el le=

i e Tt i L & & — AL il O L =0 . ]

comprlsed.Recent alluvials, rang-
ing from coarse to fine sands,
laterally and vertically variable.

Some gravel and mica were found
qnnraﬁ1r~a1 'Iv 1'nrrn-|-hn-r- with thin

- A A A e i N e e S ol T e Wil fll Al il

layers of cobbles or stiff clayey
silt and silty sand in lower
reaches. Typically the sands were
dense to very dense. Natural
groundwater level was at about E1
S

Design and Construction. Past

experience and standard texts
(PTI, 1986) were used to design
390 piles in the B2 levels and



310 piles in the Bl level, each
with a nominal working load of 68
tonnes. About 25% of the piles
were installed in groups of 4 or
6, through 15 existing B2 (E1l 1.8)
footings comprising 2-4.5 m of
concrete. Pile centers were
within 500 mm of existing columns.

Totals of 21 new caps were created
in B2 (El 1.8), 17 in B2 (El 3.3)
and 53 in B1l. These featured
standard (and several non-stan-
dard, specially designed) plan

geometries from 1.5 x 1.4 m (3

piles) to 2.3 m square (9 piles).
The minimum pile separation was
660 mm center to center, but was
typically 760 mm.

Custom built, short mast diesel
hydraulic track rigs were used to
rotate 178 mm dia. 13 mm wall N8O
casing with water flush, to target
depth. Type I grout of w/c = 0.45
was injected under excess pres-
sures of 0.6-0.8 Mpa during pro-
gressive extraction of the casing
for 8 m. The casing was then
reinserted 1.5 m into this pres-
sure grouted zone as permanent
support. The lowermost 8 m of
pile was reinforced by Grade 60,
36 mm dia. rebar in 3 coupled
sections.

For those holes through existing
footings, a 225 mm down-the-hole
hammer was used to penetrate until
significant steel was encountered.
Thereupon, the hole would be
completed with a 200 mm core bit.
Load transfer between the casing
of the pile and the footing was
ensured by the use of a special
non-shrink, high strength grout.
For the new pile caps, the pinpile
casing was extended 100 mm up into
the subsequent concrete, the
horizontal reinforcing of which
was fixed 50 mm above the top of
casing.

Testing and Performance. Four

special test piles (TP) were
installed prior to constructing
the production piles (Table 3).

TP1 and 2 were tested cyclically,
yielding the analysis provided in
Figure 4. TP3 and 4 were also
tested incrementally but progres-
sively to maximum load in accor-
dance with ASTM-D1143-81. TP1
clearly failed at the grout-soil
interface, the founding horizons
being on average finer and less
dense than those for the other
piles. Fiqure 4 also shows that
the elastic compressions of TP1
and 2 were similar at the failure

TABLE 3 -- Test pile data, Postal Square, D.C. (in Imperial Units: as recorded)
TP1 TP2 TP3 TP4

Area of Operation B2 (E1 1.8) (E1 1.8) B2 (E1 3.31) Bl (El1 7)

Length (ft) 36 51 36 58

Bond (ft) 25 25 25 25

Max. test load 187.5 300 300 300

(kips) (failed)

Elastic extension 173 461 383 374

at max. load (x0.001")

Permanent deflection 313 291 187 113

at end of test (x0.001")

Total cumulative creep 96 174 59 : 61

(0.001") during test
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FIGURE 4. Elastic/permanent set performance of TP1, TP2, Postal Square,

D.C. (Imperial Units)

load of the former. This shows
that load must have been trans-
ferred to similar depths in both
piles, despite the nominal dif-
ference in "free 1length" upon

construction. The elastic perfor-

mance of TP3 and 4 was likewise
similar, supporting the observa-
tion.

Table 3 also highlights higher
total creep amounts in TPl and 2:
simply a reflection that there
were far more creep monitoring
periods in the cyclic loading that
in the progressive loading. This
clearly impacts overall permanent
displacement and is an important
point to bear in mind when judg-

ing pile performance by this

criterion.

A separate pullout test was con-
ducted in an existing column
footing in the B2 (1.8) level to
explore concrete/grout bond. A
special element was grouted 1.4
m into a 225 mm hole drilled
through the concrete. A special
high strength, non shrink grout
was used. After repeated cyclic
loading to 240 tonnes (79% GUTS,
and equivalent to 350% design
load), the maximum uplift recorded
was 0.13 mm, reducing to 0.03 mm
upon destressing. Assuming uni-
form bond distribution, an average
grout-concrete bond of almost 2.4



Mpa had therefore been safely
mobilized.

Following installation of the
pinpiles, the structural renova-
tion has progressed, and the
foundations have performed per-
fectly.

2.1 Brooklyn-Queens Expressway

Background. The Brooklyn-Queens
Expressway exists as a six-lane
viaduct between Metropolitan
Avenue and Kingsland Avenue in the
Borough of Brooklyn. It runs in
a north-south direction approxi-
mately one mile east of the East
River which divides Manhattan from
Queens and Brooklyn. This facili-
ty is des:;gn_ated as Interstate

Route 278 and is a portion of a
major artery. It is the only con-
trolled-access expressway to

A
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Brooklyn and it provides an
expressway link for several coun-
ties with the Williamsburg, Man-
hattan, Brooklyn and Verrazzano
Bridges and the Brooklyn Battery
Tunnel. This section of express-
way was completed in the early
1950's and consists of a series
of simply supported spans resting
on pile supported bents.

A major improvement program was
put into place to replace the deck
of the viaduct and to add a new
center lane and several new entry-
exit ramps. These were needed to
correct access, geometric and
safety deficiencies which were
exacerbated by severe traffic
congestion experienced particular-
ly during rush hours.

Due to this viaduct being a por-
tion of a major arterial highway
with high traffic volumes, main-
taining traffic became a fundamen-
tal criterion for project appro-
val. In order to maintain a

minimum of two (out of three)
lanes of traffic in each direction
during construction, a temporary
viaduct, adjacent to the existing
structure had to be constructed
prior to lane closures in each
direction to accommodate rehabili-
tation.

Small diameter (approximately 300
mm) bored piles were specified for
the permanent viaduct and ramps,
and larger diameter (600 to 900
mm) bored piles were specified for
the temporary viaduct. Bored
piles were specified for this pro-
ject due to the otherwise adverse
vibration effects that pile driv-

1‘nr! ‘Im'nr-u"‘!' hammers would have on
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the many adjacent old and sensi-
tive buildings.

This was the first New York State
Department of Transportation
project where pinpiles were speci-

-:1 F\A &ﬂ 1-\;-\ AF\H'\ HHF\A
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fied contractor to meet prede-
termined design capacities. The
general contractor was Yonkers
Contracting Company, Inc. who
sublet the installation of most
of the pinpiles to Nicholson.

-.l et o F Yo bl 1 —
a pPL :L_.I_uu.J_J_

Site and Ground Conditions. The
general foundation conditions at
the site were highly variable, but
generally consisted of

@ 3-5 m of loose to medium com-
pact miscellaneous fill con-
taining silt, sand and gravel
with bricks and the like;

@ up to 9 m of layers and lenses
of loose silt, sand and clay
(organic near surface);

e up to 15 m of compact silty
sand, occasionally gravelly;

e stiff varved silty clay and
clayey silt (Gardiners clay).

Bedrock was not encountered to the
maximum explored depth of about
35 m. Generally the compact silty
sand and lower reaches of the



Table 4 -- Summary of pinpile requirements, BOE, NY

CONSTRUCTION NUMBER OF NEW DESIGN CAPACITY
STAGE PILE CAPS PITLE DIAMETER (TONNES)

1 (eastbound Approx. 30 Approx. 300 mm 45, 73, 90
permanent
viaduct)

2 (temporary Approx. 60 600 - 900 mm Variable:
viaduct 55 to 132

5 (westbound Approx. 30 Approx. 300 mm 46, 72, 90
permanent (to be installed)
viaduct)

lenses of silt, sand and clay were
recognized as being adequate load
bearing materials commencing at
a depth of about 15 m below the
existing ground surface. The
piezo-metric level was encountered
between 3 and 5 m below the exist-
ing ground surface.

There were some access and head-
room restraints particularly where
drilling had to be performed under
the existing viaduct (about 5 m
headroom). In addition, construc-
tion had to accommodate traffic
control, protection of buried and
overhead utilities and noise and
vibration impact mitigation.

Design. Approximately 120 new
pile caps, each with between 2 and
10 piles per cap were proposed as
shown in Table 4 in different
stages to accommodate maintenance
and protection of traffic.

All piles were to be designed
without batter. The small diame-
ter piles were specified to be
designed as friction piles by a
prequalified contractor to meet
the design capacities. The pre-
qualification consisted of requir-
ing the contractor performing the
work to submit proof of: 1) two
projects on which he had success-
fully designed and installed

similar bored piles or tiebacks,
using non-displacement methods
under similar site conditions; and
2) the foreman having supervised
the successful installation of the
same on at least two projects in
the past two years. The specifi-
cations indicated that the grout
mix, steel casing and/or rein-
forcement had to meet specified
minimum requirements and included
general provisions concerning shop
drawing submittals, drilling,
casing removal, post grouting, and
construction tolerances. The
contractor's proposal to found the
temporary viaduct on pinpiles in
lieu of the larger diameter piles
was approved by the State with the
provision that the piles be

- battered where permitted by right

of way and utility conditions and
the pile caps be tied to the
permanent viaduct in the direction
where piles could not be battered
to provide the necessary lateral
restraint.

The specification called for
completing several successful
static pile load tests as a basis
for pile acceptance (Table 5).

Two different pile designs and
general installation procedures
were submitted by Yonkers and
Nicholson respectively and were



TABLE 5 -- Tests required at BOE, NY

On non-production piles
prior to installation

of production piles On_production piles
Pgrmanent 4 Bents 19, 26, 31, 37, 44
Viaduct and at 3% of remaining at

locations designated by
the Engineer.

Temporary 2 Bents 27, 37, 50, 69, and

Viaduct at 1% of remaining at
locations designated by
the Engineer.

TABLE 6 -- Details of Yonkers and Nicholson pinpiles, BOE, NY
YONKERS NICHOLSON
230 mm O.D. casing is advanced 178 mm O.D., 13 mm wall grade N 80
using duplex drilling with air casing is drilled in using water
flush. Klemmdrill conterrotates flush.

the casing and 101 mm inner drill
rods. (Double Head Duplex: Bruce

(1989Db) .

Install 2.5 or 46 mm grade 60 Place grout tremie to bottom and
rebar after drill rods are place 34 Mpa neat cement grout.
removed.

Place grout hose to bottom and Pressurize grout to about 0.6 Mpa
place 34 Mpa neat cement grout. as casing is withdrawn 4 m.
Pressurize grout with air to 0.7 Readvance casing to bottom to serve
Mpa as casing is withdrawn about as reinforcement.

10 m.

Inject the top section of pile
under moderate pressure as casing
is removed.

approved by the state contingent testing (below) showed that, when
upon obtaining successful pile founded in silty sands, the 90
capacities from the static pile tonne design capacity was readily
load tests (Table 6). attained. However, when the bond

zone predominantly consisted of
Construction. Piles were install- looser deposits of silt, sand and

ed as foreseen, and subsequent clay, the guaranteed minimum



design load was estimated as 55
tonnes. This inability to reach
high loads reflected the fact that
the soils would not naturally
"seal" around the drill casing,
so preventing the application of
the target grouting pressures.
A test with postgrouting tech-
niques did raise grout/soil bond
capacities to a level capable of
providing the original design
load. However, the contractor,
given the overall site and project
restraints, proposed instead to
derate the pile design capacity
in these areas to 55 tonnes and
to install more piles (at no extra
cost to the State). This proposal
was found acceptable, and so pile
depths typically varied from 15 -
18 m although in one area they
were taken deeper so as to avoid
extra loading on existing subway
tunnels.

All piles were loaded cyclically,
incrementally in order to provide
data on both elastic and permanent
displacements (Bruce 1991). This
was done basically in conformance
with Soil Control Procedure SCP-

4/77. To date a total of 18 tests
have been performed (9 non-produc-
tion and 9 production piles) as
summarized in Table 7.

Regarding permanent movements,
Figures 5 and 6 summarize the
performance of piles founded in
the silty sands, and clayey silts
respectively. Creep data reflec-
ted the same divergence in perfor-
mance.

As shown in Table 7, the pile at
Bent 27C was postgrouted after
initial testing (Fiqure 7). One
may compare the original maximum
achieved load of 160 tonnes (per-
manent deflection 18 mm), to the
subsequent, easily attained load
of 182 tonnes (5 mm permanent
deflection). After postgrouting,
the creep was 0.3 mm during the
last 4 hours at 182 tonnes.

One lateral 1loading test to 9
tonnes gave a total deflection of
19 mm, and a permanent displace-
ment of 3 mm.

200 i :
‘ﬁ\' PILE TEST ORDER |NO.
et

I

e |

0.2 0.+ 0.6

0.8 1.0 1.2 1.4

5 .
PERMANENT MOVEMENT — SILTY SAND

FIGURE 5. Permanentdisplacemen?s
of test piles founded mainly in

silty sand.
Units)

BQE, NY (Imperial
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FIGURE 6. Permanent displacements
of test piles founded mainly in
silts. BQE, NY (Imperial Units)
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FIGURE 7. Performance of test
pile at Bent 27C, in clayey silts,
before and after postgrouting.
BQE, NY (Imperial Units)
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2.3 Presbyterian University
Hospital, Pittsburgh, PA

Background. The Presbyterian
University Hospital complex al-
ready occupies two extremely
congested city blocks, and so when
the need for more facilities
became apparent, the decision was
made to vertically extend and
laterally 1link several existing
operational structures. Overall,
160,000 sqgquare metres of new
facilities are being built in four
major additions.

This highly delicate operation,
conducted within a fully function-
al facility, has necessitated some
equally complex and innovative
foundation engineering solutions
involving excavation support and
structural underpinning. One of
the most dramatic operations has
been associated wlth the comple-
tion of a new Magnetic Resonance
Imaging Center. The construction
of a new elevator pit called for
a 9 m deep excavation directly
underneath three exterior column
footings of the adjacent 13- story
hospital structure. The pit, 18
X 10 m in plan, was further
bounded on two sides by five
additional footings, and so these
sides required anchored lateral
support.

Historically, the support of
columns in such circumstances has
been achieved by conventional
underpinning pits and needle
beams. However, in this instance,
the difficult access conditions,
and the specified requirement to
limit downwards movement of the
columns to less than 3 mm demanded
a special solution, featuring high
capacity pinpiles in rock.

Site and Ground Conditions. As
noted, the access was very re-
strlcted laterally and vertically
(as low as 3.6 m), and the work

had to be conducted within the
confines of a fully operational
medical facility. The piles were
installed through one metre of
existing nearby reinforced con-
crete footings cast directly on
fractured, fissile medium hard-
hard siltstone, occasionally
calcareous or limey.

Design and Construction. At each
existing footing, six pinpiles (4
working, plus 2 redundant) were
installed in 216 mm holes drilled
vertically by rotary percussive
methods and air flush to the
target depth (13 m below the
footing). Each had a design

working load of 114 tonnes. The

ko e |

reinforcing element consisted of
a 178 mm dia., 13 mm wall N-80
casing placed full depth in each
hole which was then tremied full
of neat cement grout of w/c =
0.45. The upper 7 m of each pipe
was greased on the outside to
debond it from the surrounding
grout in that region and so permit
load transfer into the 6 m long
bond zone. The suitability and
security of this design had been
proved in the earlier test pro-
gram, described below.

A structural steel jacking frame
was then erected over the top of
the piles and fastened to the
existing steel column. Each of
the steel columns - supporting an
occupied hospital building - was
then sequentially lifted off its
existing spread footing by a
distance of 1.3 - 3 mm. This
effectively preloaded the piles
to prevent any later settlement
of the building, and transferred
the column loading into the bed-
rock, but 7 m below. Excavation
then proceeded, supported lateral-
ly by beams, shotcrete lagging and
prestressed rock anchors. As the
excavation deepened, cross frames
were welded to the pinpiles to
limit the unbraced 1lengths of



these piles, now exposed as steel
columns.

Testing and Performance. By the
end of excavation, the foundations

of the existing structure could
be seen resting on the pinpile
groups, 6.6 m off the bottom of
the excavation. During and after
excavation, absolutely no movement
of the structure could be mea-
sured.

One of the most common problems
foreseen for pinpiles (Bruce and
Yeung, 1983) is the potential for
buckling or bending, as an in-
ferred consequence of their high
slenderness ratio. This unique
project - featuring pinpiles with
no surrounding ground to offer any
lateral restraint - 1is proof
irrefutable that correctly design-
ed and constructed pinpiles can
operate with surprising efficiency
not only in the axial sense.

Clearly, testing of production
piles was not possible in this
instance, and so a full scale test
pile was 1installed beforehand.
Using identical construction meth-
ods, a pinpile with 6 m bond was
formed in the same geological
stratum. The total length was 15
m, including, therefore, 9 m of
debonded "free length". Reaction
to the test load was provided by

a pair of prestressed rock an-
chors. The casing was preassem-
bled in the workshop and consisted
of 5 separate lengths, hand tight-
ened together. Two "telltales"
were incorporated - one each at
the top and bottom of the bond
zone. A thick, soft wood plug was
attached to the bottom of the
reinforcing pipe to eliminate any
possible end bearing contribution
and to so allow only side shear
to be mobilized. As part of the
contract requirement, the pile
was then tested to twice design
working load (228 tonnes), ac-
cording to ASTM-D1143-81 (modifi-
ed to allow cycles at 25%, 50%,
and 75%). Results are summarized
in Table 8. At 114 tonnes, the
elastic compression of 0.6 mm was
exactly that predicted, while the
permanent displacement of 1.3 mm

~ was proved by the telltales to be

due to some inelastic compression
of the steel casing itself. While
loading from 182 to 193 tonnes,
a "bump" was recorded and the load
immediately dropped to 136 tonnes.
Load was then increased to 227
tonnes when a further "bump"
occurred. However, when the data
from the cyclic loading and the
telltales were analyzed it became
clear that:

(i) the pile elastic deflection
at 227 tonnes was exactly as
predicted, and

TABLE 8 -- Summary of test pile performance, Presbyterian University

Hospital, Pittsburgh.

(A1l movements in thousandths of an inch

— Imperial Units).

Apparent i.e.
Total butt permanent butt Elastic
Load cycle movement movement at deflection Bottom telltale
maximum at maximum subsequent zero at maximum movement
(kips) (A) (B) (A) - (B) (relative to butt)

125 127 42 85 37

250 279 52 227 44

375 448 77 371 63

300 663 329 334 295

500 1020 517 503 471




(1ii) the apparently large per-
manent movement (Table 8) was due
to an irreversible '"one off"
shortening of the steel pipe.
The assembly records of the pile
were then reviewed. It transpir-
ed that there had been several
"unshouldered" hand tightened
joints between adjacent casing
sections. It was suspected that
each joint was unshouldered about
3 = 6 mm. Thus, the sudden 12 mm
permanent compression of the pile
material was readily explained,
and when subtracted from the
permanent set of 13 mm, gave a
true movement of the pile tip into
the rock of 1 mm at 227 tonnes -
an outstanding performance.
There was negligible creep at all
load increments.

Thereafter, the pile was tested
to a maximum load of 307 tonnes
before it became clear that mater-
ial failure of the steel casing
under the jack was occurring. At
this load, the steel had com-
pressed 78 mm (from telltales),
compared with the measured butt
permanent displacement of 82 mm.
Thus, at 307 tonnes, a true per-
manent movement of the pile of 4
mm had been recorded, while analy-
sis proved the perfect elastic
performance of the pile with a
calculated debonded length barely
one metre into the bond zone.

This project was therefore highly
significant from several view-
points:

(1) the excellent lateral and
vertical performance of pinpiles
was proved again;

(ii) the value of telltales in
aiding understanding of internal
pile performance was demonstrat-
ed, and

(iii) the warming fact that the
boundaries of pinpile design are
now those of the constituent
materials - i.e., independent of
the surrounding ground properties
-~ was massively underlined.

3. FINAL REMARKS

These recent case histories clear-
ly underline the advances being
made in pinpile technology in the
United States. One can cite the
unusually high load capacities,
the use of preloading and post-
grouting, the quality of the
testing, and the growing under-
standing of lateral loading be-
havior. In favorable geological
conditions, the use of contem-
porary drilling and grouting
techniques has allowed so much
grout/soil bond potential to be
exploited, that the limit to load
holding capacity is the internal
composition of the pile itself,
i.e., the grout and the steel
reinforcement. Tests currently
underway in Port Vancouver, WA,
and Olin, AL, are permitting
optimization of internal pile
structure to the extent that pin
piles approaching 400 tonnes test
load in dense sands are rapidly
becoming feasible. While such
load capacities may be only rarely
needed, they are illustrative of
the pace at which pinpile perfor-
mance is being systematically
enhanced.
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