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1972 OHIO RIVER VALLEY.SOIL SEMINAR.

- LATERAL. EARTH PRESSURES

FOREWORD,

The third Ohio River Valley Soil Seminar, held October 27, 1972 at
the Rowntowner Inn in Ft. Mitchell; Kentucky, has as . its theme:
LATERAL EARTH PRESSURES. :

The general purpose of the Seminar and this proceedings is to

' review existing knowledge and new techniques for the investigationm,
design aund construction of facilities involving 1ateral earth
pressures.

Presentations include field measurements, computations and analyses,
construction case histories, and project critiques.
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: . INSTRUMENTATION FOR |
STRESS AND STRAIN MEASUREMENTS IN SOILS
Ty Nby e ‘
StahlejﬂD.'Wileoﬂ*)f

INTRODUCTION .
' Although tress gages have been used for at least 50 years

to measure the stress’ dlstrlbutlon in soils and the pressures
produced on the surfaces of buried structures, the state—of—the~
art today still does not permit such measurements to be made with
a high degree of reliability. However, recent developments using
'-pneumatlc piezometers combined with oil-filled cells show promise
of reasonable success. Details of such instruments and data )
from several typical installations are presented in this paper.
In contrast to earth pressure 1nstrumentatlon, there now '
exists a varlety of instruments for measurlng small strains in
‘soils with great prec151on_and‘rellablllty; Typlcally‘these.
consist of some form of linear potentiometer coupled to an
anchor same_distance away. When the distance is short, say up
to 15 feet, such a device is referred to as a strain meter; at
greater distances it is called an extensometer. -The basic
requirements of such a device are that it be stable with time,
i.e., have zero drift, be non-sensitive to temperature changes
and have minimal hysteresis effects. Typical instruments and
data are presented herein. |

FACTORS INFLUENCING PRESSURE CELL DESIGN

The basic problem in designing a pressure gage is to make it

have identical compressibility and stiffness characteristics to
those of the surrounding soil. Thus a gage embedded in an em-
bankment should be designed to change thickness exactly the same
amount as the adjacent soil during completion of the embankment
above the cell. Even if one knew in advance how compressible the
soil was going to be after compaction, it would be nearly impos-

sible to duplicate the effects of secondary compression and of
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‘changes in pore water pressure under constaﬁt total stress.
Furthermore}'consider the complexity of deaignihg such a gage to
‘be placed in a vertlcal plane to measure horlzontal stresses ,
| perpendicular to the axis of a dam. Such embankments may develép-
extension .strains in the upstream—-downstream direction dﬁring
construction even though horizontal stresses increase. To read
correctly, such a gage might have to be designed to expand
laterally as the verticai stresses increased.

Now consider a gage embedded in the face of a rigid concrete
wall to meésure the horizontal component'of backfill against the
- face of the wall. This gage should not-only be as rigid as the
wall itself but also. should not be affected by shear stresses
along its face. ' ; : e

Other factors inflﬁencing gage design and performance are:

1. Diameter of gage relative to size of soil or rock
particles (Brown, 1967) |
28 Placeﬁent proceﬂufes '

3. Type of sensihg element

4. Frequencyiresponse <

5. Density

The influences of gage stiffness and of thickness—-diameter
ratio (T/D) on the stress distribution around the gage are
illustrated in Fig. 1. 1In general, gages for free-field measure-
ments should have a T/D ratio less than 1/5 and a diameter-
deflection ratio greater than 2000. When this is done the over
or under registration will probably be within tolerable limits
provided the five factors listed above are satisfactorily taken
care of.

FREE FIELD STRESS GAGES

In evaluating the performance of emwankments and of earth

and rockfill dams, the most common need is for a stress gage
that can be buried in the embankment and record the changes in
stress that develop as the embankment is built and then put into
usage. Such a gage must be fairly large in diameter so as not

to be unduly influenced by rocks or gravel or local irregularities



in the embankment. Its frequency response need be only for
static loads (except‘in the case of measuring the stress under
moving wheel loads). The one most signiffcaﬁt requirement is

that the sensmng element be stable, i. e., to have zero drift
.:and no change in calibration with tlme.A Because of the hostlle
environment (moisture and corrosion) in which the gage is embedded,
“and the long leads to the terminal house, sensors which rely
on electrical circuits are generally unsa£isfactory. Therefore, _
one generally évoids SR-é sﬁrainlgages; LVDT sehsois and the like.

Around 1950, A. Casagrande designed some pressure cells
about 3 feet in diameter and less than 1" thick, consisting of
a rigid rim with two flexible sheet metal diaphragms. These
cells were filled with oil and connected to Bourdon pressure
gages some distance away by means of copper tublng. Although'.
these gages appeared to have ideal characteristics, the results
~were somewhat disappointing. The reasons fdr'this were a com-
bination of leaks at the welds, lnablllty to remove all the air
from the system, volume changes and 1eaks in the tubing and
volume changes in the Bourdon gage.

Within the‘past decade thereg have been Significant improve-—
ments in pneumatic and hydraulic piezometers which permit a low
volume change pressure measuring device to be placed in close
proximity to the flat cell embedded in the soil. The Glotzl
"cell was the first.of such devices. The CFE pressure cell
developed in Mexico byrﬁarsal utilizes a pneumatic piezometer
for the pressure sensing'element and a similar cell developed
by the Slope Indicator Company of Seattle is shown schematically
in Fig. 2. Experiénce with these cells has been excellent and
actual case history records are included in this paper. Fig.

3 shows a similar cell except that the sensor is actuated by a
LVDT, thus it responds to dynamic stresses. ;

All soil pressure gages measure total pressure, i.e.,
effective stresses pius neutral stresses. In order to determine
soil pressure only (effective stress), the neutral stress as
determined by an adjacent piezometer, must be deducted from the

total stress.



EXAMPLES OF PRESSURE GAGE MEASUREHENTS
Guadalupe Dam, located northwest of Mexico City, praovides

an interesting example of earth pressure measurements. This

dam was first constructed in 1940 as a rockfill dam with up-
stream facing of concrete. It was on a compressible foundation
and during first filling the concrete facing failed. NeXt'an
upstream berm of silt was placed, but this also-féiledﬁby piping
into the previously failed slab. Finally in 1966 the embankment
was reconstructed as a sloping core rockfill &am utilizing
,highlyrplastic clay and was designed to acgept large settlements
- and deformations. Extensive instrumentation was ihstalled to
monitor the performance of the structure. It Was_filied success—
fully in 1971 for the first time. ‘

Flg. 4 shows typical pressure cell readings over a 4~year
period. coverlng construction of the embankment and subsequent
' controlled first fitting of the reservoir. The cluster of
4 CFE cells whose data are shown are located . 1n the lower: portion
of the clay core (see inset Fig. 5). The response of the cells
to first the embankment construction and then to successive cycles
of reservoir fllllng and emptylng is clearly indicated.

FlgS. 5 and 6 show typical stress elllpses from 2 clusters
of cells in the same section. During construction the weight of
the rock above the clay caused the clay core to settle and to
dlsplace upstream. Note that in Fig. 5 the major principal stress
is inclined more or less parallel to the inclined core whereas
the upstream cluster (Fig. 6) reveals the major pr1n01pal stress
to be nearly horizontal, the result of the upstream displacement.
In the opinion of the author, these measured stress values appear
to be realistic. The stresses shown in Figs. 5 and 6 are those
recorded‘by the pressure cells in November 1970 (Fig. 4).

' During the construction of La Vallita Dam on the Balsas
River in Mexico, CFE pressure cells were installed in both the
clay core and the rockfill embankment at several sections. After
completion of the embankment, a boring was being made in the

core near one of the cell clusters, the data from wnich are shown




in Flg. 7 Drllllng mud was belng used ‘to keep the hole open and
to remove the clay from the Cuttlng head. At depth approx;mately
100 feet, the depth of the pressure cell, there was a sudden

'~ loss of drilling mud and it_was subsequently found that some of

‘this mud had contaminated other instruments more than. 30 feet

away in a direction along the ;kis. Note that at a depth of

100 feet, drilling mud weighing 68 lbs/cu. ft. would exert a
pressure of 3.4 TSF, the exact value of the minor principal

. stress shown in Fig. 7. The evidence is substantial that hydraulic
fracturing of the clay core had resulted from the drilling opera-
tion. In‘bther words, the pressuie in the fluid at thé bottom

of the'hole_resuiting'from the weight of the drilling mud and
‘possibly excess pumping pressure exceeded the minor principal
stress, thus cracking the clay and permitting the mud to escape .
through the crack. Such fluid losses are common whenever explora—-
tory holes are drilled in cores of dams and, in fact, similar.
procedures are used to determine the ln situ stress as’ descrlbed
subsequently in this paper.

IN SITU STRESS MEASUREMENTS

The determinations of the-iq‘Situ stresé'of natural Soil

and rock formations are even more difficult than of measuring
éérth pressures in embankments. In rocks, numerous techniques
are available such as overcoring, stress-relief, flat jacks{
etc., but such techniques are not generaliy applicable to soils.
Recently, hcwever; Bjerrum & Andersen (1972) have investigated
a tedhhique for.determining the minor principal stress based

on the principals of hydraulic fracturing. They found while
performing ordinary in situ permeability tests in clay, that
when estaﬁiishing a water pressure higher than a certéin critical
value, the permeability apparently increased abruptly. The
reason for this was that cracking occurs in the soil around

the piezometer tip when the water pressure gets large enough

to cause tensile stresses in the soil next to the piezometers,
thus resulting in a sudden increase in flow of water into the

soil. However, the pressure at which fracturing occurs is usually




somewhat greater than the in situ stress and a more reliable

indicator is the water oressure at which the crack cldses{ _The

technique developed consists of first forcing water into the '

soil at a rate which produces encugh préssure to form a crack.

‘Then the water pressure is ‘allowed to decrease élowly, at the

- same time observing the rate of flow. . An abrupt ?eduction in

the rate of flow is observed when the crack closes. Fig. 8

is a sketch of the field apparatus, and Bjerrum and Andersen

(1972) descrlbe the test procedure as follows: .
"The test is performed by forcing water out or the

screw control at a constant rate large,enougn to cause cracking.

As a standard, a rate pf 1.5 cm3/mih, corresponding to 12 turns
per minute of the screw control, has been adopted. During

this process the water pressure should be read at the mercury
manometer for instance everv half minute. As the pressure
approaches a constant value, forcing water out of the écrew
control is stopped, and the'pressure and the rate of flow are
allowed to adjust freely to each other like in a "falling head"
test. The pressure should now be read at certain time lntervals,
the intervals being small to begin with and becomlng longer as
the rate of the,drop in water pressure decreases. A drop in the
~ pressure in the mercury manometer corresponds to a certain :
volume of water flowing out of the manometer, and by means of
the pressure readings at certain time intervals, a connection
between pressure and rate Qf'flOW into the soil can be calculated;

these data are presented as the curve shown in Fig. 9%.

The method, although promising, is limited to the determina-
tion of the minor principal stress only in fine-grained imper—
vious soils.

IN SITU STRESS-STRAIN MEASUREMENTS

The determination of the in situ stress-strain relationships

of soils can be made in a number of ways as listed below:
Plate bearing tests at ground surface
Plate bearing tests at bottom of test pits

Horizontal plate bearing tests in test pits,
caissons or tunnel drifts




 Large-scale loading tests
Various types of expanding bulbs
Goodman Borehole Jack

The Goodman Jack (Fig. 10) is a comparatively new develop—
‘ment and consists of a hydraulic jack with curved bearing plates
for use inside a standard NX (3-inch diameter) borehole. It
Cis especially'suitable for use in'coﬁerent rock and the degree
- of anisotrophy can be investigated in situ with this instrument
by rotating the device in the hole. The instrument consists
of two curved bearing plates which are_fofced against the wall
of the borehole By,hydraulic pistons. ?ressure in the hydraulic
line produces a uniform and unidirectional stress field at the
bearing plate."A.hand—operated pump can easily produde this
pressure. After a. test, the jack is rétraced.by means of two
reversed pistons to provide clearance in the borehole.

Under pressure, the borehole deformation is meaéured‘very
accurately'by two self~contained LVDT's (Linéar Variable Differen-
tial Trahsfprmers), which are read out on a portable indicator.

. The applied hydraulic pressure is meASufed'with a standard
- bourdon-type pressure gauge. E : ‘ '

Two models are avéilable.' For use in rock, multiple oval-
shaped pistons are used with a pressure capability of 10,000
psi. With three circular pistons, the jack can be used in soft
‘rock, soil and stiff clay.

STRAIN MEASUREMENTS IN SOILS

A variety of techniques and apparatus have been developed

for measuring strains in soils. Such measurements are needed,
for example, in the interior of earth and rockfill dams, below
the foundations of structures, adjacent to cut slopes and beneath
large excavations. Bore-hole extensometers are precision instru-
ments designed to measurs strain within earth and rock masses.
They are capable of measuringrlarge.stxains with a sensiti-

vity of .as little as 0.002 inch axial movement from



six'positions within a boring. An instrumented borlnq can be
horizontal, inclined or vertical. All movements are referenced
to a base point at the surface. _ i

A typical extensometer assembly consists of a porﬁable'
readout strain indicator, a reference base extensometer assembly
and fixed anchors. The change in distance between the reference
base extensometer assembly and each anchor in the borlng is
- measured by balancing a Wheatstone Bridge circuit, the reading
" being iqdicated on a digital readout potentiometer. The‘electrical'
output may also be recorded automatically on a multiQQhannel,“
strip—chart recorder. These electrical readlngs are easxlj
converted to straln measurements.

The six 9051t10n extensometer assembly, shown in Fig. 11,
utilizes six pre0151on potentlometer sensing elements. These
are actuated by flexible stranded stainless cables attached
to solid, restralghtened.stalnless steel spring wires leading
to the anchorsg The flexible cable passes ever a pulley mounted
on the potentiometer shaft. FEach cable is terminated by a pair
of bearlng-mounted constant tension sprlngs. The pulley diameter -
is such that two inches of wire movement equals sllghtly less
than one turn of the shaft. There are no stops on the potentio-

- meter, therefore movement of the cable may continue beyond two
inches and data continuously obtained. Since the total travel
of the springs is about 3-1/2 inches, deformations greater than
this amount will require readjustment of the cable terminations
on the springs. These springs provide a thirty-pound force
over the spring extension range. = The force is constant Wlthln
1% for either continuous extension or retraction.

A new type of strain meter (Fig. 12), consisting of
multiple units in tandem which can be extended to anv desired
1eﬁgth, is finding increased usage in earth dams to measure strains
along the crest and adjacent to abutments, for example. The
instruments are designed for direct burial.

The sen51ng element is a linear potentlometer which has
a resistance element of conductive plastic. The potentiometer




and 1ts electrical connectlons are potted and sealed Wlthln a
protectlve enclosqre of PVC pipe. A rod 1/4 1nch in dlameter
econnects the potentiometer shéft to the anchor pOLnt. The rod
material is normally sﬁainless steel. To eliminate tempereture
effects on long lengths, Invar rod is used. The rod is enclosed’
within PVC pipe or polyethylene tubing dependlng on the application.

The strain meter may also be used for measurlng heave
under excavations. Coiled electrical leads are enclosed in a
riser pipe and can be extended more than six tlmes the closed
length. . This allows the leads to be lowered 1nto the pipe when
not in use and they can be retrieved for reading. In case the
rlser pipes are damaged by excavation equlpment the leads
are coverable. ;

The readout used with these strain meters is a portable,
battery-powered unit with a digital indicator reading from 1 '
to 1000 dial units. It utilizes a Wheatstone-bridge circuit
which is manually balanced until a null condition is achieved
as indicated on the panel mounted galvanometer. At this point,
the reading of the dial indicator is recorded. The dial reading
is in percent of strain, which for\e 10-foot gauge length and
- 6-inch range is 0.05% strain per dial unit. The strain meters
are connected to the portable indicatof by multi conductor
cables either directly or throungh a terminal box.

The instruments are also used to measure settlements
and rebound beneath excavations and structural foundations such
as caissons, piers, and mats.

The displacement range of the sensors is optional and
can be selected to meet requirements for measurements in rock
or soil. The basic sensing unit is adaptable to other uses
such as monitoring slope stability and structural joint movement.

Sometimes single-unit strain meters, consisting of an
anchor, a connecting rod,say 10 feet long, enclosed in telescop-
ing casing, and a sensing element are grouped together in clusters
of 3 to 6 to measure components of strain in the same directions

in which the earth pressures are measured. Often the vertical




strain {resulting from compression af theznéuﬂian 1is largely
compared to the horizontal strains and is often determined by
ﬁeasuring the closing of the gaps betwéen telescoping inclino-
meter casing which is also installed.durihg cdnstrgction. '

CONCLUDING REMARKS

Recent developments in instrumentation now make it possible
to measure with precision in situ stress and stains within earth
ana rockfill dams, and under foundations of structures. _Aé'more
and more reliable data become available and the results analyzed
and compared with theoretical studies using the finite element
method of analyses, {see Duncan and KulhaWy, 1972) our ability
to design safe structures is bound to improve. Further improve-
ments in automation will make possible-conﬁinuous surveillance of
the safety of important dams.

-10-
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SECTION A -

. -

. INTRODUCTION

 We are going to present to you a rather thorough-
and detailed analysis of one specific‘hple in.ﬁhe
ground, as viewed by, in order of appearancé;'the
Contractor, the Structural Engineer, and the Soils _
Engineer. ' | _ | e e

In.the fall of 1970, bids were asked for Block "H",
an area in Cincinnati bounded by Walmut and Main Streete
on the East and West and Sixth Street and Government Place
on the North and South, appfoximately four hundied by two
hundred feet in plan. The owner \Qf.t_his pfoject is the
Western and Southern Life'Insurance'Company.

The request for bids included a section relating to
protection of streets, utilities, and abutting structgres :
by whatever means the contractor chose withthe condition-
that any damage ﬁould be the contractorls respoﬁsibility.

| Protection of deep cuts in congested areas has undergone
major changes in the.last decade. Fifteen years ago this
installation would have. been done using sheet piling and
cross lot bracing, a time consuming and congestion pro-

ducing, sledge hammer opergtion,
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Ten years ago we would have at least graduasted to
H beams and légging,'with.a raked bracing system to
footings previously installed behind berms. It is
quite possible that a start on this project today
would entail the censtruction of a sluiry_ﬁail; com-~
“bining the protection sysfem and fhe exterior building
- wall, _ | |

The site has two encroachments, one {emporary and bne
permanent, In the Scuth~East corner is an‘existing build-
ing occupled by the Southern Ohio Bank which will be razed
in the next few months when they move into'their permanent
guarters in the new structure. - Temporary pfotection wa.s
necessary for this.area. ‘In the Souéﬁ—West corner is an
eleven story bank building, Footing levels of the Southern
Ohio building were normal bésement 1evels ten to twelve
feet below grade. Fobting levels at the other bank were
somevwhat more complex. In the Northern half of the build-
ing footing elevation was fourteen feet below grade, In the
Southern half of the building footings were twenty seven
feeﬁ below grade, 7

Turner Construction Company, the General Contractor,
asked For bids on either braced or tied-back excavation

protection systems.




' The use of tied.as dpposed to bracéd cuts is an
economlc matter. The tied cut must have advantages
for the General Contractor, for the Excavator, and
: possibly for the Steel Erector over the braced install-
ation or it 51mply Won't be 1nstalled. Five or six years
~ago tled excavations were considerably highér in cost than
-were braced excavation”and”the ecbnémid advanfagés had to
be cohsiderabie for the othe: people involved in the pro-
ject before tied systems even became feasible.' They have -
been frequently.used in Euro?e for many-years but Eurc?e
has different cost factors affecting construction.

As you may or may not know the ba51n area of Clnclnnatl‘
is glacial out—wash, medium dense sand with some small gravel,
One tie-back system using strands' had been installed in
Cincinnatli prior tb the bidding of this project. We felt
that the installatlon techniques used on that project
would have to be improved upcn if we were to be ccmpetltxve
with braced hole excavations.

‘At this point in time, Burt Harfmann, representing the
Bauer Anchor System, a Gérman development, contacted us and
declared unequivocally that the Bauer System would work.
This system is designed to use a single bar with a pressure
grout application to develop the stress in the bar. The
grout earth interface is subjected to upﬁards of four

hundred pounds per square inch pressure. The steel bars
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 now in use have ultimate strengths of 200 k;ps each,

Bidding documents consisted of specifiéations and
drawings EX1 and EX2. The bank bﬁilding was detailed
only to the extent that columms and pilasters.wére !
indicated and conventional pit uﬁderpinning was con-
templated to support the wall columns, with restraint
- between pitgvto prevent loss of sﬁbgradermaterial.
Efforts were made to obtain the construction dréwings
of the bank building, but the architectural firm had
been out of business for sometime and no known plans
existed. | |

Temporary protection for the existing Western
Southern Building was to be driven sheet piling on the 7
- horth side to guarantee no loss of materiai and possible
subsequent settlement and standard H beam and lagging,
tled, on the west side, as we wéré'well away from the
building proper.with the cut,

Our bid was submitted on both tied and braced types
of construction for the same geheral price,

Shortly after an award was made the mansgement at the
bank building determined that & possible connection
between the garage of the new building and their building
might be useful, A set of plans then materialized showing
the footiqg”construction per plan sheet one, certainily a

different configuration than contemplated, being a




combined footing for the exteiibr and Pirst interior
‘column, strapped to the second interior column footlng
This presented an extremely difficult underplnnlng

i qperations, fpr determination of load d;strlbutlon on :
this multiple feoting can‘be'little moré fhan én,éduéated”
guess, Any rédistribution caused by.the'underpinning
could have had serious structural side effects. A;ternate
schemes were then investigated. Mr. Miller will‘diécuss'
this facet later, :

Among these schemes we presented the tiedilagging
and H beam wall that was installed. Subsequent speakers
will fully develop the structural and soils aspecﬁs of
this installation. N |

T would like to comment briefly on one point, of
paramouht importance in my view, The use of anchors
properly applied to the site conditions gives an almost
foqlproof solution., Every anchor is of known capaclty
ypon installation, having been stressed beyond working
load., The wall is often pulled back into the soil mass.
K factors for active conditions have been used to design
these systems, but the installation technigues used
actually create K's more nearly related to "at rest”

values. To duplicate this with prestressed bracing systems
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would be enormously exorbinant, either cross iot or

raked, and it is impossible to restrain movement

ﬁithout Prestressing.,

(6)
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section B
The Analysis

As-indicafed in the eaf1ier ﬂiscussfon, the lack of available
information on the adjacent 11 story bank buiidﬁng'structure,
1ed'u§ to believe that a simple underpinning of an exterior
bearing‘wall would be sufficiéhi as a'solutiun to the probiem.
Since this had been a party wa]f,.witﬁ the adjacent building,
simple symetrical footings were anticipéted. It was later
determined however, that the founhation of the adjacent Bank
was very complicated with the exterior cotumns tied back on
trapezofda] footings-to the firsfiinteridr column line and
again strapped back to the second interior column line, so
that actual determination of preésures under the'building was
almost impossible, - Additionalily, the foundation drawings
obtainéd were incomplete and without key dimensions or reinforc-
ing steel shown. The system‘of éxterior containment suggested
by the Goettle Construction Co., utilizing the Bauer Anchor
tie back system seemed quite appropriate with the complicated

foundation confronting us.

(1)



We explored the Bauer Anchor system in detail in bur office
and concurred with them that'this seemed to be an appropriate

solution. There were still many problems to be dealt with in

the use'of-the system, particularly in this critical 10cat§0n.
First, theré was the question of possible short or long term
creep in the anchors, which might_permit settiement of the
bui]dihg. Secénd, the extreme1y high ]ogding candition
resulting from the surcharge pressure of an 11 story cbncreté
building, required a coﬁsidérably higher density of anchors
tﬁan-had been previous]y used. There was also some question :
relative to the capacity of the individual_anchofs, but perhaps
the major question, was the integrity of the iie-back systam
for such a critical task, that of supporting an 11 story
building with a 40' vertical cut immediately adjacent, via

horizontal containment.

Since we had the opportunity to utilize the system first,

on the balance of the perimeter of the lot, we took this

npbortunity to make some tests of the anchors themsé1ves, to

verify their capacity. It was contended by the Bauer Anchor

licensee that the capacity of the anchor was not based upoﬁ
the pressure grouted length of the bar, but that the capahity

was based only on the yield point of the bar. In order to



theck, three anchors were tested. Although the grout

length on the typical produbtion anchor was 15 ft., the

three test installations were made with grout lengths of

10 feet on one anchor and with 5 feet on the two other anchors.
Hydraulic jack loads were applied to each indivfdua] énchhr,

in aﬁprqximatély 10 kip‘increments. The 1dad‘and strain readings
were recorded and platted. The strain was uniform Qp-tolthe
yield strength of the bar, with no indjbation nf any slippage
in the anchor itself. The stfain~in the bar recorded was

only that whicﬁ would be anticipated from the elongation of
_the bar,'due to the app1iéd load and length of the rod from

the load point to the anchorage. Thus, thg indication was

that with the 15 feet grouted length we had a factor of safety
of at least 3 on the yield strength of the bar relative to :
actually puliing loose or pulling out the anchorage itself, in

this site material.

At this point we ﬁere satisfied that the system could be adequately
designed to provide the necessary Support for the adjacent
building. However, the consultants for the adjacent bank felt
otherwise and would not approve this solution. They sited a
number of installations in which tie backs had exhibited

substantial deflection. These installations were not necessarily

(3)




- using the Bauer tie back anthor systemf- SecondTy,

they insisted that the vertical load from the.éxisting
bui]ding’shéuid not be supported with, essentially, a
horizontal load, transferred'through the sheeting from

the tie back anchors. They felt that the vertical Toad

from the bank_shodid be transferred by means of concrete
piers or underpinning.dOWn to the elevation of the excavatiqn
for the Western Southern Life Insurance bui1ding. Admittediy
we could not site a previous use of this method under similar
circumstances. | 5
The.iatter solution, in our opinion could be disastrous since
with the combined footings, an attempt to support only the
exterior, or one end of the footings could result in '
significantly unequal pressures, and in fact could cause éhear
failures in the combined footings. An alternate, of course,
would be to underpin the footings all the way back to the first
and second interior column lines, thus providing the same
support under the entire footing. Such an installation however,

would be very extensive and costly.

To make it more challenging, both the City and General

L4




Contractor had serious doubts as to the validity of this
unique method. The owner and the Architect had been
closely involved in each step of the problem and solutioﬁ,

and might well be considered as partneérs on our decisions.

In order ta support or refute the proposed method of support
for the adjacent bank we called in, with the concurrence of
our client, the western Southern Life Insurance Co., Or.

Paul Anderson, fofmer]y professor of the sbils engineering

at the University of Minﬁesoté; and presently consultant with
the Jdohnston Saulman Company of ﬁinneapo]is. " We asked him to

review the probiem in detail and to present us his recommendations.

Dr. Anderson generally confirmed our thinking on the désigﬁ
with certain welcomed refinements,'but he stressed three
potential prob1em areas. The first, was that of possible
consolidation of the sand and gravel under the bank building
due to the driving of H Piles immediately adjacent and the
possibility of this contributing to settlement. Secondly,

he was concerned about the possibility of settlement ccburing

under the bank building by the lateral movement of sand particles

(5)



beneath the retaining structure and out into the unloaded
excavated area be]bw the proposed'new construction.” Third,

he did not feel we could assume that creep would not occur

in the tie backs on a long term basis; He was not ﬁoncerned'
about creep during the short period of coﬁsttuction, but ovér
a period of ten to twenty years. He did not feel there was
sufficient data to assume ihat creep would not occur, thus
relaxiﬁg the'éheeting and permitting sett}ement to occur qnder

the adjacent building.

After receiving Dr7-Anderson's repor§ we again reyiewed in
detail the many potential alternate systems, including, .
auger cast piers instead of driven pi]es,'drillgd piers with
metal shields, drilled metal piers, slurry ﬁa]i,—drilled
lamella wall, and othefs, These were all reviewed relative

to three areas of bossib1e distress to ihe adjacent bank
building. First, differential settlement due to conso]idation
of the strata from vibrations due to the installation of the
support construction. Second, differential settlement due to
a lack of containment of the granular mass below the bank,

and third, differential settlement due to the changes in vertical

o~
4N
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pressures as excavation proceeded and the structural load was

~applied to the Western Southern property.

A]though the non- v1brat1ng type of pier 1nsta]1at10n, such as
the auger cast piers would obviously cause less disturbance than
would the driving of H piles, any of the methods xndxcated.whzch
dti]ized a grout or wet concrete mix in the construcﬁibn gave

us some concern, Since we would be dealing with lateral
pressdres of approximately 3000#/sq. ft., we were concerned

that this pressure would actually cause considerable loss of
ground to'occur in the area due.tn the cbmpréssible wet concrete
or grout. At the same time we have had a fair amount of ex-
perience in the downtown area with driving piles and have
normally found the disturbance to adjacent structures to be
negligible. Since the material through which we were driving
was quite compact, as high as 73 blows per foot on boring
samples, additional consolidation due to the driving has to

be almost negligible. 1In a similar case a year earlier, we
had to drive 14" pipe piles immediately adjacent to footings for
a very heavy building. In this case the columns had strain
gauges_mpunted on either side of the adjacent columns, and

they were vertically monitored. We found in driving these

(7)



piles that only a plus or mfnus 3 percént of differehtial
siress occured on opposite column faces and no vertiéa}.mdve~
ment Qas recorded. Thus we had to reject the bossibiTity'gf
distress oécuring due to thé driving of H Piles immediateiy_

adjacent to the bank building.

Secondly, again relyiné larqgely on‘Dr.'Raiph'Peck in the
Internationa] Conference of Soil ilechanics and Foundation
Engineering in Mexico City in ]969, We also had‘to reject.
the possibility of lateral flow of the sands from the area
under the Bank Buildiﬁg below the cut off wall and into the

area of excavation for Western Southern.

"Cohesionless Sands

Few records are available of the settlement of

the ground surface adjacent to cuts in cohesionless
sands, Projects of this type appear ta fall into

two categories. On one hand, if the sand is above
water table or if the groundwater has been lowered

and brought under complete control, adjacent settle-
ment of dense sand appears generally to be
inconsequential. The absence of settlement records

at least suggests the absence of serious settlements.,”

12)




We did concur that there was'insuffibient data available

"to say unqdestibnably that there cquld be noAdgtrimehtal

creeﬁ in the grbutéd Bauer tie back sys£em,‘ Logic indicafed

that there would be none, because the pressure applied ta

the éand and gravel should result in ah;instant&nedus

defiectioﬁ of the sand and gravel and there was no reason, if
'nqn-vibratiné type loadihg_was present, that there should be
any‘future creep. ‘As a result of this particular point

however, on consultation with the Western Southern Life Insurance

Co., it was concluded that we should redesign the lower frame

of the adjacent building such tha; 1147 ]ogg term creep did
occur in the tie backs, load from ihe sheeting system would be
transferred to the frame of the neQ structure. The design
thus provided, woﬁ]d permit .07 of an inch deflection in the

H Pi]es from floor to floor of the new structure and a
deflection of the adjacent frame of one tenth of an inch for
a.tota] maximum deflection of the wall at a single point of
.17 inches. This occurring over an extended period of time,
and only if the total load is transferred from the tie backs

to our frame. Therefore, if creep did occur, we would anticipate

only a part of this movement. We could envision no significant

(9)



problem resulting in the adjacent bank due to this amountr'

of displacement.

Again as Mr. Peck points out in_thé reference previously
noted, if the total‘shéeting and support system could be
installed prior to excavating for the new building, any

movement of the_§011 would approach zero.

“In principle, the movements could be prevented if
the entire supporting structure including the
sheeting, the wales, the struts or ties, and even
- the base slab for the completed structure could
be constructed in their final positions before
the removal of the enclosed soil. Subsequently,
upon excavation of the enclosed earth, the settle-
ments of the surrounding ground surface would
correspond only to those associated with the
deflections of the bracing system and floor slab.
~ These movements would be extremely small compared
to those that occur during excavation before the
structural systems are complete.”

Althouéh ideal, this is an impossible task. nObvious]y, some
excavatiion was required in order to install the tie back wall.
However, the excavation of the interior lot site was kept
some substantially higher than the elevation at the wall

~under construction.

(10)




Only sufficient sand and gravel was removed to permit

concreting and tensioning 1mmediate1y adjacent to the_waTl.

An item earlier mentioned which.no one could cléar1y define

was the effect of density of the tie back anchors and a |
so]ﬁtion to the maximum density question. Known.insta1]atioﬁ

in Se?erai'cases of the Bauer anchor systems had utilized én-
chor densities-hp to 1 anchor per 40 square feet. In order

to Aécompfish the tie back requirement for this installation,
with the very high surcharge pressures, we'required épproximate1y
6ne tie back for every 32'quare‘?eet; No one was-actual}y

sure that a theoretical determination was appropriate to

obtain a limit for maximum density, although some theories
were_advanced; ‘It was generally concluded however, that

based upon intuition, opinion, or just engineering judghent.

that 32 square feet per anchor should not be too great a density.
The}efore, this was an assumption that was made, without

real varification, for this installation. As will be discussed
.1ater, due to the contentions that had been raised and since

this was really a first in this use of the Bauer Anchor system

in thig.pountry, we did institute a number of very precise

controls on the installation and the monitoring of both the

(11)



tie back Ibads and the &ertica] and horizonta]rmovements.

of the wall and.the building. This will beidiscnséed further
at a later point in the paper. Again, our client, recngﬁizing
that monitoring could be most_beneficfa] fa thé_Ehgiﬁeering
Profession for potential future use of the system, a1lqcated

a sum-of.money to us to provide this monitcring and coJTéct

data.

It should be made clear that these detailed considerations

were being made noi only to support académica11y a proposed
system, but that there were significgnt-cost and time differen—
tials invo]ved. Just to change from.thé permgnent tie'back
system, to a temporary tie back system, involving strengthehing
the Block H structure, éost approximately $40,000, additional.
It was estimated that not to use the tie back, but to provide
temporary rakers within the excavation to support an H Pile
wall and concrete lagging, would have cost an additional
$150,000. ﬁunventional coﬁcrete underpinning of the pefimeter
of the bank with rakers would be as high as $180,000 additional.
Freezing the soil mass, while building conventional Block H

structure, would have cost approximately $200,000, additional.

(12)




Freezing and then placing concrete underpinning of the
perimeter and utilizing rakers wbu]d héve_increased. _
the-cost by 3300,060. To jack the piles instéad of driving
them using concrete.lagging and tie backs, wou}d'have been
an additional $350,000. ,Las£1y, to go.inte the interior of
the adjacent bank, tolunderpin toﬁél]y some of the.combineﬁ
footings inside,,wou]d‘certaiﬁ1y be in excess of a hé1f

million dollars, dver the original system.

Facéd with these magnitudes, in terms of addifional dollars,
plus significant time delays, certainly we could afford to
spend a considerable amount of time and effort in order to
ascertain that the propased system could be succgssfu]iy

utilized to adequately support the adjacent Bank.

There was one change that took place prior to proceeding with
the construction effort, and this was a shift in responsibility.
The original support of the adjacent building, as was the
support around the entire perimeter of the Block H excavation,
was the responsibility of the general confractor. His proposed

methods of course were to be reviewed and approved by the

(13)



structural engineer. Because of the disputes which had arisen

re]atxve to the adjacent Bank, at the owner's request we

as structural engineers prepared the drawings and Spec1f1catibns
for this portion of the perimeter support,eand pro&ided these
drawings and specifications with our engineering seal to the
contractor for his execution. We then supervised the construct1on
‘throughout this procedure to assure that the constructlon

complied with all requirements. Thus, there was a shift in
responsibility for this support from the Contractor to the

Engineer.

(14)



SECTION C

GEOLOGY

'Geoiogically; the site is situated on a granuléf té:racé
within a deep valley of Teays age. During the Pliocene
Epoch this valley contained the heavy flows of a north-
ward flowing rivér which was later blocked by‘ice
during the Pleistocene Era, qreatiﬁg extensive marginal
lakes with deposition of fine-grained sediments over
the bedroék formation. |

The backedru§ water subsequently cut its way through

a ridge in western Cincinnati creq;ing the preéent

Chio River Valley. The surfacé of\the fine-grained
sediments was eroded by melt water from the glécier
and was in turn overlain by near-surface sands and
graveis-representing outwash deposited by the melting

Wisconsin ice sheet.

2ll buildings in the downtown area of Cincinnati
are founded in these Wisconsin outwash deposits well

above the normal pool of the present Chio River.



Page 2

SUBSURFACE PROFILE

AND SOIL PARAMETERS

Table C1 shows a typical soil column at the site.
The upper 10 to 12-ft. within the test borings was
miscellaneeus £ill generally consmstlng of brickbats

and construction debris backfllllng old basements._

The first natural sqii is dense to very dense outwash
'sand and gravel to about elevation 516. The surface
‘is in some cases medium dense. The giével content
decreases with depth froﬁ about 50% at the surface

to 33% near the base. The maximum sizes in the split
spoon sampler were 1-1/2" in diameter, however, particle
sizes up to 3" were recovered by the ;ugers. The

sand content ranges from about 43% near the'surfacé

tb 58% at the base. The silt content ranges between

7 and 9%. The uniformity coefficient for this zone

is on the order'of 25. The Unified Soil Classification
ranges from GW-GM to SW-SM. The peak angle of internal
friction from triaxial tests exceeds 40°. The dry

unit weight of the material is on the order of 130-

lbs. per cu. ft. Past experience indicates that there




Elevation

TABLE C1

. TYPICAL SOIL COLUMN

Description

Standard

Penetration

Resistance,
N

Angle of Dry Unit
Internal Weight,

' 547-539

539~-516

516-1496

496-482

482-4141

441-432

432-415

415-399

399

Mise, Fill
{man-placed

materials)

Fine to

coarse sand

£ gravel
(Wisconsin
outwash)

Fine to med.

sand {Wis-
consin out-—
wash)

Silty fine
sand some
sandy silt
(Winconsin
outwash)

Gray silt
&€ clayey
silt with
clay seams
{Lakebed
deposits)

Gray sandy
silt (Lake
deposits)

Gray silt
& clayey
silt with
clay seams
(lake
deposits)

Gray silty
fine sand

-(old glacial

outwash)

Gray lime-
stone &

shale layers

(bedrock)

11-130
typically
more. than
50

20-58
typically
more than
25

- 17-47

typically
more than
25 =

19-49

18-43

18-35

43-48

Friction, & lbs./cu.ft.-

50° 130

35° 110

28 115
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is some slight cementatlon of this zone as ev;denceﬂ
by vertical cuts standing without shoxang. Th;s
cannot, however, be considered in the design but
does give an inherxrent iﬁmeasurable strength to the

upper sand and gravel profile.

The very dense sand and gravel 1s underlaln by compact
outwash fine to medium sand to about elevation ugs.
Mechanical analysis 1ndicate from 0 tor10% of fine
gravel, 84 to 91% sand and 5 to 9% silt. ‘The uniformity
coefficient is on the order of 4. The Unified sbil
Classification is Sp-sM. The peak angle of internal
friction from triaxial tests was found to be on the
order of 399 with an ultlmate of 35°, - The dry unit

weight is on the order of 110 lbs. per cu. ft.

Between elevation #96 and 482 compact éilty fine
sand with some sandy silt was encountered. The sand
content is usually in the range of 68 to 75% with
the silt content from 23 to 25%. From 0 to 7% fine
gravel was found within the samples. The uniformity
coefficient is on the order of 5. The Unified Soil

Classification is SM. The peak angle of internal
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friction is on the order of 35° with a dry unit weight

of 115 1lbs. per cu. ft.
These upper soils represent Wisconsin outwash.

Below elevation #82 fine textured soils, representing
sediments within glaéial lakes, were.enééunteied.
Between elevation 482 and 415 the types of material
were éompact or médium stiff to stiff gray sahdy

silt, clayey silt and silt with clay seams.

This is underlain by 16-ft. of very dense silty fine
sand which represents outwash from an earlier glacier.
The silty fine sand is underlain by gray shale and

limestone of Ordovician age, Cincinnati series.

The ground watei table at the site was encountered
at an elevation of about 490. Normal pool in the
Ohio River which is some 8 to 10 blocks to the south
is at #455. Little fluctuation‘of the ground watef
table has ever been shown for the downtown Cincinnati

area.
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LATERAL PRESSURES FOR DESIGN

The pressures determzned for desmgn of the anchcrage
wall, walers and tle-backs must be very conserva-
tive to insure safe support for the adjacent 11-
stoxy bank buildiﬁg° Tﬁe ahchorage wéll‘hust be
designed rigidly and the suppbrting members'inclﬁdrf
ing walers'gnd tie—backé designed to insure limited
movements due to surcharge from the existing buildin§~

and the natural soil to be supported.

BASIS OF LATERAL PRESSURES \
FROM BUILDING SURCHARGE

As reported by Tschebotarioff (Reference 1), an experimental
investigation of the effect of a concentrated surcharge-
load was performed by Spangler at the Iowa Engineering
Experiment Station. A 6-ft. high model reinforced

concrete wall was used for the purpose. It was back-

filled with pit run gravel, 13% of whiéh was from

1/2 to 1-1/2" in size and another 13% passing the

100 mesh sieve. The remainder was a sand of intermediate

(1) Tschehotarioff, Gregcry P., Soil Mechanics, Foundations
and Earth Structures, pp. 288-291
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size. Concentrated loads were applied to the backfill
surface with the whéels of a loaded truck which was
5acked to the desired position. No wall displacements
‘were measured during this ihvésﬁigation, héwevér,.

it was assumed that the wall was very rigid. The
lateral unit pressures were plotted veisus depth
below the load. The pressures were also plotted

for the-Bqussinesq equation.for lateral pressuies

from a peoint load, P:

e 2 2 2,-5/2 =
p. = 3P x “z (x° + z°) {Eq. C1)
* oW
™~

Wheke,

p# = horizontal pressure due to point load P,

x = horizontal distance from point load to wall and
'z = yvertical distance from ground surface to point

where pressure is computed.

The value of Poisson ratio,Md , was aésumed to be 0.5
which is equivalent to the assumption that the Qoil
is entirely incompressible. The distribution of
lateral pressure by the Boussinesq equation was found

by Spangler to be two to three times smaller than
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the actual measured values. According to Tschebotarioff,
Spangler correctly attributed this ci;cumstance to

the restraint of lateral soil displacements‘whicﬁ

was imposed by the_zigid wall.' Unde¢‘such conaitions_
lateral pressures d@ubie the ones given by thé.Boussinesq r
equatidn are to be expected. This pdini was illustrated
in Referxence (1) wherein tﬁe.application of a concentrated
- or lineax load P to the surface of a large elastic

body will cause an originally plane verticai‘surfaée_
Vﬁolto deform and take the shape indicatediby the.

curve ab in Figure C1.

|7’ A 7
l: : X' X . N

T _ala |
7 \; TR
hY .

'./é \ |
_4L; z"ﬂﬁ?ﬁ??//wﬁxMV? Px +5% = Zbx
A

l
Y

Eig. @1, Lateral pressure distribution from copcéntrated
load P in the case of a rigid unyielding wall.

{Mirror-image effect)
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This deformation will be prevented if the face of

a rigid and unyielding wall is located along the
plane 00. Exactly the same cohditionof‘zerp_laﬁeral
displacément along the ﬁeztical plane 00 will be
produced by the action of a so-called feflected load
P'; i.e., of an imaginary load of exactly e
magnitude and distance from 00 as the load P. {(Mirrox
'effect).Thé imaginary load P"will induce 1atera1 
piéssures py' against the vertical plane 00 which

will be equél to the lateral pressure Px exerted

by the actual.loéd P on that plane in the unrestrained
mass of soil. Thereforé the actual lateral pressure

N
against an unyielding rigid wall would be equal to

pxll = px_+ pxl = 2 PX (Eq. CZ)

where p, is defined by equation (C1). Tschebotarioff
indicates that until more is known concerning the

effects of such a displacement and the values of

the Poisson ratio of soils, it appears advisable

to use the results of Spangler's tests and the definitely

conservative relationship given by equation (C2).
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COMPUTATION OF LATERAL PRESSURES |
FROM BUILLDING SURCHARGE

For determining potential lateral preséures.on the

rigid anchorage wall we flrst assumed the exlstlng
building loads to act as line loads parallal to the
anchorage wall.through each colummn line. These llne
loads wexe based on the dead load plus 50% of 11ve

1oad to each column divided by the column spacing.

Line loads appeared reasonable for the first interior
column located 17-ft. back of the wall and the second
interior column located 35-ft. back of the wall because
of the minimal distance between edges of footings.

This assumpticn was gquestionable on the exterior

column line immediately behind the anchorage wall

as the distance between edges of footings was much
‘greater} although, load from columns would be transferred
by shear into foundation walls thus réducing soil
pressures below column fobtings and increasing pressures
below wall footings. It was thus assumed that a

1inear load was approached on the exterior column

line. It should be noted that the exterior column

and the first interior colummn are supported on trapezoidal
footings, the footing width increasing from the exterior

column to the interior.
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The Boussz.nesq equata.on for unlform l:Lne load, P,
of infinite length was used to compute Px the horlzantal
pressure at various depths due to the assumed loading

conditions:

p, = 2P oz (xo 2272 (Eg. C3)

where the variables are defined in equation Gl

A computer was used to determine lateral pressures

at 1-ft. intervals of depth below the bottom of existing
footing. These values were doubled as per Spangler's
findings. The results are shown in Column 1 of Table

- C2.

Znother run was made assuming that a line load parallel
to the anchoragerwall acts along the centroid of
trapezoidal footings instead of along the llnes of

the exterior and first interior columns. Llne loads
were used for the other interior footings as before.
The results of this run are shown in Column 2 of

Table C2. The second run gave higher values to a
depth of 16-ft. below bottom of footing and the first

run higher results below that depth.



541
340
539
538
537
536
535
534

533

532

513518

530
529
528
527
526
525
524
523
522
521
520
519
518
517
516
515

514
513

LATERAL PRESSURE FROM

LATERAL PRESSURES FOR NORTH WALL

BUILDING SURCHARGE

TABLE C2

(in 1lbs./sq. ft.)

LATERAL EARTII PRESSURE

MAX, LATERAL
PRESSURE -
BUILDING + EARTH

(1) (2) (3) (4) {5) (6) (7)
Line .
Loads at
Line Centroid/ Maximum
Loads Trapezoid : Values
at and - 0.5p,, from , At Rest. (4) + Max.
Each Interior 60° (1), (2) Redistributed Trianqular Value from
Col. Columns Prism & (3) 0.65¢11 Ko YHK (3) & (6)
. 615 (PJEs 615
; 615 65 615
615 130 615
615 195 615
615 260 615
. ; : 615 325 615
(Bot. of footing) 2350 2350 615 390 2965
434 484 © 2280 2280 615 455 2895
828 930 1900 1900 615 520 2515
1142 1305 1630 1630 615 585 2245
1471 1592 1425 1592 615 650 2242
1545 1783 1260 1783 615 715 2498
1625 1886 ; 1886 615 780 2666
1713 1982 1982 615 845 2827
1758 2018 -2018 615 910 2928
1772 2012 2012 615 970 2987
1766 1975 1975 615 1040 2015
1746 1921 1921 615 1105 3026
1719 1858 1858 615 1170 3028
1687 1790 1790 615 1235 3025
1653 1724 1724 615 1300 3024
1618 1660 1660 615 1365 3025
1583 1600 1600 615 1430 3030
1548 1544 1548 615 1495 3043
1514 1492 1514 615 1560 3074
1480 444 1480 615 1625 3105
1447 1401 1447 615 1690 3137
1415 1360 1415 615 1755 3170
1384 1322 1384 615 1820 3204
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Within the upper portion of the new anChorage‘wall,-
~at footing level and immediately below footing level
studles were made to determlne p0551b1e hlgher lateral
pressuras.. The soil pressure at the bottom of ex;stxng
qolumn footing was taken as 5700 lbs. per sq. ft.

.The pressure is prdbébly less aue to lbad trans fer
through foundation walls. Because of the close proximity
.of the end of the footing to the anchoragé wall lif-
3") we assumed that tﬁe‘5700 1bs. per sdq. ft. would

be distributed within a prism having 60° sides to |

thé horizontal and that the horizontal pressure is

0.5 times the vprtlcal pressure; i. e, the ét-'-rest
condition. This resulted in higher pressures as

shown in Column 3 of Table C2. The highest value

at any given depth below bottom of footing from these
results was taken as the preséure from building

surcharge. This is shown in Column 4 of Table cz.

COMPUTATION OF LATERAL EARTH PRESSURE

The lateral earth pressure was determined based on
the re-distributed pressure diagram as shown in Terzaghi

and Peck. This assumes uniform straight line pressure
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distribution from the‘surfacéfto‘the bottom of excavation
equal to 0.65 ¥ HK. X was taken as 0.25, the active
coefficient, _The results are shown in Column‘s of

Table C2.

The lateral earth pressure was also determined u51ng
triangular dxstrlbutlon with K = O 5, the at-rest
coefficient. The results are.shown in Calumn 6 of
Table C2. - According to Jaky, the at-rﬂst édefficient,
Ko = 1-sin g, With ¢ = 40°, K, = 0.83. The maximum
values from the bu11dlng surchage (COlumn 4 of Table
C2)were then added to the maximum earth pressuxas
from either Column 5 or 6. These are shown in Column

L

7.

The Structural Engineer decided to use an average
design pressure of 3000-1lbs. per sq. ft.‘for design
of the anchorage wall, walers, and tie-backs. .This
is cnnsiaered to be a conservative value which would

provide for an overall rigid design.

It is felt that the natural cementation of the sand
and gravelrproviaes additional safety factor of unknown
magnitude becaﬁse the lateral earth pressures would

be something less than indicated by the analyses
because of the increased shear strength of the sand

and gravel.
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'STABILITY ANALYSIS OF

ANCHORED EXCAVATION SUPPORT S&STEMS

INTRODUCTION:

Injection anchors are increasingiy used in the construc-
tion ihdustry for supébrt of e#cavation walls during con-
: structinﬁ operations. This was receﬁtly investigated by
Ranke & Ostermeyer (Reference 1) with the cbjective of
developing érocedures foridesigning earth anchor systems
- in an industry standard for harbor construétion in
Germany. A calculation procedure has been proposed-for
multiple anchored walls which is based on procéﬁures in
Kranz/s .original work V(Refe're.nce 2) because of the
availability of data from a cbmpleted cage'histhy of

a triple-anchored foundation excavation wall.

BASIS FOR CALCULATION

The important factors for determining the stability of
a tied-back excavation support system are:

1. the strength of the individual structural elements

(1) Armin Ranke/Helmut Ostermayer, Beitrag Zur
Stabilitatsuntersuchung Mehrfach Verankertar
Baugrubenumschlie Bungen (Translated to English
by B.-E. Hartmann - unpublished)

(2) Kranz, E.: Uber Die Verankerung Von Spundwanden, 2.
Auflage Mitteilungen aus dem Gebiete cdes Wasserbaues
und dexr Baugrundforschung, Heft 11.

Berlin: Wilh. Exrnst & Sohn 1953,
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of the excavation walls including soldier beams,

lagging, walers and connections.

2. The bearing capacity of the individual anchors

ox anchor'groups.

3. The stability of the total system, shoring wall-

soil~anchors.

Restraint capacity or load céfryingrabilitf qf'the
excavation support wall is obtainable‘by”static cal—'.
culation using an assumed lateral éarth pressure envelope.
The anchorage capacityfof‘the individual anchors can

be estimated by anélysis‘and deteimined_by pull-out

tests. |

- In the calculatién of the stability of the overall
system ther; are t@o basic failure conditions which
must be investigated. These are designated by the
concepts of "internal" and "external" stability. The
determination of the external stability is based on

the investigation of the failure of the wall toe and




Page 15

a monolithic circular failure élong an assumed slip
circle as shown in Figure C2. in'contrast for the
determination of the internal stability, we assume
that Ehe'shear sirength of the soil in the system
{(wall-anchors-soil) is exceeded so that‘shéar surfaces
are formed extending outwérd from the anchor end .
 in the direction of the wall to be anchdre& (lower
failure plane) whereby the wall can turn over as
shown in Figure C3. For determination of the anchor
léngth in the nofm&l case, the sliﬁ circle,failqre
.is usually not the most critical. The stability

in the lowex failure plane is usﬁally the critical

‘ casea : \'

STABILITY IN THE LOWER FAILURE PLANE

The stability with respect to the lower failure plane
is customarily analyzed by Kranz's method. We assume
a line between the anchor mid—point and the rotation
point of tﬁe excavation wall as tﬁe,lower failure
plane. An equivalentAanchorage wall is assumed in
the middlerof the anchorage zone as shown in Figure

Cha., The force vector polygon can be obtained from



W

Fig. C2. TFailure along slip circle - external stability.

Fig. C3. Failure along lower failure plane - internal
stability,.
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the equilibrium diagram and from'this_fhe maximuml
value of the possible anchoxr forces fér the cross
- hatched soil zone A, cén3be read off as shown in

Figures Clb and C5. The safetyrfactpr in accord-
‘ance with Kranz's method is defihed as the ratio
of the maximum possible anchor forces to existing

anchor forces:

v, _ Possible A, ol ' (Eq. Cb)
7( T Existing Ay :

The existing anchor forces are determined by static
methods. The maximum possible A, is determined by

the following equations:

By = [c; - (Egy - Egy) tan {] tan (4 -+v) (Eg. C5)

POSSc A}l = fA (Eal_l e E-lh + Erh) (Eqa CG)
£a = ' 1 ; -
T+ tanoc » tan (8 - V) {(Eq. CN)
where,

G = total weight of soil above the lower failure

plane, Egp = active earth pressure (without water



(@)

Fig. C4.

(hlci Sl -

S TN {iJL

TR

Determlnatlon of stablllty for the lowest fallure
plane - 1njectlon anchor system°

Lah-E4 £Ertr _ =
n //‘,Daji. A tan o +7ar (B -v)
pass, _ .
‘ £ |
£y Hore S [1E
£
G- ! : @ b ton &

£at

Geometric relationships on a force-vector polygon.
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pressure) on the excavation wall‘from the top down
to the rotatlon point of the wall, |
Ey = the active earth pressure of the equlvalent
- anchorage wall,‘
# = the 1nterna1 angle of friction of the 5011,
d'= wall f:ictlon angle and

V= inclination angle of the lower failure plane.

CRITIQUE OF THIS PROCEDURE

It is possible to raise certain basic theoretical
cbjections to the method of Kranz. For the assumption

of a non-linear sliding surface a lower safety factor
results than by the assumption of\a straight line

for the lower failure plane. buring the failure

or rupture of the system, an earth pressﬁre is introduced
which is larger than thé active pressure as a fesult

of the étressing betwéen the anchorage and the supporting

wall.

Tests have shown that the lower failure plane extends
outward from the anchcr end to the rotation point

of the wall. This means that the assumption of the

lower failure plane from the center of the anchorage

zone to the rotation point of the wall produces conservative

values.,
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MULTIPLE ANCHOR SYSTEMS

The basic éonsiderations for the caiculation'of éingie
level anchored walls generally apply to the case

of multiple 1ével anchored walls as shdwn“in Figures

C6 thru C9. In accordance with the artangement of
anchors betwsen the middle point of the anchorage
ipne and the fotation.poiné of the wail, varibhs

lower failure planes may be drawn in order to determine

the required safety factor off = 1.5,

ANCHORING FOR AT-REST EARTH PRESSURE

It is shown in the paper by Ranke and OStérmayer

that walls designed for at-rest earth pressure zeqnlre
an 1nvast1gatlon of the failure conditions to be
completed where the earth pressure and anchor forces
must be determined from the active-limiting‘condition.

' It is only péssible.to determine the stability in

the lower failure plane through thiS—initial assumption,
It is shown that the safety factor for the aﬁ—rest
condition is related to that determined using active

pressure assumptions as shown in the following equation.
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for 2 anchor levels - Case 2.
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nq[xé tany- + %“" tan (@ - 121
= 28} A

Ka tan v+ (1-X_ tanv - tan¢) tan (g -v) (Eq. C8)

where,
% = éafety factor for at-rest condition,
Xb. = safeﬁy féctc:_fpr-the active condition
Xo = at-rest éazth pressure coefficient =
Ka = active earth.pressu:e cbefficient_and
the other values as defined above fdr'eqs. c5,

c6 & C7.

It can be shown that ¥ will range from well below
1.5 to well above 1.5, It is recommended that in no

case Yo should‘beriess than 1.2,
Lateral earthlpressures between the active and at-
rest condition are also analyzed and diécusSed_in

the paper by Ranke and Ostermayer.

LOWER FAILURE PLANE ANALYSIS FOR NORTH WALL SUPPORTING

11-STORY BUILDING - "INTERNAL STABILITY"

The method of Ranke and Ostermayer was used in the

design of the wall-soil-anchor systems at the subject
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project. The results of analysxs for the north wall
supporting the 11- story building are presented in

Figure C1D. The lower failure plane was assumed

from the anchor midpoint for,each andhdr-td the rotation
éoint of the wall which was assumed to be at 6-ft. |
below the bottom of excavation. The angle §f wall

friction was taken as %.ﬂ, As seen in Figure C10 the

values of nérfor the limiting active'case rénge from
3.3 for the 1owest anchor to B.5 for the highest

.‘anchor. All values are much greater than the requlred
1.5. For the redistributed active case the values

of Vﬁy‘range from 3.3 to 6.0.

Also as seen in Fiéure c10 the values of Yo , the stability
for the at—rest condltlon, range from 1.8 for the

lowest anchor to 9. 8 for the highest anchor. The

computed vélues are greater than the required 1.20

and 1.75 for the lowest and highest anéhors respectively.
For a redistributed at-rest pressure distribution the

values of Y{, range from 1.8 to 6.9.

For the design of the north anchorage wall, a total

lateral pressure was assumed which is 1.65 times greater
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thanlthe at-rest earth pressure. If such pressures

“are in fact possible then analysis by Ranke‘and_OSte;mayer's
 method using equation (C&) with Ka'= 0.22 and K =

0.83 {(instead of X, = 0.5) yiélds a safety factor

of 1‘.06 for the lc;'swest anchoﬁ. It mﬁst;be considered

that a very minute wall movement will reduﬁe'thé

lateral earth pressure appreciably. According to

Terzaghl a movement at the top of anchorage wall

as little as 1/8" (0. 0005 H), and assumlng this movement

- is linear over the wall height, wall'reduce the total

lateral pressure from the at-rest to the active.

It should further be considered iR accordance with
Spangler's experimental investigation that for loads
at a distance of 0.83 H from an unyielding wall the
pressures by the Bouissinesqg equation were equal

to the experimental data. For the north anchorage
‘wall of the 11-story building a considerable pért
of the computed stress from the building surcharge
was produced by footings located more than 0.83 H
from the wall. These stresses werxe still assumed

to be two times Bouissinesq values.
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it should be noted that the force for the lcwest
ancho: was determined assumlng no passive resxstance

from soil in front of the wall.

For comparative purposeé we have computed a Safetf
 factor for the lowest anchor for the at-rest pressure
condition and‘assuming'the lower failure plane extends
from the end of anchor to the rotation:point of wall.
This results in J2 = 2.3.- As expected this value

is greater than 1.8 determined for the lawer'faiiure
plane starting from the anchor midpoint. A similar
analysis yields )] = 1.24 for the 3000-psf uni form

pressure distribution. ™

SLIP CIRCLE ANALYSIS FOR NORTH WALL SUPPORTING 11-STOR¥
BUILDING - E RNAL STAR: L=

The slip circle 1nvest1gation gives a stability factor
X = 1.65 which is greater than the required 1.3.
The analysis for the critical cirtle is shown in

Figure C11.

If lateral stresses were included on individual slices

a larger stability factor would result. The lowest
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anchor force should be included in thé resisting

moment since the midpoint of the anchorage zcne falls
outside the slip circle. This increases the sﬁability
factor to 1.80. The natural ce‘mentation- of the sand

and girével, which pérmits vertical cﬁts to stand withont
bracing, increases the stability factor ta‘sbr'ae unknown |

magni tude .




‘Section D

"DESIGH OF TIED BACK RETAIHING WALL

There are three locatlons at destern and Southern's

B1ock H Deve]opment which have 51qn1f1cantiy different des1gn
conditions. They are the basic tied back retaining wall used
at excavations adjacent to the street, the temporary wall
around the Southern Ohio Bank, in the southeast corner and
the permanent wall at the adjoining 11 story éoncrete‘

building, in the southwest corner.

N

(1)



The tied back Waji along the street retains cuts Varying from
29 to 40 ft. {9.5 to.13 m.)y. It consists of H Piles driven at
approximately 6 ft - 0 in. (2 m.) centers tb 10 ft {3 m.) be]ow
the bottom of the excavation with wood 1agq1ng spann1ng between
flanges., Back to back channels sunport each palr of H p1ies.
The channels are “then anchored at their m1dspan by the Bauer
.Anchor t1eback The wall was designed for a uniform lateral
earth pressure as determined from Terzaghi and Peck's formula -

P = .65K;7% H where ‘
' p = uniform lateral pressure

‘Ka = Rankine Coefficient tan? (450 - @/2)
# = 36° ‘ '

H = height + 3 foot (1 m) surcharge to account
for traffic loads

7 = weight of soil = 130ncf. (2040 kg/m3)

u

FIGURE D1(a).

Another method of pressure determination was Furnished by H. C.
Nutting Co., in their report. This consists of a trapezoidal
distribution rather than uniform. However, the total load on

the wall differs only slightly with either method. FIGURE D1(b).
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Tﬁe‘anchors-are threaded EarS‘i% in. (33 mm) in‘dfametér‘with a
yield point of 156X at 121 ksi (70 x 103 kg at 85.1 kg/mm?) and
anHuItimate strength of 198X at 154 «ksi (90 x 103 kg at 108.5
kg}mmz). A safety factor of 1.25 (to yield poinf) waé provided at
those walls adjacent to the street. The passive restraiﬁt provided
by the embedment of the piles below the bottom of the excavation

was neglected, in computation of required anchors.

The anchors were made long enough so that the 15 ft. (5 m.)
pressure grodted zone was beyond ihe active failure p1ané of the
soil, although the contractor had‘arrfved at the lengths by a
different procedure. |

| %

The wa11:around the old Southern Ohio Bank consists of sheet

piles restrained by walers and tie-backs. The design of this

wall is similar to the walls at the street except that a surcharge

of77 ft. (2.4 m) was added to "H" in the lateral earth pressure

formula to acﬁount for the load super-imposed by the four story

timber, concrete, and masonry building. This wall is only temporary,

since the building will be demolished, as soon as occupancy

of the new facility is obtained. A safety factor
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of 1.5 was used in the anchor design on this waf1  As an a51de,:
the anchors for this area will be exposed duranq excavat1on for
the rep!acement tower , and can be examined for shape and

~condition,

The third designrcéndition is around the adjacent 11 story
concrete builiding in the south west corner of the.éite; Thé
excavation for Block "H" extends 22 ft. (7.2 m) below and is |
only 1 ft --3 in. (3.8 m) out from the boétom of'thé adjoining
buildings footings. The tied back wall used fo retain the soil
under the building consists of HP12X53 piges, cast in nlace -
reinforced concrete for lagging between pi]és{ and walers with

tie backs at midspan to support the piles. FIGURE D2 & D3,

The most difficult problem in the design of this wéTl was
determining a conservative but realistic value for the lateral
earth pressure to be restrained. It was assumed the bressure
could be thouqht'of as being the result of two actions;

1. The 1atera1 load on a retaining wall due to the
soil only.

2. Tne lateral Toad due to the Surcharae of the
adjacent building.
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" For the lateral 1o§d on a retaining wall due to the soil only,

" the at rest pfessufe of the soil had to be maintained. To

obtain the aéifve'présSure the soil would have to deflect from
fhe_at-resf condition which could damage the building. Thus,

the at rest préssuré At each elevation below the adjacent footings

was calculated by po'é Ko¥H where

pp = the at rest pressure (psf) |

| Ko = coefficient for at rest pressure = .5
¥ = weight of soil = 130 bcf. (2040 kg/m3)
H = height

‘The equation used at other locatjons p = ;65KaIH is not
: app]icab1e'becadse it assumes the wall will deflect enough to
allow the 1atéra1 force to descend nearly to the active pressure

- condition.

The lateral pressure, pg» due to the surcharge'of the

adjacent 11 story building was calculated and furnished by Mr.
James Flaig of the H. C. Nutting Company. The pressures pg

and pg were then added together for each elevation. The average

total pressure at each elevation equaled 2,920 osf. (14200 kg/mz).
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The wall was then designed for 3000 psf. (14600 kg/m2).
FIGURE D4. |

The anchor and pi]e-spacing'was‘se1ected to provide a ;afety
factor of 1.75 fo_the yield point of thg bar. This waé_achiéved ,
: ﬁith the pile Spaéing_at 3 ft -6 in. (1.15 m.) and tyni;a?l

waler spaéiégrat 4 ft. - O in; {1,3 m,) vertically. 'Also, at'the

- bottom row of anchors, to mainiain this safety_factbr, the g

passive pressure against the embedded section of pile was included.

| The top row of anchors is about 20 4n. (9.5 m.) below the bottom

of the fobtings. Much concern was given %o these anchors, since
there was the possibility that a slight settiement due to the '
‘concentrated loads from the above footinas might tend to bend

and fracture the tie back bar. Since these high strength bars

are relatively brittle an abrupt strain might fracture the baf.

To account for this, anchors were located at everv second and

third space between piles, instead of alternate spaces, an increasé
of 30% 6ver the calculated number of anchors required.

Continuous walers consisting of C12 x 20.7 channels 3 in. back

to back were used.
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The walers were designed so that if one anchor'fai1éd,‘the
"waler could distribute the load to adjacént_anchqrs. ‘Thhs‘if
there was a'seQere anchor ovér1oad or strain due to the irratic
_pfessures under a footing, adjaéent anchofs could maintain-the_
integrity of the wall. At the rema?hing three raws of walers

C 8 x 13;5 channels were used as simnle soans between alternate

piles.

Around the corner of the adjacent buildina, anchors were not used
between the last two piles. However, the wa]érs'are continuous
“around the corner, with a riqid conneciidn. Thus each side of

wall acts as a shear wall to brace the otﬁer side.

As an added safety orecaution, the Block H column footings 60 feet
(19.7 m.).ndrth of the wall had a pocket formed in the side so
that-the 70 ft. (23.0 m.) long steel jumbo columns, for the
building, could be placed as a strut from the footing to the
adjacent building if any distress was noted. The foctihgs are

15 ft (4.9'm.) square by 4 ft, (1.3 m.) thick. Tie back anchors
were installed diagonally throuah the footinas to counteract the
horizontal force from the struts. The anﬁhors in the footing were

to be tensioned if and when the struts ware needed. lowever,
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nq'pr0b1ems vwere encountered, and the struis were nof required.
A similar installation was used ai the Governhent Place retafning;
wall since the basement of the Post 0ffice bui]ding on-the-dther
side of the sfreet was below the elevation at which tie backs
 were required. Rakers were installed from columnxfootinqs.tq the
top of the wall., These footings required tie bépk anchors to

resist the horizontal force from the rakers.

Since there was a question of whether creep would occur in the
tied back sofi; the Block "H" structure was desiqned to take

the lateral eérth loads if the anchors evéﬁtualTv relaxed, A
Since the new building was estfmated to settle 3/4 in. (1.9 cm.)
it had to'be free from the tied back wall until éoﬁt of this
settlement otcufed, to keep from pu11i59 the wall dqwn also.

_ A1 in. to 2 in. (2.5 to 5. cn) aap was left between each floor
and the wall. When all of the dead load was on the building
this gap was filled in with grout, How, if the tie hacks ex-
hibit long term creep the new huildina can resist the load from

the wall.

(8)
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SECTION E
CONSTRUCTION PRCCEEDURES -

bpnstruction of most every major under grade faecility .
leads to unique problems.‘ This project was no d?fferent,
The subgrade maberial in the core area is somewhat diff-~ .
icult for pile driving Qperatlons, and “drlft" and, out‘of_
plﬁmbness" occur. Fixed leadé aid in installing the
soldier piles to good lines w1thout drlft énd therefore
ease the problems of labglng and brac ng.

' Lagglng, as you may know, does not compute. Thrée
'-inch thick material, simple spanning six to eight féeﬁ
will not support the back wall pressures used in déSign-
ing the system, It doesn't compute -~ but it does work,
Most experts subscribe to the theéry that éarth'arching
from H pile to H pile relieves the load going to the
.wood elements. In only one instance in Cincinnati have
we had a lagging board dbreak (not on this project) and
that board had a large knot hole and shouldn't have
been installed anyway.

Tie installations vary with the system used and the
soll encountered. Anchors can be installed in augered
holes, driven holes, rotary cut holes, and some installations
have been made driving ﬁlate anchors. Cohesionless soils

lend themselves readily to driven hole anchors. An

(1)



-

air~trac drili with a percussion hammer is ﬁséd to driﬁer
‘the drill, in the case of Béuer—Anghors a 76 mm hollow
string. | |

The lead element is a conical point ‘c:oun’ce,rs'i_ms:i to
receive a Dywidag‘thread bar. When the point has advanced
to its désign 1ocation a bar is placed in the. string and
the point is driven off. An adaptor at the outer end of
the string allows the introduction of groﬁt,rﬁhru the
string and aroﬁnd the bar to the annular spacé at the-end,:
Grouf-is_pumpedrintp thersystem'unﬁil a preééuré‘of 150-350
psi is reached; the drill_string is incremenéaily extracﬁed,.
10-14", and grout again pumped to the above pféssures until
~ the design length of anchor bulb has been installed. The
string is then removed. Anchors can Be S three
days. Cubes should be made periodically to determine grout
strengths, but, again the true test of the system is the
loading of the bar. '

Other systems using cable or strand can be installed
in a similiar manner,'and some systems depend solely on a
gravity grouted bulb for resistance to pullout. Augered
hole ties have been installed as long as 140 feet. These
are generally high capacity anchors depending on shear at
the grout soil interface or on belled bottdms to resist
pullout. The anchor assembliess sometimes have a plated
bottom to transfer stress from the tension member to the

grout,.

(2)
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OFf all the facets of earth retaining systems, the -
 installation of anchors has to be-fraught'with'mOre
unpredictability than any other. |
. We apparently were to blame for the complete

evacuation of the ILaNormandie Restéurant during the
dinner hour, as well as upsetting the preparation
operations at Gregory's Steak Housé. We were accused of
grouting full a 75 year old sewer in Sixth Street. Yoﬁ _
~should say to me that this is sloppy craftsmanship, The
grout take should héve indicated somgthing Wa.s Wrong; and
to a certain extent I agree., But grdut "takes" are occasion-
ally far from uniform even in natural material. Two adjacent
anchors in the sheet pile wall at Southern Ohioc Bank took;
respectively; 1 sacks and 27 saéks. Each of these were
driven at,tﬁe same angle to the same tip elevation, six
feet apart. We are going to excavate these anchors soon
and hope to get some indication for the reasons behind this
discrepancy. |

One facet of high strength rods bears special mention.
These bars are manufactured to very close chemical toler-
ances, cold worked by stretching and proof loaded, altogether
an expensive process. These are not rebars. The point of
interest, common to most all high strength steels, is that

they a&ll have high noteh sensitiviiy. They should not be
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dfopped or treatéd carelessly.
The éaving gréée is that defects reveal theﬁselves

when streséing. To my knowledge the only bar we broke -
on this project was one on which weld spatter had acci-
dentally dropped. The bar snapped at the spattef ﬁark
and had to be replaced. You have had a thorough explan-
ation of the‘treatment at the bark building, One other
area deserves mention, the Government Plaée'protectiaﬁ.
Government Place is the service road fbr the Main Post
Office and an absolutely essential piece of real estate..
The present buildihg was constructed (alcﬁg the north line)-
inside the old foundation wall of the preexisting structure,
and precluded driving anchors due to its close proximity.
External bracing for the upper part'oﬂﬁthe proteétion
‘system was a must., Our new building geometry limited the
number of braces we could use and therefore the stress
level of the raker was réther high, Permanent footing kick"
bloeks did not, by analysis, give.sufficient iesistance to
the braces to withstand these loads. A readily available
solution was to tie the fqotings with Bauer Anchors to com=-
pensate for the inadequacy. |

~ The lower anchors in this wall required a steeper
piteh than had Been anticipated. As usual we found this
out the hard way. Five to six foot thick masonry con~.
struction éqhﬁndred years old does not lend itself to

being drilled
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#ith the_type equipment we were usiﬁg.
An interesting side‘light on this wall concerns
itself with therremoval of’the wale and faker System.
We had been assured that the backfill to e waler had
beenrthoroughly compaéted, yet on burning the raker -
loose, the soldier piles jumped foward the hole some 4"
to 5" causing a minor settlement of the st?eet; With
this kind of evidence there can be no doubt that a real
| load existed on the systéﬁ5 andithis sh§ﬁld serve to warn
“311 concefned'that backfilling operationé inspection is
of paramount importance if settliements aré to be avoided.
Other var;ations using ties are available. Somewhét
more expensive, but valuable whede space limitations exist,
" is the tie installation thru the H beams, eliminating a 3
waler assembly. With properly driven pile this type wall
can serVe as a back form for'a concrete wall. As a pre-
daution, the adjécent structure should be designed to

accomodate full active and surcharge loading.






Saction F

SUPERVISION AND MONITORING

Iﬁ general, the initia1 form of supervision and monitoring 6n

the tied back walls was during tensioning of the anchors. The
anchors wé%e_stréséed_to 138K (62,500 kq) then released to 115K
(SZ,GOO‘kg). five percent of the ahchoré Qeré stressed to 160K
{72,500 kg), before releasing to 115k_(52,000 ka). Thé deflection
in the bay waé_measured with a dial gauge and recorded at given
intervals of load to verify'that.a prgper load deflection
re?ationship océured. The gauge was mounted in such a way that

~ the change in distance between the waler and the anchor rod was
recorded., In retrospect, it wbu]ﬂ have been better to have

- mounted the gauge io'a tripod on the ground since the results

we obtained were affected by deflection of the waler. The results,
'however, wéré still bésica11y tinear, which is the exnectéd ¥

relation between the load and deflection.

(15



- For the wall around the adjacent building, a chh more detai]ed :
program of monitoring was Qsed. It basica]ivACOnsiéted of two |
phases. FirSt, was the effects on the buildinq‘from-the_niTg
driving operatign. This was monitored by strain qauaes anolied
to some of the adjacent'buildinq‘s columns and a seizmagraph
located inside the building. The second phaée-éonsisteq of load
~cells applied to 9 ancﬁors and visual insnection fo?.movénents
both during the.constructidn of therwall, and on a ccntinuiné

basis after construction was comnleted.

Before the‘pi}e driving beqan, reinfﬁrcing_baré on Four'co1ﬁmns :
‘were exposed and strain jauqges were annlied 5 REE oA _FIGURE F1.
A 1imit of 1500 psi was set as the maximum channe in stress which
would be tolerated. Difficulty arose in readina the gauaes when
piles were driven a?qng,thé east face of the adjacent buildinq.‘

The problem was correctedrhefore driving niles on the north

face. A pile was driven opposite each of the two columns on fhé‘
north face. It was observed that the load in a column next to

the pile being driven decreased while the 1nad increased in the

adjacent columns. Thus bv drivine successive niles at a different
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column or bay the change in stress was held well within the 1500
‘psi.(loskg/cmz) 1imit; The average stress change in the seven

‘bars monitored was.24d psi (17 kq/cmz) compression.

_A-Sprengnether-U.S.-4000 Blast Seismogranh was located on the
basement slab immediately adjacent to the exterior wall where
,piles were being driven.. Readings were taken at S'ft.'intérvais
duriﬁg_dfi#ing, with a required safe vﬁbration level of 2.0
inches/second;L'(4.0 inches/sécond is con§idered threshoid,.
"resuiting in minor perceptible damage.) Vélues'Varied froh 0.075
to 0.88, but most were in the range of 0.2 or 0.3, Therefore

no problem was anticipated, due to the"pile imnact.

In the'second-phase of the monitoring, the 1oad cells were in-
stalled. They had two purposes. First, to provide a check

of the wall system to reveal anv distress in the wall due to a
significant ehange in load during construction and second, to

maintain a long term record of the soil pre$sure which should

show whether creep is a factor in this type of soil. Figures

F2 and F3.
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With somewhat limited resou?ces s with'deiiﬁery time .
required cdnsiderably']ess than available from commercial
suppliers, we obtained the assistance of Drofeésor Andrew-
Bodocsi and ferry Roberto, to manufacture locally, strain sauge,
and calibrate the 9 ssecia1 ]oéd cells. Due fb the Tack of
sophistication‘of.the cell installation and severe ekposure to’
constructioﬁ qperatfons, the results of réadings were somewhat
less tﬁénldésifable."They have however, performed a'vaiuab?e

service as an indicator of any notential probiem.

The #1 1oad cell began shoﬁing increasingly higher loads. This
caﬁsed some coﬁéern as the loads continggd to increase. HoWevéf,
since the remaining load cell resuTté showed no real prdb!em,

and dimensiona]]y there was no movement in tha wall, or anchdr

at the #1 cell, and the ceil was not seated squarely, it was
assﬁmed that the cell was ﬁa1functioning. About eleven months’
after installation, the cell was reseated, but the cell continued
to malfunction. When jéckinq the load off the cell, the force

on the jack during reseatiﬁg was 80 to 109 kins (36000 to_45400-kg)

which verified our assumption thst the anchor was performing as

designed.
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The remaining ldad cells performed adequately‘for the first
few months; however, after a year, the results were scattered
~and not consistent with each other. At this time, cells #4,

‘5, and 6 were reset, to check on the reference condition.

The fesults were very consistent with each other and the initial
1oads-on the cells. .In analyzing the reading of the load cells,
it seems apparent that the Toad decreases.as the anchors'be1ow
ére tensioned. As the time since installation increased, the
readings became more eratic. However,‘with the resetting'of
cells #4, 5, and 6 fairly accurate comparisons could be made.
At installation, the readings were 178.4, 109,4, and 95.4 kips

3 ka) for the resnective cells.

(49.2 x 103, 49.6 x 10°, 43.3 x 10
After tensioning of the two lower rows of ancﬁors these loads
decreased to 96.0,797.3, and 91.3 kins. After a vear, the 7oéds
determined when the cells were reset were 94.5, 94.4, and 83.6 kips
(42.9 x 103, 42.8 x 103, 37.9 x 103 kq), This is a decrease of
1.5, 2.9, and 7.7 kips respectively (.6 x 103, 1.3 x 103, 3.5 x

103 kg), an average decrease of 4.2%. These results show that

the wall is performing adenuately and that there is a stréng

nossibility that some slight amount cof creep dnes occur.

(5)



With this magnitude, howéver, it is equally possible that
changes in substrata settlement due to excavation ﬁnd the

new building load could create geoﬁetric changes in the waij
and relax the Toad, If the cells will continue to Function
'(Provision'has been made for accéssibility ?n'the-completed
building), continued readings over several vears may deterﬁine

this with more certainty.

Surveying instruﬁents were uﬁed to observe énv vertiéal or
horizontal movement in the hui]ding or in the ends of the
anchors. Brackets with scales were attached'af ?ﬁ.hlacas at
the roof and at street level on the North énd Fast sides of the
adjacént buildinq. Movements at 5 lTocations totaled 0.02 ft.

(0.6 cm) over the past 14 months.

Siﬁce some of the movements are in.obnosite directions and the
accurancy‘of the optical observation is 9.0] ft. (0.73 cm) at
best, it is assuméd no visihle movement has occured in the

bank. Vertically, no movemént-of the wall or adjacent bui]din§
has occured, even though the new 3lock "iI" tower has settled
3/8 in. (1.8 cm) as load was anniied. Some of the top two rows
of anchors were marked and their lateral movement also recorded.

Seven out of 31 anchors surveyed anpeared to move nutward 1/8 in.




{0.6 cm), while others have not moved or shown a reverse
deflection. Again the conclusion must be essentially zero

movement.
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LATERAL PRESSURES AND MOVEMENTS CAUSED BY PILE DRIVING

By‘D. Joseph Hagerty,er.M.'ASCE

Driving piles is a commonplace method of foundation
construction, and considerable study has been devoted to
the analysis of the mechanics of pile driving. However,

. the empha31s in these studies and 1nvest1gatlons has been

" on the insertion of the pile into various kinds of soil;
e.g., how to maximize ease and rate of penetration and how
to achieve maximum bearing capacity per pile in any given
situation of soil and water conditions. Until recent years,
little attention has been paid to the possible effects of
pile driving on the area surrounding the pile foundation.
Of course, in some instances the act of driving piles has
produced damage in adjacent structures and facilities, and
extensive litigation has resulted. Even so, no comprehen-
sive program of research has been undertaken on the subject
of the effects of pile driving on nearby facilities.
Several individual case-history studies have been made
"which deal in part with detrimental effects of pile driving
'(Ireland 1955; Klohn, 1963; Lambe and Horn, 1965 Hagerty,
1969; Hagerty and Peck, 1971; D'Appolonia, 1971; Hagerty

. and Garlanger, 1972), but in most of these studies the.

focal point of the research has been vertical movements
of soil, piles and adjacent structures. Nevertheless, the
lateral pressures and movements associated with pile
driving can be most serious from the point of view of
damage to existing facilities, and also from the point of
interference with the installation of the pile foundatlon
1tself .

Lateral pressures and displacements caused by pile
driving are significant: they are of considerable magni-
tude, in general; they occur at relatively rapid rates; and
they can be seriously detrimental to adjacent facilities.
The lateral pressures created during pile driving, particu-
larly during pile driving in stiff cohesive soils, may
easily exceed the design pressures which retaining struc-
tures such as braced cuts, anchored bulkheads and retain-
ing walls are built to withstand. In several instances,
lateral pressures as high as 2-3 times the total overburden
pressure have been measured. See Figs. 1, 2A and 2B. The
-movements corresponding to such high pressures also can be
of large magnitude; in one instance, lateral movements of
in place pile caps of as much as twenty-four inches have
been recorded as a result of later pile driving (Hagerty,
1969).

lAssistant Professor of Civil Engineering, University of

Louisville, Louisville, Kentucky.
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The relatively rapld rate of pressure generatlon and
the consequent rapid rate of displacement of deformable
so0ils or structures is also significant.  Many existing
structures could withstand the lateral movements associ-
ated with pile driving if the movements occurred over
long periods of time; however, the rapid distortion of
building frames as a result of nearby pile driving will
‘cause severe cracking and damage to the affected struc-
tures. - An additional factor in the response of structures
- to movements caused by pile driving is that although the
movements produced during pile driving occur very rapidly,
"the recovery of the structure [(or rebound and reversal of
movement) after pile driving generally occurs at a very .
slow rate because of the slow dissipation of generated pres-—
sures and slow stress-relief creep movements.

Finally, the lateral pressures and movements caused.
by pile driving are serious because most structures are
not designed to withstand or tolerate lateral shifting of
foundation elements. Lateral displacement of bearing walls
as a result of nearby pile driving can create eccentricity
of loading, overstressing of wall materials, and progressive
failure of the support system. Of more immediate concern,
the lateral displacement of foundation elements may actually
remove all support from beneath beams or joists which carxry
the lower floors of a structure. . Lateral displacement of
driven piles or piers themselves obv1ously may cause eccen-
tricity of loading, overloading of individual piles, and
consequent failure of entire pile groups.

The general experience of movements of structures caused
by pile driving is that of a sudden movement in a given direc-
tion with a long-term reversal of that movement in the oppo-
site direction (Lambe and Horn, 1965). This slow reversal
of movement can cause as serious problems as can the initial
rapid movement. Remedial actions may be out of the question
during the period of slow rebound or recovery of a damaged
structure. Additionally, reversal of movement may open cracks
and breaks in masonry elements which occurred as a result of
the preceding rapid displacement durlng the pile driving
operation.

.In summary, lateral pressures and movements caused by
pile driving can be of large magnitude, will occur relatively
rapidly, and can cause serious damage to nearby structures
or facilities. It behooves the foundation engineer to anti-
cipate such movements; to expect such pressures, to attempt
to predict magnitudes of pressures and movements, and to
formulate preventive measures. In this case (lateral pressures
and movements), prevention may be relatively easy, but remedy
or cure may be impossible.

o



PREDICPION OF PRESSURES AND MOVEMENTS

The problem of predicting the magnitudes of lateral
pressures and lateral movements caused by pile driving
has been investigated in part in several past studies.
However, no complete solution to the problem has been .
found, nor is one likely to be obtained in the near future.

A number of investigations have formulated expressions
for preducting the excess porewater pressures generated
during pile driving (Reese and Seed, 1955; Lo, 1961; Ladanyi,
19631963; Lo and Stermak, 1965; D'Appolonia, 1971; Hagerty
and Garlanger, 1972). However, the theoretical expressions
developed by these investigators are all based upon certain
factors such as existing vertical stress, existing lateral
stress, and undrained soil shear strength and angle of
internal friction, which are subject to considerable change
during pile driving. For example, the displacements of soil
by a driven pile will remold the soil in a zone around the
pile (Zeevaert, 1950; Legget, 1950). Thus, porewater pres-
sures are generated simply because the soil is not consoli-.
‘dated, in its remolded state, at the stress levels existing

- in the soil prior to pile driving. Furthermore, the ambient.

stress levels are undoubtedly changed; the increase in ,
lateral total stress during pile driving is generally recog-
nized, but this increase may be accompanied by an increase
in total vertical stress. A long-terilm increase in lateral
effective stress certainly will occur. See Fig. 2C. Finally,
the remolding action of pile driving decreases the undrained
shear strength of the penetrated soil, the extent of the
strength loss being dependent upon the sensitivity of the
soi1l. For these reasons, no theoretical prediction of
generated porewater pressures should be considered reliable.
A preferable procedure is to estimate the generated excess
porewater pressures on the basis of collected experience.

The estimation of generated excess porewater pressures
can serve a double purpose; data from a number of case histories
show that during and immediately after pile ‘driving the total
porewater pressure is virtually equal to the total lateral
stress, with the lateral effective stress temporarily equal
to zero. See Figs. 2A and 2C. Therefore, estimation of
excess porewater pressures yields estimates of created total
lateral pressures. i

To facilitate the estimation of generated excess pore-
water pressures, data has been collected from a number of
case records and is presented in Figure 3. As mentioned
previously, in a nunber of instances the generated porewater
pressures and total lateral pressures have been equal to the
total overburden pressure (Reese and Seed, 1955; Milligan et
al, 1962; Bjerrum and Johannessen, 1260), and in a few cases
the generated pressures have exceeded the overburden pressure
(Hanna, 1967; Reese and Seed, 1955; Koizumi and Ito, 1967).

-_’—
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In one particular case porewater pressures equal to the
overburden pressures were measured at the skin of a large-
diameter pipe which was allowed to sink into a sensitive
Norweglan clay under its own welght only, ‘the bottom edge
of the pipe had been bevelled to minimize disturbance of
the clay and pressure gages.were inhstalled on the inside

- of the pipe (Kenney, 1967). In several of the recorded
cases the presence of a stiff upper layer or crust acted
as a confining 1ayer over softer underlving soils and
caused an increase in the total vertical (overburden} stress.
at the lower levels.

Several observations may be made on the basis of the
data collected from the cases previously mentioned. First
of all, in a zone of soil within about one diameter of the
pile maximum pressures are generated; the magnitude of
generated pressure appears to decrease with distance from
the pile skin approximately in inverse proportionality to
radial distance. In other words, the ratio of pressure at
distance r from the pile to the pressure at the pile skin,
ur/uplle' is approximately equal to the ratio of pile radius
to radial distance, rp/r. Secondly, there is some ev1dence
to indicate that once maximum pressure- is created at any
location in the soil, further pile driving will not increase
the pressure but will simply increase the extent of the high
pressure zone (Lo and Stermak, 1965). Additionally, the
generation of high porewater pressuresx is not confined to
the case of pile driving in fine-grained soils such as silts
and clays; high porewater pressures created by pile driving
in a fine, very loose sand have been reported (Bjerrum,
Kingstad and Kummenegze, 1961) . Although these high pressures
may be generated in the near vicinity of a pile during and
immediately after its insertion, the pressures dissipate quickly
in sands (Horn, 1966) and the overall importance of the water
pressures is not significant. However, pile driving does pro-
duce a significant increase in the effective lateral stresses
around piles driven into granular soils.

Even though considerable data have been collected on the
subject of pressures generated in the soil because of pile
driving, no comprehensive collection of information on lateral
movements associated with pile driving has been made. The
prediction of lateral movements to be anticipated as a result
of pile driving cannot be done on any theoretical basis, and
examination of the scant collected data on lateral movements
will permit of only a gross empirical estimate of anticipated
movements. A number of factors contribute to the complexity
of the problem of predicting lateral movements (and lateral
pressures, for that matter) caused by pile driving. These
factors include: as mentioned previously, the characteristics
of the soil into which the piles are driven; the seguence of
pile driving operations; and the geometry of the entire
foundation area.




FACTORS AFFECTING PRESSURES AND MOVEMENTS

Effects of Soil Characteristics

Driving piles into loose granular materials will cause
densification of the loose soil and surficial settlement
(Swiger, 1948; Lynch, 1960; Terzaghi and Peck, 1967; Feld,
1968). Apparently the zone of significant volume decrease
is limited to radial distances of two to three diameters
away from the driven pile (Plantema and Nolet, 1957; Kerisel,
1961) , although some surficial settlement may be caused at -
distances of as much as 50 feet from the locus of pile
driving {(D'Appolonia, 1971).

Lateral stresses created in granular soil as a result
of pile driving may be very high, as mentioned previously,
but they are of short duration. Nevertheless, significant
long-term changes in lateral effective stresses are produced
by pile driving, even in sands and gravels. Increased in
lateral stresses generally are confined to the soil within
the immediate zone of pile driving, and widespread increases
in lateral pressures (with consequent lateral movements of
structures and adjacent faCllltleS) have not been noted when
piles were driven in sands.

When piles are driven into fine-grained soils with low
values of permeability, the soil behaves essentially. incom-
pressibly. Practically no drainage occurs during the inser-
tion of a pile. Because of this short-term 1ncompre551blllty
of clays during pile driving, the effects of driving in clays
‘are much greater in areal extent than are the effects of
driving in sands which readily densify under the vibrations
associated with pile driving. Pile driving in clay soils
has been discussed in a number of previous publications (Klohn,
1963; Casagrande, 1947; Cummings et al, 1950; Holtz and Lowitz,
1965; Horn, 1966; Lambe and Horn, 1965; Orrje and Broms, 1967;
Zeevaert, 1950); in the following paragraphs only those aspects
of pile driving in clay which pertain to lateral pressures and
movements will be mentioned.

One additional comment should be made concerning the
influence of soil characteristics on generated pressures;
sensitive fine-grained soils tend to liquify around a pile
during driving and the effects of the pile driving are local-
ized within one or two diameters of the pile skin (Zeevaert,
1950; Legget, 1950; Tajime, personal communication).

In addition to the effects of soil properties, the over-
all geometry or arrangement of the pile foundation can have
an important influence on generated pressures and movements.

s



Effects of Foundation Geometry

In the context of this discussion, the terms "foundation
geometry" are used to indicate the physical arrangement of
the foundation area--the changes in elevation from one part
of the area to another, the presence of existing structures
around or in the foundation area, etc. The general effect
of differences in elevation within the foundation area is
that of a weak zone where the elevation is lowest because of
the obvious absence of soil there to resist lateral forces
created by the pile driving. .The overall influence of exigting
structures is a stlffenlng effect on the subsoils, which tends
to reduce movements in the direction of the existing facility.
In effect, the soil is prestressed at such a location and
consequently is made stiffer., The effects of foundation
geometry can be demonstrated best by a brief examlnatlon of
several cases.

In one instance, flexible piles were driven behind a
bulkhead into a soft clay deposit (Hagerty, 1969; Hagerty and
Peck, 1971). Plan and profile views of the site are shown in
Fig. 4A and 4B. Driving proceeded. generally away from the
anchored bulkhead and both driven piles and the bulkhead were
- displaced toward the river by later driving. Displacements
measured shortly before the bulkhead was shored with addi-
tional cable anchorages are shown in Eig. 4C. In this case,
the absence of soil on the river side of the bulkhead created
a weaker area with respect to generated lzteral pressures, and
lateral movements occurred preferentially toward the river.
This case also illustrates the fact previously mentioned, that
earth supporting structures are not designed or built to with-
stand magnitudes of pressures whlch are generated during pile
driving.

In a second instance, discussed in detail elsewhere
(Hagerty, 1969), displacement piles were driven into soft
and medium stiff clays to support columns of a hospital struc-
ture. Plan and profile views of the site are shown in Figs.
5A and 5B. Small-magnitude lateral movements of driven piles
were noted during the driving of later piles within the same
pile cluster, as shown for a tyvical cluster in Fig. 5C.
However, the presence of a low spot at the proposed elevator
pit location, and the difference in elevation between the
basement and sub-basement levels of the structure caused
large lateral movements of driven pile clusters. These move-
ments continued for as long as sixty days after the conclusion
of pile driving. The large magnitudes of these movements may
be noted in Fig. 5D.
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Figs. 6A and 6B show plan and profile views of another
site (Peck and Berman, 1961), wherein driving displacement
piles created difficulties with lateral movements. In this
case, the excavation for the foundation was completed and
the vertical construction slopes were supported with sheet
piles and cross bracing before any piles were driven. The
piles were cast-in-place concrete members formed in composite
pipe-shell sections, from 10-3/4 in. to 12 in. in diameter.

After pile driving had proceeded for one month, move-
ments of driven piles were noted. Accurate location and eleva-
tion surveys showed that the piles and the sheet piles supporting
the deep cut were being displaced by subsequent dr1v1ng. To
alleviate the difficulties, a 14-1/2 in.-diameter coring tool
was used to prebore holes about 14 feet deep in Wthh the piles
were then driven.

Even after this pre-coring procedure was adopted the:
driving still caused lateral displacements of driven piles. .
In the 47 ft and 57 ft-deep elevator pits, 8 ft-thick pile
caps containing almost 3 million pounds of coricrete were poured
in an attempt to stabilize the bottoms of the pits., After the
pit pile caps had cured for about one week cluster 105 was pre-
cored and driven 20 ft northeast of the pits. The driving of
these 18 piles in the 27 ft-deep sub-basement caused the pile
cap slabs to be displaced about one inch toward the southwest.
Installing cluster 104 12 days later caused a 3/4-in. lateral
movement of the slabs. Pile driving was stopped and hand-
excavated piers replaced piles as the foundation system for
this structure.

The large magnitudes of lateral movements of driven piles
which can result from later driving can be seen from the values
of movement shown in Fig. 7 {Thornley, 1953). These movements
occurred during a work stoppage of three weeks in the installa-
tion of composite displacement piles in 20 ft-deep pre-augered
{(larger than the pile diameter) holes through 110 feet of
medium clay to hardpan. In this case the movements had the
character of stress-relief or creep movements of the soil away
from zones of high lateral pressure created during the latest
phases of pile driving (Hagerty, 1969).

The cases cited above illustrate the influence of founda-
tion geometry on induced movements of piles or nearby struc-
tures, but additionally they demonstrate the significance of
the sequence of foundation construction, particularly the
sequence of pile driving. Another case may be presented which
will demonstrate the influence of driving sequence and which
will also summarize some of the comments made in preceding
paragraphs.
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Effects of Construction Sequence

Fig. 8A shows a plan view of a site where careful obser-—
vations of soil movements caused by pile driving were made
because it was feared that driving piles for the proposed
building would displace railroad tracks near the site and
would cause damage to nearby structures supported on friction
piles ‘(Hokugo, 1964). A soil profile for the site is shown
in Fig. 8B. The concrete pedestal piles used to transmit
load through the alluvial soils to dense gravel were about
20 in. in diameter and are shown in Fig. 8C. Surface reference
points were installed throughout the site as shown in Fig. 8E
- and piezometers were installed. Fig. 8D shows values of pore-
water pressure generated during pile driving. Fig. 8F shows
observed lateral movements. The horizontal displacement of
the points south of the piles occurred principally during the
driving of the first line of piles (1-12); some slight addi-
tional movement of southside points occurred during driving
of piles 26-62. The points on the north side of the piles
‘moved away from driving operations in a regular manner. On
the basis of these movements and observed heave movements,
the design engineers concluded that the first two lines of
piles acted as a shelter wall and reduced the soil displace-
ments south of the pile locations, and also that the existing
pile-supported structures tended to make the subsoils more
resistant to displacements. Because the movement appeared to
be taking place in the "flexible".direction toward the rail-
- raod tracks, no further piles were driven in the central area
of the site. Forty-six more piles were driven in the south-
west corner of the foundation, in sequence from west to east
to minimize displacements of the existing buildings on the
west, and in the remainder of the foundation, drilled piers
were substituted for the undriven piles. :

 SUMMARY

It has been shown that pile driving can cause lateral
movements of structures, soils and foundation elements and
can generate lateral pressures of large magnitude. The detri-
mental effects of sSuch pressures and movements has been men-
tioned and illustrated. As mentioned, prevention of such
difficulties is much easier to accomplish than is remedy of
a situation where they have already arisen. Prevention may
take the form of use of low-displacement piles, driving piles
in pre-augered holes or the selection of an alternate founda-
tion system. Pre-augering should be done with care, using
slurry techniques to minimize lost ground; partial pre-augering
in several cases was shown to be somewhat ineffective in
reducing generated pressures. However, careful control of
pre-augering operations, prudent selection of construction
sequence, and allowance for the effects of foundation geometry
can do much to alleviate the problem of lateral movements and
pPressures created by pile driving.



P | : = m.o.:_‘ona,_

Proposed 6-Story Existing 3-Story . N i P
Building - Building - A

&I0m ﬁ

\mM_io_,ama

Concrete Piles
( Existing)

\\l.*uaamﬂo_ Piles

mx_m:mw:&:n ( Proposed )

g 2 :

4 | m_a: Scale! meters : Section A-A
PLAN OF TELEPHONE BUILDING ( After Hokugo)

FIG. 8A



_‘ Standard Penetration Resistance, blows/ft
Soil | : : B 0o

EUn At S [ ]’

Clayey : : S
Sand ; '

Silt

9,5

e
e
oz !
=

Breve
oot
s
g0
ot
MY
Mo
F i1y,
PO
£33 I
343
* a4
by 2o 1]

» OF
3£
9
.

4

i e
Sandy | - ‘ CKJ

B W W W A T W W,

aw

Silty
Clay

LY

R IRARY

SN
g
[:’
td

20,5

A

- | 31
Clay : 25 : &k“‘ ;
30 A ﬁ

29.9 o f
.a‘ra Sandy
e g
w3l Gravel - :
%o
Re g ' i

FIG. BB SOIL PROFILE, TELEPHONE BUILDING |
(After Hokugo) :



s g2 e Sy " AR 5.

Casing, Concrete * Reingforcing Concrete Finishad

Containing. - Charge Steel Inserted, Forced Qut = Pile
Perforated Driven’ Concrete ,Through
Sheli and Out Poured Perforated
Core is Bottom Shell, Casing
Driven - _ (I3 Withdraw
Do m R e
U \iy Ay g
m; ],!’ il i IR
i L : —_- i “-—_—-’ ] l-:t__:-—
n ! Ui}* il
i1 | 1 | [’
P ; fhg 1
l { i iij il
;-L e 1115 i
i ?‘r[‘i‘
i 1
i i }:”..
il i
i il ]
£ /] '!’ |
Ic S5 TR
L L.
|| |{[Perforated,! - 3
|
1 §
:

Casing Diameter
Shell Diameter
Core Diameter

"H n
D
(8]
o
3

FIG. 8C SCHEMATIC DIAGRAM OF PEDESTAL PILE,

CASE B8 (After Taiyo Corp.)




-lr---s m ——&=—

|« 6 m—]

T

+
Py
O

+
(6]

4+ b+

W N

s s> ‘Q———-L‘v
. o
o

O e & 8 & e e
‘ 0
: { 0 5 .
o]
o
] o

— Existing

FIG. 8D

Structures

| S5m |

Q o
o I o
o o o
o o
o 4 o ° -]

o o o
o] o o o

+10 +7
otllo ©o o048 o o o o©

+12 +9

Legend

+ — Displacement Device
o — Reference Point

LOCATION OF OSSERVATION POINTS

( After Hokugo)

Existing 3-Story Structure -




PRESSURE(ke/em2) - __ PRESSURE( X 2
& 5
\nm, \..mw
M.h&ﬁ . m..._-
e S
()] ()
E &
fa od be o
& 5
™ =1
(] =
/5 5
20 20

FIG, 8&. POREWATER PRESSURES GENERATED BY PILE
DRIVING, TOKYO TELEPHONE BUILDING

(After Hokugo)



'} Existmg Structures %

y

T_ Mu

}” )

¥

B

~ Existing Sfructure

\@@@@@@@0@.@@

® .@@@.Q@@@@
@ ® ® ¥
-
- ®
)
' i i\ O
. ® N NI
Sca!"esi :
~ Displ, cm  Plan, m
o F—O
r-‘_
10 2
-3
20 4
_ —5
,L e : Legend:
4' S ; - X Original Position
,- 8 of Reference Point
S J @,\Px le Location
‘* = N Number Signifies
i = S l - Driving Sequence

FIG. 8F

HORIZONTAL DISPLACEMENT OF REFERENCE

PORNTS

{After Hokugo)



APPENDIX-REFERENCES

Bjerrum, L., Hansen, J. Brinch, and Sevaldson, R., (1958),
"Geotechnical Investlgatlons for a Quay Structure in Horten",
NGI Pub. No. 28.. »

Bjerrum, L., and Johannessen, Ty (1960), "?dre Preséures'
Resulting from Driving Piles in Soft Clay", Proceedings, -
Conference on Pore Pressure and Suction in Soils, London.

Bjerrum, L., Kringstad, S., and Kummeneze, O., (1961), "The
Shear Strength of a Fine Sand", Proceedings, Fifth Int. Conf.
Soil Mech. and Fdn. Engrg., Vol, 1. : ;

Casagrande, A., (1947),'"The Pile Foundation. for the New
John Hancock Building in Boston”, Journal, BSCE, V. 34, No. 4.

Cummings, A. E., Kerkhoff, G. 0., and Peck, R. B., (1950),
"Effect of Driving Plles Into Soft Clay", Transactlons, ASCE,
V. 11s5. :

D'Appolonia, D. J.,(1971), "Effects of Foundation construétion
on Nearby Structures", Proceedings, 4th Pan Am. Conf. Soil -
Mech. and Fdn. Engrg.. San Juan. j i

_ ' \ , Tl
Feld, 3., (1968), Construction Failure, John Wiley & Sons,
New York.

‘Hagerty, D. J., (1969), "Some Heave Phenomena Associated with
Pile Driving”, Ph.D. thesis, Univ. of Illinois, Urbana.

Hagerty, D. J., and Pecky'R. B., (1971), "Heave and Lateral
Movements Due to Pile Driving", Proceedings, ASCE, V. 97,
No. SM 11. :

Hagerty, D. J., and Garlanger, J. E., (1972), "Consolidation
Effects Around Driven Piles", Proceedings, ASCE Specialty
Conference on Perf. of Earth and Earth-Supported Structures,
Purdue University..

Hanna, T HL, (1967),'"The Measurement of Porewater Pressures
Adjacent to a Driven Pile", Canadian Geotechnical Journal,
V. 4, No. 3.

Hokugo, H., (1964), "Cbservation of Soil Movement Due to Pile
Driving", Building Engineering News, Niovpon T & T Pub. Corp.,
{in Japanese).

Holtz, W. G., and Lowitz, C. A., {1965}, "Effects of Driving
Piles in Lean Clay", Proceedings, ASCE, V. 91, No. SM 5.




Horn, H. M., (1966), "Influence of Pile Dtiving and Pile
Characteristics on Pile Foundation Performance”, Lecture -
Notes, Metropolitan Section ILecture Series, ASCE , New York.

Ireland, H, 0., (1955), "Settlement Due to Building Construc-
tion in Chicago”, Ph.D. thesis, Univ. of Illinois, Urbana. .

Kenney, T, C., (1967),."Field'Measurements of In Situ Stresses
in Quick Clays", Proceedings, Geotechnical Conference, Oslo.

Kerisel, J., (1961), "Fondations profondes en milieu sablenx",
Proceedings, 5th Int Conf. Soil Mech. and Fdn. Engrg., Vol. 2._

Klchn, E. J., (1963), "Pile Heave and Redr1v1ng” Transactlons,
- ASCE, V. 128. ~

. Koizumi, Y., and Ito, K., (1967), "Field Tests with Regard

to Pile Driving and Bearing Capacity of Piled Foundatlons"
Soil and Foundation, V. 3, No. 3.

Ladanyi, B., (1963), “Expansion of a Cavityvin a Saturated -
Clay Medium", Proceedings, V. 89, sSM 4,

Lambe, T. W., and Horn, H. M., (1965), "The Influence on an
Adjacent Building of Pile Driving for the MIT Materials Center",
Proceedings, 6th Int. Conf. Soil Mech. and Fdn. Engrg., V. 2.

Legget, R. F., (1950), Dlscuss10n—"Effnct of Driving Piles
Into Soft Clay", Transactions, ASCE, V. 115.

Lo, K. Y., {1961), "Stress-Strain Relationship and Porewater
Pressures Characteristics of a Normally Consolidated Clay",
Proceedings; 5th Int. Conf. Soil Mech. and Fdn. Engrg., V. 1.

Lo, K. Y., and Stermac, A. G., (1965), "Induced Pore Pressﬁres
During Pile Driving Operations"”, Proceedings 6th Int. Conf.
Soil Mech. and Fdn. Engrg., V. 2.

Lynch, T. J., (1960), "Pile Driving Experiences at Port
Everglades”, Proceedings, ASCE, V. 86, No. SM 2.

Meyerhof, G. G., (1959), "Compaction of Sands and Bearing
Capacity of Piles", Proceedings, ASCE, V. 85, No. SM 6.

Milligan, V., Soderman, L. G., and Rutka, A., "Experience
- with Canadian Varved Clays", Proceedings, ASCE, V. 88, No. SM 4.

Orrje, O., and Broms, B., (1967), "Effects of Pile Driving on
Soil Properties", Proceedings, ASCE, V. 93, No. SM 5.

Peck, R. B., and Berman, S., (1961), "Recent Practice for
Foundations of High Buildings in Chicago”, The Design of High
Buildings, Symposium, Univ. of Hong Kong.'




'?lantema, G., and Nolet, C. A., (1957),_"Influénce-of Pile
Driving on the Sounding Resistance in a Deep Sand Layer",
Proceedings, 4th Int. Conf. Soil Mech. and Fdn. Engrg., V. 2.

Reese, L. C., and Seed, H. B., (1955), "Pressure Dlstrlbutlon
Along Friction Piles", Proceedlngs, ASTM, V. 55.

Swiger, W. F., (1948), "Effect of Vlbratlon on Plles in Loose
Sand", Proceedlngs, 2nd Int. Conf. Soil Mech. and Fdn. Engrg.,
VO 2' . E

Terzaghi, K. T., and Peck, R. B., (1967), Soil Mechanlcs ln
Engineering Practice, John Wiley and Sons, New York.

Thornley, J. H., (1953), "The Mystery of the Restless Substratum”,
Engineering News-Record, Mw%ﬂ,%mhw.

Zeevaert, L., (1950), Discussion-"Effect of Dr1v1ng Plles
Into Soft Clay", Transactions, ASCE, V. 115.°,




	ORVSS 03 - Lateral Earth Pressures.pdf



