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ABSTRACT: The first part of this paper consists of brief @uuction of the in-situ pile loading tests that é&®een conducted in Japan over
the last two decades in connection with the desigsh construction of high-rise buildings in areasoft soil deposits. In addition to the
conventional types of tests in which the load igliggl at the top and at the toe of the pile (O-tast), what may be called “pile toe bearing
test” and “skin friction test” is introduced. Thesults of these tests are described and compatkedhaise from the conventional type of the
pile loading tests. In-situ prototype tests amodhtroduced in which bearing power of Barrettpetyile is compared with that of the
circular type pile. A special case of in-situ pibading tests conducted in Singapore is also imited in which the friction between the
circular ring-shaped concrete segment and the woding soil deposit was measured directly duringagation of the shaft by applying
loads up and down by jacks installed between twacatt segments in vertical direction. The seccartl @f this paper is a brief description
on constructions of large-diameter circular diaghrawvalls that was carried out about 10 years agtéhi® LNG storage tank in the coastal
site in Tokyo Bay. The construction of the largalsdkawasaki Island in the middle of Tokyo Bay ipdia will also be introduced. The
whole scheme and process of construction is fasethieo undertakings is introduced with some commentobserved behaviour of the

walls and on special precaution taken during conson.

1. INTRODUCTION

In the design and practice of foundations supportireavy-
weight structures such as high-rise buildings agdescale
facilities, of utmost importance is to know the deearrying
characteristics of soil or rock deposits at depthsleep as 30m-
50m. Estimates of the load-bearing capacity ftespembedded
into such deep-seated deposits have been madeatignay
carrying out what is known as the O-cell test de poe loading
test. In some cases, direct loading tests arempeed by large
concrete blocks or segments on the intact surfécineo deep
deposits which are exposed during excavation sfquitshafts for
foundation construction. The outcome of theseitint&sts has
not unfortunately been publicized and compiledhi éxtent that
these data can be effectively utilized for the giegiractice in the
future. In view of this, some data from the in-sjtile loading
tests performed in Japan were collected and predeint this
paper.

It is to be noted that the soil deposit near thdase in the
area of industry and mega city in Japan, is gelyeramposed of
soft soil of alluvial origin underlaid by alternegi layers of stiff
sand, clay, sand and gravel of diluvial origin.islthe generally
adopted criterion that some of the stiff sand awvgl layer can be
chosen as a bearing layer to support the pilesus,Tthe end
bearing type piles is frequently used in Japanerathan the
friction type pile. However, since the stiféaring layer is seated
at great depths of about 20-50m, the O-cell teat® loften been
adopted to identify whether a given deposit is cetapt enough
to mobilize the necessary bearing power. Soméeftésults of
in-situ pile loading tests recently obtained in atapby this
method are introduced in this paper.

In the case of the deep-seated foundation suppdtethe
diaphragm walls, the O-cell test is not applicadotel some other
methods need to be explored. In important projedferts have
been made to measure directly the bearing powskiarfriction
within excavated pits or shafts by means of théedzading tests
performed on exposed surface of intact stiff sagdwel and
rocks. As one of the attempts in this contextegample of in-
situ loading tests conducted in Singapore is intoed in this
paper.

The other topics of importance in the foundatiogieeering
would be the design and construction of the lagdes
diaphragm wall, particularly when it is used ascalar walls
without any bracing. In the round-shaped wallg tioop
compression and its distribution in the circumféiandirection
are important factors to be considered with utnasicaution.
The method of design and results of monitoringhis regard

will be introduced by quoting an example of consting a large
LNG storage tank in Tokyo. When the circular wall i
constructed under the seabed, one of the majorecosids the
safety against the bottom heave and piping duegto tydraulic
gradient of seepage water. These issues will el\btouched
on by quoting an example of the large scale coottm of
Kawasaki man-made island in the middle of Tokyo Bajapan.

Accumulation of in-situ data on pile testing ismach both
in content and volume that it was difficult to oview all of them
and come up with a state-of-the-art text from afaint of view.
What is written here is part of the test data whlconsidered
appropriate in the context of the present presemtatThere are
also many construction examples of circular diaghrawalls.
Because of the limitation in several respects, it wat possible
to prepare a comprehensive overview of the curseate of the
practice. However, it is believed that the mainnpmiof the
current practice in Japan are understood via thieal examples
introduced here.

2. PILE TOE LOADING TEST
2.1 Genera

The pile top loading test in which loads are amplirectly on

top of piles has long been the method commonly tdbpo

verify actual bearing capacity of piles in the dieWhen the size
of piles is relatively small corresponding to a lovagnitude of
design load, this method proved to be the mosttigedcand

useful tool for assessing the load-carrying capaoit piles.

However, the demand for greater bearing power hagased in
recent years in unison with increasing size andghteiof

buildings and facilities. Thus, required size ambedment depth
of piles have increased remarkably. In such sibaati the top
loading test has become no longer recognized asffeotive

means to evaluate in-situ performance of largespile

because it requires large trestles and facilitinstlee ground
surface to apply heavy weight to the pile head, thedefore
becomes expensive.

To cope with this, what is called pile toe loaditest has
become a commonly used procedure. This method stensf
applying up and down forces at the tip of pilesrbgans of a
large jack which has been embedded in advance atilthtoe. In
its original form proposed by Osterberg in 1984HKored piles, a
flat pancake-like cell was placed at the bottorthefdrilled shaft
before the concrete was poured. After the condrasecured, the
cell was pressurized internally by oil pressuregating an
upward force on the shaft and simultaneously amlegagnitude
of force downwards to the bottom of the shaft. Toesvnward
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force to monitor bearing power of the pile toe ésisted by the
upward force mobilized by the friction on the sedaf the pile
body. At the same time, it is possible to monitbe shaft
friction as well while the reaction is taken by tHewnward
directed bearing power. The mutually counteractioges as
above are utilized to apply two major forces, tisatfor the end
bearing test and also for the shaft resistance T upward
movements of the pile at its toe and downward disgrhent of
the ground at the pile toe can be measured indepégdria the
two long bars with their ends attached throughgipes to the
top and bottom of the pressurized jack. Thus, tipevand
displacement of the shaft is known along with tteeviaward
movement of the pile toe, thereby permitting thead-
displacement relation to be establisHedthe shaft resistance as
well as the end bearing power.

The advantages of using this technique are sumethi@s
follows:

1) There is no need to provide large equipments ssdteavy
weights or reaction piles on the ground surfaceafuplying
the force on the pile top, making it easier ancjeasive to
install the test setup. The oil pump and sevenaillary
guages for monitoring pressure and displacemertsthar
only major apparatus for the test setup on thergtaurface
which are simple and installed in a limited space.

2) As far as the end bearing is concerned, the ulémalue is
measured directly, as a load of high intensity lsarapplied
just to the soil deposit adjacent to the pile toe.

The above method, as referred to as “O-cell tea h
been used widely for evaluating the in-situ perfance
characteristics of large and long piles. In Japtaa original
setup was modified to some extent particularly e t
mechanical part for applying the pressure at the fuie.
Instead of the pressure cell, a mechanical systamisting
of a large-capacity jack at the pile toe and theasneng

device controlled on the ground surface have been

incorporated and in common use for carrying out ffie
loading tests. The test setup of general usepanléor the
O-cell tests is schematically illustrated in Fig. 1
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Figure 1. Schematic diagram for pile toe loadirsy (©gura et al.
1997)
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2.2 PileToelLoading Test at Kanto Postal Bureu Site

Taking advantage of the construction of the news@8ey
building for the postal bureau office in SaitarRaefecture due
north of Tokyo, a series of pile tip loading testas conducted
by Shibuya et al. (1997) to assess the end beadpgcity of
cast-in-place reinforced concrete piles. The lngdvas 129.8
high and had two-storey basements. The site istddcat the
northern part of Ohmiya terrace area and consists series of
soil layers of diluvial origin, as displayed in Fig. Below the
surface fill, there exists a dense sand deposietad by silty
clay with a SPT N-value of about 5. Below this dgpaa thick
dense sand deposit with N>50 was shown to existiegths
between 45m and 60m, which was considered competentgh
to act as an end-bearing layer of the piles.

To substantiate its bearing capacity, a jack 1.3riameter and
1.044m high with a movement stroke of 50cm was elded at
the pile toe through the procedure as illustrate#ig. 3. In the
present case, a hole with a diameter of 2.2m wdledito a
depth of 48m. After cleaning the bottom, a hoplaeled with
cement-mortar was lowered through the mud waterdeide a
sound base for the pile toe and then the jackfsthc
reinforcement cage was lowered so that the jackdcbhe made
to sit at the right position of the base. Concreds then poured
to form the test pile. The area of cross sectiahe pile tip was
Ap=3.8nf. After curing for 34days, the load was applied
cyclically to the jack. One of the results of thiée toe loading
tests is demonstrated in Fig. 4. Shown in Fig.) 4te the
settlements, Sp, plotted versus the load, Pp, iothitored at the
pile tip. It is known that the ultimate value dktend bearing is
about 30MN and this is mobilized when the pile tias
displaced by 50cm. The effective nominal bearingacity is
normally defined in Japan as the load intensitthatstage when
the pile is displaced by an amount equal to 10%hefdiameter
of the pile tip.
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Figure 2. Soil profile at the site of Kanto Pofakeau
(Shibuya et al. 1997)
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Figure 3. Procedures for installing a jack atttieeof the
cast-in-place reinforced concrete pile
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Figure 4. Results of the pile toe loading teshatsite of Kanto
Postal Bureau (Shibuya et al. 1997)

In this case, by reading off a value of 23MN copa@aling to
the settlement of 10% of the pile diameter, the inaibearing
capacity was estimated as 23MN/3.8 m2 = 6.05MN/r695t/m2.
In this particular test, values of upward movenwrthe pile top,
Uo, was also monitored on the ground surface. measured
uplifts at the top, Uo, and at the pile tip, Upe ahown in Fig.
4(a) as plots versus the load, Pp, applied atitedip. It can be
seen that the amount of uplift at the pile tip isager than that at
the pile top indicating the fact that the pile bddgpded to shrink
due to the compressive load.

To monitor the friction along the shaft, the strgages were
pasted on the reinforcement at five depths as aelcin Fig. 2.
By reading the compressive strains of the gagesa# possible
to calculate the total magnitude of the verticalddeing applied
to the cross sections at each of the five depffise axial load
distributions thus obtained through the depth &pldyed in Fig.
5 where it is noticed that the reduction in theabload between
two neighboring points of measurement is taken dwerthe
equal magnitude of friction acting on the surfat¢he pile body.

The frictional force intensity between two adjacpoints of
measurements thus calculated is shown in Fig. @lais versus
the displacement between these two points. It easelen that the
frictional force between the Section 1 and theitoplmost equal
to zero indicating that the friction was cut off the presence of
the casing as accordingly shown in Fig. 2. Theiéit between
Section 4 and the jack at the pile tip is knownréach its
maximum value of 20t/mwhen it was fully mobilized. This
value was almost equal to the friction of 178 which had been
postulated when the design was made.
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Figure 5. Axial load versus depth in the pile toading test at
Kanto Postal Bureau (Shibuya et al. 1997)
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2.3 Load-Settlement Curvesat the Pile Top Estimated
From the Pile Toe Loading Tests

The load-settlement relations, that is, Pp vs. Gwes can be
obtained in-situ with the optimum cost as describédve but
what is indeed necessary in the design of pileshés load-

settlement relationl:’o VS. So curve at the top of piles. There are

several models proposed to estimate the relatidheatop based
on the results of the pile toe loading test. Ohthem is what is
termed “Load transfer method” proposed by Kishidad a

Tsubakihara (1993). Using this method, lye— S, curve at the
pile top at Kanto Postal Bureau site was evaluated on the
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Pp - Sp relation which was represented by a hyperbolic eurv
The result of the analysis is shown in Fig. 7, thge with the
original Pp —Sp relation obtained from the pile toe loading test.
It is noted that the ultimate value of the skirction, that is,

P, = 30MN , which should be equal to the upward load at the

pile toe, can be estimated directly from the tessult
corresponding to the settlement of 50cm.

The curve predicted by the model is seen shiftigigtwards by
an amount approximately equal to the toe resistaviieh was
gradually mobilized with increasing settlement. efithare many

other cases of similar studies in which th =S curve
predicted by thd:’p —Sp relation via the model shows a good

coincidence with thé:’0 - SO relation actually measured at the
pile top. Thus, it is now considered appropriaeérform the
pile toe loading test and to estimate IP@— SO curve at the pile
top to be incorporated in the design.

24 Compiled Results of the Pile-Toe L oading Tests

There have been a majority of test data of similature ever
performed in Japan at various sites to obtain the leearing
capacity of dense sand deposits and soft rockseseltwere
summarized by Ogura et al. (1998) as shown in&ig.terms of

the load intensity at the pile toP,p/Ap, plotted versus the

settlement,Sp, divided by the diameter of the pip at the

pile tip. It may be seen in Fig. 8 that the pile settlement is
much smaller for soft rock and gravelly sands ttiaat for sand
deposits. This implies the fact that, for the sti#posits generally
considered competent; the end bearing capacityester in soft
rock or gravelly sand deposits as compared toithéte dense
sand deposits.
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Figure 7. The load-settlement curve at the pilegsiimated from
the Pp-Sp relation by using the load transfer ne{&hibuya et
al. 1997)

3. PILE TOE BEARING TEST AND SHAFT
RESISTANCE TEST

3.1 Conceptsof the Pile Toe Bearing Test and Skin Friction
Test

Shown in Fig. 9 are the illustrations for four tgpef pile loading
tests ever performed. Figure 9(a) is the normaé tgpthe pile
top loading test. The pile toe loading test ascidlesd in the
foregoing section is illustrated in Fig. 9(b). Thisst can be
carried out to know the bearing capacity of the pile. However,
there remains some influence in the vicinity of fhke tip, of

100

reducing the vertical confining stress due to theftsfriction

directed upwards. To eliminate this effect, if amjat is called
“Pile toe bearing test” was proposed as illustrételig. 9(c). In
this type of test an axial load approximately egoghe upward
force at the end jack is applied in addition at pile top to
discard the shaft friction. The magnitude of thecé at the pile
top is slightly smaller than the upward force frgack by an
amount equal to the weight of the pile body. By nweaf this
test, it is anticipated that the genuine value ol dearing
capacity free from the influence of the shaft fdot can be
measured/obtained.
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Figure 8. Summary of the pile toe loading tests
(Ogura et al. 1998)
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Figure 9. Four types of pile loading test

The fourth type of test is the one called “Skirction test”.
This type of test was proposed to cope with théctim saying
that in the widely used O-cell loading test, thietional force
along the shaft is mobilized in the downward di@ttwhich is
opposite to the direction activated in the normabrking
conditions of in-situ piles. In an attempt to shemine light on
this aspect, the skin friction test was developge®h Ogura and
his associates (2005). As illustrated in Fig. 9} test consists
of applying an axial force, first of all, at thelgpitop which is
approximately equal to the upward force at the fidenhile the
end-installed jack is in operation. Then, the pressn jack is
released. There is no force acting upward from ghe toe.
Thus, the axial load, Po, applied at the pile ®fotally resisted
by the friction mobilized on the surface of the fsharhis is the
principle of performing the skin friction tests.
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3.2 PileToeBearing Test and Skin Friction Testsat Kaifu
Sitein Aichi Prefecture

The test site is located at Kaifu near Nagoya wlhieeedeposits
consist of a series of soil layers as shown in Ey. The depths
at which the jack was installed on two piles A d@dre also
indicated in Fig. 10. The site is located in tl@d plain area
composed of layers of soft silt and clay deposith ¥he SPT N-
value of the order of 0 to 5. There exists a dghawsand layer at
the depth of 48.5m. Two precast concrete pilesptdal by A-

pile and B-pile, were used for in-situ loading $estThe A-pile

with a diameter of 1.0m was embedded to a dep#Rof where
a 0.5m-height jack was installed. Below this defttle, pile was
modulated through the 5m-length to a depth of 47viimere a
sand layer with N-value of 24 was encountered. os

modulated portion near the bottom, the diameter Wash but

for the non-modulated part the diameter was 80dme aim of

the loading test by the A-pile was to know the tmearing

capacity of the sand deposit. The B-pile with arditer of 0.8m
was a straight pile to a depth of 44m where a (Qrbheight jack
was attached. Below this, the modulated pile with diameter
of 1.0m was jointed downwards as illustrated in BE@ The aim
of the test by the B-pile was to examine the bearipgwer of

the gravelly sand layer with a N-value of 60 atattl of 49m.
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Figure 10 Soil profile at Kaifu site and embedmeftwo piles
for toe bearing and skin friction tests (Oguralef@05)

The prefabricated piles were installed in pre-bdrelks after
the bottom had been cleaned up. Milky cement veasqa and
churned with the soils at the bottom to preparendobeds for
placing the piles. After the piles were put in glathe cement
mortar was poured to fill the annular space betwé&enprecast
pile and the surrounding soils.

3.2.1 PileToeBearing Test

The results of the pile toe bearing test on theil&-ps
demonstrated in Fig. 11 in terms of the jack-apbliead R
plotted versus the downward displacement of the, (gl at the
point of the jack and also the displacement, Sphapile tip. It
can be seen in Fig. 11 that the displacement afattiepoint is
slightly larger than that at the pile tip. Thisdse to a slight
compression of the pile body taking place through $5m-long
portion between the jack point and the pile tipowsdver, the
load-settlement curves for the pile toe loading aseand large,
the same for the two plots of ¥ersus gand Sp. It can also be
seen in Fig. 11 that the ultimate bearing powet@B7MN was
achieved with a settlement of 17.6cm at the pikeitothe sand
deposit of N=24 at the depth of 47m.

Measurements were made of the axial strains by snefatrain
gauges pasted to the reinforcement cage througbpihéength
as indicated by the dotted points on the right-h&idd of Fig. 10.
Over the portion of the pile from the top down e jack point,

the axial load monitored by the strain gages wasvehto take
approximately an identical value which is equaPw [ Pp. In

the 5m-long portion from the jack point to the plile, the axial
force as measured by the strain gages at five pandisplayed
in Fig. 12, where it can be seen that the axiat Itends to
decrease with increasing depth from the depth 4247t due to
the skin friction mobilized over the 5m long portiabove the
pile toe.
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Axial force by jack, P; (MN)

)
TN T N R S B L L L

50 100 150 200
Displacement at jack,S, and at pile toe,S,, (mm)

Figure 11. Load-displacement curves from the piteliearing
test at Kaifu (Ogura et al. 2005)
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Figure 12. Load-displacement curves obtained fitoarpile toe

bearing tests at Kaifu (Ogura et al. 2005)

3.2.2 Skin Friction Test

Following the toe bearing test on the A-pile, thimdriction test
was carried out on the same pile by reducing tbk Eessure
while keeping the pile top load unchanged. Theictdn in the
jack pressure was assumed to be equivalent totheaise in the

load Po at the pile top which is regarded as indicating th

corresponding increase in the skin frictiop RThe result of the
test is displayed in Fig. 13 in terms B or R, plotted versus
the vertical displacemerﬁo, at the pile top or;&t jack point.

It may be seen that, for a given axial load at pde, the
displacement at the jack point, & smaller than that at the pile
top, indicating that this difference correspondshe shortening
of the pile body. The depth wise distribution bétaxial load
through the pile length as evaluated by the sigaige reading is

displayed in Fig. 14. It can be seen that the mari loadPo ,
at the top tended to decrease with depth and beeguoa to zero
at the pile tip for all the steps of loading.

3.2.3 Comparison of the Toe Bearing Capacity between the
Sand and Gravel Deposits

As demonstrated in Fig. 10, the B-pile was put l@ce in the

sandy gravel layer at the depth of 49m where th€ SRalue

was 60. The result of the pile toe bearing tesidoated on the
101
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B-pile are shown in Fig. 15 where the end bearingdlo
intensity,qp, as defined b)qp = Pp/Apis plotted versus

the vertical displacement,. St the jack point or at the pile tip,

Sp' The result of the pile toe bearing test on thpil& shown

in Fig. 11 is also replotted in Fig. 15 in the safashion for
comparison. It is obvious from Fig. 15 that thel éearing load

intensity qpin the gravel is much higher than that in the sand

deposit.
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Figure 13. Skin friction distributions through ttoe portion of A-
pile (Ogura et al. 2005)
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4. BEARING POWER OF BARRETTE PILE AS
AGAINST CIRCULARPILE

The rectangular pile called Barrette pile has bddnequent use
in recent years particularly for installing frictigiles, because of
its greater amount of shaft resistance that is haebli in
comparison with that of the circular pile. This e=ff is
envisioned highly likely as the surface area on dmaft is
apparently larger in the Barrette-type pile.

In order to verify this aspect, in-situ pile loagditests were
conducted by Iwanaga et al. (1991) where the benawf the
circular pile was compared to that of the rectaagpile having
an identical cross sectional area. Shown in Fégislthe layout
of the two pile loading tests. The circular pil2r in diameter
had the same cross sectional area of 1?18m that of the

2.0x 0.6m rectangular pile, but the latter had a surface area

which was 1.38 times larger than that of the form€&here were
two sets of earth anchors as shown in Fig. 16 whigre

installed to carry reaction force when the loadgplied on top of
the piles. The test site was located at Tsukinim&anagawa
Prefecture due west of Tokyo. The soil profileréhis shown in
Fig. 17 together with the side view of the two gileThere is a
thick wind-blown deposit of clayey silt termed “Kanloam”

having the SPT N-value of the order of 5 to 30 tdepth of

14.5m. Below the loam layer, there exists a sti#hdy soil

deposit of diluvial origin with the N-value in ex@eof 50. Two
piles were installed by lowering the rebar cage ifie prepared
hole and concreted.

@ L ] [ ] [ L ] [ ]
T 1.2m-| 2 om—s|
1.5m l
e L

Lo @ 4,=115m vom

apan
L5m Circular Rectangular
| o . pile o o pile . o

Earth
anchor

+—1.6mr i 2.05mr } 2.05m: 1.6m—|

[+—1.6m—>*+—2.05m—+«—2.05m—

Figure 16. Layout of the pile loading tests, oneaaircular and
the other on a rectangular pile at Tsukimino (lvganat al. 1991)

Strain gages were attached to the reinforcemerg oéghe
piles to measure the axial load at several degtshawn in Fig.
17. The tests were of normal loading type in whtehload Po is
applied at the pile top and the settlement measairéue top.

The result of the pile top loading test on the Wic pile is
presented in Fig. 18 in which the pattern of ttadloeload cycles
is displayed versus time on the upper left-hance.sidThe
progress of the settlement with time is shown anltwer left-
hand side in Fig.18. On the basis of the time-gkanthus
obtained, the load-settlement curve in cyclic logdiis
established as shown in the lower right-hand sfdbediagram.
By reading off the maximum values of load and estnt at
each cycle, the load-settlement curve was obtaaseghown in
the upper right-hand side.

The results of the pile top loading test on theamgular pile
is demonstrated in Fig. 19 in the same fashionhas of the
loading test on the circular pile. Comparison bé tload-
settlement curves in the upper right-hand sideig$.FL8 and 19
does apparently indicate that the bearing powgréater for the
rectangular pile than for the circular pile. To derstrate this
feature more vividly, the load-settlement curvestfee circular
pile and rectangular pile are shown together in #g In Fig. 20
(a), the settlement, so, at the pile top is plottetsus the load,
Po, at the pile top, where it can be clearly seeat the
rectangular pile exhibited the ultimate bearing poaf 17MN as
against 13MN in the circular pile. The ratio otigease in the
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bearing power in the Barrette pile is about 1.3 sirae compared
to the circular pile.

There were strain gauges equipped at the pileptyéon
embedded through 2.5~3.0m into the stiff sand lag®ishown in
Fig. 17. Based on the measured data, the equivalesit force,
Pp, mobilized by the friction at the portion of th#de toe was
estimated. The force Pp divided by the area Aphattbe is
plotted versus the settlement at the pile tip Spign 20 (b). The
settlement Sp was taken approximately equal to dhdte pile
top So. As shown in Fig.ure 20 (b), the ultimat@ddntensity for
the rectangular pile was 11MPA as against 8.6MPAtha
circular pile. Thus, there was 1.24 times increasthe bearing
power mainly by frictional resistance at he portafthe toe in
the case of the rectangular pile. It is obvious$ tha increase has
emerged from the fact that the rectangular pile f@ge-type
pile) has the larger surface area over which thetidnal
resistance at the toe portion can be mobilizedn efzéhe cross
sectional area is the same.

5.1 Outlineof the Project and Construction

In-situ measurements of shaft resistance wereechwit in
the excavated shaft during the construction of -iteptace
reinforced concrete piles for the foundation of thaited
Overseas Building in Singapore (UOB). The 66-stdreiding
281m high was constructed in 1992 in the centradir®ss
district of the city. As shown in Fig. 21, it isdated on the right
bank of Singapore River about 500m from its exitite Marine
Bay. The building as it stands now is shown in 8. The
approximate soil profile in the east-west directisrisplayed in
Fig. 23 where it can be seen that there exits anmatay deposit
about 10~30m think overlaid by a surface fill angiafy clay
layer. Below the marine clay, there is a residwél deposit of
medium stiffness which is underlaid by the bouldelgy. The
layers of alluvial deposits above the bouldery ctag called
Kallang Formation. According to the paper by Haralet{1993),
the bouldery clay deposit is composed of stiff tarch soil
deposits interspersed with sandstone-derived bmild&he
boulders varying in size and in shape from a fentiogeters to
6m occupy about 20~30% of the total volume. Thius,ltoulders
are seldom in contact with each other. The sai/anatrix
behaves essentially as a stiff to hard, heavilyr-ceasolidated
clay and it tends to soften when put in contachwiiater. The

Depth{ Soil Soil SPT N-value
(m) | type | Profile 1020 30 40 50
0-
5|
] Tsukimino
1 Loam Kanagawa
- Japan
10 -
15—
| Sandy s
Soil o
] @

undrained shear strength of the clay matrix asuetetl via the
pressiometer test and plate loading test was showbe about
1.0Mpal 10kgf/icnf. The bouldery clay deposit is estimated to
extend down to about 120m depth and the majorithigh-rise
buildings in the district are founded on the baseictures
constructed in this bouldery clay deposit as shanwvifrig. 24.
Construction of the foundation for the UOP Plazaléscribed
somewhat in details by Iwanaga et al. (1991) anantora et al.
(1991). The following is the excerpt from the repo

The UOB plaza carrying a total weight of 1512MN was
constructed on the foundation with 12 caissons eupg by the
shaft friction. The plan view of the layout of tfmundation is
demonstrated on the left side of Fig. 25. The rgjtle indicates
the portion of strutted excavation to construct thetorey
podium attached to the high-rise tower.

The entire floor area of the building complex iglesed by
the diaphragm walls with a thickness 0.8m to 1.2hictv was
embedded to a depth of 15m to 40m where the comipete
residual soil or bouldery clay layer exists. Thapthiragm walls
were designed to act as the permanent walls for3thevel
basement car park. The side view of the caissdrbaned piles
along the cross section CA3 through CAG6 is demorestrat Fig.
26 where it can be seen that the upper part opiles through
soft alluvial deposits (Kallang Formation) consistshe caissons
enclosed by the diaphragm walls. The lower part thoeé
foundation was composed of the segment of castaicep
reinforced concrete.

The method of constructing the caissons in the upo&t
consisted first in installing the diaphragm walsaugh water-
saturated soft ground, as illustrated in Fig. Eor the CA8-pile
having an inner diameter of 7.6m, the diaphragml| wals
constructed by following the three steps of cutting® and 3 as
illustrated in Fig. 27(c). By sealing off the gralwater and
retaining the soil behind, excavation was advanaeddry
conditions by machines. In the course of downwascheation,
the reinforced concrete ring beams were construataitu at an
interval of 5~6m, to provide circular bracing fdretdiaphragm
wall. When the excavation reached the level ofttbelder clay
deposit, that is, the toe of the diaphragm walke tutting was
carried out further down in open conditions whitetpcting the
exposed soil surface by placing the ring-shaped-ingslace
reinforced concreting circular segments 40cm tlaicll 2m wide.
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Figure 17. Soil profile and side view of the twéegi(lwanaga et al. 1991)
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Figure 20. Load-settlement curves from the pigallag tests on the circular and rectangular pit@sakimino (lwanaga et al. 1991)
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Figure 21. Location of UOB Plaza in Singapore
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Figure 24. Typical features of building foundatiomshe central business district in Singapore
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Figure 25. Layout of the bored piles for UOB Plaza
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exact locations of the loading tests conductecha ghaft CA3
and CA4 are indicated in Fig. 26. The scheme ofdhding test
at the bottom of the current stage of excavatioscleematically

It may be seen that the ultimate skin friction ifizbd

0.8m 0.8m illustrated in Fig. 28. The lower segment B of tlomarete wall
H T 3m— to be tested had been constructed against thewadlilwith an
%(i.()mﬂ open gap 75cm wide on top of the bottom segmenfti@ upper
W?;ﬂ e segment A of the concrete ring for testing had dbsen
_ - constructed with an open gap of 75cm apart frombtbigom of
-0 the already-constructed upper segment C.
= 7 Twelve hydraulically operated jacks were placedngldhe
s Gom [| RCRing concave shelf in the annular space 80cm in hegilstrated in
’ beam Fig. 28. The setup of the jacks along the circslalf is shown
= ) somewhat in details in Fig. 29. Measurements ef \thrtical
5.0m f:,;ﬁ'{’l“'““l displacement were made during the jack-driven loghy means
% | L of several dial gauges as well as by means ofrémesit viewing
5 om apparatus, as illustrated in Fig. 28.
‘*;4] | Some of the test results are demonstrated in Bign 3erms
. of the total applied load plotted versus the messur
. displacement. Figure 30(a) shows the load-dispiece curves
%ﬂ] B Alluvium obtained from the tests loaded upwards to No. 9neet) and
6.6m downwards to No. 10 segment which were locatec a&ievation
L / of 51m in the CA4 bored shaft, as accordingly shawfig. 26.
/‘;_‘,‘ s 0 a O

between the concrete ring wall in 6.8m in diametard

e = o toclay polygonal diaphram . X _
B R ) wall installation surrounding bouldery clay deposit was 220t0ns—2._2MN_the
L o;jti«luﬁH R segment No. 9 but for the segment No. 10 the ulénfigction

0.8m ) .
CAS8-Pile

Figure 27. Construction of diaphragm walls and RG{rfor
foundations of UOB Building

52

As the excavation proceeded through the bouldexry deposit,
in-situ loading tests were performed at a totaR6fspots. The

In-Situ M easurements of the Shaft Resistance

108

would have been greater than this value. The esdlthe tests
conducted at No. 4 and No. 5 segment in the boneft €A2
with the diameter of 4.7m are shown in Fig. 30¢here it may
be seen that the ultimate shaft friction was sonee/tbetween
1.8 and 2.0MN. From the series of the loading tastabove, the
ultimate value of the shaft resistance was obtafaethe cast-in-
place reinforced concrete segment which is instaithe contact
with the boulder clay in Singapore.
The outcome of the tests on 26 ring segments with t

diameter of 4.7, 6.2 and 6.8m is summarized in Bigin terms
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of the shaft resistance; plotted versus depth. Fig. 31 shows

that there is a tendency of increasing shaft ictiwith
increasing diameter of the ring segment. Howewwrkihg over
the entire test results, one can recognize thatltheate value of
shaft friction was in excess of 45tffmBased on the test data as
verified above, the value of the ultimate skintfon used for the
original design were modified from 45tffnto 35tf/inf, which
conduced greatly to reducing the cost of bored qulestruction.
As a result, the length of the bored pile was @mmt, as
accordingly indicated in Fig. 22.

- Segment C

Dial guage

12 jacks

(200ton)

Dial guage

Bottom
Segment C

Bottom of current
excavation

Figure 28. Scheme of the loading test for shafstasce within
the bored hole

Jack
(200ton) }+400m~>‘
[©)
© ©
$=6.8m
© o,
€] o]

(a) Location of 12 jacks in plan for loading test (b) Exact layout of the jack between

two adjacent ring segments

Figure 29. Details of jack installation
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Figure 31. Ultimate shaft friction obtained fronetim-situ
loading tests

6. BEARING CAPACITY OF BORED PILES
RELATED TO SPT N-VALUE

A vast majority of in-situ loading tests on boredeg ever
performed in Japan was compiled and summarizedforma of
charts in the Japanese design manual of buildingpdations
(2001). These are shown in Figs. 32 and 33, wherailtimate

toe bearing load intensity?} , and ultimate friction resistance,

T; , are shown in terms of the plots against the SR/&INe. In

the case of the toe resistance, it has been custamdake an
average N-value over the 2m section, viz. 1m abawve 1m
below the tip level of piles. This averaged vaisiglenoted by

N and plotted in the abscissa of Fig. 32. In theeaaf the skin
friction, the N-value at the depth of measuremastslirectly
used in the abscissa as shown in Fig. 33 to représe stiffness
or strength of the soil materials surrounding tilesp Shown in
Fig. 32 with black dots are the results of in-siteasurements on
end bearing loads for the bored piles which wersigied as
friction piles.
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Figure 30. Load-displacement curves obtained fioenin-situ

loading tests
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Figure 32. Summary plots of the ultimate toearing load
intensity as function of averaged N-value (frorpalsese

manual)
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500 = Bored piles with friction R 7
stabilizing agent 8 ’
T, =(5.9+4.5)N

400

Skin friction, 7, (kPa), or % 10,t/m?

8SPT N-value
Figure 33. Summary plots of the ultimate skin fantas
functions of SPT N-value (from Japanese manual)

Needless to say, the value of the point resist&sbown to
be relatively small because the major part of tktereal load is
carried by the skin friction. The data points gaded by open
circles in Fig. 32 are those derived from the messents on the
bored piles designed as end bearing piles. Shecskin friction
was not taken into account, the end bearing capabites
naturally take large values in excess lgf =7MN /m? .

Although there are considerable scatters in Fig.a32average
line P, =233 is drawn through the cluster of data points,
together with two other lines corresponding to #tandard
deviation of+ 30%. It is recommended in the manual that the
relation P, = 200N be used for design purpose for the deposits

having aN -value less than 60.

With respect to the ultimate skin friction plotted Fig. 33
against the SPT N-value, there also are considerstatters in

the test data, but an average lipe= 5.9N is drawn through

£

‘okohama

7z

Trans Bay
Tuimel
§77

7

7

Tokyo

/

2

the cluster of data points, together with théb0% lines of
deviation. It is recommended in the manual that rhlation

T, = 25N be used for the design of the bored piles.

It is of interest to see where the result of thaftsfriction
tests in UOB building in Singapore is plotted ingtem of Fig.
33. Assuming that the N-value is greater than B6, value of

T, =35(kPa=35ton/m’ is plotted in Fig. 33. It is

observed that this value is located in the vicimfythe average
line deduced from the Japanese case studies.

7. CIRCULAR DIAPHRAGM WALL FOR
UNDERGROND STORAGE TANK

In early 1970 techniques have evolved extensivaylifuefying
natural gas and transporting it by ships over g ldistance. The
liquefied natural gas (LNG) carried to the sitedeftinations is
once stored in a large tank. In response to deniand
transformed back into gas again and distributedrfdustrial or
domestic use. In the wake of this trend, the cansbn of large-
capacity storage tanks began in Japan in 1970'sthé early
stage, the tanks were constructed on the grourtdpbthe sake
of easiness of maintenance and safety as well ptsehave been
made to construct the tanks underground.

One of the early efforts in this context was thestouction of
the storage tanks in Sodegaura on the east codsikyb Bay.
The location is shown in Fig. 34. The tank was twtsed in
1989 and had dimension 64m in diameter and 44nehdwith
a storage capacity 170,086 . The bird-eye view of the roof of
the tank is shown in Fig. 35 and its side viewigplhyed in Fig.
36, together with the soil profile. The criticalsies for the
design of the circular diaphragm wall were two-foldz., the
thickness of the wall and the depth of its embedmen

N

1

LT T

Chiba

Sadegaura
LNG-gite

BOSO

Peninzula / g

Figure 34. The location of the Trans Tokyo Bay Turamal LNG tanks
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Figure 35. Underground LNG tank at Sodegaura, CHipan
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Figure 37. Three types of external loads in thegthesf the diaphragm wall

7.1  Wall Thickness

The thickness of the wall was determined by comsidethree
kinds of external loads expected to act on the.walhe first is
the uniformly distributed load directed to the enif the circle,
as illustrated in Fig. 37(a), which is specifiedrr the earth
pressure at rest plus water pressure at each depttvhich

K, = 0.5 was assumed. It is to be noticed that the effettis

uniform pressure is exactly the same as that ofetipgivalent
uniform pressure acting from the four directionshswn in Fig.
37(b). Therefore, the uniform load as shown in K. (b) is
generally adopted for performing design calculatidie second
load was the biased load acting from two directiassllustrated
in Fig. 37(c). This kind of load is taken into aoot, because
there always are some unidentified sources indueitgentric
load application such as sloped layers of undergtodeposits
and non-uniformity of soil deposits. Since it iffidult, however,
to estimate its magnitude, it was assumed to takalae 0.2
times the magnitude of the uniform load.

When the effects of earthquake loading are to esidered,
the load from one direction is assumed to act asvshin Fig.
37(d). In the present case of the LNG tank, thgnitade of the
earthquake force was assumed to be 0.15 timesiif@m load.
As a result of the load application as mentionedvab the
thickness of the wall was determined to be 1.2thoalgh there
are some differences in the reinforcement in tmection of the
depth depending upon the computed bending momeheibody
of the diaphragm wall.

7.2  Stability Check for the Uplift and Seepage

In carrying out excavation in the dry conditionjsta common
practice to lower the ground water table insideattevel 1-2m
below the bottom of the excavation. The groundewaable
below the impervious layer is lowered outside thapdragm
wall to a degree necessary for reducing the upiifter pressure
acting at the bottom. Anyway, the most criticahei is at the
final stage of excavation as shown in Fig. 38. <lbgring this
stage, stability check is generally made by conmgathe total
weight of soil-water mass in the portion AA'BB’ withe uplift

water pressure at the bottom which is equyt j6(D/2)*Tt. It

is usual to control the water table level insideoatside of the
excavation so that the factor of safety of at led&tut 1.03m can
be maintained. The stability check for seepage-dedupiping
may need to be made by comparing the hydraulic igmad
112

against its critical value. Since it is difficulhowever, to
evaluate the critical value, the general practg¢oi design the
diaphragm wall so that its toe can penetrate deepgh through
an impervious layer with sufficient thickness.

Water pumping
by deep well
e

wall h 4

e

4
R

wered 3l SRR
‘I‘j - Impervious layer

Figure 38. Stability against bottom uplift

7.3 Method of Excavating Ditches

While there are several methods which are diffeiredietails and
in size, the method for excavating ditches fordfehragm wall
can be roughly classified into two groups as dbscribelow.

7.4 Rebar Lapping Method

The steps for constructing the wall are illustrate&ig. 39. First
of all, rectangular ditches are excavated by angutnachine for
the A-element (advance element) at a certain iatexs shown in
Step 1. Drilling mud is filled in the ditch at thigage. Then,
reinforcement cage (rebar cage) franked by two ktegl plates
is lowered into the mud-filled ditch and concreteast by tremie
pipe. At this time, the steel plate tends to bfmeed outward
due to the weight of un-cemented concrete.

To prevent this, it is common to throw gravels oushed
stones into the space outside the steel platdsisdted by Step
2 in Fig. 39. Then, the excavation is made for ¢fement B
(follow element). In this case, both ends of teeti®n A are still
filled with gravels, but gravels are excavated thge and the
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bottom is cleaned up as shown in Step 3. Sincedherete at
the element A has already been solidified, therendsextra
pressure acting on the steel plate to induce fisrahation. After
the excavation, the rebar cage is lowered into rthed and
concrete is poured as illustrated in Step 4. No#t the rebar in
Section B is assembled so that it can fit well ghtends to the
already existing reinforcements projecting from thiele of
element A.

When this method is adopted, the cutting of thehdis made
generally by using the machine as shown in Fig. ™k axis of
the cutting bit is arranged vertically and by rivtgt the bit
horizontally, the excavation can be advanced at kbt&om.
Since the connection between element A and B is tighy, this
method is adopted for constructing diaphragm toubed as
permanent structure.

7.5 Concrete Cutting M ethod

As illustrated in Step 1 in Fig. 40, the ditch exation is carried
out at element A at a certain interval. Then, thbar cage
without the steel plates is lowered and concret@asred as

Mud

shown in Step 2. When the B-element is excavatetthénnext

stage, the cutting is performed not only for thetipa of soils

but also for the hard portion of concrete on boitles as
illustrated in Step 3. Then, installation of theaeand concreting
is carried out as shown in Step 4. When using riie¢hod, the
ditch is excavated by means of the machine haviadghorizontal
two-axes of cutting bit. The two cutting bit isated horizontally
in mutually opposite directions so that the bit cam the

surround soils upwards on both walls. A typical hiae is

shown in the photograph later in Fig. 49. This cete cutting
method is adopted for constructing the diaphragrh used for

temporary retaining structure, and also for theeca circular

walls where the hoop compression is expected tacachigh

compressive loads in the circumferential directibonthe LNG

storage tank, the rebar lapping method was usethuke the
diaphragm wall was intended to function as permasgncture.
No matter whichever method is adopted, the sambodetan be
applied for the circular-shaped wall constructismeell. It is to

be noted that what is called circular wall is neaaly the round
circle. It has a multi-angular shape.

Step 1
Ditch excavation
at A-gection
Steel plate Gravel Mud
Step 2 A B A B A
Rebar cage with s g-:f: e congrete | A
steel plate, concreting i . V° i ik _“:.E’_;_
at A-gection P, G il T S G
Mud Steel plate Rebar cage
Mud
Step 3 i A
Ditch excavation T eaal
at B-secti
ection et
Step 4 A B A B A
Rebar cage R R R TR e e e A
concreting
at B-section B TN N AN YA NN SR R R AN NN
Concrete Concrete
Figure 39. Diaphragm wall by rebar lapping method
Mud
Step 1
Ditch excavation
at A-section
Rebar cage Concrete
Step 2 A B A / B A
Rebar cage with AT TG, e,
concreting
at A-section rFA SIS, oot TEEES
Mud Concrete cutting
Step 3 — A B | A
Ditch excavation sl Caesad
at B-gection 1
anfl R oA i
Concrete
Rebar cage cutting
Step 2 ) e A B COA B A
Rebar cage with N e D N 1 NN N N o o
concreting
at B-section NSRN 2o SNSRI 77747277 SRS SRS NN 27 SRS
Concrete Concrete

Figure 40. Diaphragm wall by concrete cutting metho
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Figure 43. Plan and side view of the trans Tokyg Banel

7.6  Observed Performances

The measurements were made of the earth pressdréatanal
wall deflection at several points around the ciacudiaphragm
wall after the construction of the LNG tank at Sgaiéra site.
Shown by the solid line in Fig. 42 is the alreagflected feature
of the wall top as computed using the uniform desogd in Fig.
37(b). Although the amount of deflection is notwhcexplicitly,
it was of the order of 1cm. Needless to say, thigedtion was
uniform and, hence, the solid line is a true cirdlee dotted line
in Fig. 42 indicates the deviation of computed vasflection by
considering the eccentric design load shown in rgc).

The dotted line in Fig. 42 indicates the deviatoddrcomputed
wall deflection by considering the eccentric dedimpd shown in
Fig. 37(c). Itis apparent that the deflected shiapslightly oval.
The chain-dotted line in Fig. 42 shows the lateteflection of
the wall top actually measured at the time whenekeavation
had been completed to the targeted depth. It maebe in Fig.
42 that the measured distribution of the wall kgthin the two
lines of deflection computed using the design loadgcated in
the right hand of the figure.
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8. LARGE DIAPHRAG WALL AT KAWASAKI
ISLAND IN TRAINSTOKYO-BAY UNDERSEA
TUNNEL

8.1 General

The Trans Tokyo-Bay tunnel connecting Kawasaki aity the
west and Kisarazu city on the east was construdtgthg the
period of 1989-1997 to provide the 4-lane highwayoss the
Tokyo Bay. The location of the highway is shownFig. 34.
Out of the 15km long highway, the eastern and thdetsea
tunnel with a diameter of 14m was constructed tier10km long
stretch on the west as shown in Fig. 43. In thddfai of the

tunnel, a man-made island called Kawasaki Islands wa

constructed to provide a starter base for launchirey shield
tunnel to the east and to the west. This islansl mended to be
equipped with a facility for ventilation when theghway traffic
is in service. Since the Island was to be locatietie middle of
the sea and seated in the soft soil seabed ate deghth of 28m,
the greatest challenge was posed for its safe mmtisin. A
series of steps taken for constructing the diaphragall and
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some difficulties encountered will be describedblbesomewhat
in details.

8.2 Soil Conditionsin Seabed

The soil conditions at the site were investigatgdiwo deep
borings drilled to a depth of 135m from the seaelev The
outcome of this investigation is displayed in Hg. It can be
seen that there exists a soft silty clay deposE,jfof alluvial
origin with the SPT N=0 to a depth of about 22mfrthe sea
bottom which is underlaid by a series of alterdayers of sand
and silt of diluvial origin down further to a deptii about 45m
from the sea bottom. Below this the deposits coms@inly of
stiff soils with N-values in excess of 50. Since thiiaphragm
wall had to be embedded to a sound base depostighr
sufficiently impervious clay or silt layer, of mostitical concern
was the decision as to how deep the diaphragm wabet
penetrated. The presence of the impervious layétssufficient
thickness and stiffness is demonstrated in Fig. 45.
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sea - Soil SPT N-value Soil SPT N-value
sea Soil type o e
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Figure 44. Soil profiles at the site of Kawasa#ahd
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8.3 Construction of the Diaphragm Wall

The sequence of the process for constructing taadsconsisted
of several steps as illustrated in Fig. 46. Is ttase, the concrete
cutting method illustrated in Fig. 40 was adopted.

(1) First of all, the soft clay and soft deposits untter seabed
were stabilized to a depth of 35m below the sedhethe

@

©)

4

®)

method called sand compaction pile (SCP) over treileir
area about 120m in diameter. The area ratio ofpemtion
was 30% and 78.5% in plan. The compaction pile was
constructed by means of the heavy machinery eqdippe
board the ship. The annual portion of the sealmmbslt
with an inner diameter of 100m was stabilized by Beep
Mixing Method (DMM) in which the soft soils were
churned and mixed with cement to improve these into
somewhat stiff materials. The zones of SCP and D!
indicated in Fig. 46(a).

After the work of soil stabilization was over, dtpge piles
1,016m in diameter were driven by the hammer-opdrat
machines aboard the ship to provide the founddborihe
jacket structure to be put into place later on. e Tacket
frame unit assembled at the yard at other sitecaased by
a tug boat and its legs were put on the top ofpilee One
of the jacket frame units in the yard is showniig. B7. The
feature of the jacket unit sitting at the site loé tisland is
displayed in Fig. 46(b). The pier thus construates used
as the working platform for further work of diapgma
construction and excavation.

The jacket-type platform consisted of three circybéers
with two outer piers connected with each other ty flat
floor at the top. This is called outer pier and tither one
inside is called inside pier. The next step wadglive a
number of steel pipes 40cm in diameter side by gide
contact in a circular alignment along the outsite of the
inner pier and also along the inside rim of theeouier.
The circular arrangement of the pipes along thielénef the
outer pier is shown in the plan view of Fig. 48(After
constructing two circular walls in this way by drig pipes
side by side, the annular space 12.6m wide bettleese
two walls was filled up by dumping cement-mixed Isoi
from the pier. It is to be noted that the seabegodit just
underneath the soil-cement fill had been stabilibgdthe
technique called Deep Mixing Method (DMM). Thetiaa
of this phase of construction is illustrated in.Fg(c).

From the top floor of the pier platform, excavatioras
advanced downwards through the 12.6m wide cement-
mixed soil fill and further down to a depth of 11%mm the
floor level of the pier. Excavation was carried bytwhat is
called the reverse circulation method usirnthe two-axes
rotating type cutting bits as shown in Fig. 49. Thidth and
length of one element of excavation was 2.8m al&m,
respectively. Special caution was taken to mainthe in-
plumb condition of excavated shaft within an accyraf
1/1000 by using a high-precision apparatus. Theular
diaphragm wall had an outer diameter of 103.6maiatal
length of 119m counted from the working platform thie
pier. Rebar cages were lowered unit by unit and redac
was poured in the bored holes. This phase of the
construction is illustrated in Fig. 46(d).

After installing the circular diaphragm walls wighwidth of
2.8m, sea water inside the enclosed wall was pungogd
and excavation was advanced to the level of -72owbthe
sea level within the diaphragm wall while loweritige
ground water level. The dewatering and controhef water
table level inside and outside the diaphragm watlrd) the
excavation was conducted by means of two sets ep de
wells as illustrated in Fig. 50. One is the welins to pump
water up from the two water-bearing pervious layers
designated as A and B in the figure. The otherveas
installed within the excavated pit to observe theel of
water during excavation. The still other was teafe the
ground water level at the deepest layer C. The dewél
water table indicated in Fig. 50 are the targetsell for the
final stage of excavation down to the floor at tlepth of -
72m. It is to be noticed that the design and abrdf the
water tables are the most critical issue in thdlehge of
deep excavations below the natural ground watéde tabhe
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excavation was advanced to a targeted level amdftamed composed of 6 reinforced concrete blocks 5.8m tlaick
structure of the inner jacket was dismantled andoresd. 11m high was installed around the inside periphadryhe
The circular row of the pipes was also taken avegether diaphragm wall. This was intended to assure thletriess
with the cement-mixed soil to expose the insiddasar of of the junction between blocks in the formationttoé wall.
the diaphragm wall. This phase of the constructionk is The feature of this installation is shown by a yietin Fig.
schematically illustrated in Fig. 46(e). When theavation 48. The platform of the bird-eye view is showrFig. 52.

reached the level of -28m, a huge ring-shaped hoop

(d) Diaphragm wall installation

(a) Soil stabilization in the zeabed
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Figure 47. Unit of jacket frame sitting on theexsbling yard
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Figure 49. Two-axes rotating type cutting bits
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Figure 52. Bird-eye views of the platform of thensi

8.4  Performances of the Diaphragm Wall

There were two important items to be consideredthi@a
structural design of the circular diaphragm wafbne was the
earth pressure acting on the wall and the otherthadorce in
circumstantial direction which acts as support tairmain the
stability of the wall. As there was no bracingusture inside the
wall, it was considered of utmost importance to enaure
whether the hoop compression was uniformly trarteochiin the
circumferential direction, not causing any deviatioThere are
two aspects to be paid attention in discussing gdesand
performance of the circular diaphragm wall.

1) In the upper part of the wall, distribution of theop load,
earth pressure and wall deflection around the eiiglan
important factor, because any significant deviatien
associated with a risk of eccentricity of the ollera
behaviour.

2) In the lower part of the wall, a great magnitude of
compressive stress is induced in the circumferentia
direction.  Therefore, a special concrete with high
compressive strength ought to be cast. In the Kala
Island, the strength of the concrete was specifisd
36MN/n?.

In order to monitor the performances of the diaghravalls,
several set of strain gages were attached to bee mages. Also,
the earth pressure cells and tilt meters were lladtin the wall
before concrete was cast. Figure 53 shows the mferential
compressive stress measured in the walls at thisges of
excavation.

When the inside excavation reached the level aiz28huge
ring-shaped hoop was installed as indicated in 53g¢a). At this
stage, the hoop load monitored at three locatioas astributed
versus depth as shown in Fig. 53(a) with its maxmualue of
about 20MN/m occurring at the depth of 80m. Asttiekness
of the wall was 2.8m, this maximum corresponds to
20/2.8=7.14MN/rA in terms of load intensity. Shown in Fig. 53
(b) is the depthwise distribution of the circumfetral load per
1m depth at the stage whethe excavation had progressed to
the level of 40.4m. It is noted that the maximuioad of about
38MN/m was monitored at the floor level of excaostiviz., at
the depth of 40.4m. The distribution of the cir¢erantial load
per 1m depth at the near-final stage of 69.7m @sepvation is
demonstrated in Fig. 53(c), where it is noted that maximum

load was about 40MN/m occurring at the bottom lewél
excavation. This corresponds to a compressive ilo@asity of
40/2.8=14.3MN/rf=143kg/cnd which is apparently smaller than
the compressive strength of the concrete, 36MNImsed in the
design of the diaphragm wall. One of the featuoebe noticed
is the variation of the hoop load amongst threentsoiof
measurements along the periphery, particulariyhalev depths.
It is noted in Fig. 53 that the variation was not sgnificant,
indicating no likelihood of buckling-type deformai to take
place along the periphery of the diaphragm wall doe
eccentricity of the load distribution. At greatdepths, the
compressive stress itself is an important factdhe measured
stress was shown to be lower than the strength6MNSm?
which was achieved with the use of high-strengtiicoete.

At the time the design was made, analyses were rade
evaluate the compressive stress in the hoop direcfThe results
of the analyses are also indicated in Fig. 53. tl@nbasis of the
analysis results, the design load was specifieteatirig the
records of previous cases of diaphragm constructi®he load
distribution thus determined for the design of Kaald Island is
also indicated in Fig. 53. In view of the goodrmilence with
the analysis and design values, actual progretiseoéxcavation
was considered satisfactory and to have been eccut
successfully.
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The external force acting on the diaphragm wall thasearth
pressure and water pressure from inside and ouésideell of
the wall. The earth pressure was measured by meftise
pressure cells buried at various depths at fouatioos around
the wall. The results of measurements are showfign 54
where it may seen that the earth pressure actingenuter face
of the wall (Fig. 54(b)) was, by and large, smallean that
evaluated by the theory assuming Ko=0.5. The gaeksure on
the inside of the wall was somewhat scattered aol values in
excess of those evaluated by theory at two deptbhaever, in
the deeply embedded portion, the larger earth presgnds to
act to make the wall safer against the heavinghefexcavated
bottom, and therefore, it was considered not tseany serious
problem. Distribution of measured
displacements is shown in Fig. 55, along with thaues
corrected for the effects of temperature. It carséen that, at the
stage of excavation to the depth of 69.7m, the mam wall
deflection was of the order of 2cm and that ocaurat the
bottom of the excavation. The displacement of thider of
magnitude was judged as acceptable for safe peafurenof the
diaphragm wall.

Earth pressure on inner wall (tf/m?) Earth pressure on outer wall (tfm?2)

120 80 40 0 40 80 120
T T T T
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Figure 54. Measured earth pressures at two latsatd the
stage of excavation to the depth of 28m

8. CONCLUDING REMARKS

In a majority of cases of foundation design in Jafiais possible
to locate a stiff layer in the deposits of densedsgravel or soft
rocks at depths 20-50m where a sufficient bearimgacity can
be obtained. In view of a certain degree of umdety in
assessing the skin friction, the piles are genedsbkigned as the
end bearing pile for which more reliance can be [t
supporting  superstructures. Under such
verification of the load carrying capacity of a givstiff layer as
to whether it can indeed mobilize the design-assubmearing
capacity has been the major motivation to perfdrenih-situ pile
loading tests.

As a consequence of a majority of the loading teses the
last two decades, fairly reliable sets of data haeen obtained
and accumulated. These are put forward in the nigrudished
by the Japan Association of Architecture for thesigie and
construction of buildings having 20 to 50 storeys.

For large structures such as bridges or dams, arassr
diaphragm walls are often used as foundations tppat
superstructures. In such cases, loading testgesrerally carried
out within excavated shafts or pits by applyingdealirectly to
the intact surface of stiff soil or rocks. When thearing layer is
too deep or too difficult to designate such as ¢hse of UOB
building in Singapore, friction piles are plannednda
implemented, but verification of the bearing capabiy means
of the in-situ tests become prerequisite. As altes the loading
tests, the pile length was reduced and this cangibgreatly to
the saving of the cost.

120

horizontal inward

circumsgance

Diaphragm walls have been used for various purp@ses
temporary supports or as a part of main permaneanttares. It
is utilized to retain the soil ground for executiegcavation to
construct basements of buildings, subway statisttsage tanks
etc. When the diaphragm wall is constructed in fibren of
straight line in plan for the purpose of water-gnsss,
precaution should be taken for tight connectiojoisits between
two neighbouring elements. The structural desgrmade to
resist against the earth pressure at rest plus wetgsure acting
from behind. Bracing system is always necessatlyifncase.

When the diaphragm wall is utilized in the formaifcular-
shaped retaining walls, more important is the hoompression
in the circumferential direction and eccentricity the radial
deflection. Since the hoop compression tends ¢oease with
depth, it is a common practice to use high-strergihcrete at
deeper portions.

In this paper, the case of the LNG storage tankaokyo Bay
was taken up to highlight issues of importance lasve. The
second example is the construction of the Kawasslkind in
Tokyo Bay. This is unique in the sense that it theeslargest-
ever depth of embedment and that it was construttethe
middle of the waters. In terms of the scale ane ltrdles
encountered, it may be cited as one of the modiculif
unprecedented challenge in the recent historywilf engineering
practice.
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