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The Influence of Land Subsidence on Foundation Design
in Bangkok Subsoils.

Dr. Surachat Sambhandharaksa
Chulalongkorn  University

1.0 Introduction.

This paper presents the summary of foundation practice for highrise
in Bangkok area which has to be done as the result of deep well pumping.
The additional foundation cost and the possible risk from this effect are
evaluated. The view presented in this paper is made from the available data
on soil properties, pore pressure, settlement behaviour of the structure, and
the writer experience. . .

2.0 Foundation Practice Against Land Subsidence.

; Results from the study of AIT (1978-1981) on land subsidence and
observations. of the settlement behaviour of structures, the foundation design
for highrise currently has to consider the following necessary points.

S - (1) The declination of pore pressure of soils located below 10 m
leads to the increase in the in situ stress and the decrease in overconsolidation
ratio, especially for soils located below the first sand at about 20 m. This
causes the increase in the settlement from the structure. The typical soil

J —. " profile, piezometric data, and-in situ effective stress are shown in Figure 1 -

: - to 3. . :

3
)

) .. lead to the differerntial settlement and the possible structure damages or
. .~ improper function of the constructed facilities when their foundation's depths
i ' -7 . are located at different elevations (particularly in different soil types). -
o TN S - e o
S (3) The increase in settlement in addition to that due to the load
) "- 7 from the structure results from the subsidence of soils (clay and sand) located
© 7 7U70 below the pile tip and from the negative skin friction load.
4 E R (4) The declination of pore pressure leads to the slight increase in
T the pile capacity, and the decrease in the uplift pressure in the sandy
- -~ materials. .- — ,
C e —— (5)  The possible differential settlement from land subsidence may
’ lead to settlement problems of the constructed facilities which cover.large
area, and to the improper function of the gravity drainage systems.

™

P ’ : Before 1985, the practice of foundation design for building having
medium height or highrise, generally, was to locate the driven or bored pile
tip in the first stiff clay or the first dense sand at about 25 to 30 m. The
negative skin friction load due to land subsidence was not considered in the
design . However, with the use of large pile group having the tip in the
thick sand layer, the negative skin friction load can be generally taken by the
end bearing of the pile group. Until the construction of the Bangkok Bank

peesented at the Yorkshop on
Bangkok Land Subsidence - What's Hext?

22-23 June, 1989
The Imperial Hotel, Bangkok

(2) The subsidence, which occurs in soils located below 10 m, will .

-,
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tdrey) in 1978 where the construction settlement due to the
al., 1984), the

need for locating the pile tip at the deeper sand layer at about S0 to 60 m

head office (30 s

" for reducing settlement, and the influence of deep well pumping on soil's

re recognized. The,settlement from structure's load
_ eported to be
about 7 to 20 cm. {Sambhandharaksa et al., 1987) and occurred mostly as the
immediate settlement. Such magnitudes of settlement certainly cause someé
complications in building construction with low podium.

overconsolidation ratio we

Without the influence of deep well pumping, the Bangkok soil
conditions allows for the construction of 20 to 25 storey building without
undesirable _settlement using conventional driven piles having their tips in the
first stiff clay or sand. With the decrease in overconsolidation ratio or in the
difference between the yield stress and the in situ stress, the settlement of
the 20 to 25 storey building becomes troublesome. The practice now uses the
bored pile, having the tip in the deeper sand layer partly for reducing
settlement, which is considerable more expensive.

The common foundation practice for highrise (exceeding 18 storey)
to locate the bored pile tip in the cand stratum at about 45 to
60 m (referred to as the second sand layer) for reducing the settlement from
the superstructure's load and the numbers of pile. The pile length is also
used in the low level podium because of land subsidence's problems. Negative
skin friction load is still not considered in the design.

currently is

3.0 Cost Evaluation.

The current practice of locating the bored pile in the second sand

increases the cost of foundation for building having large area of low level
podium. Additional cost is now due to the lack of qualified contractors to
perform the work at the present demand. At present, there are only few
contractors can perform the satisfactory work, resulting from bored pile's
construction problems. Detailed evaluations is presented below.

(1) Without the problems of deep well pumping, driven piles can
be satisfactorily used for concrete highrise up to about 25 to 30 storey without
settlement problems. The current foundation practice, which is considered
necessarily as the result of deep well pumping, discourages the uses of driven
pile which is considerable . cheaper. In the current foundation practice, the
saving is, however, on the cost of the pile cap which is smaller, and the
problems of soil displacement and vibration from pile driving are eliminated-
Considering only highrise portion, the comparative cost of foundations for the
20 to 25 storey highrise between the driven or auger pile choice (no
subsidence) and bored pile choice (with subsidence) does not show definite
trend, dependent upan the span length and size of the building. Driven pile
choice requires larger pile cap volume (due to smaller load/pile and mat
foundation is required), but the cost of one pile is cheaper. For the bored

pile approach, the pile cost is more expensive, especially at the present

situation (1988), but the cost of pile cap is less. For concrete highrise which
has more than 35 storey, it always the necessity to use the bored pile in the
second sand for Bangkok soil conditions, considered in cases with and without

problems of land subsidence.
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- (2) For highrise having the large portion of low level podium, the
practice requires the bored pile's tip depth of the podmm portion to be equal
to that of -highrise. The bored pile for the podium is, generally, not used at
its full soil's capacity. Without the problem of land subsidence, the pile tip in
the podium portion can be located at much shallow depth. This condition
leads to the higher foundation cost for highrise with large area of low level

podium.

With the boom of the condominium industry (1987-1988), the cost
of bored pile having the tip in the second sand significantly increases, due to
the material cost and great demand. The lack of qualified contractor also
leads to the additional cost, as the waiting period, is generally required. These
also increase the cost. With this condition, the turrent approach will cost
more for considering only highrise portion. Without land subsidence problems,

this demand will not be this magnitude.

Deep well pumping also decreases the limited hexght of concrete
highrise, based on settlement criteria from structural's load. (The bored pile' s’
construction, at present, can be done till the depth of about 60 m.) Upon
exceeding the limit, the highrise has to be made of steel structure, for
limiting the settlement, which is considerable mcre expensive. The steel
structure also has the limit, based on settlement basis, which is con51derab1e

lower than the condition without deep well pumping.

The development of the building industry and the city's regulation
réquire the highrise to have underground parking. Problems from deep well
pumping also considerably increase the cost of foundation. With the
declination of pore pressure and the use of relatively impervious and rigid
retaining structure (diaphragm wall) for deep excavation till the.first stiff ~
Bangkok clay, the uplift pressure, which normally can be considered. for
reducing the load from the syperstructure, can not be reliably considered. In
addition, the use of barrette (loading element built within the wall) having the

tip in the second sand is necessary, leading the additional cost.

4.0 Foundation Risk and Damages.

The influence of land subsidence which has adverse effects on
constructed facilities has been seen in Bangkok area. Such effects are shown
from problems of flooding, and improper function or structural damages caused
by the constructed facility having different foundation depth. For highrise
where pile foundations are located at about the same elevation, there is no
clear evidence which structural damages are caused by the influence of deep
well pumping. Therefore, at present, the negative skin friction load from the
land subsidence and the subsidence of soils below the pile tip, which can
cause structure damages from differential settlement, do not show their
adverse effects for buildings. For long span building, this is believed to be
due to two factors for structures which have pile tip in the first hard clay or

first sand.

(1} The pile foundation consists of several piles in a group and is
sometimes connected by tie beams. The pile cap are also closely space. The
large pile group is considered to be sufficient to resist the negative skin
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friction load, considering the block failure mechanism. Moreover, the foundation
is sufficiently stiff and rigid to resist any adverse effects from land
subsidence at the present rate. .

(2} The building area is rather small. The maximum length is
usvrally about 30 to 50 m. Differential settlement from land subsidence is,
therefore, not significant to cause problems. :

In the future, it is not certain that buildings can be free from
damages from land subsidence, particularly those using bored pile in the second
sand. The use of bored pile in the second sand, where the full concrete
capacity is required, does not require large numbers of pile in the highrise and
podium portion. The foundations are, therefore, apt to have more subsidence
problems. The small pile group has the tendency to be unable to resist the
negative skin friction and the foundation system also has lower rigidity and
stiffness. In addition, with the growth of the building industry, the size of
the building, including the podium portion, can be as long as 100 to 200 m.
The approach using the bored pile in the second sand, generally, has
acceptable settlement due to loads from structure, but the risk is, therefore,
more with respect to subsidence problems particularly in the case where a pile
group consisted of one or two piles is located next to the much larger pile
group. In such a case, the use of tie beam or combined footing will be
useful.

5.0 Conclusions.

This paper concentrates of the problems of foundations for highrise
in relation with the influence of land subsidence and the declination of pore
pressure from deep well pumping. The declination of pore pressure changes
the. soil's stress history. This inturn causes the significant increase in
settlement due to loads from highrise when pile foundations have their pile
tips in the first stiff clay or first sand at about 20 to 30 m. The practice
now uses bored pile having its tip in the second sand at S0 to 60 m for
reducing the settlement from the superstructure's loads. This leads to the
increase in cost particularly for highrise which bas large area of low level
podium. With the boom of condominium industry, the cost of the current
approach, selected partly as the result of deep well pumping, increases due to
the great demand for second sand piling, material cost, and to the lack of
qualified contractors. In addition, the limited heights for concrete and steel
structure are decreased.

Deep well pumping is also responsible for the increase in the cost
for highrise with underground structure. The unreliable uplift pressure, and
the requirement of barrette when pile tips are.required to be in the second
sand are considered to be the additional cost.

The risk of structural damages of highrise from land subsidence is
thought to be higher when the pile tip Is in the second sand, due to the
smaller number of piles is used and footings have lower stiffness.
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Fig. 2 - Pore Water Pressure Distribution in Bangkok Subsoils

(NG, 1983)
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J ’ RECENT PILING PRACTICE IN BANGKOK PLAIN

. . Dr. Surachat Sambhandharaksa

L DI Department of Civil Engineering
Chulalongkormn University

L 2 I. INTRODUCTION . .

) . The Bangkok plain‘s subsoil is regarded to be one of the difficuli

{ : subsoil conditions for the design and construction of the suitable foundation.
Foundation problems are expatiated by the effects of deep well pumping which
lead to.the reduction in soils' overconsolidation ratio, the subsidence of soil
layers below the depth of 10 m, and the induction of the negative skin friction

P load in a pile. -

The soil conditions in the Bangkok plain consist of the marine
deposit overlying the fluvial deposit. The soil profile (Figure 1) begins with
] the crust or weathered clay overlying the soft to medium grey sensitive -clay,
S in apparently overconsolidated state, which is compressible. Below this clay,

_soils, usually, are the. overconsolidated marine first brown stiff to very stiff
clay, the practically normally-consolidated first dense sandy soil (usually clayey -
sand or silty sand), the second very stiff to hard slightly overconsolidated or

- normally consolidated clay, and the second very dense silty sand. The second

. dense silty sand layer may contain one or two thin layers of hard clay

_ interbeded between the “upper® and the “lower® second sand, located at about
40 to S0 m. Below the second sand, there are alternating layers of hard clay’
and dense sand. The sound rock is not encountered till the depth of, at least,

200 m. ’

The soils located below 20 m, generally, have low overconsolidation .
ratio (OCR ~ 1.0 to 1.5), due to the declination of pore pressure from deep °
well pumping. This partly inturn causes settlement problems from dead and live
load of highrise constructed having its pile tip in the first sandy material .
(SAMBHANDHARAKSA ET AL, 1987). Below the depth of 60 to 70 m, the soils
generally have low compressibility although their overconsolidation ratio are

rather low. .

This .paper presents the summary of the design and coastruction
practice of pile foundation for Bangkok subsoil. The design and construction
practice are presented and the suitability of each pile type is discussed. -

I1. PILE TYPES AND THEIR SUITABILITY

Three major pile types are currently used. These are driven, auger
press, and bored pile. The selection of the pile type is usually based on the
following criteria :

(1) The required load/pile based on bearing capacity criterion;

{2) The required tip depth for settlement criterion;

(3) The environmental factors and soil movement's restrictions;

(4) The reliability and availability of the construction method; and
N (5) The overal cost of foundation and the required construction

time.
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2.1 riven Pile

Driven pile choice is the cheapest and most reliable construction
mothod. it is used when problems of vibration and soil displacement, which
can cause structural damages, are unimportant or managable.

Driven piles are usually prestressed concrete pile driven mostly by
drop hammer (5 to 10 t) or, to the lesser extent desiel hammer for difficult
ground condition. The maximum load/pile and tip depth normaliy are 130 t ,
for the hellow 0.60 m pile, and 35 m. The shallower tip depth is expected
when the pile tip reaches the thick first dense silty sand deposit where pile
drivenability is limited. Drawbacks of driven pile's choice are the problems of
vibration, noise, air pollution, and soil's displacement, especially when large
numbers of pile are used. The driven pile is the most reliable and cheapest
construction's type and can be quickly constructed with rezsonable construction

control by blow count.

2.2 Bored Pile

Bored pile construction offers more versatility for the design. It
offers more load/pile and longer pile length than the driven pile. Problems of
soil displacement and vibration are practically eliminated, zithough construction
problems are needed to be considered in the design phase. It is also
considerable more expensive and requires more construction time and control
compared to the driven pile construction.

Two types of bored pile are used in Bangkok subsoil. "There zare
referred locally as the wet process and the dry process. The “dry process®,
where the bore hole is advanced by auger or by bucket and the steel casing is
used for stabilizing the unstable ground, is suitable for conditions of limited
head-room and of limited soil movement and vibration. This construction
method allows the maximum circular pile size to be 0.60 m. The pile's tip has
to be in the first brown stiff clay for avoiding any water seepage from the
underlying first sand, as concreting is done in the clean dry hole. This limits

"the load/pile to be not more than 60 t. The “"wet process*, where casing and

bentonite slurry are used to stabilize the hole and auger or bucket is used for
advancing the hole, is more common and increasingly in cemand.

The "wet process® bore pile offers the larger load/pile and the
deeper tip depth for settlement control, in addition to the elimination of soil
displacement and, to the lecser extent, to minimize problems of noise, air
pollution, and vibration. The maximum load/pile now reaches 1,000 t for the
maximum circular-pile size of 1.5 m. (With the demand of 2 higher load. The
barrete, 2.7 x 0.8 m in size, will be used in the future.) Such a high load is
obtained when the pile tip is in the second sand below 50 m. \Where the
structural capacity of the pile controls the pile's working load. The
construction of bored pile requires good and careful contruction control.
Problems of the bore hole stability, the cleaning o} the bottom of the hole to
be free from loose sandy soils and thick bentonite, and of concreting are
important (NG, 1983). The construction using bucket for soil's removal seems
to yield better load deformation characteristics than that using reversing
circulation method (MORRISON ET AL, 1987). Due to coastruction problems .
and high cost of a bored pile having its tip in .the second sand, there are only
a few contractors which can perform the acceptable work for bored piles
having their tips-at about 60 m.
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2.3 Auger Press Pile

*Auger press pile construction minimizes problems of soil
displacement and vibration which are normally occurred in driven pile. It also
irsures the quality of concrete used for pile construction, although structural
problems of a pile are not completly -eliminated. The requirement for pile's
splicing, the risk of structural damages {rom soil clogging in the pile, and the
possibly severe disturbance of the side friction soils, soil failure, or boiling
problem during construction lead to the necessity for proper construction

method and. control.

Auger press pile is done by using hollow prestressed concrete pile.
A hole is drilled through the hollow section of the circular pile by screw
augering, and the pile itself is pressed down contemporaneously. Piling is done -
in segment of about 13 m and is spliced by welding. The ideal maximum pile

-length is 30 m long, although the length of over 40 m has been done. The

pile size is usually 0.50 and 0.60 m in diameter. Drilling is mostly carried out
in dry condition to the distance of about 2 times of pile diameter from pile
end. Water or compressed air is used for reducing friction and for facilitating
spoil removal. Upon reaching the required tip depth for pressing, pile driving:
process is adopted to obtain the pile's end bearing capacity. The depth of
driving should be at least 2 to 3 times the diameter. Deeper depth is
suggested for Bangkok subsoil. ) ,

The auger press pile construction is relatively the new piling method
in Thailand. Development is in progress for improving the load deformation
characteristics and the end bearing capacity of a pile. The use of cement
grount is envisaged. The process now is idezl for pile having tip in clay.

The pressing down is difficult in hard clay or very dense sand
(N > 40). Augering in clean sand under water table is troublesome. The
medium to stiff clay layer interbeded between the very stiff clay layers at
great depth may cause problem with the hole instability during -augering.

{II. DESIGN OF PILE FOUNDATION

The design of pile foundation involves the selection of the pile tip
depth, based on settlement criterion, as the first step. The pile type and the
single pile capacity are then selected. Pile group is designed using the group
efficiency between 0.8.to 1.0, but the magnitude of the pile group's
settlement is rarely estimated. The control settlement design is genzrelly,
done by locating pile tips in the relatively imcompressible soil (sanul; by
avoiding the use of large numbers of pile in a group, and by using
approximately the same-pile length, in addition to the proportioning cf the
load/pile aiming for an equal settlement between pile groups.

At the present time, the design against the negative skin friction
load from load subsidence is not considered. The problem of subsidence is,
however, considered by using approximately the same pilé tip depth,
independence of the magnitude of the load/pile, and the size of the  pile

group.
The practice now uses bored pilc having the pile tip in the second

sand (~ S0 m) for the highrise. This is aimed for reducing the settlement from
the superstructure load. The working loud is, usually, limited by the
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structural load capacity of a pile. Such a condition may lead to the danger
from the negative skin friction load developed from land subsidence. No
damages, however, are observed, at present.

3.1 Design of a Single Pile

The capacity of a pile is significantly affected by the construction
method, and the encountered construction problems. The construction process
changes the state of stress in a soil mass as well as the soil properties
compared to those of the in-situ or initial condition, Due to these changes, it
is difficult to reliable predict the pile capacity without the support of data
from pile load tests-and reliable laboratory or field tests describing the soil

conditions. '

3.1.1 _Pile Under Compression

‘ The design approach is, generally, based on the static approach
eferred to as the soil mechanics method. Soil parameters are usually from
unconfined compression and SPT tests.

(a) Skin Friction Evaluatiomr

Adhesion factors developed from pile load test's data (PIMPASUGDI,
1989) are shown in Figure 2 for Bangkok clays. These are based on data of
driven, auger press, and bored piles having their tips in very stiff to hard
cldy. - The shear strength (Su) is-that from unconfined compression test or
from SPT test where correlations, developed for Bangkok clays by PITUPAKORN
(1982), were used for estimating the unconfined shear strength. As seen in
Figure.2, ddtalare rather scatter and the pile's construction method does not

. significantly affects adhesion factors of soft, medium, and first very stiff to .
"hard cfay. Such.a trend is, however, not in agreement with relations proposed
by NG (1983) and PITUPAKORN (1982) where limited and scattering data are

available for driven and bored piles. Such a difference can also partly be the
result of the improvement of the bored pile's construction technique and the
difference in failure load's criterion. PIMPASUGDI! (1989) adopts BUTER AND
HOY (1977)'s method. The failure load is, therefore, defined to be close to
that at the yield condition rather than the truely ultimate load for soil

failure.

Data presented in Figure 2 are based on the Nc value of 9.0 for
estimating “tge ultimate end bearing capacity which ranges to be between 100
to 220 t/m’.

~ Although in Figure 2, the difierence inthe construction process does
not seem to show its influence on the skin friction in the clay portion.
Construction -control seems to be an important factor.to obtain such a
behaviour for bored and, especially, auger pile construction.

The construction method certainly affects the ultimate skin friction
of the sand. Relation between Ks tan § and §' proposed by MEYERHOFF
(1976) seems to fit well for bored pile having the tip in the first sand
(CHIEWCHANSILP, 1988), shown in Figure 3, for the estimation of the
ultimate skin friction.
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Instrumented pile's data are nrot available for the sand's ultimate skin
friction for driven pile. However, due to the limited depth of pile's
penetration into the first sand, the error in estimating the sand's ultimate skin
friction affects very little on the total pile load capacxty The ultimate skin
friction of the sand is estimated minimum!y by using the coefficient of at rest
pressure as the value of Ks, and tand .is equal to tan #'. The concept of the
critical depth. (VESIC, 1967) is not considered, due to soil conditions
consisting of clay and sand in alternating layer's pattern.

The difficulty in obtaining undisturbed sample in sand leads to the
necessity to use empirical correlations for the determination of the angle of
shearing resistance (8'). THANUDKLUENG (198) compared #‘ values obtained
from undisturbed first Bangkok sand samples with those from empirical
correlations using N value. The PECK HANSON AND THORNBURN correlation

'(1974) fits best for the Bangkok first silty sand, yielding slightly lower g

values compared to those from undisturbed samples. The practice now adopts
this correlation for silty sand. For clayey sand and poorly graded clean sand
(SP), the correlations developed by PITUPAKORN (1982) and MEYERHOFF

(1956) are used.

For the guger press pile, the ultimate skin friction in the sand
portion seems to depend upon the depth of pile's driving at the final process
by driving. Although data are inconclusive, the trend seems to indicate that
the developed skin'friction can be equal to that of the driven pile if the
auger process is not done in the sand layer (and causing disturbance) before
reaching the pile tip depth. With augering in the sand layer, the design should
be based on the skin friction of the bcred pile, independence of the depth of

final pile's driving.
(b) End Bearing Resistance

There are no instrumented pile data which provide informations for
the estimation of the ultimate end bearing capacity. The back analysis Nq
value for sand is estimated from the computed end bearing load using gross
pile's cross sectional area. This load is obtained from the pile's failure load,
defined by BUTER AND HOY method (1877), and the estimated skin friction
load using Figure 2 and the method presented in the previous section.

Figure 4 shows the values of Nqg for driven and bored piles. These
Nq can be interprei.d as the parameter for estimating the mobilized end
resistance for pile failure load defined according to the method proposed by
BUTER AND HOY (1977). They can be used in the similar fashion with those
in the bearing capacity equation. These Nq are, therefore, not at the fully
mobilized end resistance for soil failure where the deformation of about 10%
of the pile diameter has to be expected. The BUTER AND HOY (1377)'s ioad
is considered to be close to that at yield condition of the pile's load-
deformation relatiouship.

The Ngq value (Figure 4) shall be used only with the gross factor of
safety (F.S.~ 2.0 to 2.5). No additional factor of safety is required for the
end bearing resistance's portion which is conventionally suggested for reducing -
the deformation at failure of the end bearing pile. 1t is more practical, as
the safe load can be directly evaluated from load test from tested pile which
is uninstrumented. The Nq presented in Figure 4 can, therefore, be referred
as the "mobilized® Ng. It is defined as the Nq for soil bearing capacity
failure divided by the factor for reducing pile's deformation.
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or driven piles (Figure 4) with those

The comparison of Ng values {
jelds the reduced factor of about 3.0

from MEYERHOFF (1976) for Dp/B = 0y
(Figure 5).

Construction process certainly affects the mobilized Nq value. The

mobilized end bearing capacity of the driven pile is about 2 to 3 times higher
than that of the bored pile, based on data of piles having tip in the first
sand, for failure load at about yield condition.

The allowable load/pile for pile having tip in the sand will be
higher if the failure load is defined at about 10% of the pile

diameter. This certainly will increase the settlement of the single pile at
working load. The settlement at working load, using the failure load at yield
condition, is about 2 to 5 mm where the pile is tested with two to four
anchorage piles. Without the influence of anchorage piles, the settlement at
working load will be higher. The defining of the failure load at the ultimate
condition will not yield any advantage for pile's tip depth at about 50 m. For
this condition, the working load is usually control by the structural capacity of

the pile.

For any pile type when the failure is defined at yield condition, the

single pile, at failure, is still classified as the friction pile, eventhough the
pored pile has 1.5 m in diameter. The contribution of the end bearing
resistance significantly increases when the bored pile having tip in the second

sand, especially with large bored pile. "

3.1.2 Pile Subjected to Horizontal- Load

Limited experience and data are available for the behaviour of 2

vertical pile subjected to the horizontal load. No informations are available
for the in situ behaviour of pile group whereby the pile group's capacity is
significantly reduced in addition to the increase in the hirizonal movement

compared with the behaviour of a si.ngle pile.

iversity and AIT (SITHILERTPRASIT

1976; TUNGBOONTERM, 1978; TEERASAWAT, 1981) show that the ur}drained
modulus from unconfined compression of unconsolidated undrained triaxial
compression test can be used for estimating the horizontal subgrade modulus
upon adopting BROM (1964)‘s approach for rigid pile. The deformation,
however, can be predict using BROM (1964) and DAVISON and GRILL (1883)
for homogeneous clay and layering soil situation respectively. The soil type .
near the pile top significantly influences the magnitude of the horizontal
deformation. The compacted sand fill overlying the soft Bangkok clay helps to
reduce the horizontal movement. Repeated load also increases the deflection

under quick loading condition (TEERASAWAT, 1981).

Studies .at Chulalongkom Un

ultimate load for short pile failure (BROM,
BROM's method (TUNGBOONTERM, 1978;

nconfined shear strength.

The prediction of the
1964) can also be done by using
SITHILERTPRASIT, 1976), using u

As data from insturmented pile are not available, the validity of

DAVISON AND GRILL (1963)'s approach or the theory of the flexible beam odn
elastic foundation for computing the bending moment, using the modulus from

the unconfined compression test, can not be evaluated.
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The POULOS (1971)'s approach does not conclusively show its
validity. Only data from SITHILERTPRASIT (1976) show its suitability, based

on experiment on small short piles.

3.2 Settlement Analysis

Bangkok subsoil causes the unusual settlement problem for pile
foundation. The settlement is that which is due to the loads from the
superstructure. This is partly as the result of deep well pumping which
decreases the soils' overconsolidation ratio.

Significant settlement (5 to 20 cm) was reported. for highrises (8 to
30 storey) having their pile tips in the first dense sand (SAMBHANDHARAKSA
ET AL, 1987). Settlement is believed to be mostly construction settlement for
this condition. The time dependent settlement must, however, be expected and
may be significant for pile foundation having the pile tip in the first stiff
clay, especially in the condition where the negative skin friction ‘load from the

land fill occurs (CHALOEYWARES, 1986). N

Aiming for reducing the settlement, the pile's tip for the highrise is
located in the second dense sand at about SO to 60 m. Settlement becomes
smaller, as the number of pile in a group decreases and the soils’
compressibility are lower, ‘compared to the settlement of highrise having pile's

tip in the first dense sand.

predictions of settlement can be reasonable done by using POULOS
AND DAVIS (1980)'s and TERZAGHI AND PECK (1948)'s method for pile
foundation having the pile's tip in the sand and clay respectively.
(PONGRUJIKORN, 1986; CHALOEYWARES, 1986). The POULOS AND DAVIS
(1980)'s method requires the soil-pile modulus developed from pile load test,
and soils' compressibility located below the pile tip for settlement o
computation. SAMONWONGTHAI (1984) developed correlation between N value
and the first and second sand's constraint modulus. o :

The soil-pile modului (Es) for the settlement computation are
presented in Figure 6 and 7, for pile tip in the first stiff clay and first sand
(including one value from the second sand). The modulus is dependent on the
pile tip material, the pile type, and the: pile- dimensions inherently represented
by the wucking load/pile. The diameter of the pile is the important factor.
The modulus increases with the increase in the diameter and hence the
allowable load/pile, reaching the maximum values of 7,000 and 12,000 t/m?
at the working load of 80 t and 300t for pile's tip in the first stiff clay and
the first dense sand respectively. ~The data are those {rom pile size ranging
between 0.30 to 1.0 m and 0.30 to 1.5 m for pile's tip in clay and sand
respectively. The size of more than 0.60 m is that of bored pile.

Construction process will affect Es, although data in Figure 6 and 7
do not show the right trend. This is due to the predominant effect of pile's
diameter. Bored pile and auger press pile have lower Es than that of driven
pile, when the same pile size is compared. Auger press pile seems to have the
lowest modulus, resulting from its new technique which takes time for full -

development.
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IV. CONSTPUCTION CONTROL

The reliability of the foundation significantly depends on the
construction process and hence the construction control. This factor is
considered to be the important factor for selecting the. pile type, and the pile
tip depth for the design.

The construction control for driven pile foundation is based on two
criteria. These are the pile tip depth and the pile tip's material where the
blow count is used as an indication. The pile driving formula needs to be
evaluated for its validity and requires_adjustment or modification. It depends
not only on the shape of the pile but also on the pile tip's material
( PIPITSOMBAT, 1980). The formulae proposed by HILEY (1930), JANBU
(1967), and GATE (1957) show their validity. In most cases, the tip depth is.
the control factor for pile having tip in the clay. For the pile's tip in sand,
the blow count is additionally required.

The penetration of the pile into the required stratum and the
minimum pile length are the control factor for bored pile construction.
Normal construction measures for bored pile are enforced. These are the
quality of bentonite {density, pH, and viscosity), the allowable sand coatent,
and the concreting process. )

For the auger press pile, the depth of augering has to be selected
to suit the capacity of the pressing machine. The stability of the hole has to
be ensurad by analysis, as no protected means are provided in this process
including possible problems from piping. The final tip depth,- which is reached
by pile's driving, is controlled by using the same methods with those of driven
piles. The possible reductions of the skin friction of both clay and sand and
of the end bearing load may occur.

V. CONCLUSIONS

Bangkok subsoil provides the uniqué problem for pile foundation

" design and construction. Partly as the result of the deep well pumping, the

settlement problem becomes important for pile foundation having tip's depth at
about 30 m, considered unusual for normal pile foundation having tip depth In
sand (N > 40). The pile construction for highrise is now at the depth of
about 60 m, for reducing settlement, considered to be unusually long. The
need for the longer pile length is envisaged with the growth of the
construction industry.

At present there is no clear evidence indicating any structural
damage from land subsidence's problem, provided that the pile foundation has
the about the same pile tip depth. The negative skin f{riction load and the
subsidence to the underlying soil layers do not, therefore, seem to impose
severe problems.

The pile foundation's design in Bangkok subsoil has sufficient data
for estimating the pile capacity in compression. Lack of data leads to the
difficulty in designing the pile foundation subjected to horizonial loads
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Settlement analysis can be reasonable done for pile having its
tip in the first stiff clay and sand. The lack of settlement data of building
having pile s tip in the second sand leads to some doubt in settlement

analysis, upon adopting the same méthod.

Pile construction needs some improvement for bored pile and auger
pressed pile. The auger pressed pile can be effective in the future as
restri¢tions on vibration and soil displacement are increasingly imposed. For
bored pile, the need for larger bored pile (d> 1.5 m) at tip depth in the third

sand is seen for the future.

[~ —§
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9TH SOUTHEAST ASIAN GEOTECHNICAL CONFERENCE
BANGKOK, THAILAND
7-11 December 1987

SETTLEMENTS OF STRUCTURES AND THEIR PREDICTIONS
IN BANGKOK SUBSOILS

SURACHAT SAMBHANDHARAKSA THANIN PONGRUJIDORN
Chulalongkom University ’ Chulalongkom University
Bangkok, Thailand . Bangkok, Thailand

PHATOM CHALOEYWARES
Chulalongkom University
. Bangkok, Thailand

SUMMARY Settlement records of 7 buildings and one water sedimenta-
tion tank in Bangkok areas are presented. These data are compared
with predicted values based on TERZAGHI and FPECX (1248)'s and POULOS
and DAVIS '(1980)'s method. Six of these buildings are-highrises where
settlement data were available mostly during construction. These
highrises have their driven or bored pile foundation tjips in the first
sand layer at depths ranging between 25 to 32 m. Another building is
the one storey factory having its pile foundations subjected to
negative skin friction loads. fThese pile tips are located in the first
stiff clay. The water sedimentation tank is rested on mat foundation °
supported by short piles 6 m long and 0.15 m in size. 1In these last
two cases where pile tips are in clays, long term settlement data are
available. Large settlements were observed in highrises. Excessive
settlements were found in cases where pile tips are in clays and the
underlying clay layers were yielded and overstressed. Satisfactory
predictions are ‘obtained from Terzaghi and Peck, and Poulos and Davis

.method. The Poulos method is not very successful for cases where pile

tips are in clays, having negative skin friction loads and underlying
yielded clays. The Terzaghi estimation should@ include sand settlement,
yielding somewhat conservative result. )

INTRODUCTION

The researches on settlements of structures in Eangkok areas have
been carried out for almost three years. WICHIEN (1983) and WITOON
(1984) studied the settlements of three highrises. TIMNIN {(1984) made
the comparisons between predicted and measured settlements of six high-
rises. PONGCHAI (1985) developed microcomputer programme for settlement
computation of pile foundation and performed settlement analyses of two
highrises.-  THINAKORN (1985) studied the settlement of bridge approach
at Pangna-Bangpakong highway. PATHOM (1586) studied the settlements
of two structures having pile tips in soft and stiff clay. The latter
case involved the. influence of the negative skin friction. This paper
presents the summary of these researches. The aims are to present the
settlement cata and to compare these data with predicted values based
on TERZAGHI ané POULO3 method.
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General subsoil conditions

Bangkok subsoil consists of 12 to 18 m thick of Bangkok soft to
medium clay overlying alluvial deposit consisted of alternating layers
of stiff to hard clay and dense sand.

Bangkok is known for having -subsidence problems. The declination
of pore pressure below 8 m depth from deep well pumping causes the
reduction in overconsolidation ratio (OCR) of clays and sands below

the soft and medium clay.

-

Underlain the Bangkok medium marine clay, the soils are the
alluvial first brown stiff overconsolidated clay overlying the first
dense clayey or/and silt fine sand. It is then followed by the second
stiff to hard clay before reaching the dense second sand.

For settlement problems of pile foundations having tips in strong
stratum, troublesome soils are the first overconsolidated and second

slightly overconsolidated stiff clay. It occurs when the transferred
vertical stress from the pile foundation causes the final effective
vertical stress (o;f) to exceed the clay's preconsolidation pressure

(oé). The second stiff clay is more troublesome having higher PI
and liquiding index.

Early studies in settlement of pile foundation (WICHIEN, 1983;

'WITOON, 1984; SAMBHANDHARAKSA ET AL., 1984) indicated that the settle-
- ments of three highrise buildings having bored pile tips in first

dense sand were of considerable magnitudes, resulted from the signifi-
cant portion of settlement of the underlying first sand, second stiff
clay, and the second dense sand. : :

General practice for pile foundation design

The design of pile foundations in Bangkok area can be classified
into three classes.

Class A: For high load intensity, driven or bored piles having
their tips in the first sand or in the first overconsolidated hard
clay are used. Considerable amout of settlement generally is observed
in highrise having more than 18 storeys. For minimizing settlement,
some highrises have their pile tips in the second sand at about 50 m
depth, using tubular steel or bored piles. The latter type usually
has serious construction problems (NG, 1984}.

Class B: For light load structure, driven or bored piles having
their tips in first stiff clay are used. Acceptable magnitude of
settlement is usually obtained for small isolated footing on pile
foundations, if the final vertical stress does not exceed the precon-

solidation pressure.

Class C: For very 1light structure, driven piles having their
pile tips in the soft or medium clay are used. Large settlement is
generally expected. ’

" In this paper, predicted and measured settlements from 8 case
studies are compared. Six cases are from class A pile foundation
type. One case each is from class B and C foundation.
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The considered site locations are presented in Table I. The
followings are the brief descriptions of each site.

1, -
g ) TABLE I

LOCATIONS OF SITES

g No. Name Locations .Foundation

Class
: 1 BK Bank Seelom Road, Down town Bangkok Class A
pac - Vo2 TH Bank | Bankhumprom Area, Bangkok Class A
et 3 Tower A 1 Examai Rd, off Sukhumvit Rd. Class A
4 Tower B { Examai R4, off Sukhumvit Rd. Class A
.5 Tower C Rama IV, Bangkok Class A
3 /6 Tower R Wireless R4, Bangkok Class A
! 7 Factory | Phra Pradaeng, Bangkok Class B
8 | sedimentation’| Chachoengsao, 71 km. from Bangkok Class C

Tank .

) From sites 1 to 6, the structures are highrise buildings. Table
II presents details of pile foundations including pile sizes, numbers
of piles, load/pile , pile types and lengths, and types and shapes
of foundations. The pile tip material is the first silty sand for .
all buildings. Isolated footing on pile foundations are used in site
1, 3, and 4, connected with tie beams. Mat on pile foundations are
used in site 2 and 6. Combined footings (total of-3 combined footings)
are used at site 5. Most sites (Table II)have basements.. The pile top

TABLE II

FOUNDATION DETAILS OF 6HIGHRISE BUILDINGS UNDER STUDY

: BK TH TOWER TOWER TOWER TOWER
=g BANXK BANK A B C R
’ Shape Rectancular|Pectangular|OctagonOctagon {Octagon Rectangular

ure Sizes (m) 25x84 24x72 37x37 37x37 22x30 38x41
§ ” Foundation '} 1r M 133 F cr M
: - pile type'?). BP -oP 2P BP DP DP

‘ Pile sizes (m)} 0.8x2.2 0.45x0.45 | 6 1.20| ¢ 1.20| I-40 1-40
7y of or
. - é 1.50] 6 1.50
e Tip depth (m) | . -30 -26 -32 232 | -29 ~25.5

A Pile top (m) -5 -5 ] -5 -4 0
= No. of piles 293 396 69 69 280 562
o a (e/m?y) 3 55.4 15.0 38.3| 37.4| 36.1 25.0
(32) (8} (31) (31) | (26} (20)
i i Load/pile (t) 365 85 500-800| 500-800Q 80 70
:ﬂ Notes: (1)} 1IF = Isolated footing wita tie beams
M = Mat foundation
- CF = Combined footing
(2) BP = Bored piles
pP = Driven piles
(3) gq = hpplied total stress

Number of storey indicated in bracket
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depths were at about 4 to 5 m.

The foundation of the factory at Phra Pradaeng (site 7) is
isolated footing on piles having their tips in the first stiff clay.
The numbers of piles in the footings varied between 1 to 6. Pile
lengths are between 18.5 to 21 m. In each footing, the pile length
is equal. The pile has the size of 0.25x0.25 m, made of prestressed
concrete. The designed load/pile varies betwen 15 to 22 tons. Prior
to construction, the site was filled with 1.5 m thick sand fill.
Negative skin friction load should, therefore, be expected, although
the consideration of this load was not made in the pile capacity
evaluation. The consequence of this is shown from the measured
excessive settlement, especially in the pile group which can not resist
the negative skin friction load and is expected to have bearing
capacity failure. The settlement analysis will be made on footing in
which bearing capacity failure does not occur. .

‘Phe foundation of the water sedimentation tank is the mat founda-

_ tion rested on driven concrete piles 0.15x0.15%x6.0 m. It is located

at km 71 on Minburee-Chachoengsao road. The area was covered with
clay fill approximately 1 m thick. The tops of the piles are in the
£ill, approximately 0.25 m below the surface. The pile tips are,
therefore, at about 5 m in the natural soft clay deposit, located in
the soft clay which is 14 m thick and underlain by one meter thick
medium clay before reaching the brown stiff clay. The size of the mat
is 13.0x24.5 m, and the total of 1200 piles were used.

All structures were made of concrete. The estimated average
total stress (q) of highrises, see Table II, was computed by obtaining
the -total load divided by the total foundation area consideredé as the
equivalent mat foundation. In highrises, the stress interferences
between footings are expected, due to large numbers of piles are used.
The considered foundation at the factory is the isolating footing,
having 4 piles located at the distance 3 ¢ apart and 17 m in length.
The estimated dead and live load/footing is 68 tons. Upon including
the negative skin friction load estimated using BROMS method (1978},
the total load/footing is 202 tons. This leads to the total stress
of 202 t/m2. The estimated factor of safety against pile group block
failure is approximately 1.1. The transferred stress from the founda-
tion would increase the vertical stress in the first stiff clay to
exceed the preconsolidation pressure. The spacing between each
footing is 10 m, caused no stress interference between the underlying
soils below footings. For the water sedimentation tank, in addition
to the stress from the fill of 1.5 t/m2, the total stress from dead
and live load is 4.0 t/m?. The estimated factor of safety against
underlying soft clay failure is 1.4, indicated some yielding.

- Soil conditions at the sites

For all highrise sites, at least one boring was made to the
depth which is at least equal to the length determined from the sum
of the pile length plus 1.5 times the smaller width of the foundation.
Basic properties were determined -in clay and sand layers. These are
plasticity index and liquidity index for clay, and grain size distri-
bution for sand. SPT tests were performed in first and second dense
silty sand. For second stiff to hard clay, samples were taken for
consolidation tests, from 2" ¢ driven tube sampler. This was done
for all cases ex-cepting in Tower C and R where clay compressibility
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was estimated from N values,

At the water sedimentation tank site, borings were made until
the first stiff clay was found, in addition to the in situ mechanical
Dutch Cone tests. Laboratory tests included consolidation tests, UU
tests, ‘and Atterberg limit tests in soft clay.

At the factory site, a boring was made till the depth of 25 m,
yielding sufficient soil data. Consolidation tests were performed -

.in the soft, medium, and first stlff clay obtained from thin wall

tube samplers.,

Table III and IV present the summary of soil conditions for -
highrise sites (Table III), and for the water sedimentation tank
and the factory site (Table IV). In Table III, since the pile tips
of all sites are located in the first sand. The necessary soil
parameters for estimating settlement are, therefore, those shown in
Table III, using TERZAGHI or POULOS method. These N and m, values

are the average values in the considered layers or sublayers. The
sublayer is seperated from each other because of the significant
differences in the basic properties (N and mv) within the layer.

Sublayer existance is indicated by the plus (+) sign in the t value.
(Table IITI). The total thickness of the layer is the sum of the
thicknesses of the sublayers., For instance, the total thickness of
the second stiff clay at BK Bank is 7+5 = 12 m (Table III).

TABLE III

SOIL CONDITIONS(Z) AT & EIGHRISE SITES HAVING PILE TIPS IN FIRST SAND

Locations First sand Second stiff clay s:gggd
(4} 1) (&) (1) (1)
Depth{m) N t{m) |A{m</t) | N Wn % [PI % |¢t(m) |N t (m)
BK BANK 22.5 [37-65|5.5+10) 4.2-1,9023-27|20-27{20-30][ 7+S | 40 2
TH BANK 26 50-66 11 3.5 54 25 30 4.5 |87 |>26
Tower A 28 29 10 §14,5-3,3 7-36 [15-25]15-25] 10+11} 75 |{>3
Tower B 28 - 29 10 [14.5-3.3 7-36|15-25{15~-25{ 10+11] 725 |>3
Tower C 29 42 10 4.9 29 - - 7.5]78 7
Tower R 25.5 41 ] 6.0-4.528~40] - = lL.s+s |60 |25.5

Notes: (1) Thickness of the soil layer,, the (+) sign indicates two
sublayers of different properties.
(2) Data from TANIN (1984).
(3) A = m x104 (Average value of each layer or sublayer).
(4) Depth from ground surface where the first sand was first
encountered.

Table iV presents the summary of soil data from the water
sedimentation tank and the factory site where pile tips are in the
soft and stiff Bangkok clay respectively. The values of wn, PI,

and m, are shown as the range, increasing with depth. These are

the required properties for analyses.
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TABLE IV

SOIL CONDITIONS(J) AT WATER TANK AND FACTORY

(A) Water tank

Soft Clay Medium Clay

wos | prs £ mla w27ef M) m] £ m Wit |pra|a m2sefd)

75-120]60-35 14 |10 to 17 14 1.0 60-75{55-~60|7 to 10

(B} Factory

Medium Clay ' Stiff Clay
pa [« ke w_ sfer & [aPha?/e) p'Hm) £l w_afer + a1 @0

11 3 38-42/30~-60]2.0 to 5.0 14 >11 J20-23{15-50{0.7 to 2.0

Notes: (1) Depth at which the soil layer starts, measured from
ground surface. : :

(2) Thickness of the soil lﬁyer.
{3) Data from PATHOM (1986).
(4) A =mx 103

The m; values of the second stiff to hard clay at Tower C-and

Tower R (Table III) were estimated from N values using correlations
developed by WITOON (1984) and PARENTILA (1983), which are dependent
upon clay plasticity and liquidity index. Other m,, values shown in

Table III and IV were from consolidation tests.

Measurement of settlement

For all highrises, the settlements were measured from reference
piles, having their pile tips at the same levels with those of the
highrises, located outside the stressed area. Measurements were
done during construction and ended only a few months after construc-
tion, beginning at a certain period after the construction has begun.
For interpretation of data, linear interpolation was, therefore,
made for obtaining settlement. Settlements were recorded in the
core area at points near the sides and the center of the building on
the first floor or basement.

At the water sedimentation tank, the settlements were recorded
from about 1200 days after construction. The reference points were
located in a nearby building which has their pile’ tips in the first
sand. The six measured points are located at the edges of the tank.

At the factory, the reference point is at ?he column rested on
the pile foundation for the gantry located QutSLde the factory
foundation lay out. This reference foundation, however, has only
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1 pile subjected to the load of 30 tons including the estimated load
from the negative skin friction. The tested ultimate pile load was
40 tons. Measurements were nade at several foundations.

Upon having the reference pile tips at the same elevations

"with those used for foundations of the structures, it is thought

that for highrise settlement measurements, the observed settlements
are mosly due to the dead and live load from structures, as measure-
ments were made during construction. The influence of ground sub-
sidence on settlement measurements should be minimum or negligible.
At the water sedimentation tank site, data from surface settlement
platesindicated the soils above the first sand layer do not subside
as the result of deep well pumping. The observed settlements are,
however, believed to be somewhat smaller than the actual values, as
the reference building was also settled by the dead and live load
from the structure, in addition to the negative skin friction load.
It can, nevertheless, be considered that the observed settlement from
the water sedimentation tank is mostly due to the dead and live load
of the water sedimentation tank and to the weight of 1.0 m clay

£ill.

The interpretation of settlement data at the factory is compli-
cated. Measurements began 6.5 years after construction and data
were available nearly 8 years after the first measurement was made.
Complications were caused by the negative skin friction loads, which
made the total loads in some pile foundations exceed their carrying
capacity, causing soil fajilure. The transferred of loads between
foundations are, therefore, expected. This leads to the difficulty
in estimating the load on the analyzing foundation. In addition,
the difference in negative skin friction loads between the reference
and considered foundation, and in stress levels also cause complica-
tions. The observed settlement is, therefore, assumed to be due to
the dead and live locad, and the negative skin friction load. The
direction of error is, however, not certain, as the variation of the

joad on the foundation with time is expected and of unknown magnitude.

Settlement data

Table V presents the summary of locations where the observed
settlements were compared with the predicted values for highrises.

Figures 1 to 6 show the observed settlement - time curves from
BK Bank, TH Bank, Tower A, Tower B, Tower C, and Tower R respectively.
In these Figures, the total stresses transferred to the foundation
are also plotted. It is seen that the amount of settlement in these
highrise buildings are rather significant, but the major portion of
the settlement is, however, occur during the construction time. The
rate of settlement appears to be small after the construction was

completed.
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TABLE V

LdCATIONS WHERE OBSERVED SETTLEMENTS ARE COMPARED
: * WITH PREDICTED VALUES

Structures Loqations . Type of Foundation Point No.
[BK BANK Edge Isolated footing; 4 piles H-5
Edge per footing in the core H-8
Near Center area . H-10
ITH BANK Edge Mat foundation; 396 piles 19
Edge ' 6
TOWER A Near Center | Isolated Footing, 2 piles- 25 N
Center . .Isolated Footing, 13 piles 20
Near Center Isolated Footing, 2 piles - 26
TOWER B Near Center | Isolated Footing, 2 piles 25
. Center Isolated Footing, 13 piles 20
Near Center Isolated Footing, 2 piles 19
TOWER C Edge Combined Footing, 60 piles 8
Near Center combined Footing, 102 piles 2
Near Center i Combined Footing, 102 piles 5
TOWER R Edge Mat Foundation, 562 piles 47
Edge 6C
Near Center SD
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Figure 7 shows the settlement-time curve at': the factory site.
The considered foundation for comparing the predicted and measured
settlement is the f_ooting marked E-1, The observed settlement from
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FIGURE 5 STRESS-SETTLEMENT-TIME CURVE AT TOWER C
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footing A-2 having the total load/fcoting of approximately 226 tons_ is
also shown for comparison. This A-2 footing is believed to be unable
to carry the mentioned load which includes that resulting from the
negative skin friction. The consequence is clearly shown in Figure

7.  For both foundations, the penetration depth of piles in the first .
brown stiff clay is only 3.5 m. The time shown in Figure 7 is that
measured from the end of construction. The time dependent settlement
portion is, therefore, significant at this site. The observed settle--
ment of E-1 foundation was about 23 cm., compared to that of 44.9 cm.
observed from ‘A-2 foundation. The trends of the rate of settlement
indicate that settlement is nearly ceased in E-1 foundation but not
likely to stop in A-2 foundation. Some cracks were observed in the
wall, resulted from differential settlement. ’

Figure 8 shows the settlement-time curve at the water sedimenta-
tion tank. The observed settlement at about 1700 days after construc-
tion was about 35 cm. The existing rate of settlement is still signi-
ficant. The settlement is,therefore, unlikely to stop in the near
future., Despite this large settlement, no structural damages have
been observed, although the tank was slightly tilted.
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PREDICTIONS OF SETTLEMENT

Predicted methods

Pile foundation settlements can be predicted by TERZAGHI and
PECK method (1948), referred to as TERZAGHI method, and POULOS and

.DAVIS method (1980) referred to as POULOS method. TERZAGHT method

is rather empirical, considering the pile foundation problem as
the equivalent shallow foundation problem by assuming that the
equivalent shallow foundation is situated at certain depth below
the ground. POULOS method employs elasticity solution where the
transferred stress from the pile foundation is theoretically
considered. The attractive point of the POULOS method is that
pile-soil modulus, E s for the settlement estimation can be back

analysis from pile load test data. This method, therefore, generally
yield reasonable estimated settlement for soils which exhibit elastic
behaviour. - :

The soil parameters for analyses are pile soil E, determined
from pile load tests, m, from consolidation tests for clays, and,mv
estimated from N value for sand using the correlation developed by
WITOON (1984). With the exception of the sedimentation tank site,
all sites have pile load test data for estimating Eg. These E  are

for computing the settlement in the founding layer in POULOS method,

In POULOS method, the analyses of founding layer settlements
consider the corrections of pPile caps two times. Some rigidity is
considered to be provided by the pile cap, and by the tie beams and
floor basement. This was done in analyses of isolated and combined
footing foundations. For settlements from the underlying layers
which are significant in highrises and water sedimentation tank, the
soil moduli Eé and Eu for underlying soils were computed from m,

using elasticity theory. Eé and E, are drained and undrained soil
modulus respectively. :

In TERZAGHI method, settlement was estimated from one dimensional
consolidation theory for both clays and sands. The values of m,

for TERZAGHI and POULOS method are shown in Table III and IV.
COMPARISORS OF PRIDICTED AND OBSERVED SETTLEMENT

Figure 1 to 6 present the comparisons of the predicted and
Observed settlement-time curve of highrises, mostly during construc-
tion. The predicted curves were determined from POULOS method,
based on the given load/pile, pile layout, pile soil Es, and m,

values previously presented. Excepting at Tower A and B, POULOS
method predicts the correct trend of settlement-time curves during
construction and yields reasonable well predicted settlement magni-
tude for practical uses (Table vI).

Table VI presents the predicted final settlements from POULOS
and TERZAGHI method. The numbers shown in the brackets are the
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-is included in the TERZAGHI estimation. Observed fina

are not available.

determined from construction settlement usin
The ratio of final settlement to construction settlement is dependent
upon the ratio of undrained and drained modulus.

Final observed settlements of high

following interesting results.

(i)

result,

(ii)
skin friction load,
results,
construction.

(iii)

TERZAGHI method may yield the predicted settlement which
is too low for highrises, if the settlement in the sand
Upon considering the settlement
, this method-could then yield conservative

layer is not included.
in sand layer

With the exceptions of cases where foundations have their
pile tips in overstressed cla

In the presented case studies where
and these clays are overstressed,
yield good result.

TABLE VI

PREDICTED VERSUS MEASURED SETTLEMENT (cm )

nt from sand layers
1 settlements

rises are

g theory of elasticity.

Table VI shows the

ys and that with the negative
POULOS method generally .yields good
POULOS method yields reasonable prediction for
highrise, expecially the settlement and its rate g

pile tips are in clays
TERZAGHI method seems to

POULOS [TERZAGHI Measurements
Method Method
(F(l) F(13 I(1) EF(1)

BK . BANK 15-19 22 (34) 12-15 14.5-18
TH BANK 3.5-4.0 1.3(5.0) | 2.5-3.4 5.0
Tower A 8.8-10 {15(24.5) | 8.4-9.6 10-11.5
Tower B 8.6-10 115(24) 8.3-9.1 10-11
Tower C 6.6-7.117.6(11.7)] 3.7-4.4 " 6.5-7
Tower R 8.9-13,78.0(13.5){10.8-12.8 | 13.5-17
Water tank|{41 to 51 58.1 - 57.9(2)
Factory 31.2 25.5 - 24,1(3)

Notes: (1) I

(2)

The final settlement of the water sedimentation tank was estimated
using ASAOKA method (1978). _
estimate the final settlement at the factory, as loads between founda-
This could increase the settlement in

F
EF

wnn

tiors may be redistributed.
foundation E-1,

Construction settlement
Final settlement )
Final settlement estimated from measured initial
settlement using POULOS and DAVIS method.

Curve fitting Asaoka (1978) Method.
{(3) Last available record (Settlement Curve Shown in Fig. 9)

It is not possible to realistically

uring
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At the factory, the larger predicted settlement from POULOS
method compared with that from TERZAGHI method is thought to be
due to the overestimation of single pile negative skin friction load.
The pile foundation also has significant settlement, approximately
10 cm, due to the dead and live load. This tip movement could lead
to the overestimation of the negative skin friction load.

CONCLUSIONS

From the presented case studies and analyses, the following
conclusions could be made- ;

(i) The observed.highrise building settlement is rather large
but it rapidly occurs.

(ii) For pile foundations in which the underlying clay is
overstressed above its preconsolidation pressure, large long term -
settlement should be expected. The problem becomes severe if the
pile tips are in soft clay.

(iii) The necessity for considering the negative skin friction
load and its danger are shown in the observed settlement at Phra
Pradang factory.

(iv) POULOS method is shown to be suitable for predicting
settlement of highrise where underlying soils behave elastically,

‘especially the settlement and its rate during construction.

(v) TERZAGHI method yields somewhat better result for estima-
tion of final settlement of pile foundation having their tips in
overstressed clay, compared with that from POULOS method. For
highrise, TERZAGHI method could yield conservative result, upon
considering settlement in sand layers, ’ -
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