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Abstract

In this thesis, the effects of cementation on a selected local dune sand have been studied under
static loading. Stress-strain, strength and general characteristics of artificially cemented sands, were
determined under different loading conditions, different cure periods, different cure types and different
sample's density. The two cementing agents used were portland cement and calcium carbonate.

Artificially cemented sands were prepared in the laboratory where control over different
parameters can be achieved. Unsaturated undrained static triaxial as well as drained static triaxial tests
were performed on the artificially cemented sand specimens. Stress-strain and p-q diagrams were drawn
and strength parameters (cohesion and angle of internal friction) were determined for all test samples.

The results show that the addition of a cementing agent to a wind-blown sand with uniform size
distribution produces material with two components of strength - that due to the cementing agent itself
and that due to the frictional component of the sand. Cemented sands distinguish themselves by having a
well defined cementation/cohesion intercept while the angle of friction of cemented sand is similar to that
of uncemented sand. The results also show that drying process is essential in cementation development
espcially when calcium carbonate is used as an agent. The lower the moisture content at testing, the
higher the peak strength and initial tangent modulus values. Peak strength as well as initial tangent
modulus values, increase with increasing cure period, confining pressure, cement content and density.
Residual strength values seem to be independent of all parameters except confinement and density.
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ABSTRACT

In this thesis, the effects of cementation on a selected local
dune sand have been studied under static loading. Stress-strain,
strength and general characteristics of artificially cemented sands,
were determined under different 1loading conditions, different cure
periods, different cure types and different sample's density. The two
cementing agents used were portland cement and calcium carbonate.

Artificially cemented sands were prepared in the laboratory
where control over different parameters can be achieved. Unsaturated
undrained static triaxial as well as drained static triaxial tests were
performed on the artificially cemented sand specimens. Stress-strain
and p-q diagrams were drawn and strength parameters (cohesion and angle
of internal friction) were determined for all test samples.

The results show that the addition of a cementing agent to a
wind-biown sand with uniform size distribution produces material with
two components of strength - that due to the cementing agent itself and
that due to the frictional component of the sand. Cemented sands
distinguish themselves by having a well defined cementation/cohesion
intercept while the angle of friction of a cemented sand is similar to
that of uncemented sand. The results also show that drying process is
essential in cementation development especially when calcium carbonate
is used as an agent. The Tlower the moisture content at testing the
higher the peak strength and initial tangent modulus values. Peak
strength as well as initial tangent modulus values, increase with
increasing cure period, confining pressure, cement content and density.
Residual strength values seem to be independent of all parameters

except confinement and density.
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1. INTRODUCTION

1.1 General

Cemented soils belong to a class of material which can be
labeled as either rocks or soils and they typically consist of wind
blown deposits. Cemented sands form in many geological environments,
including, but not limited to, marine deposits and dune deposits. In
this thesis cemented soils can be defined as granular deposits bound
together with a cementing agent and have measurable strength.
Cementation effect can either occur chemically, physically or com-
bination of both. The cement may either be present in the soil at
time of deposition or may be formed after deposition by weathering of
minerals present in the soil mass. The degree of cementation depends
on factors such as the amount and type of cementing agent, water
content, ground water movement, weathering and the way cementation
effect was produced. Cemented sands are brittle at low confining
pressures loosing most if not all of their strength after failure.
This brittle response is critical especially during seismic loading,
since it may lead to a sudden and total collapse when these soils are
present in slopes. Cemented sands may be divided into two broad cat-
egories: naturally cemented and artificially cemented, depending on
the way cementation effects are produced. The naturally cemented
sands are found in various places in the world including the Arabian
Peninsula. The distinguishing characteristics of these sands is their
ability to stand in steep natural slopes and their apparent resistance

to penetration noted during pile driving. Their ability to stand in



steep slopes is often taken advantage of in siope construction and
highway cuts, which reach up to 90° and often exceeding 100 ft (30 m)
in height. Natural slopes in cemented marine terrace sands steeper
than 40° and exceeding 150 m in height can be found [37]. Vertical
or nearly vertical slopes in coastal cliffs of weakly cemented sands
reach up to 180 meter in height [36]. Steep slopes in cemented soils
are both natural and man-made. Naturally steep slopes are formed
almost exclusively as a result of active erosion either along stream
beds or along beaches. The most common natural cements found are:
silica, calcium carbonate, clay, silts and iron-bearing minerals. The
resistance and strength exhibited by these sands depend to a large
extent on: amount and type of cementing agent present, sand density,
degree of packing, and the characteristics of the sand itself. These
characteristics include: grain size distribution, texture, shape, and
mineralogy of particles [8, 10, 20]. The unconfined compressive
strength of these materials, range from just slightly greater than
zero to about 100 psi (700 KPa). The cementation in the sand is
provided by small amounts of agents deposited at the point of contacts
between sand particles. Cemented sands occur within Sabkha deposits
where calcium carbonate and more recent diagenetic minerals, such as

gypsum, serve as the main cementing agent [1].

The thickness of the cemented zones in a soil profile varies
from place to place and in the same place from site to site. The
degree of cementation ranges at times from highly (strongly) cemented
to poorly (weakly) cemented zones [20]. The variability occurs not

only on a small scale {within a sample or petrographical section), but



also on a large scale over the entire stratigraphic interval of a
particular formation [34]. The variation in cementation is usually
attributed to unequal precipitation of calcite cement which results in
variation of the degree of cementation. Undisturbed samples of these
soils can only be obtained by extremely complicated and costly tech-
niques, and therefore estimation of engineering parameters of these

materials, for design purposes, are extremely difficult [14].

The artificially cemented sands are produced in the laboratory
or in the field under controlled conditions. The literature reveals
that artificially cemented sands made in the laboratory exhibit some-
what similar properties as those of naturally occuring cemented sands
[8]. Testing of artificially cemented samples allows greater control
over important variables that are normally difficult to assess in
naturally cemented sands because of their heterogeneity, variation in
cement content, and the difficulty normally encountered in sampling of
naturally cemented sands. In this research an attempt has been made
to present the static properties of only lightly cemented sands since

that could provide the lower bound strength.

The wide use of cemented sands in airports, slopes, highways,
etc. and the abundance of naturally cemented sands all over the world
makes it necessary to understand the behavior and characteristics of
such soils. Due to the difficulties in obtaining undisturbed natural-
ly cemented samples and due to the heterogeneity of such samples, it
will be difficult to obtain data that can be used for engineering

purposes. This data, if obtained, will not be applicable to cemented



sands in other areas because of differences in cementing agents,
density and other characteristics. The effect of different parameters
on properties of naturally cemented sands can not be investigated
since there exist no control on such parameters, and the composition
of each sample differs from that of other samples. In order to
understand the observed behavior of cemented soils and to predict the
response of these soils, a testing program has to be carried where the
effect of different parameters can be studied. This testing can not

be done on naturally cemented soil due to the above mentioned diffi-

culties.

The best way to carry the testing program is to simulate field
conditions by means of artificially cemented soils. A program of
laboratory study was initiated on artificially cemented sands made in
the laboratory under controlled conditions. Different parameters
similar to what would happen in the field were tried. Cure period,
cure type, confining pressure, density, saturation and remoliding
effects were considered during the investigation which covers the many
variables that could be present in the field. Test results were
expressed in the form of graphs where regression analysis, by means of

the computer, were determined.

1.2  LITERATURE REVIEW

Cemented sands exist at various places in the world and the
degree of cementation varies from very strong to very weak. The

existence of such soils may create problems which should be considered



when dealing with these soils. Strength of weakly cemented soils can
easily be disturbed and reduced, and the degree of disturbance depends
on many factors as will be discussed later. On the other hand,
difficulties are encountered when dealing with strongly cemented soils
for excavation purposes, since their high strength requires special
tools to make the excavation. Saudi Arabia is one of these places
where naturally cemented sands exist [29]. Weakly cemented sands
exist in Western coastal plain. Hard cemented silty sands exist in
Jubail area in the eastern coastal zone. Soft and loose surface
subkha deposits exist in both western and eastern coastal and inland
areas. These sabkhas, according to Akili, W. and Torrance, J. [1],
consist of cemented and uncemented layers of varying thickness and
properties. Cementing agents are mainly calcium carbonate and more

recent diagenetic minerals [1].

The Arabian Gulf is one of the tropical and temporate regions
of the world and cemented sands within carbonate sediments are very

common in such areas where offshore o0il is being produced [12, 30].

1.2.1 Weakly Cemented Sands .

Experience and training are required in defining weekly
cemented sands. Sitar [36] defined cemented sands as naturally
occuring cemented granular deposits with measurable strength. Weakly
cemented sands include deposits of loess, volcanic ash, dune sands,
and marine beach sands. Cementing agents binds dindividual grains

together, and cement may be either present in the soil at deposition,



precipitate from percolating ground water, or formed by weathering of
soil minerals. This cementation depends on: type and amount of
cementing agent, water content, ground water movement, sand density,
degree of packing, weathering and the characteristics of the sand
jtself. The characteristics referred to include grain size dis-

tribution, texture, shape and mineralogy [10, 20, 24, 28, 37, 40, 48].

Weak cementation in soils is rarely mentioned in the litera-
ture. Data on the strength and behavior of naturally cemented sands
js limited and has become available in the late seventies. Table 1.1
shows the available information about naturally and artificially
cemented sands. On the other hand, soil stabilization with chemical
additives is known and has been used for long time. Additives 1ike
lime, lime-fly ash, portland cement and asphalt were used in many
countries to stabilize soils for different construction purposes. The
amount of cementing agent added is usually more than those percentages
normally encountered in naturally occuring cemented sands. A great
deal of information is available in the literature about stabilized
soils and cement-treated soils. Engineering characteristics, mixing
procedure, construction procedure, additive percentage, durability and
uses are discussed in details in different publications [3, 23, 25,
31, 33, 35, 42, 44, 46, 47, 50, 52]. Since this research deals
specifically with cemented sands, the discussion will be centered on
these soils. Stabilized or cement-treated soils, will not be dis-

cussed here.
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Sowers [40] classifies the cemented structures into two

categories depending on the relative amounts of the binder and the

bulky grains:

1. Matrix structure, where the volume of bulky grains is 1less

than about twice that of the binder.

2. Skeletal structure, where the volume of bulky grains is more
than twice that of binder. This will result in either contact

bound or void bound:

a. Contact bound, refers to the situation where the binder
is concentrated between the points of contact of the

bulky grains.

b. Void bound, in which the binder occupies part or all of
the void space between the bulky grains which are

intouch.

Binding agents usually. found in naturally cemented sands are;
compressed and dried clay, calcium carbonate, various iron oxides and
colloidal silica. Dense packing of sand grains can produce
cementation [10, 30]. Mechanical interlocking of grains and capillary
tension can produce an effect similar to that of cementing agents [9,
11, 24, 36]. Matrix of silt and clay particles can produce
cementation which is a function of several factors such as the grain

size distribution, amount of clay, type of clay minerals, nature of



the saturating cations populations, and presence and solubility of
excess entities as well as organic cementing agents [2, 8, 40].
According to Sridharan and Allam [2, 46] aggregation of soil particles
and cementation by compounds of Ca, Mg, Al, and Fe result from
repeated wetting and drying induced by large flocculations in the
water content as the seasons change; which is the case in arid and
semi-arid regions. Desiccation bonds have been found to influence the
shear strength behavior of desiccated soils. Sitar [36] stated that
the cementing agents along the Pacific beaches in California are clay,

carbonates, minor gypsum and iron oxides.

When volcanic ash is combined with wind-transported soil and
decomposed in the presence of water, cementation results upon drying
of these soils. Sitar [36] stated that the cementation in volcanic
ash soils in Guatemala seems to be caused by mechanical interlocking
of the individual particles due to the fact that they are angular in

shape with sharp edges.

Sitar [36] used portland cement to make artificially cemented
sands. He used 2% and 4% portiand cement by weight of the sample.
Unconfined compressive strength was obtained for curing periods
ranging from 3 to 28 days. Triaxial compression, Brazilian tension
and static and dynamié unconfined simple shear tests were performed.
Clough et al. [8] studied the behavior of four naturally cemented
sands in the San Francisco Bay area in addition to artificially
cemented sand. The naturally cemented sands vary from very strong to

very weak. Thin section analysis of these sands showed that the
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cementing agents are basically similar and mainly consisting of
silicate and iron oxides with minor amount of carbonates. Unconfined,
drained triaxial and Brazilian tension tests were performed in their
study. The authors concluded that density, grain size distribution,
grain shape and grain arrangements have a significant effect on the
behavior of cemented sands. They have also found that the behavior of
naturally cemented sands can be depicted by the artificially cemented

‘sands prepared in the laboratory.

Frydman [13, 14] concluded from his study on naturally cement-
ed sands that the pressuremeter appears to be potentially a useful
tool for measurements of in situ engineering parameters of clean and
partially cemented sands. Triaxial tests were carried on cylindrical
specimens cored from frozen blocks. Undrained cyclic strength was
obtained using cyclic stress-controlled triaxial compression equipment
for frozen specimens which were saturated using C02. X-ray
photographs were also used to identify Tlayering and degree of
variability of the structure of the cored frozen specimens. Strength

parameters and modulus of elasticity were measured in this study.

1.2.2 Cementation In Rocks

Cemention also exists in rocks. Limestones are rocks composed
of clacium and magnisium carbonates, they are marine deposits. They
are formed from soluble bicarbonate 1in water by biochemical and
physicochemical processes. Silts, iron oxides, and volcanic ash may

be present as impurities 1in the carbonate formation. Freshly
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deposited carbonate formations are characterized by their high void
ratio. Cemantation, due to the additional precipitation of carbonates
that bond the grains, cause induration of the limestone. Replacement
of the more soluble calcium carbonate by less soluble calcium

carbonate, dolomite, and even silica often accompanies induration [18,

38, 39].

In sedimentary rocks cementing is the most important mechanism
of induration. Calcium carbonate, silica, and iron bearing minerals
precipitate in the voids and bind the solids together. Cementation
can also be produced by a clay in dry climate as a result of desic-

cation bonds [20, 40].

1.2.3 Cementation In Collapsing Soils

The presence of cementing agents in some soils' structures
affect the behavior of these soils. The bridging effects create a
honycomb structure with high void ratio and consequently Tow density,
but substantially high strength due to the strength of the cementing
agents. These soils at their natural water content will support a
heavy load with negligible consolidation; but when water is added they
experience large reduction in volume. These soils are known as
collapsing soils. Collapsing, or metastable soils, have been found in
many parts of the world. They exist in Europe, North and South
America, parts of Asia, southern Africa, China, New-Zeland, Argentina

and Uruguay [5, 6].

12



Dudly [9] defind collapsing soils to be soil deposits that
were Tloessial, aeolian, subaerial, colluvial, mud flow, alluvial,
residual, volcanic tuffs and man-made fills. Metastable or collapsi-
ble soils are defined by Clemence [7] as any unsaturated soil that
goes through a radical rearrangement of particles and great loss of
volume and strength upon wetting with or without additional loading.
He also stated that collapsing soils are found in soil profiles from
all types of sources; in mountainous areas, in the plains and in arid
and humid areas. However all types of collapsing soils are weakened
by the addition of water regardless of the physical basis of the bond
strength. The bonds are weakened, softened or removed from the
structure when enough water is added, which cause a new arrangement in
the soil aggregation that causes reduction in strength, reduction in

volume and increase in density as shown in Fig. 1.1.

Collapsing soils wusually consist of 1loose structure of
bulky-shaped grains in the form of silt to fine sand size bonded

together by a cementing agent. Fig. 1.2 shows typical structures for

such soils.

The collapse process requires an open, potentially unstable
and partly saturated structure. Large enough  applied stress is also
required. The soil needs to have high enough value of soil suction,
bonding, or cementing agent. The binding agent can be capillary
forces which is usually the case with sandy soils with the presence of
silts. Clay is another binding agent where clay grains cluster around

the junction in a random flocculated arrangement giving a buttress

13
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Fig. 1.2 Typical Collapsible Soil Structures [5, 7, 9].
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type support to the bulky grain as shown in Fig. 1.2-D. The nature of
the clay bond is complex and it is not clear how much is due to
electrochemical effects and how much of it is due to capillary effects
[5, 9]. Chemical cementation may exist also in some soils where
inorganic materials such as iron oxides and calcium carbonates or the
welding of the grain contact, provide strength for many collapsible

soils [5, 7, 51].

In residual soils, the collapsible grain structure developed
as result of leaching out of soluble and colloidal matter, results in
high void ratio [6, 9]. Gibbs [15] suggested a method for identi-
fication of a collapsing soil. Gibbs states that a density with a
void space larger than the space required to hold the liquid limit
moisture content, could result in a soil that could be saturated to
the point of exhibiting practically no plasticity and no strength; and
subsequently may collapse. On the other hand, a soil with a void
space less than the amount required for the liquid limit moisture
content, would always be plastic even when saturated; and would not be

subjected to collapse unless loaded [15, 19].

A typical example of naturally cemented collapsing soils is
loess. The behavior of Toess, specially their susceptibility to
subsidence, is due to some extent to their peculiar structure. One of
their main influencing factors, which is related to this research, is
the characteristics of the bond between the solid particles, taking
into account the influence of the 1liquid and solid components.

According to Larionov [22] the compressibility of loess soils depends

16



on the magnitude of the applied stress, the character of wetting
(duration, quantity, pressure, chemicals contained in the water), and

chemicomineralogical .peculiarities of the loess soil itself.

Terzaghi [45] defines loess as uniform cohesive wind-blown
sediments consisting of angular and subangular quartz that are slight-
1y cemented together and the binder is the source of cohesion.
According to Holtz [16], loess is a loose, wind-deposited soil
generally composed of rather uniform silt-sized particles which are
bonded together in an open arrangement by thin films of clay. Dudly
[9] has mentioned that loess has a honycomb structure of silt with
varying amounts of sand, clay, calcite grains, and other materials
arranged in an open cohesive fabric which frequently results in a low
natural dry density. Loess has a definite structural arrangement that
gives it considerable strength in the undisturbed condition while at

natural moisture content.

Taylor [43] defines loess as a fine-grained, air-borne deposit
characterized by a very uniform grain size, a high void ratio, and a
slight cementation which enables it to stand in nearly vertical
slopes. Loess deposits are characterized by their uniform grain size
and their pronounced vertical cleavage [40]. Cementation in loess is
provided by a clay, calcareous materials, or deposition of calcium
carbonate and iron oxides. These agents bind fine-sized particles
(silt particles) to form a Tow density, rigid, and hard soil when dry,

but soft and mushy when saturated [9, 24, 40, 49].
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In a true loess, the cementation is destroyed when the soil is
partially or fully saturated; therefore true loess deposits that have
never been saturated, have high shear strength and will stand verti-
cally in cuts as deep as 40-50 feet [40, 43, 45]. Modified forms of
loess exist which retain some cohesion even when submerged. General-
ly, as the soil dries below the shrinkage 1imit the water remaining
withdraws into the narrow spaces close to the junction of the soil
grains, as shown in Fig. 1.2-A. The air-water interface in these
capillary size spaces places the water under tension and increases the
effective stress since the excess water pressure u is negative and
6= 0 - u, However when water is added, u becomes positive and the
effective stress decreases. Dissolved ions are also affected by the
amount of water present. Concentration of ions tend to increase with
decrease in water. This is coupled with increase in the strength as a

result of build up in cementation bonds [9, 22].
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2. METHODOLOGY OF RESEARCH

The experimental study undertaken here consists of preparation
of cemented sand specimens in the laboratory and then allowing them to
cure under controlled conditions before testing them utilizing the
static triaxial test. During this study,‘different parameters were
selected which would simulate the field conditions such as: confining
pressure, different moisture percentages, age of specimens prior to
testing, density and the effect of reconstitution. These divferent
parameters may vary in the field one at a time or a change in more
than one may occur simultaneously. In the laboratory, investigating
the effect of each parameter was considered alone by keeping other
parameters fixed. This permits consideration of the effect of each
variable separately on stress-strain and strength properties of

cemented sands.
2.1 MATERIALS
2.1.1 Sand

The sand used for the preparation of artificially cemented-
-sand specimens was dune sand brought from the UPM beach. The grain
size distribution of the sand is shown in Fig. 2.1, its effective size
(Dlo) is 0.11 mm, medium grain size (DSO) is 0.33 mm and its uniformi-
ty coefficient CU is 3.45. The sand may be described as uniform. The
absorption capacity was determined according to ASTM C 128 and found

to be 0.58% for 24 hours soaking. The specific gravity of the sand
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was determined for reconstituted samples 1in accordance with the
gradation curve and it was found to be 2.677. In all samples, sand
was reconstituted as per established gradation curve shown in Fig.
2.1. This was adhered in order to eliminate any effect of gradation

or differences in fine content on experimental results.

2.1.2 Cementing Agent

The main cementing agent was portland cement type V which is a
product of Saudi Cement Company and know as Dhahran cement. Calcium
carbonate, in a powder form, was used at a later stage as another

cementing agent.
2.1.3 MWater

Distilled water was used during sample preparation (mixing)

and for saturating samples in the drained triaxial testing phase.
2.2 PREPARATION OF SPECIMENS

2.2.1 Molds

cylindrical PVC molds, 146.8 mm (5.78 in) long by 72.4 mm
(2.85 in) in diameter with a narrow, 1.5 mm (0.06 in) slit cut along
one side, were used to prepare cylindrical cemented sand samp]és. The
thickness of the mold was 7.9 mm (0.31 in) which provided high rigidi-

ty for the mold during specimens compaction. The exterior top and
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bottom rims of the molds were machined down to 12.7 mm on each side to
provide smooth and uniform circular surfaces in order to fit a prede-
termined circular holes with an average diameter of 87.5 mm (3.44 in)
in the base plate and in the mold collar. The mold was held together
using 3 tout hose clamps, as shown in plate 2.1, to keep the slit
closed during sample preparation in order to obtain uniform sample
diameter through out the height and to ensure repeatability of the
specimens diameter. During compaction, the base plate is firmly fixed
to the compaction device with the bottom of the mold resting on the
plate while the mold collar positioned on the top of the mold. The
mold collar is held firmly to the base using ear-type clamps and steel
studs as shown in plate 2.2. The mold is in between the collar and
base and kept in vertical position, centered with the center of the
compaction rammer. Expander location pin holes were drilled (3 mm
deep) in the molds two on each side of the slit, as shown in plate
2.1, to be used with mold expander when extruding the specimens prior

to testing.

The molds used to prepare samples for instantaneous testing
(i.e. zero age specimens) have-two narrow 1.5 mm Tongitudinal slits in
opposite sides of each mold. This was adopted to avoid any distur-
bance of the specimens when extruding them. It is reasonable to
assume that no hydration would taken place in this short period of
time, and therefore no cementation bonds would developed. Consequent-
1y, no significant strength would be gained in this short period of
time. Strips of metal having the same thickness as the slit, were

provided in place of the slits to avoid diameter irregularities. The

22



Plate 2.1: Mold held with three tought hose clamps prior to
sample's compaction.
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Plate 2.2: Specimens compaction set-up.
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above procedure used for molds with one slit was adopted as well when

using molds with two slits in preparing cemented sand samples.

2.2.2 Compaction Device

Mechanical rammer was used to compact specimens. The rammer
nas a circular base of 69.3 mm (2.73 in) diameter, base thickness of 8
mm (0.31 in), a weight of 2.42 kg (5.33 1b) and a free fall of 304.8
mm (12 in). The rammer's diameter (69.3 mm) is smaller than that of
the mold (72.4 mm) which results in a reasonable clearance between the
rammer and the mold inner surface. This prevented any possible
contact between them that could reduce the energy during compaction.
Additionally, no rotation of the base and/or mold was allowed during
compaction. With the above mentioned rammer's diameter a complete

coverage of sample's surface during compaction was achieved.

2.2.3 Mixing and Compaction

The following procedure was followed in preparing all speci-
mens, where repeated results were insured. The procedure is summariz-

ed in these steps:

1. sufficient amount of selected sand for two specimens
(2400 grams) was reconstituted according to the grain
size distribution curve shown in Fig. 2.1, weighing

accurately all fractions.
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Dry cementing agent (portland cement type V or calcium
carbonate) was accurately weighed depending on the
percentage required. This percentage is based on the
dry weight basis of the sand (i.e. 2% cement means 100
parts of sand and 2 parts of cement by weight, and the

same for other percentages).

The cementing agent was added to the dry sand and

thoroughly mixed in by hand.

The mix was then poured slowly (to avoid losses of fine

particles) into the bowl.of a mechanical mixer.

The molds were cleaned, numbered, and accurately weigh-
ed. The first one (sample A) was then assembled into

the compaction machine.

A predetermined amount of water (192 ml) was added, and
the material was throughly mixed for about 5 min. using

the mechanical mixer.

The wet mix was poured into a plastic bag to avoid

moisture loss.

Predetermined amount of the mixture was weighed and

divided equally into three separate mixing bowls.
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10.

11.

12.

Each sample was compacted in three equal layers (each
layer is a bowl's content). The top of each compacted
layer was scarified to a depth of about 4 mm before the
following layer was placed. The number of blows (15 per
layer) was maintained through out except for those
samples where the density was the variable; where the

number of blows per layer ranged from 3 to 25.

The mold was dismounted. The top of the sample was
carefully trimmed even with the top of the mold using a
straight and sharp edge. In all samples made the bottom

was smooth and even with the mold.

The sample with its mold was weighed, identified and
stored for later use. Prior to storage, some samples
were wrapped in plastic sheet and dipped in paraffin wax
to prevent moisture loss. Other samples, which were to
be cured without wrapping and coating with wax, were
allowed to dry up gradually at room temperature until

testing time.

The compaction of the second specimen (sample B) was
done next, and the same procedure as in sample A was
followed. The elapsed time between mixing and molding

of the first and second specimen did not exceed 25 min.
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13. The extra mix which remains after preparation of both
samples, was used for moisture content determination of
the mix. Moisture content of each specimen after

testing was also determined.

2.2.4 Curing of Specimens

The artificially cemented specimens were produced in the
laboratory under controlled conditions, and were allowed to cure at
room temperature for a specified period. During this period, speci-
mens were placed on the bench with their longitudinal axis in the
vertical position. They were flipped every other day by placing them
up side down to ensure uniformity of moisture distribution. Three

types of curing were applied:
I. In-Wax Curing

After the specimens were prepared, their weight was deter-
mined, they were wrapped in a thin p]astic.sheet, and coated
by immersing them in a molten paraffin wax at approximately
52+3 C°. In this way no water was allowed to egress and the
moisture content was kept at approximately the compaction
moisture content. Samples in this category were permitted to

cure at room temperature for the specified periods. Minutes
before testing the wax and plastic wrapping was removed and
sample's weight was determined. This weight was compared with

the previous weight (after the compaction but before wrapping)
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to insure that no loss in moisture content has occured. Thus
moisture content was kept constant through out the curing

period. Samples were then tested as will be discussed later.
II. Curing without Wax

After the specimens were prepared, their weights were recorded
and were allowed to cure in the laboratory at room tempera-
ture. They were not coated with wax and therefore water was
allowed to egress, and consequently reduction in moisture
content occurs. Shortly before testing time, specimen's
weights were determined again, recorded and compared with the
original weight. The difference between the two weights is a
measure of moisture loss. Afterwards, samples were tested as

will be discussed later.
ITI. Curing in and out of Wax

Some of the samples treated with calcium carbonate were
allowed to cure differently than those previously discussed.
They were wrapped in plastic sheet, coated with paraffin wax
and allowed to cure at room temperature conditions for one
week. Wax and plastic wrapping was then removed and specimens
were ﬁermitted to cure at room temperature conditions fof
another specified period without wax. Samples were later

tested as required.
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2.2.5 Extrusion of Specimens

The main purpose of the preliminary study undertaken initially
was to select a sample preparation method which is easy, reproducible
and with minimum sample disturbance. Extrusion of specimens was one
of the main problems. Several types of molds such as steel, brass and
PVC were tried and it was found that cemented sand sticks to both
steel and brass molds but not to PVC molds. Painting of PVC molds
with any type of o0il was not required and loss of sand particles
during extrusion was of negiigible amount. The only remaining problem
concerning sample extrusion was how to open such a rigid mold (molds
with only one slit). The tapered steel wedge shown in Fig. 2.2 was
tried where the sharp side was pushed against the slit in the mold and
as it penetrates more the slit opening gets larger. The tapered wedge
was allowed to penetrate to about 6-7 mm through the mold thickness.
Any further penetration was prevented by the welded steel bars iocated
at each side of the wedge at about 7 mm from the sharp edge. These
bars will hit the sides of the slit and will not allow any further
penetration. The wedge method had one disadvantage namely when
pushing against the mold some.sample disturbance could result. Thus
other options were considered and finally I came up with the mold
expander shown in plate 2.3. Extrusion of specimens was carried out
easily without any disturbance and with enough clearance between

sampie and mold surface which minimized particles' loss.

After the specimens had cured for the specified period, the

wax and plastic wrapping (if added) was removed. The specimen was
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Fig. 2.2: Diagrammatic sketch showing the steel wedge.



Plate 2.3: Mold expander used to extrude specimens (length and
internal diasmeter are 100 mm each).
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then weighed and the length was measured while in the moid. The hose
clamps were loosened and the mold was carefully mounted in the mold
expander. The mold expander (100 mm in diameter and 100 mm long),
fabricated in the UPM research shop and shown in plate 2.3, consists
of two halves of a steel tube hinged together along a longitudinal
axis and provided with two separaticn screws along a diameteral axis.
On either side of the non-hinged axis, two locating pins protrude
towards the center of the expander. The locating pins can be screwed
down until they match the pin holes of the mold. The expander is
forced to expand using the separation screws pushing the two halves of
the mold apart. As a consequence, the mold will open up sufficiently
along its slit to permit placement of a 4 mm wedge as shown in plate
2.4, The separation screws are then loosened and the mold is removed
from the expander while protecting the bottom of the samples using a
perspex plate. In this manner any sliding movement of the sample is
prevented and the sample is positioned verticaliy while resting on the
perspex plate. Afterwards, the mold is pulled up vertically keeping a
clearance between the mold's surface and the sample thus minimizing
the Toss in particles flaking off the sample. The diameter of the
sample was measured at the bottom, middle and top, taking two measure-
ments (at right angles to each other) at each level. An average
diameter was calculated and recorded. The sample would then be placed
on the triaxial cell base with its bottom during compaction being its
bottom during testing and the test would be carried out as described

in chapter 3.
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For samples prepared in molds with two narrow slits {i.e. zero
age samples) the mold expander was not used; because after the hose
clamps were removed the two halves of the mold were easily separated

permitting removal of sample.
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3. EXPERIMENTAL INVESTIGATION AND ANALYSIS

3.1 EXPERIMENTAL INVESTIGATION

3.1.1 O0Objectives

The main objectives of the study undertaken here is to simu-
late naturally cemented sands by means of a laboratory procedure, test
these artificially cemented sands utilizing the triaxial test and
derive useful laboratory-based information on their stress-strain and
strength behavior under static loading. More specifically the objec-

tives are:

1. To develop a suitable, easy, and reproducible process of
preparing artificially cemented sand for triaxial

testing purposes.

2. To determine compositional effects such as: type and
percent of cementing agent, sample density, water
content, etc. on generalized stress-strain behavior of

artificially cemented sands.

3. To investigate the effect of cure time, type of cure,
aging, confinement and saturation on the behavior of

these sands as depicted by the static triaxial test.
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4, To characterize reconstituted samples (initially cement-
ed but pulverized and recompacted) on stress-strain and

strength behavior.

3.1.2 Experimental

Artificially cemented sand samples were prepared according to
the procedure discussed previously and tested under static triaxial
conditions. Sample's stress-strain and general strength characteris-
tics were determined. Summary of the test program covered in this
research is shown in table 3.1. The bulk of tests was carried out on
fresh samples. These samples were prepared, allowed to cure and
finally tested. On the other hand few tests were carried out on
reconstituted samples. These samples were obtained by breaking down
the tested samples (samples originally mixed with 2% portland cement)
into small pieces and allow them to dry completely. Samplies were then
remixed with approximately 8% water and no cementing agent was added.
Specimens were prepared and compacted in the same way as in chapter 2,

and then allowed to cure prior to testing.

In samples shown in table 3.1 repeatability of results was
achieved and checks were done for most of specimens as will be seen in

the results. Two types of triaxial tests were performed:

1. Unsaturated Undrained Triaxial Tests, in which no water
was added to the sample and no drainage was permitted.

The samples were mounted on the triaxial base which was
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TABLE 3.1 SUMMARY OF LABORATORY TESTING PROGRAM
+» E |Triaxial Cure Period, days|Confining }No. of Type of
& o | Test Type Pressure blows per| Specimen
§§ In Wax|Out of Wax]KPa Layer
1% Fresh
3% |Unsaturated|7,14 69 15 samples
4% |Undrained
2% 1{Unsaturatedj0,1,3,10,1,3, 69 15 Fresh
- Undrained |7,14, |7,14, samples
» 28,56 128,56
j=5
z Unsaturated| 14 69,138,207, 15 Fresh
= Undrained 276 sample
Q
g Unsaturated| 14 69 3,6,10, |Fresh
< Undrained 15,20, sample
= 25
'g Drained 14 69,138,207 {15 Fresh
a 276 sample
Drained 7,14,28 69 15 Fresh
sample
Unsaturated| 7,14 69 15 Recons-
Undrained tituted
samples
21 2% |Unsaturated|7,14 |7*,14%, |69 15 Fresh
S Undrained 28* samples
0
s | 3% |Unsaturated|7 7%,14% |69 15 Fresh
= Undrained samples
=
© | 4% ]Unsaturated 7*,14* 69 15 Fresh
S Undrained samples

* Samples were allowed

to cure in wax for 7 days
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specially made to accommodate larger diameter (75.3 mm)
than that of the specimen in order to take care of the
increase of the area of the specimen during the test.
The cap was placed on top of the specimen and the
specimen was enclosed by a 0.30 mm (0.012 in) thick
rubber membrane using a membrane stretcher. Rubber 0
rings were provided at both the top and bottom of the
sample to tighten the membrane to the base and cap in
order to prevent any leakage. The upper assembly of the
triaxial cell was positioned carefully maintaining the
tip of the plunger in contact with the center of the
cap. A1l top nuts of the vertical rods were tightened
properly and the triaxial cell, with the sample in it,
was mounted onto the triaxial apparatus. Deaired water
was permitted to enter the cell (outside the specimen)
untill the cell was full. The water supply valve was
closed and the required confinement was applied by means
of deaired water using Bishop's type self compensating
mercury control apparatus. A schematic diagram of the
mercury control apparatus is shown in Fig. 3.1. Devi-
ator stress was applied at a selected rate as the
loading platform (under the triaxial cell) moves upward
at a controlled speed of 0.66 mm/min (0.026 in/min).
Readings of the deformation dial as well as the loading
dial were recorded. During this test no drainage was
permitted and all valves were kept closed. At the end

of the test, the specimen's mode of failure was noted
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and photographs for some specimens were taken. The
specimen was then removed and representative sample for
moisture content determination was obtained. In some
cases, the whole sample was taken for moisture content
determination. A schematic diagram of the triaxial cell

is shown in Fig. 3.2.

During the preliminary study, it was noticed that while
loading the specimens, and near the peak deviatoric stress value an
increase in the confining pressure occured which was observed through
the pressure gauge. This was of big concern because it is known that
the triaxial test results are dependant to a large extend on the
confining pressure level. Several solutions were tried inorder to
overcome the problem and finally it was found that while loading the
specimens and prior to the peak stress, samples expand a little
causing displacement in the tube which transmits deaired water to the
triaxial cell. This forced the water to push onto the mercury in
cylinder No. 2 forcing it to go to cylinder No. 1. Because the
flexible PVC hose between the two cylinders had a small diameter (2
mm), it did not accommodate the high rate in volumetric expansion and
the pressure build up which was indicated in the pressure gauge.
Finally the 2 mm PVC tube was replaced by 4.8 mm flexible tube which
accommodated the volumetric change without any noticable increase in

the confining pressure.

2. Drained Triaxial Tests, where some of the samples were
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saturated by means of carbon dioxide with back pressure,
were performed. The procedure for the test was as

follows:

Special brass base was made with a diameter slightly
larger than the sample. The porous stone; 71.12 mm (2.8
in) diameter was inserted inside the base keeping the
surface of both, the stone and the base, at the same
level, resulting in no gap or clearance left between the
stone and the base. The base and the stone were made to
have the same level and not to have any gap in-between
to avoid irregularities in the Tloading surface which
would increase the friction during specimen's expansion.
Additionally, the higher part could punch through the
specimen. This would also insure uniformly loaded
specimen; because if a gap exists no stress will resuit
in thét portion. A similar aluminum cap was made in the
same way and typical arrangement of both 1is shown in
plate 3.1. Proper drainage connection were made in both

of them.

Prior to testing, the porous stones were saturated by
placing -them under water and allowing them to boil for
at least 15 min. The hoses in the base were filled with
deaired water to replace the air. Afterwards, the
porous stone was placed at the base, and the sample was

placed on top. The cap with its porous stone was then
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Plate 3.1: Brass base and aluminum caep with porous stones
used for the triaxial cell.
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placed and the membranes is assembled as in previous
method. Rubber 0 rings were also provided. The drain-
age tube attached to the cap, was properly connected to
the outlet valve, and the upper assembly of the triaxial

cell was placed as in previous procedure.

Confinement was provided by means of deaired water under
an initial hydrostatic pressure of approximately 13.8
KPa (2 psi) as a result of a constant head of an elevat-
ed water reservoir that supplies the triaxial system in

the soils laboratory.

In order to expedite sample's saturation, carbon dioxide
was permitted to flow through the specimen where it
inters from the bottom of the specimen and leaves
through the top. This flow process was maintained for
about 15 min. for each and every sample tested. Deaired
water from the elevated reservoir was then allowed to
flow for about five minutes under a static head of
approximately 13.8 KPa (2 psi), thus forcing any gas in
the sample (presumably carbon dioxide) out through the

top drainage line.

Carbon dioxide was used because the ability of such gas
to be dissolved in water at a low pressure is much
higher than that of air [26, 32]. Using the carbon

dioxide will not require high back pressure and
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consequently time to saturate samples will be reduced

appreciably while obtaining high degree of saturation.

As soon as the cell and the sample itself became full
with deaired water, the top drainage line was connected
to a pore water pressure device and a burette (for
volumetric change measurement readings) through a 2-way
valve; while the bottom drainage line and the triaxial
cell Tine were connected to a pressure applying device
where pressure can be applied and measured through a

pressure gage.

Afterwards, the top drainage line, connected to the
sample, was closed while the bottom drainage 1ine of the
sample was opened and a back pressure was applied
gradually. A 69 KPa (10 psi) pressure was added every
3-4 minutes until 345 kPa (50 psi) pressure was reached.
This was kept for 20 minutes. The back pressure applied
and maintained both inside and outside the specimen,
means that no differential stress was imposed on the
specimen and the effective stress was maintained con-

stant.

The back pressure was then reduced gradually at a rate
of 69 kPa (10 psi) every 3-4 minutes untill zero back
pressure was reached. The zero back pressure conditions

was maintained for for 5-10 minutes before applying
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confining pressure. The lower drainage line connected
to the sample was closed and the required confinement
was applied. To measure sample's pore pressure, the
upper drainage line was opened to the pore pressure gage
-a part of the pore pressure device- while maintaining
the volume measure device closed. After measuring pore
water pressure in samples, the Skempton’s pore pressure
parameter (B) was computed where

B = measured pore water pressure
applied confinement *

B was found to be 97% or above in all samples tested.
The high value of the back pressure applied may not be
required for all specimens but done so to insure high

degree of saturation.

After insuring relatively high degree of sample's
saturation, the burette (the volume change measuring
device) reading was noted and the 2-way top drainage
Tine valve was opened to the burette permitting the
sample to consolidate for about 5 min, under a selected
confining pressuée. The burette reading, at the end of
the 5 min. period, was noted and was later considered in
calculating the new specimen's length, the new speci-

men's volume and the new cross-sectional area.

Thus testing was resumed by applying the deviator stress

in the same way at the same rate used in the unsaturated
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undrained tests, and reading the deformation dial gage,
load dial gage, and the burette until the test comes to
an end. The rest of the procedure is the same as that
of the unsaturated undrained tests, discussed previ-

ously.

3.2 ANALYSIS

3.2.1 General

The UPM computer was used in the analysis of all samples.
Data obtained from the Laboratories were fed into the computer and two
programs were developed to handle these data. The programs are listed
in appendix A. The SAS (statistical analysis system) programs were
used to calculate slopes of straight lines, to find the modulus of
elasticity, to draw the best fit curves for all shown plots in this
thesis (based on regression analysis) and to predict all the provided

equations for some of the results when applicable.

3.2.2 Unsaturated undrained Triaxial Testing

In this type of testing no water was added to the specimens
and no drainage was allowed, and therefore it was assumed that the
volume of the sample did not change during testing. This assumption
was not perfectly true since the samples are not saturated and there-
fore contain air in the voids and the air is a compressible fluid. On

the other hand, volumetric change due to air compression is small and
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does not affect stress-strain behavior of specimens when neglected,
since volumetic changes were not measured. An alternative scheme to
the use of Mohr circle for plotting the state of stress in soils is to
plot a stress point whose coordinates are:

+ -
p= 012 O3 and q = 012 O3

This approach was adopted to caiculate and represent stresses gener-

ated from the experimental data.

3.2.3 Drained Triaxial Testing

In this type of testing the samples were saturated by means of
CO2 and back pressure. This procedure was adopted from Mulilis [27]
and Frydman [13]. Samples were allowed to consolidate under an
effective stress equal to the confining pressure. This consolidation
reduces sample's volume, and its effect was considered in the calcu-

lation of the new sample's dimensions.

49



4- TEST RESULTS

4.1 Introduction

The Laboratory testing program was carried out on artificially
cemented sands which were prepared under controlled conditions. The
literature reveals that artificially cemented sands made in the
laboratory exhibit somewhat similar properties as those of naturally
occurring cemented sands [8]. The cementing agents used in this
investigation were portland cement and calcium carbonate. The
majority of the Tlaboratory tests were performed on specimens with
portiand cement being the cementing agent. Extensive preliminary
tests were done to establish the initial material properties and
laboratory procedures including mold material and size, mixing

procedure, compaction, curing, testing and saturation.

The effect of different parameters, on strength and deforma-
tion of laboratory prepared cemented sands were determined by varying
one parameter at a time whiie holiding the rest constant. Experimental
variables were: type and amount of cementing agent, method and dura-
tion of cure, level of confinement, molding density and water content
at testing time. Tests were run under full saturation condition

versus some in unsaturated condition.
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4.2 PORTLAND CEMENT

4.2.1 Effect of cure type

The effect of two types of cure namely in wax and out of wax
on artificially cemented sand was studied in this research. The
curing period for both types of cure, was varied while all other
parameters were kept constant to eliminate their effect. The test
parameters were: 2% portland cement, 69 KPa (10 psi) confinement, an
average density equivalent to 96.8% of the standard Proctor density
which resulted in sample's densities ranging from 17.15 KN/m3 (109.06
pcf) to 17.29 KN/m3 (109.94 pcf). Cure periods of 0, 1, 3, 7, 14, 28
and 56 days were tried with the two cure types (in wax and out of wax)
at room temperature conditions. Unsaturated undrained triaxial test
results are tabulated in table 4.1 for samples cured in wax and in
table 4.2 for samples cured out of wax. Stress-strain curves derived
from triaxial tests carried out on those samples are plotted in Fig.
4.1 for samples cured in wax and in Fig. 4.2 for sampies cured out of

wax.

Figure 4.3 shows peak deviatoric stress values derived from
unsaturated undrained triaxial tests versus cure period on a natural
scale for both types of cure and for various periods of cure. Figure
4.4 shows the same data on a logarithmic scale but up to 28 days cure
period where zero cure time was replaced by 0.1 days. The moisture
content remained constant Tor samples cured in wax while decreased

with time for samples cured out of wax. Figures 4.5 and 4.6 show the
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Fig. 4.1: Unsaturated undrained static triaxial stress-strain curves
for samples cured in wax for different cure periods and
tested at aconfining pressure of 69 KPa.
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Fig. 4.2: Unsaturated undrained static triaxial stress-strain curves
for samples cured out of wax for different cure periods
and tested at a confining pressure of 69 KPa.
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variation of the moisture content at testing time against peak devia-
toric stress for samples cured out of wax for varying periods.
Samples, cured out of wax and tested at low moisture content, exhib-
ited a brittle failure mode and a unique well defined shear failure
surface as shown in plate 4.1. Samples cured in wax and tested at a
higher moisture content exhibited a ductile failure mode characterized
by the absence of a well defined shear failure surface where more than
one potential failure surface may be identified as shown in plate 4.2.
The reason for this difference in behavior may be attributed to the
contribution of different components responsible for strength. For
dry samples, the main contribution comes from the cementation compo-
nent. Another contribution comes from the surface tension of the
water which exist between the grains. On the other hand, the excess
water in those samplies with higher moisture content softens the
specimens and lowers the peak strength values attributable to cement-
ation component. After the specimen has failed, the residual strength
js provided primarily by the frictional resistance since the cement-
ation bonds have already been broken. Other contributing factors may
also be active in resisting deformation but are difficult to separate

individually.

The main difference between samples cured in wax and those
cured out of wax is that in the latter, the drying process leads to
higher strength values after a few days of cure. Stress-strain curves
in Fig. 4.2 show that the peak strength values for samples cured out
of wax occur at axial strains less than those for samples cured in wax

for the same period (Fig. 4.1). This can be seen clearly in Fig. 4.7
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Plate 4.1: Typical failure mode
failure surface.

for

samples with one

potential
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Failure surfaces

/

Plate 4.2: Typical failure mode for samples with more than
one potential failure surface.
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2 PERCENT CEMENT

/Cured out of wax
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Fig. 4.7: Unsaturated undrained static triaxial stress-strain curves
showing two identical samples, one cured in wax and one out
of wax for 14 days and tested at a confining pressure of
69 KPa.

63



where one sample which was cured out of wax for 14 days is compared
with one which was cured in wax for the same period. The stress-
-strain curves can be divided into four segments separated by the
points P, F and R. Point P represent the peak value at which the
sample reaches its maximum strength. This peak value was reached at
relatively low axial strain for both types of samples. The post-peak
response (point P to R) is characterized by strain softening which is
more pronounced in samples cured out of wax and are accompanied by
rapid loss of strength where the failure is considered to be brittle.
On the other hand gradual loss of strength, for samples cured in wax,
is observed and failure is considered to be somewhat ductile. This
ductility of samples with higher moisture content at testing time
(cured in wax) is due to the softening effect of the water which may
also result in more than one potential failure surface. The post-peak
nonlinear behavior is initiated by the yielding of the cement bonds
along the failure plane. Point F, an inflection point on the stress-
-strain curves, represents a change 1in the resistance mobilized
against shear which may correspond to the end of cementation contribu-
tion and the start of the frictional stage of resistance. In either
types and after point F has been reached, the shear strength appears
to drop more rapidly towards its residual value depicted by point R
which occurs at relatively higher values of axial strain for samples
cured in wax compared to lower values of axial strain for samples

cured out of wax.

The high strength in samples cured out of wax is coupled with

higher initial tangent modulus values as shown in Fig. 4.8. The
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values of initial tangent modulus were calculated and plotted against
cure period in Fig. 4.8 on a natural scale and in Fig. 4.9 on a
logarithmic scale for both types of cure, where 0.1 day replaces the
zero time and up to 28 days cure period in the logarithmic scale.
Figures 4.10 and 4.11 show the initial tangent modulus values against

moisture content for all samples cured out of wax.

Residual strength values were determined from the stress-
-strain data where the curves leveled off after passing through point
F. The values of the residual strength appear not to be affected
whether a sample is cured in or out of wax except that the stress-
-strain curves level off early (at low values of axial strain) for
samples cured out of wax as compared to higher values of axial strain

for those cured in wax for the same cure period.

4.2.2 Effect of cure time

4,2.2.1 Peak Strength

Portland cement hydration requires time, the longer the cure
time the more hydration will take place and the higher the strength
gained, but up to a certain limit after which no more hydration and no
more increase in strength will take place. This ]imit'depends on a
number of factors including percent cement and cure conditions.
Unsaturated undrained triaxial test results of cemented sand samples
are shown in table 4.1 for samples cured in wax and in table 4.2 for

samples cured out of wax. Peak strength values increase with cure
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period as shown in Fig. 4.3 on a natural scale. Figure 4.4 show the
same data on a log-log scale with a straight line fit. The fast
hydration takes place during early cure periods where the gain in peak
strength is relatively high. Beyond 28 days of cure the gain in peak
strength is relatively low because most of the cement has hydrated

already (see Fig. 4.3).

In samples cured out of wax, the faster rate of hydration in
the early cure periods was accompanied by the drying process and thus
the gain in peak strength is higher than those samples cured in wax
for the same period. This gain in strength with increasing cure time
coupled with decreasing moisture content is due principally to hy-
dration of portland cement with time. Additionally, surface tension
(which tends to increase as moisture content decreases) may also be

contributing partly to increased strength.
4.2.2.2 Deformation Modulus Values

Initial tangent modulus values increase with increasing cure
period as shown in Fig 4.8. The gain in modulus values with time is
due to the fact that the peak strength values occur at relatively
higher axial strains at early cure periods, and at relatively lower
axial strain values at longer cure periods. This results in higher Ei
values as the samples cure for longer periods. Increased strength is
normally coupled with increased Ei‘ Specimens cured out of wax
exhibit higher Ei values than those cured in wax for the same period.

This additional increase in the Ei values as a function of time may be
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attributed to the gradual drying process that causes a gradual in-

crease in surface tension, and thus a gain in strength and modulus

value.

4.2.2.3 Residual Strength Values

The residual strength of each specimen was determined from the
stress-strain data where the curves leveled off following the peak in
the curve. These residual strength values once reached do not undergo
any noticeable change as the sample continues to strain (see Figures

4.1 and 4.2).

4.2.3 Effect of Confining pressure

The confining pressure (minor principal stress) was varied for
specimens with 2% cement and cured in wax for 14 days. Samples were
tested under a 69, 138, 207 and 276 KPa (10, 20, 30 and 40 psi)
confining pressure in unsaturated undrained condition, as well as in a
drained static triaxial mode. A1l other variables were kept constant.
The results of the unsaturated-undrained tests are shown in Table 4.3.
The drained tests results are shown in Table 4.4. The resulting
stress-strain diagrams are shown in Fig. 4.12 for the unsaturated
undrained tests, and in Fig. 4.13 for the drained tests along with the

volumetric change data shown directly below the stress strain curves.
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Principal stress difference (o,- o3) KPa

Fig. 4.12: Unsaturated undrained static triaxial stress-strain curves
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different confining pressures.
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Fig. 4.13: Drained static triaxial stress-strain curves for samples

cured in wax for 14 days and tested at different confining
pressures.

76



4.2.3.1 Peak strength values

Peak strength values increase with confining pressure whether
tested in unsaturated undrained condition or drained condition. The
maximum principal stress difference values are plotted against the
confining pressure for both drained and as molded tests in Fig. 4.14.
Linear relationship between strength and confining pressure may be

assumed as shown in Fig. 4.14.

At Tow confining pressure, the unsaturated undrained tests
result in higher peak strength values than those in drained tests.
However as the confining pressure increases the difference diminishs
and they become almost equal at a confinement of about 276 KPa (40

psi).

The peak strength envelopes, or what is known as the p-q dia-
grams, were drawn in lieu of Mohr diagrams so that failure conditions
can be represented by points rather than by Mohr circles. The p-q
diagrams for the unsaturated undrained as well as the drained tests
are plotted in Fig 4.15. The cohesion and angle of internal friction
were calculated [21] from equation 4.1 which represents the straight

line shown in Fig. 4.16 where:
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q
T ¢ is angle of shearing resistance
sin ¢ = tan o
_ a
¢ T Tcos ¢
o
qf = a+ pf tan o
a
—

Fig. 4.16: Relation of Qf and Pe to Mohr-Coulomb envelope [21].
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c . _a (4.1)
cos ¢

which results in a cohesion value and angle of internal friction equal
to 61.34 KPa and 41.20° for the unsaturated undrained tests, and 40.50
KPa and 42.38° for the drained tests.

4.2.3.2 Residual strength values

According to test results shown in Figures 4.12 and 4.13,
residual strength increases with confining pressure. As the confine-
ment increases the residual principal stress difference increases as
shown in Fig. 4.17. Residual strength values for the unsaturated
undrained tests are higher than those of the drained tests at low as
well as high confining pressure levels, but obviously low in both
tests compared to the peak values. This is due to the fact that after
sample’s failure occurs, the contribution due to cementation is not

available for either type of samples.

p-q diagrams for residual strength were drawn in Fig. 4.18.
The cohesion intercept as well as the angle of internal friction were
found using equation 4.1. The cohesion of the unsaturated undrained
tests was 24.29 KPa and the angle of internal friction was 38.52°;
while the cohesion and angle of friction for the drained test were

found to be 9.04 KPa and 37.32° respectively.

81



82

*sfep p1 A0}

Xem uL paand sajdues 404 3unssasd BuLuLIuod yiim ybuaazs enprsad jo uoijetdep /17y “bid

edy ‘adnssaad buruLjuo)

0S¢ 00€ 052 002 0s1 001

Aol dlbpeibiiieican ) PGP PP S STNNT S UPAErl WUP U ST G PR PP S i W -

$1593 umcwm;o.||||ujff

$359%
pauleJpun pajeanjesuf

IN3IW3D IN3DY¥3d ¢

X BB v v

YT ey

TYYTr YT TV T [ VYV YTYTIVYYIY [T VvIVYYyyvy

00¢

00v

009

008

0001

0021

ed) (O -1D) DUBUBSSLP SSBUIS [edLOULAd



83

*saanssaad BULULFUOD JUBUBSSLP e PaLsa] pue sAep

$1 404 Xem uL paand salduwes J0j sanjeA yjbuauls |enpLsad uo paseq weaberp b-d :81°'y ‘614

edi ¢ ¢ =d
€0 +~b
0001 008 009 ) oow 002 0
0

I

3

I

P

|

[

5

4
. 00¢

5159} wmcvmgozlllr [

531593 {
pauteapun pajeanjesuf ﬂ 00%

ﬂ

1

1
~ 009

INIWID 1N3JY3d ¢ [
[ 008

edy ¢

£Ep -1p



5.1.3.3 Deformation Modulus Values

Initial tangent modulus values were obtained and plotted in
Fig. 4.19 as a function of the confinement for both drained and
unsaturated undrained conditions. The Ei values as well as the
confining pressure were normalized by dividing their values by the
atmospheric pressure (101.32 KPa). Straight lines can be fitted to

the data on the graph of Fig. 4.18 using the equation:

o
E, = K*P_ p: )" (4.2)

in which Pa is atmospheric pressure, g; is the confining stress, K is
the intercept of the line at Os /Pa = 1.0 and n is the slope of the
line [10, 25, 36]. For cemented sand with 2% portland cement, the
value of n is 0.159 and K is 1637.09 in the unsaturated undrained
conditions while n is 0.260 and K is 1514.0 in the drained conditions.
These values are well within the range given by Mitchell (1976), where
he stated that for cement treated soils it appears that K is in the

range of 1000 to 10000 and n varies from 0.1 to 0.5 [10, 25, 36].

4,2.3.4 Volumetric Change

Volumetric strains were measured during all drained triaxial
tests. During shear and before failure, all test specimens exhibited
a decrease in volume. This decrement in volume did not exceed 0.2% of
the initial volume. Beyond this point the volume began to increase as

the sample continued to shear. The increase in volume for specimens
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tested at relatively low confining pressure was higher than those
tested at higher confinement as shown in Fig. 4.13. It was also
noticed that the volume of a specimen kept increasing as long as the
deviatoric stress kept decreasing; and when the residual value of
deviatoric stress was reached, so did the volumetric strain irrespec-
tive of the level of confinement. The residual volumetric strain
reached at all confining pressures was about 3%. Samples behaved
differently in terms of the value of axial strain reached at which
this residual value occurs. This is not consistent with the work done
by Clough et al. [8] and Sitar [36]. In their tests, different levels
of volumetric strain were reached depending on the level of confine-
ment. This may be due to the fact that samples used in our study were
saturated to more than 97% while the degree of saturation for Sitar's
[36] specimens was not nearly as high since he did not apply back

pressure nor did he add water to specimens.

4.2.4 Effect of Saturation

The effect of saturation on originally wet samples (cured in
wax) was not significant. However, the effect of saturation on
samples cemented with 2% portland cement and allowed to cure out of
wax, and therefore had little moisture left in them, was great and
seems to be of interest. Those samples that were allowed to cure out
of wax for 7, 14 and 28 days lost most of their moisture and became
dry. Saturation of these samples was insured as discussed earlier and
drained static triaxial tests were performed with volumetric change

measurements. Test results are shown in table 4.5. Stress-strain and
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volumetric change-strain diagrams are illustrated in Fig. 4.20. When
samples are allowed to cure out of wax, they gain higher strength
compared to those cured in wax as we have discussed earlier. This
high strength depends partly on the moisture content at testing, which
is a function of the cure period. This relatively higher strength
attained is reduced when the sample is saturated prior to testing.
The reduction can be as high as 40% from that of the unsaturated
undrained conditions on a sample cured out of wax for the same period
and tested in unsaturated undrained condition. This reduction does
not appear to be a function of the cure period (see Fig. 4.20).
Samples cured for 7, 14, and 28 days out of wax and then saturated and
tested in drained condition exhibited same stress strain curve (Fig.
4.20) with almost the same principal stress difference, residual
stress difference and initial tangent modulus values. These curves
were compared with curves for samples cured out of wax for 14 days but
tested in unsaturated undrained condition and compared also with
sampies cured in wax for 14 days and tested in unsaturated undrained

as well as drained tests (See Fig. 4.21)

The saturated, originally dry samples exhibited higher
strength than those cured in wax and tested in either unsaturated
undrained or drained conditions. This could be due to some desicca-
tion bonds which were formed during the drying process. The stress-
-strain curves (Fig. 4.21 show that samples cured out of wax and
tested in unsaturated undrained condition have higher strength values
than those tested in drained condition. This could be explained by

the fact that when water was added to those dry specimens the strength
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Fig. 4.20: Drained static triaxial stress-strain curves for samples
cured out of wax for varying periods and tested at a
confining pressure of 69 KPa.
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Fig. 4.21% Static triaxial stress-strain curves for samples tested at

a confining pressure of 69 KPa, showing differences in test
results due to testing procedure (unsaturated undrained
versus drained), cure type (in wax versus out of wax).
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component due to capillary forces was lost and the sample was weak-
ened. The increase in volume of samples cured out of wax (4%) is
1ittle more than the increase in volume for specimens cured in wax
(3%), and it seems to be about the same for all dry specimens.
Residual strength values did not change and show comparable values
irrespective of testing method or cure period since the main
contribution comes from the frictional component which is dependent on
the residual angle of internal friction which remain constant for all

specimens.

Test results support the view that peak strength, residual
strength, initial tangent modulus and behavior of samples dried beyond
a certain 1limit and then saturated, remain about constant regardless

of the cure period, or how a specimen becomes dry beyond that set

Timit.

4,2.5 Effect of Cement content

The effect of percentage of cementing agent added to the sand,
was studied for specimens cured in wax for 7 and 14 days and tested in
unsaturated undrained condition. A1l other variables were kept
constant, except percent portland cement added. Test results are
summarized in Table 4.6 for specimens cured in wax for 7 days and in
Table 4.7 for specimens cured in wax for 14 days. Stress-strain
diagrams are plotted in Figures 4.22 and 4.23 for specimens cured in

wax for 7 and 14 days respectively.

91



92

alqe[LeAe 30N = V°N 1070014 pABpuUPIS UO paseq x

3od 9g°9 = M/NX T f1sd GHT°0 = Bd) T 930N

1.°86¢2 LL°E VA2 0L°0 9G° 16/ 96°9 V'N 6b° L1 b g-10v-S

0v°90¢ ob°¢g £6°66¢ 19°0 08°G18 66°9 VN 06°/1 4 V-10b-S

£1°€2¢ 68t G2 992 19°0 16°L19 ge L V°N T ANA | £ V-20€-S

I1°¢€1 ¥8°G b €€e ob°1 8G°9/p 15374 G9°96 ‘1A P4 v-602-S

66°6L 12°8 16°¢L2 9/°1 ¥8 EGE V°N Y°N ST /L1 1 9-101-S

6/°8L 18°L 91° /12 £6°1 6. 9GE VN VN 96°91 1 v-101-S

(o1) (6) (8) (L) (9) (s) *(t) (€) (2) (1)
edi % % % u/NX %

SNINPOY  ULBJ1S edA ULRA3S e 1U33U0) 9 € -0y a|dues
quabue] jeixy  fo =10 [eLxy €o -1p aanjsioy  uorjoedwoy  A3LsusQq Judu0)
|et1iu]  Uabusa3g [enpisay Y1bus43S yead {euLd U249 £aq JUaWIY)

‘ed) 69 JO @4nssaud Buiupsuo) e je pajsal pue sKeq / 40} XeM ul
paJan) ‘uaWa) pue]iaod 0 sabejuadusd jusdasilg YiiMm saldues pues
pajuad) JO $3S3] [eLtXeiJd) O13BJS pauledpupy pajednjesun jo S}|nsay

‘9'y 9lqel



93

alqejLeae 30N = Y°N 1010044 pJepuels uUo paseqg
4od 9¢°9 = /NN T ftsd GyT°0 = edd T :930N
G9°2T€  €9°9 8y ety  25°0 0" %96 0%, V'N 05 LT b V-£04-S
91°00€  8G°€ 08°0L&  19°0 Tv°€96 10"/ VN 6G°L1 '/ ¥-20%-S
G9°852  £2°G 12°8v€  19°0 £€°089 2€" L VN ve° L1 £ v-10€~$
6G°9ST  20°/ 86°61€ 8.0 0L°LES 82" L 19°96 1ARVA 4 ¥-£22-S
ob ¥ST  92°6 I€°0€€  £8°0 GE° 26§ 1€ 88°96 61°L1 Z g-612-S
0y (ST  26°% BI°66€  €2°1 L6°TES ve L 0,96 91° LT 4 v-112-S
68°16 £2°9 w9z 9.1 68°VLE 8G°L VN 02°L1 1 ¥-201-S
(o1) (6) (8) (L) (9) (5) »(¥) (€) (2) (1)
mzwmuoz zwmgpw ed =_mmpm edA p:mumou 9 ms\zx ’ *oN 9|dues
juabue] Letxy to -10 leLxy to -1o adnjsiop  uolloedwo) A3Lsuaq 1uajuo)
{et3tul  ulbuaulsS enpisay y3abuddsls yead {eut Uddudd AdqQ JUBMW)

*ed) 69 40 @anssauad Bururjuo) e je pajsal pue sfeq pI 404 Xepm ut
pa.ng €juald) pue|3dod jo sabejuaduad juadajiilg YilM sajdwes pues
pajuawd) jO S1S9] [eLXeLd| OL3B}S paLedpun pajeaniesun jo S3|nsay

‘L'h dlqel



1000 -
1
S 800 7
pv4 4
o ]
' ]
5 .
» 600
U L
: -
E <
& .
[t
Yo
S
w
@ 400 4
o .
&
7]
©
(=%
S
=
= 200

4% cement

3% cement

2% cement
o—1% cement

0 2 4 6

™

00

10
Axial strain %

Fig. 4.22: Unsaturated undrained static triaxial stress-strain curves

for samples with different cement content, cured in wax for
7 days and tested at a confining pressure of 69 KPa.
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Fig. 4.23: Unsaturated undrained static triaxial stress-strain curves

for samples with different cement content, cured in wax for
14 days and tested at a confining pressure of 69 KPa.
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4.2.5.1 Peak Strength

Peak strength values increase with increasing cement content
as shown in Figures 4.22 and 4.23. The peak values of the deviatoric
stress are plotted against cement content in Fig. 4.24 for samples
cured for 7 and 14 days. Samples cured in wax for 14 days show higher
strength values than those cured in wax for 7 days and the rate of
strength increase for 14 days samples is higher than those for 7 days.
This is due to the fact that samples with higher percent cement need

more time to get the cement hydrated.

4.2.5.2 Residual Strength

Residual strength values appear not to be affected by the
amount of cement added. When specimens have failed the cementation
contribution disappears and only the frictional component contribution
appears effective, which is not much influenced by the cement con-
tent. It appears that once the failure stage occurs, cement acts

predominantly as a filler (see Figures 4.22 and 4.23).

4.2.5.3 Deformation Modulus Values

Initial tangent modulus values increase with increasing cement
content. The initial tangent modulus values were calculated for both
the 7 and 14 days cure time and plotted against cement content in Fig.
4.25 on a natural scale. This increase reflects the increase of

stiffness of samples with increasing cement content. Increasing the
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cement content increases the tendency of the sample towards brittle
type behavior whose stress strain is characterized by relatively high

modulus, well-pronounced peak strength and rather sudden failure.

4.2.6 Effect of Density

Densities of specimens molded with 2% portland cement, allowed
to cure in wax for 14 days and tested at a confining pressure of 69
KPa (10 psi) in unsaturated undrained condition, were varied by
changing the energy input during compaction. This change was brought
about by increasing the number of blows per layer using 3, 6, 10, 15,
20 and 25 blows per layer. This change in compaction energy resulted
in a change of the degree of compaction and consequently change in
density. Test results are tabulated in Table 4.8 and the resulting
stress-strain curves are plotted in Fig. 4.26. Dry density is plotted
on a natural scale in Fig. 4.27 against number of blows per layer and
on a semi-logarithmic scale in Fig. 4.28. Figure 4.29 shows dry

density as a function of percent compaction.

Changing the amount of- compaction energy for samples cemented
with 2% cement results in changing the sample's density as shown in
Fig. 4.28. The relation between density and no of blows per layer (N)
may be expressed by the equations:

0.037

Y = 15.57 x N (4.3)

99



100

107004J pAepUR]S UO paseg

4od 9g°9 = mE\zx I

fi1sd GpT°0 = odY T :@30N

92°691 98°6 1 1€EE 96°0 0€ “809 8E" L 81°66 09°/L1 G g-g22-S
ov 6.1 A A A Ly 92 (870 90°£09 §2°L 98°86 ST LT T4 Y-€2¢2-S
66° /91 £8°G 6.£°89¢ P01 0L°T4S 9¢€° ¢ ¢0°86 6€° L1 0¢ g-¢éc-S
0§°¢/L1 ey GE 6EE 960 99°989 LE"L 0S°L6 0€"L1 0¢ Y-2¢¢-S
65941 20° 8G°61€ 8L°0 0L°LES 82°L 19°96 PT°LT S1 ¥-122-S
ot bsl 92°6 1€°0€E L8°0 GE"2ES 1€°¢ 88°96 61°LT S 4-612-S
(1) AA] ! {3 BT 6€E €21 L6°T€S e L 0,796 91" L1 ST v-112-S
12°8¢€1 20°L 18°6¥€ 96°0 I8°861 ov°L 62°56 16°91 01 g4-12¢-S
66°8Y1 8L G9°06GE 0L°0 GG E1S GE°L 50°96 0" L1 ot Y-12¢-S
92°GET Sv°6 G9°€0¢E 8.°0 |8 2427 €€ L Gh°€6 8691 9 g-92¢-S
8€"GET $0°6 €L°Y0€ 0L°0 B2 1GY gL 6216 €L°91 9 Y-9¢2-S
25 2ell G 6 ¢L° 892 19°0 11°9.¢€ €L P1°16 L1791 £ 8-62¢-S
ELTTT b6 e1°0Le 19°0 61 t8¢€ e L £0°16 ST°91 € Y-622-S

(o1) (6) (8) (2) (9) (9) »(¥) (€) (2) (1)

edly % % % w/N) N udfe
snnpoy uLeais edA uLeals e U31U09) 9 € 4ad  cop apdwes
quabue] fetxy S0 -1o LeLXY €0 -T0  gunysio uotjoedwo)  A3Lsuag  smoig
jetatuy  yibusaals enpisay ya6usals jead leut4 Ud2udd A4 J0°ON

‘ed)¥ 69 JO aanssadd Bururjuc) e je pajsal pue sAeq HI 404 XeMm ut
paJn) SaLlisuag IUadajLg YILM Juswd) pue|iuod %2 Yilm sa|dwes pues
pajuswa) 4O S3IS3} {BLXPLA] IL3eIS pauledpun pajeanjesufy Jo s3|nsay :8'p 921qel '



700

N =
600 L S Am————""—__———-_—__———

N =

300 }

N = Number of biows per layer.

2 PERCENT CEMENT

25
20
15

10

Principal stress difference (o;- o3) KPa
//{ 2
A

0 2 .4 6
Axial strain %

Fig. 4.26: Unsaturated undrained static triaxial stress-strain curves
for samples with different densities and tested at a

confining pressure of 69 KPa.
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where N is the number of blows per layer and Y is the average sample
density in KN/m3. The degree of compaction ranges from 91% of the
maximum dry density (based on the standard Proctor which was obtained
according to ANSI (American National Standards Institute)/ASTM D 558
and shown in Fig. 4.30) for N=3 to 99.2% for N-25 blows per layer.

4.2.6.1 Peak Strength

Peak strength values increase with increasing dry density of
test specimens. Peak deviatoric stress values are plotted against dry
density on a natural scale in Fig. 4.31. This increase in peak

strength is mainly due to the close packing of the cement/sand grains.

4.2.6.2 Residual Strength

The residual strength values seem to increase with increasing
density but this does not seem to hold true for all samples tested
(see Fig. 4.26). Thus we can not conclude that residual strength
values increase with increasing density because of the failure surface

shape which plays a role in the residual strength value.

4.2.6.3 Initial Tangent Modulus

The initial tangent modulus values increase as the dry density
increases. The initial tangent modulus values were calculated and

plotted against dry density on a natural scale in Fig. 4.32.
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4.2.7 Results of Tests on Reconstituted Specimens

It was believed to be of interest to trace the stress-strain
behavior of reconstituted samples made from previously utilized
samples subjected to degradation. Thus used up samples that were
originally cemented with 2% portland cement, and were tested until
failure were collected and broken into small pieces until all mate-
rial passed No. 4 sieve. A predetermined amount of the minus No.4
material was weighed and about 8% water was added and then mixed in
the mechanical mixer in the same manner as freshly prepared specimens
but without adding any fresh cement. Reconstituted samples were
allowed to cure in wax for 7 and 14 days. Unsaturated undrained
static triaxial tests were performed, and test results are shown in

table 4.9 with the resulting stress-strain diagrams plotted in Fig.

4.33

The effect of cementation was not noticed on reconstituted
samples originally cemented with 2% cement. Great reduction in the
peak strength of those reconstituted samples, in comparison to origi-
nal strength (prior to degradation) were noticed. Reconstituted
sample's stress-strain curves were compared with those of fresh
samples cured in wax for 7 and 14 days (see Fig. 4.33). As can be
seen in Fig. 4.33, while the effect of cementation on peak strength of
fresh samples is very evident, its effect on reconstituted samples is
completely un-noticed. Additionally, cure period does not seem to
affect the strength of reconstituted samples which confirms that

cementation due to the hydration process of portland cement is not
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for reconstituted and fresh samples cured in wax and tested
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acting in the reconstituted samples. This can well be seen from the
stress strain diagrams of Fig. 4.33, where specimens were allowed to
cure in wax for 7 and 14 days but the stress strain curve was almost
the same for the three specimens regardless of cure period. Addition-
ally reconstituted specimens have exhibited a ductile type failure
even at high axial strain levels, and their residual strength was
relatively high compared to their peak values i.e. it is more than 83%
of the peak value in all specimens tested. Thus the effect of the
available cement in these reconstituted samples is to contribute
towards the increase in fine content, since the portland cement in
this case appears to act as a filler and not as a cementing agent. As
anticipated, the increase in hydrated cement (acting as a filler) is
not coupled with any increase in peak strength values. Initial
tangent modulus values of reconstituted samples were about the same

regardless of cure period.

The residual strength values for reconstituted samples are
well below those of fresh samples. This is expected since the recon-
stituted samples are not cemented and thus are softer and possess
Tower strength. The failure mode of reconstituted samples was prima-

rily by expansion and bulging as typically shown in plate 4.3.
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4.3 Calcium Carbonate

carbonate sediments are wide spread in many regions of the
world such as the southern shores of the Arabian Guif. Sediments
referred to as ‘'sabkha' in the Arabic-speaking countries contain
carbonate soils in addition to other type of marine and eolian depos-
its. Carbonate soils present special problems to geotechnical engi-
neers. Carbonate acts as cementing agent and are in themselves weak
when compared with quartz sand. One of the noted features of these
deposits is the fluctuation in their strength as it gets affected by
drying and wetting cycles. Usually when these deposits are dry,
cementation bonds due to carbonates are at their peak value. Upon
wetting or inundation some of these bonds get weaker and consequently
their strength decreases appreciably. Undisturbed samples of carbon-
ate soils and carbonate sands in particular can not be obtained easily
because of their friability and their delicate nature. An attempt was
made here to simulate the behavior and cementation development in
carbonate sands by means of laboratory specimens. The Tlaboratory
samples were made by mixing a selected dune sand with calcium carbon-
ate in a powder form plus water. The main purpose of such a trial is
to see whether cementation will be produced this way, and how it will
affect the strength and stress-strain behavior of the artificially
cemented sand. It was not intended to develop a mixing procedure nor
to study the effect of different parameters on the characteristics of

the mix.
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In this thesis calcium carbonate was selected as another
cementing agent in the carbonate family to compare with portland
cement. Different percentages of CaCo3, different cure periods and
two types of cure were tried. Samples with 2% and 3% calcium carbon-
ate by weight of sand were prepared and allowed to cure in wax until
tested. Samples with 2%, 3% and 4% calcium carbonate by weight of
sand were prepared and allowed to cure in wax for 7 days and then were
taken out of wax and allowed to cure for varying periods. Unsaturated
undrained static triaxial tests were performed on all specimens. Test
results are shown in Table 4.10 for specimens cured in wax only and in
Table 4.11 for specimens cured in wax for 7 days and then out of wax
for varying periods. Stress-strain diagrams are shown in Fig. 4.34
for samples cured in wax and in Fig. 4.35 for samples cured in wax for
7 days and out of wax for varying periods. Peak values of the devi-
atoric stress for all samples were plotted on a natural scale against
moisture content at testing time, and are shown in Fig. 4.36 for all
specimens tested for both cure types. Initial tangent modulus values
for all samples tested in both cure types are plotted against moisture

content at testing time in Fig. 4.37.

The main purpose of using CaCo3 is to compare its effect with
the effect of portland cement, and not to study the properties and
behavior of sand mixed with calcium carbonate. To the author's
knowledge there is nothing in the literature concerning addition of
low percentages (less than 4% by weight) of caicium carbonate, and
therefore the behavior of such a mix is not well documented. A1l work

done in the laboratory on soils and carbonate mixes deals with high
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Fig. 4.34: Unsaturated undrained static triaxial stress-strain curves
for sand mixed with different percentages of calcium carbonate,
cured in wax for varying periods and tested at a confining
pressure of 69 KPa.
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sand mixed with different percentages of calcium carbonate,

cured in wax for 7 days and out of wax for varying periods and

tested at a confining pressure of 69 KPa.
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percentages of similar additives such as lime, or use those additives
with soils which contain high percentage of fines. As can be seen
from the stress-strain curves in Fig. 4.34, peak strength, residual
strength and deformation modulus values were not affected by the two
main variables namely: percent carbonate and cure time. Results
presented in Fig. 4.34 shows the same stress strain curve for all
samples cured in wax, irrespective of whether 2% or 3% calcium carbon-
ate was used or whether samples were cured in wax for 7 or for 14
days. This indicates that cementation process due to presence of
calcium carbonate had not developed between the sand grains under test
conditions selected, because with the presence of water, the calcium
carbonates were softened, weakened and therefor can not hold the sand
grains together. Ductile failure type with the absence of distinct
failure surface was observed. The failure mode was primarily by

expansion and bulging as shown in plate 4.3.

Mixing procedure, preparation method, moisture content and
sand characteristics, each has its own effect on the development of
cementation. The effect of each alone is not yet known simply because
with such mixing procedure and- Tow percentage of calcium carbonate no
information is availabie. To support the argument of the absence of
cementation development, the author prefers to compare the obtained
results with some of the documented results on a similar cementing

material such as lime.

Lime stabilization has been in use for long time and a lot is

known about it. To study the effect of different parameters such as:
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mixing procedure, sand characteristics and cure conditions on perfor-
mance of calcium carbonate specimens we may compare it with lime since
lime is chemically the closest type to calcium carbonate. It is
conceivable that the factors affecting performance and characteristics
of lime stabilized soils may also be appropriate in the case of
calcium carbonate dispersed in sand. In the case of my calcium
carbonate study, neither cure time nor carbonate percentages had much
effect on the strength and stress-strain behavior of samples mixed
with calcium carbonate and cured in wax. This may be attributed to
several factors such as; type of sand, the low percent of carbonate
used, moisture content, lack of fines and probably most important of
all is the method of cure. The sand used during this laboratory
investigation is uniform material lacking fines i.e. the sand used
contained less than 2% passing #200 sieve, and most of it is nonclay
fraction. When considering lime stabilization clay fraction of a soil
is a major source of silica or alumina or both for the development of
pozzolanic reaction. Pozzolanic reaction occurs between lime and the
soil silica or alumina or both to form various types of cementing
agent. If this pozzolanic reaction 1is inhibited, high mixture
strength can not be developed. [47], and due to the pozzolanic prop-
erties of the clay, lime will Tiberate and combine with the clay to
produce extra cementation [35]. Reactivity of soil is at least partly
caused by the higher clay content [46], and not all soils exhibit
improved strength, stress strain and fatigue characteristics when
mixed with lime. If the soil is non-reactive, extensive pozzolanic
strength development will not be achieved regardless of lime type,

lime percentage or curing conditions [42]. Marked strength increases
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are not always obtained by the addition of 3% to 7% by weight of lime
[46]. The addition of lime to fine-grained soils causes flocculation
and agglomeration of the clay fraction and may generally increase the
strength, and that is why most researchers agree that hydrated lime or
quicklime should be used to stabilize cohesive soils and they require
minimum percentage of clay fraction [3, 42, 44]. This may as well be
applicable to calcium carbonate but that needs to be verified in the

laboratory.

In my laboratory work, water content during compaction of
carbonate specimens in the laboratory may have not been enough for
calcium diffusion. The Tliterature reveals that for a given Tlime
content the soil strength may be improved by increasing the water
content, and addition of water after compaction can usually improve
strength of soils compacted at or below optimum moisture content [33].
This could be one of the reasons why cementation was not apparent on

my samples.

The work done by Akili and Torrance [1] on a clean uniform
fine sand shows that samples .cemented by chemical precipitation of
calcium carbonate exhibited increased penetration resistance. They
concluded that the higher the amount of precipitated calcium carbonate
the higher the resistance to penetration. Their method of adding the
cementing agent is completely different than the method followed in
this thesis. In their work the air-dry sand was placed in perspex
cylinder by the pluviation method up to a certain height. A mixture

of sand and the powdered sodium carbonate (Na2C03) was pluviated on
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top of the sand in the cylinder to the same relative density for a
certain thickness. Concentrated solution of calcium chloride (CaCI3)
was introduced into the cylinder from the bottom and allowed to flow
slowly up through the sample. When the solution reached the zone in
which the sodium carbonate was present reaction occurred and calcium
carbonate (CaCo3) was formed. This chemical precipitation of CaCo3
provides the cementation bonds between the sand grains and increases

the penetration resistance.

Another method of adding the cementing agent was tried by
Akili and Torrance [1] in which a saturated calcium carbonate solution
was introduced into the pluviated sand and the sample was allowed to
dry up under 100 watt light bulb 3 cm above the surface of the sample.
They concluded that no visible carbonate was generated at any point in

the system in a 3 month period.

Poulos [30] tried to promote artificial cementation of the
carbonate sand by leaving some samples in an odometer in the presence
of a super-saturated solution of calcium carbonate for a period of 10
week under a stress of 248 KPa-and he concluded that no visible signs
of cementation were apparent upon examination. He increased the
stress by 310 KPa for some samples, they were left for a further 6-8
weeks. Samples, show similar behavior and properties to the untreated
samples and no firm conclusions can be drown from the above results,
no cementation appears to be developed in a static calcium carbonate
in the laboratory environment [30]. This 1is the case with our

specimens cured in wax in the laboratory.
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In my thesis work, samples were prepared with 2%, 3% and 4%
calcium carbonate by weight of sand and allowed to cure either in wax
for 7 and 14 days (category I) or in wax for 7 days followed by out of
wax for varying periods (category II). Those samples that belonged to
category II exhibited appreciable difference in their strength values
and general stress-strain behavior. In all specimens of category II,
it was observed that the lower the moisture content the higher the
peak strength values as well as the initial tangent modulus values
regardless of cure time or percent carbonate. This indicate that the
drying process 1is essential for cementation development. The
stress-strain curves shown in Fig. 4.35 show substantially higher peak
strength values than those samples cured in wax (Fig. 4.34). The
samples cured out of wax (category II) exhibited a brittle fajlure
mode and a unique well defined shear failure surface similar to the
one shown in plate 4.1. The peak strength values are plotted in Fig.
4.36 against moisture content at testing time for all carbonate
samples including those cured in wax. The dryer the sample at testing
the higher the strength. The initial tangent modulus values are
plotted in Fig. 4.37 against moisture content at testing for all

carbonate specimens and the dryer the sample the higher the modulus

value.

The strength exhibited by those samples which were cured in
wax for 7 days and out of wax for varying periods (category II)
signifies that cementation development appears related to the drying
of the carbonate samples. Thus drying is essential to the development

of cementation bonds between sand grains. The dryer the specimen the
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stronger the bond. This behavior of gaining strength with the drying
process is observed in the Sabkha's upper crust, where it is very

strong when dry but soft and weak upon wetting.
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5. SUMMARY AND CONCLUSIONS

5.1 Summary

This thesis describes a laboratory investigation on behavior
of laboratory prepared cemented sand specimens under static loading.
The selected dune sand used in the preparation of artificially cement-
ed sand specimens, was mixed with a selected amount of a cementing
agent by hand in a dry state. The dry mix was then poured into a
mechanical mixing bowl and a predetermined amount of distilled water
was added. The mixing process was carried for about 5 min., using a
mechanical mixer. Samples were prepared and allowed to cure prior to
testing. Two types of cure were tried; curing in which moisture
content was kept almost constant by -wrapping the the specimens with
plastic sheets and immersing them in a molten wax. This is referred
to as "in wax cure". In the other type, samples were left in the
molds without any coating and therefore moisture content was reduced,

this is referred to as "out of wax cure".

The static triaxial apparatus was utilized for testing all
samples. Two types of testing were performed; the unsaturated un-
drained static triaxial tests and, the drained static triaxial tests.
In the drained test samples were saturated using carbon dioxide and
back pressure. The effect of several parameters on the strength and
stress-strain characteristics of the cemented sand specimens, where
portland cement being the cementing agent, were studied. These

parameters are: cure type, cure time, confining pressure, effect of
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degree of saturation, density, cement content and the effect of
reconstitution. calcium carbonate was tried as another cementing
agent. Different cure types, different cure times and different
carbonate contents were tried, and unsaturated undrained static

triaxial tests were performed on all calcium carbonate samples.

5.2 Conclusions

The most important conclusions of this study are:

1. The addition of a small amount of portland cement to
sands results in cementation bonds which has a marked
effect on stress-strain and strength of tested samples.
For example, the addition of 2% and 4% portiand cement
to sand samples, tested after 14 days in wax, resulted
in ultimate strength value of 530 and 960 KPa respec-
tively. These values are approximately twice and three
and half times the peak value exhibited by an uncemented
sand sample (reconstituted samples) cured and tested in
the same manner and for the same cure period. Addition-
ally, the effect of cementation manifests itself in a
cohesion intercept, where, as an example, a 2% cement
results in a cohesion intercept of 60.34 KPa as compared
to zero cohesion prior to cementation bond development

of the cohesionless material.
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Test results have shown that sample's strength increases
with increasing cure period, confining pressure, percent
cement in the mix and sample's density. For example,
samples with 2% portland cement and cured in wax for 28
days have exhibited a peak strength value of at least
560 KPa compared with not more than 312 KPa for a
similar specimen tested directly after compaction where
the effect of cementation development had not materi-
alized. Samples with 2% portland cement and tested at a
confining pressure of 69 KPa have a peak strength of not
more than 340 KPa, while those prepared and tested at
the same conditions but at a confinement of 276 KPa have
exhibited peak strength of at least 1330 KPa. Samples
cemented with 1% portland cement and tested after 14
days result in peak strength value of not more than 375
KPa, while samples with 4% cement result in peak
strength values of not less than 960 KPa. Density of
17.60 KN/m3 for samples with 2% portland cement result
in peak strength of more than 600 KPa, while samples
with density of 16.15 KN/m3 result in peak strength of
less than 385 KPa.

The addition of 2% cement results 1in a cohesion
intercept of 60.34 KPa and an angle of internal friction
of 41.20° after 14 days of in wax cure, while uncemented
sands have no cohesion intercept and have an angle of

internal friction comparable to that of cemented sands.
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During the process of cure the dryer the sample the
higher its strength up to a limit, after which no more
increase in the strength is observed. Samples cured out
of wax and tested after 28 days at a moisture content of
0.84% have peak strength values of at least 920 KPa
compared to 570 KPa for samples cured in wax for 28 days

but tested at a moisture content of 7.4%.

The residual strength of a cemented sand is not affected
by any of the parameters noted above, except by confin-

ing pressure and molding density.

The rate of volumetric change increases as the confining
pressure decreases. However, the final volumetric

change is the same regardless of the confining pressure

level.

Saturation of dry specimens reduces the strength and
increases the final volumetric strain. Tests on samples
cured out of wax-and tested in drained condition result
in peak strength values of 590 KPa or less, while the
peak value of similar specimens tested in unsaturated

undrained mode is more than 680 KPa.

Samples prepared by mechanical degradation of originally
cemented sand samples and referred to here as recon-

stituted samples, did not exhibit any gain in strength
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10.

with time upon cure. This is because the portland
cement originally present had already hydrated. It's

role in the reconstituted samples is primarily that of a

filler.

No sign of cementation was observed in samples mixed
with calcium carbonate and allowed to cure in wax,
because Tull development of cementation bond for this
category may require longer period than portland cement
cementation. However cementation appears present for
samples cured out of wax. It4 was observed that the
dryer the specimen the stronger it is regardless of the
percentage of carbonate or cure time. Peak strength
values for samples tested at moisture content of 0.44 %
are not less than 588 KPa, while it is not more than 250
KPa for similar samples but tested at a moisture content
of 7.70 %, which indicates that cementation bonds have
developed as a function of drying process which depends

on the cure period (out of wax).

Failure mode is a function of moisture content as well
as sample's stiffness. Brittle type failure with
distinct failure surface occurs with dryer samples and
samples with higher cement content (stiff samples);
where as more than one failure surface occur when the

moisture content is high. When no cementation effects
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are present, test samples bulge out and with no apparent

failure surfaces even at high axial strain levels.

5.3 Recommendations

It is recommended that this investigation be extended in the

future along the lines stated below:

1. A predictive formula for the strength of cemented soils
is needed which will consider all different variables.
This can be done by running a comprehensive testing

program where all parameters are considered.

2. The effect of saturation on dry samples need to be
investigated for samples with different moisture con-

tents (i.e. different cure period out of wax).

3. There need to be a preparation procedure where a uniform
specimens density throughout the specimen's height is

achieved.

4, Samples mixed with calcium carbonate need to be investi-
gated properly in terms of mixing procedure and cure
period. It may require longer period in wax to develop
cementation and if cementation 1is achieved then the
effect of different parameters tried with portland

cement need to be tried with calcium carbonate.



Repeated wetting and drying on calcium carbonate samples

may produce cementation.

Cementation bonds (type and characteristics) need to be
studied using the microscope, this will indicate the
effect of reconstitution and disturbance on those

specimens.,

Dynamic tests on cemented sand specimens need to be

carried out.

The effect of temperature during cure period need to be
investigated, since the hydration of portland cement

depends on the cure temperature.
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APPENDIX A

STATIC TRIAXIAL TEST'S DATA AND CALCULATIONS
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This program is used to analyse the data obtained from the
unsaturated undrained static triaxial tests.

REAL LO,LD,LDR,DD,AO0,S1G3,V0, LOAD, DEVIAT
DIMENSION ST(200),LO0AD (200),LD(200),DD(200),AC({200),DEVIAT(200),Q
C(200), P(200), LDR{200)

WRITE (6,81)

WRITE (6, 10)

FORMAI‘ 1',/,2ux,' ## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION T
CEST *

WRITE (6 17)

FORMAT(' »24X, ' #* SAMPLE C-201-A ,TESTED ON 15/04/1984 @ 11:30 AM

C ##?
WRITE (6,20}

FORMAT(' ',24X, *#* COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE S
CAND' )

WRITE (6,22)

FORMAT(6 ',27X,' + 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##')
WRITE ( 30 )

FORMAT("' 18X, 'CONFINING PRESSURE = 69 KPA',11X,'DRY DENSITY = 17

5X, yATER CONTENT AT TESTING=7.694% ', 13X, 'CURE PERIOD
WAX'

)
15X, "SAMPLE LENGTH= 14.71 CM',2uX, 'SAMPLE AREA= 41.12 C

WRITE (6,60)
PRINT 40
FORMAT (' ',16X,'DDR',9X,'LDR",7X,"'CS',9X, 'LOAD',8X, 'DS’, 10X, 'Q’,
C10X,'P')

PRINT 51

FORMAT(' 'L16X,'DIV.Y,BX, DIV, TX, "%, 10X, TN, 10X, TKPA', BX, *KPA'
C,8X, 'KPA')

WRITE (6, 60)

FORMAT(' 13x B et
c

READ , N ’ AO , LO , SIG3

READ , DD(I) , LD(I)

ST(1) = DD(1) * 0.001*100 /{LO-DD(!)*0.001)
Vo = A0 * LO

AC(1) = 2,.54%2,54%V0/(10000*{L0O-DD(I1)*0.001))
LOR( 1)=1.00*LD( 1)

LOAD( 1) = LDR(!) * 1.,08%4.448

DEVIAT(!) = LOAD( ) / (1000*AC(1))

Q(1) = DEVIAT(1)/2

P(1) = (DEVIAT(1)+2%6.9%S1G3)/2

PRINT 70 , DD(I) , LDR(1), ST{1) , LOAD(!),DEVIAT(I1),Q(1),P(I)
FORMAT (1 2,7X,F5.1,5X,F5.2,5X,F7.2,5X,F6.2,5X, F6.2,5X,F6.2)
CONTINUE

NRITE(6‘81)

FORMAT('1') ‘

STOP

END

SENTRY

145



~0O WO ~OWVMEWw N

b ad b md bl
W whN

-
~N O

N N =t s
- OV

[\
N

NN
Sw

SJoB

10
17

20

22

30

32

34

Lo

51

60

70
80
81

This program is used to analyse the data obtained from the
drained static triaxial tests.

REAL LO,LD,LDR,DD,A0,SIG3, VO, LOAD, DEVIAT, CVC, BR, LCO

DIMENSION ST(200),LOAD {200),LD(200),DD(200),AC(200),DEVIAT(200),Q
C(200), P(200),Vv(200),VC({200), BR(200), LDR( 200} .

WRITE (6,81)

WRITE (6,10)

FORMAT('1',/,31X," #** DRAINED TRIAXIAL COMPRESION TEST *#1/)

WRITE (6,17)

FgRﬂAT(' ',25X, '%* SAMPLE S-217-A ,TESTED ON 21/04/1984 @ 10:00 AM
C ##

WRITE (6,20)

-

FORMAT(' ',25X, '#+* COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE S

CAND' )

WRITE (6,22)

FeR@AT(' ',25X,"' + 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER
C ##

WRITE (6,30)

FORMAT(' ', 19X, 'CONFINING PRESSURE = 69 KPA', 12X, "DRY DENSITY = 1
C7.19 KN/MH##3%)

WRITE (6,32)

FORMAT(' ',13X, 'WATER CONTENT AT TESTING = 20.389 % ',10X, 'CURE PE
CRIOD = 14 DAYS OUT OF WwAX')

WRITE (6,34)

FORMAT(' ', 13X, 'DGREE OF SATURATION =97.9%',3X, 'SAMPLE LENGTH= 14.
C72CM', 3X, ' SAMPLE AREA= J1.45 CM*#2')

WRITE (6,60)

PRINT 40

FORMAT (° ',16X,'DDR':SX,'LDR',GX,'BR',6X,'C$',6X,'VS',6X,'LOAD'
C,7X,'DS’,7x,'Q',8X%,'P')

PRINT 51

FORMAT( ' '.16X,'DIV.',RX,'DlV.',SX,'ML',6X,'%',7X,'%',8X,'N'
C.8X%,'KPA',6X, "KPA',6X, 'KPA')

WRITE (6,60)

FORMAT(' ', 13X, 'c~cccmmccccamaaa. e L D e
READ , N , AO, LO , SIG3 , CVC

CVC SHOUD BE -VE IF WATER 1S EXPELLED OUT FROM SAMPLE.
DO 80 I=1,N

READ , DD(1) , LD(1) , BR(1)

VO = A0 * L0

CST = CVC / (3%VO*2,54##3)

VCO = VO* 2,54%#3 + CVC

LCO = 2.54%L0 *(14CST)

VC(1) = (BR(!1)~BR(1))}*100/VCO

ST(1) = 2.54*DD(|) * 0.001%100 /(LCO-DD( | }#0.001%2,54)
ACO = VCO / LCO

AC(I) = ACO /10000 * ((1+0.01%VC(1)) / (1-0.01*ST(1)))
LOR(1) = LD(1)* 1.00

LOAD(1) = LDR( 1) * 1.08%4, 448

DEVIAT( 1) = LOAD(1) /(1000* AC(1))

Q(1) = DEVIAT(I)/2

P(1) = (DEVIAT(|)+2%6.9%S1G3)/2

?RINT 70 , DD(1) , LDR{1), BR(}), ST(l) , VC(I) , LOAD(!),DEVIAT(I)
C), Q(1),P(I)

FORMAT (15X,F6.2,3X,F5.1,3X,F5.2,3X,F5.2,3X,F5.2,3X,F7.2,3X,F6.2,
C3X,F6.2,3X,F6.2)

CONT I NUE

WRITE(6,81)
FORMAT('1')
STOP

END

SENTRY
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CONFINING PRESSURE = 69 KPA

WATER CONTENT AT TESTING = 7.817 %
SAMPLE LENGTH= 14.75 CM

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

** SAMPLE S-224-A ,TESTED ON 26/05/1984 @ 5:00 PM *+

## COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE SAND

+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

DRY DENSITY = 17.15 KN/M*#3
CURE PERIOD = 0 DAYS IN WAX

SAMPLE AREA= 41.48 CM#*2

DDR LDR cs LOAD DS Q P
DIvV. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 50.0 0.09 240.19 57.86 28.93 97.93
10.00 88.0 0.17 422.74 101.75 50.8 119.87
15.00 120.0 0.26 576.46 138.63 69.31 138.31
20.00 147.0 0.35 706.16 169.67 84.84 153.84
25.00 172.0 0.43 826.26 198.36 99.18 168.18
30.00 191.0 0.52 917.53 220.08 110.04 179.04
35.00 207.0 0.61 994.39 238.31 119.16 188.16
40.00 219.0 0.69 1052.04 251.91 125.95 194.95
45.00 229.0 0.78 1100.08 263.18 131.59 200.59
50.00 236.5 0.87 1136.11 271.57 135.78 204.78
55.00 242.0 0.96 1162.53 277.64 138.82 207.82
60.00 247.0 1.04 1186.55 283.13 141.56 210.56
70.00 254.0 1.22 1220.17 290.65 145.32 214.32
80.00 258.5 1.40 1241.79 295.28 147.64 216.64
90.00 262.0 1.57 1258.61 298.76 149. 38 218.38
100.00 264.0 1.75 1268.21 300.51 150.26 219.26
110.00 266.0 1.93 1277.82 302.26 151.13 220.13
120.00 267.0 2.1n 1282.62 302.86 151.43 220.43
130.00 267.5 2.29 1285.03 302.89 151.45 220.45
140.00 267.5 2.47 1285.03 302.36 151.18 220.18
150.00 268.0 2.65 1287.43 302.39 151.20 220.20
160.00 267.5 2.83 1285.03 301.29 150.65 219.65
170.00 267.0 3.02 1282.62 300.20 150.10 219.10
180.00 266.5 3.20 1280.22 299.10 149,55 218.55
190.00 266.0 3.38 1277.82 298.01 149.01 218.01
200.00 265.0 3.57 1273.02 296. 36 148.18 217,18
210.00 264.0 3.75 1268.21 294.72 147.36 216.36
220.00 263.0 3.94 1263.41 293.08 146.54 215.54
230.00 262.0 4.12 1258.61 291.44 145,72 214,72
240.00 261.0 4.31 1253.80 289.81 144.90 213.90
250.00 260.0 4.50 1249.00 288.18 144.09 213.09
260.00 259.0 4.69 1244.19 286.55 143.28 212.28
270.00 257.5 4.88 1236.99 284 .38 142.19 211,19
280.00 256.5 5.07 1232.18 282.77 141.38 210.38
290.00 255.0 5.26 1224.98 280.60 140. 30 209.30
300.00 254.0 5.45 1220.17 279.00 139.50 208.50
310.00 252.5 5.64 1212.97 276.85 138.42 207.42
320.00 252.0 5.83 1210.57 275.79 137.90 206.90
340.00 249.0 6.22 1196.16 271.52 135.76 204.76
360.00 247.5 6.61 1188.95 268.90 134.45 203.45
380.00 246.0 7.00 1181.74 266.29 133.14 202. 14
400.00 245.0 7.40 1176.94 264 .23 132.11 201.11
420.00 2u4.0 7.79 1172.14 262.17 131.09 200.09
440.00 243.0 8.20 1167.33 260.13 130.07 199.06
480.00 2y2.0 9.01 1162.53 257.13 128.56 197.56
520.00 241.5 9.83 1160.13 254.67 127.34 196.34
540.00 281.5 10.25 1160.13 253.71 126.85 195.85
560.00 242.0 10.67 1162.53 253.27 126.63 195.63
590.00 242.5 11.31 1164.93 252.34 126.17 195.17
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-22u4-B ,TESTED ON 26/05/1984 @ 6:00 PM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER %+

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.16 KN/M##3
WATER CONTENT AT TESTING = 7.800 % CURE PERIOD = 0 DAYS IN WAX
SAMPLE LENGTH= 14.73 CM SAMPLE AREA= 41.58 CM®#2

DDR LDR Ccs LOAD DS Q P
DIV, DIv. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 57.0 0.09 273.82 65.95 32.98 101.98
10.00 100.0 0.17 480.38 115.61 57.80 126.80
15.00 130.0 0.26 624.50 150.16 75.08 144,08
20.00 155.0 0.35 744.59 178.88 89.44 158.44
25.00 179.0 0.43 859.89 206.40 103.20 172.20
30.00 198.0 0.52 951.16 228.11 114.06 183.06
35.00 214.0 0.61 1028.02 246.33 123.17 192.17
40.00 226.0 0.69 1085.67 259.92 129.96 198.96
45.00 236.0 0.78 1133.71 271.19 135.59 204.59
50.00 244.0 0.87 1172.14 280.13 140.07 209.07
60.00 254.5 1.05 1222.58 291.68 145.84 214 .84
70.00 261.0 1.22 1253.80 298.61 149,30 218.30
80.00 266.0 1.40 1277.82 303.80 151.90 220.90
90.00 270.0 1.58 1297.04 307.83 153.9 222.91
100.00 272.0 1.75 1306.64 309.57 154.78 223.78
110.00 274.0 1.93 1316.25 311.29 155.65 224.65
120.00 275.0 2.11 1321.05 311.88 155.94 224.94
130.00 275.5 2.29 1323.46 311.90 155.95 224,95
140.00 276.0 2.47 1325.86 311.91 155.96 224,96
150.00 276.0 2.66 1325.86 311.36 155.68 224 .68
160.00 276.0 2.84 1325.86 310.81 155.41 224 .41
170.00 276.0 3.02 1325.86 310.26 155.13 224.13
180.00 275.5 3.20 1323.46 308.15 154.57 223.57
190.00 274.5 3.39 1318.65 307.48 153.74 222.74
200.00 274.0 3.57 1316.25 306.37 153.19 222.19
210.00 273.0 3.76 1311.45 304.71 152. 35 221.35
220.00 272.0 3.94 1306.64 303.05 151.52 220.52
230.00 271.0 4.13 1301.84 301.39 150.70 219.70
240.00 270.0 .32 1297.04 299.74 149.87 218.87
250.00 269.0 4.50 1292.23 298.09 49,05 218.05
260.00 268.0 4.69 1287.43 296.45 148.23 217.23
270.00 266.5 4.88 1280.22 294.26 147,13 216.13
280.00 264.5 5.07 1270.62 291.52 145.76 214.76
290.00 263.0 5.26 1263.41 289.34 1y, 67 213.67
300.00 261.0 5.45 1253.80 286.62 143, 31 212.31
310.00 259.0 5.65 1244 .19 283.91 141.95 210.95
320.00 257.0 5.84 1234.59 281.20 140.60 209.60
340.00 254.0 6.23 1220.17 276.91 138.45 207.45
360.00 251.0 6.62 1205.76 272.63 136.32 205.32
380.00 249.0 7.01 1196.16 269.47 134.73 203.73
400.00 248.0 7.41 1191.35 267.39 133.70 202.70
420.00 247.5 7.81 1188.95 265.87 132.93 201.93
440.00 247.0 8.21 1186.55 264. 34 132.17 201.17
460.00 247.5 8.61 1188.95 263.89 131.95 200.94
480.00 248.0 9.02 1191.35 263.u3 131.72 200.72
500.00 248.5 9.43 1193.75 262.97 131.49 200.49
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-207-A ,TESTED ON 28/02/1984 @ 2:00 PM *+
“# COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND

+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.20 KN/M**3
WATER CONTENT AT TESTING = 7.643 % CURE PERIOD = 1 DAY IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.38 CM##2

DDR LDR cs LOAD DS Q P
DIV, Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 87.0 0.09 417.93 100.90 50.45 119.45
10.00 148.0 0.17 710.97 171.50 85.75 154.75
15.00 192.0 0.26 922.34 222.30 111.15 180.15
20.00 221.0 0.35 1061.65 255.66 127.83 196.83
25.00 246.0 0.43 1181.74 284.33 142.16 211.16
30.00 261.0 0.52 1253.80 301.41 150.70 219.70
40.00 286.5 0.70 1376.30 330.28 165.14 234.14
50.00 299.5 0.87 1438.75 344.66 172.33 241.33
55.00 303.0 0.96 1455.56 348.39 174.19 243.19
60.00 306.0 1.05 1469.97 351.53 175.77 au4 .77
70.00 309.5 1.22 1486.79 354.93 177.47 246.47
80.00 311.5 1.40 1496.40 356.60 178.30 247.30
90.00 311.5 1.58 1496.40 355.98 177.99 246.99
100.00 311.0 1.76 1493.99 354.78 177.39 246.39
110.00 309.5 1.94 1486.79 352.45 176.23 245,23
120.00 307.5 2.12 1477.18 349.56 174.78 243.78
130.00 305.0 2.30 1465.17 346.10 173.05 242.05
140.00 302.5 2.48 1453.16 342.66 171.33 240.33
150.00 299.5 2.66 1438.75 338.66 169.33 238.33
160.00 297.0 2.84 1426.74 335.24 167.62 236.62
170.00 293.5 3.02 1409.93 330.70 165.35 234.35
180.00 290.5 3.21 1395.51 326.74 163.37 232.37
190.00 287.0 3.39 1378.70 322.23 161.11 230.11
200.00 284.0 3.58 1364.29 318.29 159.15 228.14
210.00 280.5 3.76 1347.48 313.81 156.90 225.90
220.00 277.0 3.95 1330.66 309.33 154.67 223.67
230.00 273.5 4.13 1313.85 304.88 152. 44 221.44
240.00 270.0 4,32 1297.04 300.44 150.22 219.22
250.00 266.5 4.51 1280.22 296.01 148.00 217.00
260.00 262.5 4.70 1261.01 291.04 145.52 214.52
270.00 258.5 4.89 1241.79 286.08 143.04 212.04
280.00 254.5 5.08 1222.58 281.15 180.57 209.57
290.00 250.0 5.27 1200.96 275.68 137.84 206.84
300.00 246.0 5.46 1181.74 270.77 135.39 204. 39
310.00 2u1.0 5.65 1157.72 264.78 132.39 201.39
320.00 236.5 5.85 1136.11 259.37 129.68 198.68
340.00 227.0 6.24 1090.47 248.04 124,02 193.02
360.00 218.5 6.63 1049.64 237.88 118.94 187.94
380.00 211.0 7.02 1013.61 228.86 114,43 183.43
400.00 205.5 7.42 987.19 222.08 111.04 180.04
420.00 203.0 7.82 975.18 218.56 109.28 178.28
440.00 202.0 8.22 970.38 216.67 108.34 177.34
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#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*# SAMPLE S-208-A ,TESTED ON 03/03/1984 @ U4:00 PM ##
## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##*

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.17 KN/M#*#3
WATER CONTENT AT TESTING = 7.304 % CURE PERIOD = 3 DAYS IN WAX
SAMPLE LENGTH= 14.72 CM SAMPLE AREA= 41.35 CM*#2

DDR LDR CcS LOAD DS Q P

DIV, DIv, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 142.0 0.09 682.15 164.83 82.42 151.42
10.00 226.0 0.17 1085.67 262.11 131.05 200.05
15.00 276.0 0.26 1325.86 319.82 159.91 228.91
20.00 304.0 0.35 1460.37 351.96 175.98 244.98
25.00 323.0 0.43 1551.64 373.64 186.82 255.82
30.00 338.5 0.52 1626.10 391.23 195.61 264.61
35.00 350.0 0.61 1681.34 Loy .17 202.08 271.08
40.00 356.0 0.69 1710.17 410.74 205.37 274.37
45.00 363.0 0.78 1743.79 418.45 209.23 278.23
50.00 367.5 0.87 1765.41 423.27 211.64 280.64
55.00 371.0 0.96 1782.22 426.93 213.47 282.47
60.00 373.5 1.05 1794.23 429.43 214,72 - 283.72
70.00 377.0 1.22 1811.05 432.70 216.35 285.35
80.00 379.5 1.40 1823.06 434.81 217.41 286.41
90.00 381.0 1.58 1830.26 435.77 217.88 286.88
100.00 382.0 1.76 1835.07 436.14 218.07 287.07
110.00 382.0 1.93 1835.07 435.38 217.69 286.69
120.00 381.5 2.1 1832.66 434.04 217.02 286.02
130.00 380.5 2.29 1827.86 432.14 216.07 285.07
140.00 378.5 2.47 1818.25 429.11 214.56 283.56
150.00 376.5 2.66 1808.65 426.09 213.05 282.05
160.00 374.0 2.84 1796.64 422,51 211.26 280.26
170.00 371.0 3.02 1782.22 418.38 209.19 278.19
180.00 367.5 3.20 1765.41 413.70 206.85 275.85
190.00 363.0 3.39 1743.79 407.90 203.95 272.95
200.00 358.5 3.57 1722.18 402.13 201.06 270.06
210.00 351.5 3.76 1688.55 393.57 196.79 265.79
220.00 342.5 3.94 1645. 31 382.81 191.40 260.40
230.00 329.5 4.13 1582.86 367.62 183.81 252.81
240.00 318.0 4.32 1527.62 354.15 177.08 246.08
250.00 309.0 k.51 484,39 343.51 171.75 240.75
260.00 299.5 4.70 1438.75 332.35 166.17 235.17
270.00 292.5 4.88 1405.12 323.99 162.00 231.00
280.00 287.5 5.08 1381.10 317.88 158.94 227.94
290.00 284.5 5.27 1366.69 313.99 157.00 226.00
300.00 283.0 5.u6 1359.49 311.77 155.88 224.88
310.00 282.0 5.65 1354.68 310.10 155.05 224.05
320.00 281.5 5.84 1352.28 308.99 154.49 223.49
340.00 281.0 6.23 1349.88 307.31 153.66 222.66
360.00 279.0 6.62 1340.27 304.01 152.00 221.00
380.00 277.0 7.01 1330.66 300.72 150.36 219.36
400.00 266.0 7.41 1277.82 287.71 143.86 212.86
420.00 250.0 7.81 1200.96 269.40 134.70 203.70
440.00 247.0 8.21 1186.55 265.18 132.59 201.59
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CONFIRING PRESSURE = 69 KPA

#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*# SAMPLE S-205-A ,TESTED ON 04/03/1984 @ 5:30 PM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *

WATER CONTENT AT TESTING = 7.u482 %

DRY DENSITY = 17.15
CURE PERIOQD =

KN/M**3
7 DAYS IN WAX

SAMPLE LENGTH= 14.72 CM SAMPLE AREA= 41.59 CM##*2
DDR LDR Ccs LOAD DS Q P
DIV, DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 132.3 0.09 635.55 152.66 76.33 145,33

10.00 2331 0.17 1119.78 268.75 134,37 203.37

15.00 299.3 0.26 1437.55 344.71 172.36 241,36

20.00 340.2 0.35 1634.27 391.55 195.77 264.77

25.00 363.3 0.43 1745.24 u17.77 208.89 277.89

30.00 379.1 0.52 1820.90 435.51 217.75 286.75

35.00 390.6 0.61 1876.38 448.39 224.19 293.19

40.00 399.0 0.69 1916.73 457.63 228.82 297.82

45,00 404.8 0.78 1944 .47 463.85 231.93 300.93

50.00 409.0 0.87 1964.65 468.26 234.13 303.13

55.00 412.6 0.96 1982.30 472.05 236.03 305.03

60.00 414.8 1.05 1992.39 474,04 237.02 306.02

70.00 417.4 1.22 2005.00 476.21 238.11 307.11

80.00 418.4 1.40 2010.05 476.58 238.29 307.29

90.00 418.9 1.58 2012.57 476.34 238.17 307.17

100.00 419.5 1.76 2015.09 476.10 238.05 307.05
110.00 418.9 1.93 2012.57 L74 .67 237.34 306.34
120.00 417.4 2.1 2005.00 472.05 236.03 305.03
130.00 415.3 2.29 1994.91 468.85 234.43 303.43
140.00 yi13.2 2.47 1984.83 465.66 232.83 301.83
150.00 410.6 2.66 1972.22 461.88 230.94 299.94
160.00 407.9 2.84 1959.61 458.12 229.06 298.06
170.00 404.3 3.02 1941.95 453.18 226.59 295.59
180.00 400.1 3.20 1921.78 447,68 223.84 292.84
190.00 395.8 3.39 1901.60 u42.19 221.09 290.09
200.00 391.1 3.57 1878.90 436.13 218.07 287.07
210.00 385.9 3.76 1853.68 429.51 218.75 283.75
220.00 379.1 3.94 1820.90 421.16 210.58 279.58
230.00 365.9 4.13 1757.84 405.85 202.92 271.92
240.00 351.8 4.32 1689.75 389.42 194.71 263.71
250.00 338.1 4,51 1624.18 373.64 186.82 255.82
260.00 325.5 4.70 1563.65 359.06 179.53 2u48.53
270.00 314.5 4.88 1510.69 346.28 173.14 242.14
280.00 308.7 5.08 1482.94 339.30 169.65 238.65
290.00 305.6 5.27 1467.81 335.23 167.62 236.62
300.00 304.5 5.46 1462.77 333.47 166.74 235.74
310.00 305.6 5.65 1467.81 334.01 167.01 236.01
320.00 305.6 5.84 1467.81 333.41 166.70 235.70
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*# SAMPLE S-211-A ,TESTED ON 24/03/1984 8 06:00 AM #+#
##% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##
CONFINING PRESSURE = 69 KPA

WATER CONTENT AT TESTING = 7.337 %

DRY DENSITY = 17.16
CURE PERIOD = 14

KN/M##3
DAYS IN WAX

SAMPLE LENGTH= 14.64 CM SAMPLE AREA= 41.19 CM##2
DDR LDR cs LOAD 0s Q P
DIV, Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 123.1 0.09 591.45 143.48 71.74 140.74

10.00 256.0 0.17 1229.59 298.02 149.01 218.01

15.00 347.8 0.26 1670.58 404,56 202.28 271.28

20.00 399.6 0.35 1919.61 464 .46 232.23 301.23

25.00 ya2u.4 0.44 2038.94 492.90 246.45 315.45

30.00 439.6 0.52 2111.57 510.02 255.01 324.01

35.00 4n7.1 0.61 2147.89 518.34 259.17 328.17

40.00 453.1 0.70 2176.43 524.77 262.38 331.38

45.00 456.3 0.79 2191.99 528.06 264.03 333.03

50.00 457.9 0.88 2199.77 529.47 264.73 333.73

55.00 459.5 0.96 2207.55 530.88 265.44 334,44

60.00 460.6 1.05 2212.74 531.66 265.83 334.83

70.00 461.7 1.23 2217.93 531.97 265.98 334.98

80.00 461.7 1.41 2217.93 531.04 265.52 334.52

90.00 461.2 1.59 2215.34 529.48 26L4.74 333.74

100.00 459.5 1.77 2207.55 526.69 263.35 332.34
110.00 456.8 1.95 2194.58 522.67 261.34 330.34
120.00 453.6 2.13 2179.02 518.05 259.02 328.02
130.00 449.3 2.3 2158.27 512.20 256.10 325.10
140.00 443.3 2.49 2129.73 504.53 252.27 321.27
150.00 434.2 2.67 2085.63 493.21 246.60 315.60
160.00 420.7 2.86 2020.78 477.02 238.51 307.51
170.00 405.0 3.04 1945.55 458.44 229.22 298.22
180.00 386.6 3.22 1857.36 436.88 218.44 287.44
190.00 368.3 3.4 1769.16 415.39 207.69 276.69
200.00 347.2 3.60 1667.99 390.93 195.46 264 .46
210.00 328.3 3.78 1577.19 368.99 184.49 253.49
220.00 315.4 3.97 151494 353.78 176.89 2u5.89
230.00 307.8 4.16 1478.62 344,68 172.34 241.34
240.00 305.6 4.35 1468.24 341.64 170.82 239.82
250.00 304.6 4.54 1463.06 339.82 169.91 238.91
260.00 305.1 4.73 1465. 65 339.80 169.90 238.90
270.00 305.1 4.92 1465.65 339.18 169.59 238.59

152



## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*# SAMPLE S-219-B ,TESTED ON 09/06/1984 @ 5:00 PM #+
*# COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.19 KN/M##3
WATER CONTENT AT TESTING = 7.307 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14,69 CM SAMPLE AREA= 41.43 CM¥%2

DDR LDR cs LOAD DS Q P

Div. DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 102.8 0.09 493.85 119.11 59.55 128.55
10.00 235.5 0.17 1131.37 272.63 136.32 205.32
15.00 341.1 0.26 1638.69 394.54 197.27 266.27
20.00 406.5 0.35 1952.96 469.80 234.90 303.90
25.00 437.4 0.43 2101.12 505.00 252.50 321.50
30.00 451.4 0.52 2168.46 520.73 260.37 329.37
35.00 457.0 0.61 2195.40 526.75 263.37 332.37
40.00 460.7 0.70 2213.36 530.59 265.30 334.30
45.00 462.1 0.78 2220.09 531.74 265.87 334.87
50.00 463.1 0.87 2224.58 532.35 266.18 335.18
55.00 463.1 0.96 2224.58 531.89 265.95 334.94
60.00 463.1 1.05 2224.58 531.43 265.71 - 334.7
70.00 462.1 1.23 2220.09 529.43 264.71 333.7
80.00 460.7 1.40 2213.36 526.90 263.45 332.45
90.00 458.9 1.58 2204, 38 523.84 261.92 330.92
100.00 456.1 1.76 2190.91 519.72 259.86 328.86
110.00 453.7 1.94 2179.68 516.15 258.08 327.08
120.00 450.5 2.12 2163.97 511,53 255.76 324.76
130.00 b47.2 2.30 2148.26 506.92 253.46 322.46
140.00 443.5 2.48 2130.30 501.79 250.90 319.90
150.00 439.7 2.66 2112.34 496.68 248.34 317.34
160.00 435.5 2.85 2092.14 491.06 245,53 314.53
170.00 430.4 3.03 2067.45 484.40 242,20 311.20
180.00 425.2 3.21 2042.75 477.76 238.88 307.88
190.00 419.6 3.40 2015.82 470.62 235.31 304.31
200.00 413.1 3.58 1984 . 39 462.45 231.23 300.23
210.00 406.5 3.77 1952.96 454 . 31 227.16 296.16
220.00 396.7 3.95 1905.82 442,55 221.28 290.28
230.00 386.4 4.4 1856. 44 430.31 215.15 284.15
240.00 376.2 4.33 1807.05 418.11 209.05 278.05
250.00 366.8 4.52 1762.16 406.98 203.49 272.49
260.00 356.1 4.7 1710.53 394,35 197.17 266.17
270.00 3u48.6 L4.90 1674.61 385.37 192.68 261.68
280.00 340.7 5.09 1636.45 375.90 187.95 256.95
290.00 335.0 5.28 1609.51 369.04 184.52 253.52
300.00 329.0 5.47 1580.33 361.69 180.85 249.85
310.00 325.2 5.66 1562. 37 356.93 178.46 247.46
320.00 322.4 5.86 1548.90 353.21 176.60 245.60
340.00 317.8 6.25 1526.45 346.81 173.41 2u2.41
360.00 316.4 6.64 1519.72 344,01 172.01 241.01
380.00 315.0 7.03 1512.98 341.23 170.61 239.61
400.00 313.1 7.43 1504.00 337.95 168.97 237.97
420.00 312.6 7.83 1501.76 336.19 168.09 237.09
450.00 317 8.44 1497.27 333.31 166.65 235.65
470.00 311.7 8.84 1497.27 332.06 166.03 235.03
480.00 311.7 9.05 1497.27 331.43 165.72 234.72
490.00 311.2 9.26 1495.03 330.31 165.16 234.16
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*## SAMPLE S-227-A ,TESTED ON 20/06/1984 @ 1:00 PM *#*
## COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.14 KN/M¥#3
WATER CONTENT AT TESTING = 7.275 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.62 CM##2

DDR LDR cs LOAD DS Q P

Div. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 116.4 0.09 558.99 134.18 67.09 136.09
10.00 245.5 0.17 1179.12 282.79 141.40 210.40
15.00 349.1 0.26 1676.97 401.85 200.92 269,92
20.00 413.6 0.35 1987.04 475.73 237.87 306.87
25.00 445.5 0.43 2139.89 511.88 255.94 324.94
30.00 460.5 0.52 2211.95 528.66 264.33 333.33
35.00 466.8 0.61 22y2.52 535.50 267.75 336.75
40.00 469.1 0.70 2253.44 537.64 268.82 337.82
45.00 469.5 0.78 2255.62 537.70 268.85 337.85
50.00 469.5 0.87 2255.62 537.23 268.61 337.61
55.00 468.6 0.96 2251.25 535.72 267.86 336.86
60.00 467.7 1.05 2246.89 534.22 267.11  © 336.11
70.00 465.5 1.22 2235.97 530.69 265.35 334.35
80.00 463.2 1.40 2225.05 527.18 263.59 332.59
90.00 460.0 1.58 2209.76 522.64 261.32 330.32
100.00 457.3 1.76 2196.66 518.63 259.32 328.32
110.00 454.1 1.94 2181.38 514,12 257.06 326.06
120.00 453.2 2.12 2177.01 512.19 256.09 325.09
130.00 446.4 2.30 2144 .26 503.59 251.80 320.79
140.00 4y2.3 2.48 2124.60 498.09 249.05 318.05
150.00 437.7 2.66 2102.77 492.10 246.05 315.05
160.00 433.2 2.84 2080.93 486.13 243.06 312.06
170.00 427.7 3.02 2054.73 479.16 239.58 308.58
180.00 §22.3 3.1 2028.53 472.20 236.10 305.10
190.00 416.8 3.39 2002.33 465.27 232.64 301.64
200.00 410.5 3.58 1971.76 457.35 228.68 297.68
210.00 403.2 3.76 1936.82 448.45 224.22 293.22
220.00 395.0 3.95 1897.51 438.56 219.28 288.28
230.00 386.4 4.13 1856.03 428.20 214.10 283.10
240.00 377.3 .32 1812.36 417.37 208.69 277.69
250.00 365.0 4.51 1753.40 403.07 201.53 270.53
© 260.00 353.6 4.70 1698.81 389.81 194.91 263.91
270.00 343.2 4.89 1648.59 377.61 188.80 257.80
280.00 335.5 5.08 1611.47 368.44 184.22 253.22
290.00 329.1 5.27 1580.90 360.79 180.40 249.40
300.00 323.6 5.46 1554.70 354.17 177.08 246.08
310.00 318.6 5.65 1530.68 348.06 174.03 243.03
320.00 315.0 5.85 1513.21 343.46 171.73 240.73
340.00 310.0 6.24 1489.19 336.77 168.39 237.39
360.00 306.8 6.63 473.90 332.09 166.05 235.05
380.00 304.5 7.02 1462.99 328.42 164.21 233.21
400.00 302.7 7.42 454,25 325.25 162.63 231.63
420.00 301.4 7.82 447.70 322.59 161.29 230.29
440.00 300.9 8.22 1445.52 320.90 160.45 229.45
460.00 300.9 8.63 445,52 319.70 159.85 228.85
470.00 301.4 8.83 447.70 319.58 159.79 228.79
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#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-201-A ,TESTED ON 23/02/1984 € 8:00 AM ##*
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.21 KN/M¥#3
WATER CONTENT AT TESTING = 7.355 % CURE PERIOD = 28 DAYS IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.43 CM##2

DDR LDR cs LOAD DS Q P

Div. DiV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.30
5.00 44,7 0.09 695.21 167.67 83.84 152.84
10.00 271.1 0.17 1302.22 313.80 156.90 225.90
15.00 365.0 0.26 1753.59 422.21 211.10 280.10
20.00 L28.8 0.35 2059.69 495.48 247.74 316.74
25.00 L462.2 0.43 2220.52 533.70 266.85 335.85
30.00 R78.4 0.52 2298.35 551.93 275.96 344.96
35.00 486.5 0.61 2337.26 560.79 280.39 349.39
40.00 490.3 0.70 2355.42 564.65 282.33 351.33
45.00 492.5 0.78 2365.79 566.65 283.32 352.32
50.00 493.0 0.87 2368.39 566.77 283.39 352.39
55.00 493.6 0.96 2370.98 566.90 283.45 352.45
60.00 493.0 1.05 2368.39 565.79 282.89 351.89
70.00 491.4 1.22 2360.61 562.94 281.47 350.47
80.00 488.7 1.40 2347.64 558.87 279.44 3u8.44
90.00 486.0 1.58 2334.66 554.81 277.40 346.40
100.00 4g2.2 1.76 2316.51 549.53 274.76 343.76
110.00 478.4 1.94 2298.35 544 .26 272.13 341.13
120.00 4741 2.12 2277.60 538.40 269.20 338.20
130.00 L468.2 2.30 2249.06 530.72 265.36 334.36
140.00 461.7 2.48 2217.93 522.45 261.22 330.22
150.00 452.5 2.66 2173.83 511.15 255.58 324.58
160.00 439.6 2.84 2111.57 495.63 247.82 316.82
170.00 425.0 3.02 2041.53 478.34 239.17 308.17
180.00 409.3 3.21 1966.31 459.90 229.95 298.95
190.00 392.0 3.39 1883.30 439.69 219.85 288.85
200.00 373.7 3.58 1795.10 418.35 209.18 278.18
210.00 352.1 3.76 1691.33 393.47 196.73 265.73
220.00 336.4 3.95 1616.11 375.29 187.65 256.65
230.00 326.2 4.4 1566.82 363.19 181.60 250.60
240.00 321.3 4.32 1543.47 357.14 178.57 247.57
250.00 318.6 4.51 1530.50 353.50 176.75 245.75
260.00 317.5 4.70 1525. 31 351.66 175.83 244 .83
270.00 318.6 4.89 1530.50 352.22 176.11 245.11
280.00 319.1 5.08 1533.10 352.18 176.09 245.09
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-218-B ,TESTED ON 23/06/1984 @ 9:30 PM #+
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER %

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.22 KN/M**3
WATER CONTENT AT TESTING = 7.367 % CURE PERIOD = 56 DAYS IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.27 CM¥%#2

DDR LDR cs LOAD DS Q P
DIv. DIV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 129.5 0.09 622.21 150.65 75.32 44,32
10.00 295.2 0.17 1418.28 343.09 171.54 240.54
15.00 414.3 0.26 1990.16 481.02 240.51 309.51
20.00 476.2 0.35 2287.54 552.41 276.21 345.21
25.00 507.6 0.43 2438.52 588.36 294.18 363.18
30.00 519.0 0.52 2493.42 601.09 300.54 369.54
35.00 522.4 0.61 2509.43 604.42 302.21 371.21
40.00 522.9 0.70 2511.72 604,45 302.22 371.22
50.00 519.0 0.87 2493.42 599.00 299.50 368.50
55.00 516.7 0.96 2481.98 595.73 297.87 366.87
60.00 514.3 1.05 2470.54 592.47 296.24 365.24
70.00 509.5 1.22 2447 .67 585.96 292.98 - 361.98
80.00 504.8 1.40 2424 .79 579.47 289.74 358.74
90.00 500.0 1.58 2401.92 573.00 286.50 355.50
100.00 495.7 1.76 2381.33 567.09 283.55 352.55
110.00 491.4 1.94 2360.74 561.20 280.60 349.60
120.00 486.7 2.12 2337.87 554.78 277.39 346.39
130.00 482.4 2.30 2317.28 548.93 274.46 343.46
140.00 477.6 2.48 2294.40 542.55 271.28 340.28
150.00 471.9 2.66 2266.95 535.11 267.56 336.55
160.00 466.7 2.84 2241.79 528.23 264.12 333.12
170.00 460.5 3.02 2212.05 520.30 260.15 329.15
180.00 454.3 3.21 2182.31 512.39 256.20 325.20
190.00 447.1 3.39 2148.00 503.44 251.72 320.72
205.00 430.5 3.67 2067.94 483.37 241.69 310.69
210.00 421.9 3.76 2026.76 473.33 236.66 305.66
220.00 402.9 3.95 1935.26 451.15 225.57 294.57
230.00 387.6 L.y 1862.06 433.30 216.65 285.65
240.00 372.4 4.32 1788.86 415.52 207.76 276.76
250.00 359.0 4.51 1724 .81 399.92 199.96 268.96
260.00 350.0 4.70 1681.34 389.14 194.57 263.57
270.00 3u45.7 4.89 1660.75 383.68 191.84 260.84
280.00 3u44.8 5.08 1656.18 381.93 190.96 259.96
290.00 3u44.8 5.27 1656.18 381.24 190.62 259.62
300.00 344.8 5.46 1656.18 380.54 190.27 259.27
310.00 345.7 5.66 1660.75 380.90 190.45 259.45
320.00 346.7 5.85 1665.33 381.25 190.63 259.63
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*# UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-206-A ,TESTED ON 28/02/1984 @ 8:00 AM #+
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.15 KN/M##3
WATER CONTENT AT TESTING = 6.935 % CURE PERIOD = 1 DAY OUT OF WAX
SAMPLE LENGTH= 14.73 CM SAMPLE AREA= 41.47 CM##2

DDR LDR cs LOAD DS Q P
Div. DIV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 77.0 0.09 369.90 89.13 by .56 113.56
10.00 131.0 0.17 629.30 151.50 75.75 144,75
15.00 171.0 0.26 821.46 197.59 98.79 167.79
20.00 201.0 0.35 965.57 232.05 116.03 185.03
25.00 226.0 0.43 1085.67 260.69 130.34 199.34
30.00 247.0 0.52 1186.55 284.66 142,33 211.33
35.00 262.0 0.61 1258.61 301.69 150.84 219.84
40.00 276.0 0.69 1325.86 317.53 158.77 227.77
45.00 285.0 0.78 1369.09 327.60 163.80 232.80
50.00 292.0 0.87 1402.72 335.36 167.68 236.68
55.00 297.0 0.96 1426.74 340.80 170.40 239.40
60.00 301.0 1.05 445,96 345.09 172.55 241,55
70.00 305.5 1.22 1467.57 349.64 174.82 243,82
80.00 308.0 1.40 1479.58 351.89 175.94 244 .94
90.00 308.5 1.58 1481.98 351.84 175.92 2uy.92
100.00 308.0 1.75 1479.58 350.66 175.33 244 .33
110.00 307.0 1.93 74,78 348.91 174.45 243.45
120.00 305.0 2.11 1465.17 346.02 173.01 242,01
130.00 303.0 2.29 1455.56 343.15 171.57 240.57
140.00 300.0 2.47 441,15 339.15 169.58 238.58
150.00 297.5 2.65 1429, 14 335.73 167.87 236.87
160.00 294.0 2.84 1412.33 331.20 165.60 234.60
170.00 291.0 3.02 1397.92 327.23 163.62 232.62
180.00 287.5 3.20 1381.10 322.72 161.36 230.36
190.00 284.0 3.39 1364.29 318.23 159.11 228.11
200.00 280.5 3.57 1347.48 313.75 156.87 225.87
210.00 277.0 3.76 1330.66 309.28 154.64 223.64
220.00 273.0 3.94 1311.45 304.27 152.13 221.13
230.00 269.0 4.13 1292.23 299.27 1u49.64 218.64
240.00 264.0 4.32 1268.21 293.18 146.59 215.59
250.00 260.0 4.50 1249.00 288.22 4.1 213.11
260.00 255.0 4.69 1224.98 282.17 141.08 210.08
270.00 250.0 4.88 1200.96 276.14 138.07 207.07
280.00 245.0 5.07 1176.94 270.12 135.06 204.06
290.00 240.0 5.26 1152.92 264.13 132.07 201.07
300.00 235.0 5.45 1128.90 258.16 129.08 198.08
310.00 230.5 5.65 1107.28 252.76 126.38 195.38
320.00 226.0 5.84 1085.67 247.37 123.68 192.68
340.00 219.0 6.23 1052.04 238.83 119.42 188.42
360.00 212.5 6.62 1020.82 230.90 115.45 184.45
380.00 209.5 7.01 1006.40 226.80 113.40 182.40
400.00 207.0 7.41 994.39 223.27 111.63 180.63
420.00 206.5 7.81 991.99 221.90 110.95 179.95
440.00 206.5 8.21 991.99 221.08 110.54 179.54
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*#* SAMPLE $S-209-A ,TESTED ON 03/03/1984 @ 7:00 PM ##
*# COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.24 KN/M%#3
WATER CONTENT AT TESTING = 2.820 % CURE PERIOD = 3 DAYS OUT OF WAX
SAMPLE LENGTH= 14.73 CM SAMPLE AREA= 40.92 CM#*2

DDR LDR cs LOAD DS Q P
DiIV. DIV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 117.0 0.09 562.05 137.23 68.62 137.62
10.00 195.0 0.17 936.75 228.52 114.26 183.26
15.00 261.0 0.26 1253.80 305.61 152.80 221.80
20.00 301.0 0.35 1445.96 352.14 176.07 245.07
25.00 331.0 0.43 1590.07 386.90 193.45 262.45
30.00 351.0 0.52 1686.15 409.92 204.96 273.96
35.00 364.0 0.61 1748.60 yay .74 212.37 281.37
40.00 372.0 0.69 1787.03 433.69 216.85 285.85
45.00 376.0 0.78 1806.24 437.98 218.99 287.99
50.00 379.5 0.87 1823.06 441.67 220.84 289.83
55.00 381.0 0.96 1830.26 443.03 221.52 290.51
60.00 382.0 1.05 1835.07 443,81 221.90 - 290.90
70.00 382.5 1.22 1837.47 443.61 221.81 290.81
80.00 382.5 1.40 1837.47 442,84 221.42 250.42
90.00 381.5 1.58 1832.66 440.91 220.45 289.45
100.00 380.0 1.75 1825.46 438.41 219.20 288.20
110.00 379.0 1.93 1820.65 436.48 218.24 287.24
120.00 377.0 2.1 1811.05 433.42 216.71 285.7
130.00 375.0 2.29 1801.44 430.36 215.18 284.18
140.00 372.5 2.47 1789.43 426.74 213.37 282.37
150.00 370.0 2.66 1777.42 423.12 211.56 280.56
160.00 367.0 2.84 1763.01 418.95 209.48 278.48
170.00 364.0 3.02 1748.60 L14.79 207.39 276.39
180.00 361.0 3.20 1734.19 410.64 205.32 274 .32
190.00 357.5 3.39 1717.37 405.93 202.97 271.97
200.00 354.0 3.57 1700.56 401.24 200.62 269.62
210.00 349.5 3.76 1678.94 395.u44 197.72 266.72
220.00 345.5 3.94 1659.73 3%90.21 195.11 264.10
230.00 340.0 4.13 1633.31 383.31 191.66 260.66
240.00 333.5 4.32 1602.08 375.31 187.65 256.65
250.00 325.0 4.51 1561.25 365.08 182.54 251.54
260.00 316.0 4.69 1518.01 354.33 177.17 246.17
270.00 307.0 4.88 1474.78 343.62 171.81 240.81
280.00 299.0 5.07 1436.35 334.06 167.03 236.03
290.00 292.0 5.26 1402.72 325.65 162.82 231.82
300.00 287.5 5.u46 1381.10 320.05 160.02 229.02
310.00 284.0 5.65 1364.29 315.58 157.79 226.79
320.00 282.0 5.84 1354.68 312.78 156.39 225.39
340.00 281.0 6.23 1349.88 310.54 155.27 224,27
360.00 280.0 6.62 1345.07 308.30 154.15 223.15
380.00 279.0 7.01 1340.27 306.07 153.03 222.03
400.00 278.0 7.41 1335.47 303.85 151.92 220.92
420.00 278.0 7.81 1335.47 302.72 151.36 220.36
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*## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*# SAMPLE S-210-A ,TESTED ON 08/03/1984 € 9:00 AM ##
## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.15 KN/M##3
WATER CONTENT AT TESTING = 1.986 % CURE PERIOD = 7 DAYS OUT OF WAX
SAMPLE LENGTH= 14.74 CM SAMPLE AREA= 47.31 CM##*2

DDR LDR cs LOAD DS Q P
Div. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 44,9 0.09 696.08 © 168.34 84.17 153.17
10.00 257.3 0.17 1235.79 298.61 149.30 218.30
15.00 333.9 0.26 1604.00 387.25 193.62 262.62
20.00 388.5 0.35 1866.29 450.18 225.09 294.09
25.00 420.0 0.43 2017.61 486.26 243.13 312.13
30.00 437.8 0.52 2103.36 506.49 253.25 322.25
35.00 448.3 0.61 2153.80 518.19 259.09 328.09
40.00 451.5 0.69 2168.93 521.38 260.69 329.69
45.00 453.1 0.78 2176.50 522.74 261.37 330.37
50.00 453.1 0.87 2176.50 522.29 261.14 330.14
55.00 452.6 0.96 2173.98 521.23 260.61 329.61
60.00 451.5 1.04 2168.93 519.57 259.78 328.78
70.00 448.9 1.22 2156.32 515.65 257.82 326.82
80.00 yu5.7 1.40 2141.19 511.14 255.57 324.57
90.00 uy2.6 1.57 2126.06 506. 64 253.32 322.32
100.00 439.4 1.75 2110.93 502.15 251.08 320.08
110.00 436.3 1.93 2095.79 497.68 248.84 317.84
120.00 432.6 2.11 2078.14 492.62 246.31 315.31
130.00 428.4 2.29 2057.96 486.98 243.49 312.49
140.00 423.7 2.47 2035.27 480.76 240.38 309.38
150.00 418.4 2.65 2010.05 473.96 236.98 305.98
160.00 412.6 2.83 1982.30 466.59 233.30 302.30
170.00 406.3 3.02 1952.04 458.66 229.33 298.33
180.00 395.8 3.20 1901.60 446.01 223.01 292.01
190.00 380.6 3.38 1828.46 428.09 214.05 283.05
200.00 362.3 3.57 1740.19 406.70 203.35 272.35
220.00 326.0 3.94 1566.17 364.73 182.36 251.36
230.00 310.8 4.13 1493.03 347.07 173.54 242.54
240.00 303.4 4.31 1u57.72 338.26 169.13 238.13
250.00 298.7 4.50 1435.03 332.39 166.20 235.19
260.00 297.1 4.69 1427 .46 330.04 165.02 234.02
270.00 295.1 4.88 417,37 327.12 163.56 232.56
280.00 293.5 5.07 1409.81 324.78 162.39 231.39
290.00 293.5 5.26 1409.81 324.20 162.10 231.10
300.00 291.9 5.45 1402.24 321.87 160.94 229.94
310.00 291.9 5.64 1402.24 321.29 160.64 229.64
320.00 291.9 5.83 1402.24 320.70 160.35 229.35
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

##* SAMPLE S-204-A ,TESTED ON 11/03/1984 @ 7:00 PM *#
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

CONFINING PRESSURE = 69 KPA

WATER CONTENT AT TESTING = 1.276 %
SAMPLE LENGTH= 14,72 CM

+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER #*#*
DRY DENSITY = 17.39 KN/M##3
CURE PERIOD = 14 DAYS OUT OF WAX

SAMPLE AREA= L41.11 CM*#2

DDR LDR (5] LOAD DS Q P
Div. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 174.3 0.09 837.31 203.48 101.74 170.74
10.00 333.9 0.17 1604.00 389.46 194,73 263.73
15.00 464.1 0.26 2229.46 540.86 270.43 339.43
20.00 535.5 0.35 2572.46 623.53 311.76 380.76
25.00 569.1 0.43 2733.86 662.08 331.04 400.04
30.00 583.3 0.52 2801.96 677.98 338.99 407.99
35.00 585.9 0.61 2814.57 680.44 340.22 409.22
40.00 582.8 0.70 2799.44 676.19 338.10 407.10
45.00 578.0 0.78 2776.74 670.13 335.06 404.06
50.00 572.3 0.87 2749.00 662.86 331.43 400.43
55.00 567.0 0.96 2723.78 656.20 328.10 397.10
60.00 561.8 1.05 2698.56 649.56 324.78 393.78
70.00 552.3 1.22 2653.16 637.52 318.76 387.76
80.00 543.9 1.40 2612.81 626.73 313.36 382.36
90.00 533.9 1.58 2564.89 614.16 307.08 376.08
100.00 522.9 1.76 2511.93 600.42 300.21 369.21
110.00 508.2 1.93 2441, 31 582.52 291.26 360.26
120.00 L88.3 2.1 2345.47 558.67 279.33 348.33
130.00 462.0 2.29 2219.37 527.70 263.85 332.85
140.00 437.8 2.48 2103.36 499.23 249.62 318.62
150.00 415.3 2.66 1994.91 472.65 236.33 305.33
160.00 389.6 2.84 1871.34 442,59 221.29 290.29
170.00 372.8 3.02 1790.63 422.75 211.38 280.38
180.00 359.1 3.21 1725.06 406.55 203.27 272.27
190.00 354.4 3.39 1702.36 400.48 200.24 269.24
200.00 353.8 3.57 1699.84 399.17 199.59 268.59
210.00 354.4 3.76 1702.36 399.05 199.53 268.53
220.00 354.9 3.95 1704.88 398.93 199.46 268.46
230.00 357.0 4.13 1714.97 400.57 200.28 269.28
240.00 358.6 4.32 1722.54 401.61 200.81 269.81
250.00 359.1 4.51 1725.06 401.48 200.74 269.74
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#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST #*

#% SAMPLE S-202-A ,TESTED ON 22/03/1984 @ 11:00 AM #¥
## COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER %+

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.18 KN/M##3
WATER CONTENT AT TESTING = 0.842 % CURE PERIOD = 28 DAYS OUT OF WAX
SAMPLE LENGTH= 14.73 CM SAMPLE AREA= U41.61 CM*#2

DDR LDR cS LOAD DS Q P
Div. DIV. % N KPA KPA KPA
.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 215.0 0.09 1032.83 247.18 123.59 192.59
10.00 384.0 0.17 1844 .67 4u41.09 220.55 289.55
15.00 602.0 0.26 2891.9 690.91 345.45 L4iy. 45
20.00 743.0 0.35 3569.25 851.99 426.00 495.00
25.00 806.0 0.43 3871.89 923.43 461.72 530.72
30.00 802.0 0.52 3852.68 918.05 459.03 528.03
35.00 778.0 0.61 3737.39 889.81 Lyn.90 513.90
40.00 749.0 0.70 3598.08 855.90 427.95 496.95
45.00 730.0 0.78 3506.80 833.u46 416.73 485.73
50.00 710.0 0.87 3410.73 809.92 404.96 473.96
55.00 695.0 0.96 3338.67 792.12 396.06 465.06
60.00 682.0 1.05 3276.22 776.62 388.31 457.31
70.00 655.0 1.22 3146.51 744,58 372.29 441.29
80.00 620.0 1.40 2978.38 703.56 351.78 420.78
90.00 576.0 1.58 2767.01 652.48 326.24 395.24
100.00 528.0 1.76 2536.43 597.06 298.53 367.53
130.00 260.0 2.30 1249.00 292.46 146.23 215.23
140.00 247.0 2.48 1186.55 277.34 138.67 207.67
150.00 248.0 2.66 1191.35 277.97 138.99 207.99



##* UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST *+

## SAMPLE S-217-B ,TESTED ON 02/06/1984 @ 10:30 AM ##
#% COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER #+

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.19 KN/M##*3
WATER CONTENT AT TESTING = 0.608 % CURE PERIOD = 56 DAYS OUT OF WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41,27 CM##2

DDR LDR Ccs LOAD DS Q P
Div. DIvV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 215.3 0.09 1034.03 250.33 125.17 194.17
10.00 430.5 0.17 2068.05 500.24 250.12 319.12
12.00 556.5 0.21 2673.34 646.42 323.21 3ga2. 21
14.00 655.2 0.24 3147.47 760.81 380.40 449.40
15.00 696.1 0.26 3344.19 808.22 404.11 473.11
17.00 745.5 0.29 3581.26 865.21 432.61 501.61
20.00 785.4 0.35 3772.93 911.05 455.52 524,52
24.00 804.3 0.42 3863.73 932.32 466.16 535.16
30.00 807.4 0.52 3878.86 935.00 L67.50 536.50
35.00 800.1 0.61 3843.55 925.69 462.84 531.84
40.00 790.6 0.70 3798.15 913.96 456.98 525.98
45.00 780.1 0.78 3747.7 901.04 450.52 - 519.52
50.00 769.6 0.87 3697.27 888.14 4u4 .07 513.07
55.00 761.3 0.96 3656.92 877.68 438.84 507.84
60.00 751.8 1.05 3611.53 866.03 433.01 502.01
70.00 732.9 1.22 3520.73 842.78 421.39 490.39
80.00 712.9 1.40 3424.90 818.41 409.20 478.20
90.00 688.8 1.58 3308.88 789.30 394.65 463.65
100.00 630.0 1.76 3026.42 720.66 360.33 429.33
110.00 577.5 1.94 2774.22 659.44 329.72 398.72
120.00 509.3 2.12 2446.35 580.48 290.24 359.24
130.00 295.1 2.30 417,37 335.73 167.86 236.86

140.00 295.1 2.u48 017,37 335.14 167.57 236.57
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#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-212-A ,TESTED ON 25/03/1984 @ 9:30 PM ##

## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##
CONFINING PRESSURE =138 KPA DRY DENSITY = 17.13 KN/M##3

WATER CONTENT AT TESTING = 7.483 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= U41.45 CM¥#2
DDR LDR Ccs LOAD DS Q P
DIv. Div, « % N KPA KPA KPA

0.00 0.0 0.00 0.00 0.00 0.00 138.00
5.00 125.7 0.09 603.65 145.50 72.75 210.75
10.00 271.9 0.17 1306.26 314.58 157.29 295,29
15.00 401.7 0.26 1929.70 464.32 232.16 370.16
20.00 492.3 0.35 2365.12 568.60 284,30 422,30
25.00 559.3 0.43 2686.74 645.36 322.68 460.68
30.00 605.6 0.52 2909.39 698.23 349.12 487.12
35.00 640.7 0.61 3077.63 737.97 368.98 506.98
40.00 664.3 0.70 3191.43 764.59 382.29 520.29
45.00 680.8 0.78 3270.60 782.88 391.44 529.44
50.00 692.2 0.87 3325.02 795.21 397.61 535.61
55.00 699.4 0.96 3359.66 802.79 401.40 539.40
60.00 704.5 1.05 3384.40 808.00 ~  404.00 542,00
70.00 710.2 1.22 3411.61 813.08 406.54 S4y4.54
80.00 712.8 1.40 3423.98 814.60 L407.30 545.30
90.00 713.8 1.58 3428.93 814.35 407.17 545,17
100.00 713.8 1.76 3428.93 812.92 406.46 544,46
110.00 712.8 1.94 3423.98 810.32 405.16 543.16
120.00 711.2 2.12 3416.56 807.14 403.57 541.57
130.00 708.6 2.30 3404.19 802.80 401.40 539.40
140.00 705.5 2.48 3389.35 797.89 398.94 536.94
150.00 701.9 2.66 3372.03 792.41 396.20 534.20
160.00 697.3 2.84 3349.76 785.78 392.89 530.89
170.00 693.2 3.02 3329.97 779.75 389.88 527.88
180.00 688.6 3.21 3307.7 773.16 386.58 524.58
190.00 682.9 3.39 3280.49 765.43 382.72 520.72
200.00 677.7 3.58 3255.75 758.30 379.15 517.15
210.00 669.5 3.76 3216.17 H7.74 373.87 511.87
220.00 666.4 3.95 3201.32 742.96 371.48 509.48
230.00 660.7 4.4 3174.11 735.32 367.66 505.66
240.00 655.6 4.32 3149.37 728.28 364.14 502.14
250.00 6u49. 4 4.51 3119.68 720.11 360.06 498.06
260.00 643.7 4.70 3092.47 712.54 356.27 u9y . 27
270.00 636.0 4.89 3055.36 702.72 351.36 489.36
285.00 623.1 5.18 2993.51 686.63 343.31 4u81.31
290.00 618.0 5.27 2968.77 680.33 340.17 478.17
300.00 607.7 5.46 2919.29 667.78 333.89 471.89
310.00 594.3 5.65 2854.97 651.88 325.94 463.94
320.00 578.9 5.85 2780.75 633.77 316.89 454,89
340.00 550.0 6.24 2642.21 599.99 300.00 438.00
360.00 532.0 6.63 2555.62 578.20 289.10 427.10
380.00 521.7 7.02 2506.14 564.92 282.46 420.46
400.00 519.1 7.42 2493.77 560.05 280.03 418.03
420.00 518.1 7.82 2488.82 556.87 278.43 416.43
440.00 517.6 8.22 2u86.34 554.25 277.12 415,12
450.00 518.6 8.42 2u491.29 554.31 277.16 415.16
460.00 519.1 8.63 2493.77 553.82 276.91 414,91
470.00 519.6 8.83 2u496.24 553.33 276.67 414,67



CONFINING PRESSURE =207 KPA

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

##% SAMPLE S-215-A ,TESTED ON 17/04/1984 € 8:30 AM ##
#% COMPOS!ITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##
DRY DENSITY = 17.22 KN/M#%*3

WATER CONTENT AT TESTING = 7.404 %
SAMPLE LENGTH= 14.72 CM

CURE PERIOD = 14 DAYS IN WAX
SAMPLE AREA= L41.13 CM#**2

DDR LOR Ccs LOAD DS Q P
Div. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 207.00
5.00 123.6 0.09 593.75 144 .22 72.11 279.1
10.00 267.8 0.17 1286.47 312.21 156.10 363.10
15.00 391.4 0.26 1880.22 455.91 227.96 434.96
20.00 473.8 0.35 2276.06 551.42 275.71 482.71
25.00 545.9 0.43 2622.41 634.78 317.39 524.39
30.00 612.8 0.52 2944.03 712.01 356.01 563.01
35.00 673.6 0.61 3235.96 781.93 390.97 597.97
40.00 738.5 0.70 3547.68 856.51 428.26 635.26
45.00 791.0 0.78 3800.03 916.64 458.32 665.32
50.00 831. 0.87 3993.00 962.35 481.18 688.18
55.00 858.0 0.96 4121.64 992.49 496.25 703.25
60.00 878.6 1.05 4220.60 1015. 44 507.72 714,72
70.00 903.3 1.22 4339.35 1042.19 521.09 728.09
80.00 916.2 1.40 4401.20 1055.19 527.60 734.60
90.00 922.9 1.58 4433.36 1061.05 530.52 737.52
100.00 927.0 1.76 4453.16 1063.9 531.96 738.96
110.00 929.1 1.93 L4463.05 1064 . 41 532.20 739.20
120.00 930.1 2.1 4468.00 1063.71 531.86 738.86
130.00 929.1 2.29 4463.05 1060.66 530.33 737.33
140.00 927.5 2.48 4455.63 1057.03 528.51 735.51
150.00 924.9 2.66 u443.26 1052.23 526.11 733.11
160.00 921.8 2.84 4428. 41 1046.86 523.43 730.43
170.00 918.2 3.02 4411.10 1040.91 520.46 727.46
180.00 914.1 3.21 4391.30 1034.40 517.20 724.20
190.00 909.0 3.39 4366.57 1026.74 513.37 720.37
200.00 904.3 3.57 4344.30 1019.68 509. 84 716.84
210.00 899.2 3.76 4319.56 1012.07 506.03 713.03
220.00 894.0 3.95 4294 .82 1004.47 502.23 709.23
230.00 888.9 4.13 4270.08 996.89 498.44 705.44
240.00 883.7 y.32 4245, 34 989.33 494 . 67 701.67
250.00 878.6 4.51 4220.60 981.80 490.90 697.90
260.00 872.4 4.70 4190.91 973.13 486.57 693.57
270.00 866.2 L.89 4161.23 964.49 482.25 689.25
280.00 860.0 5.08 4131.54 955.88 477.94 684.94
290.00 853.9 5.27 4101.85 947.29 473.65 680.65
300.00 847.7 5.46 4072.16 938.73 469.36 676.36
310.00 841.5 5.65 LOu2.48 930.19 465.09 672.09
320.00 835.8 5.84 4015.26 922.24 L61.12 668.12
340.00 821.9 6.23 3948.47 903.59 451.79 658.79
360.00 810.6 6.62 3894.04 887.86 443.93 650.93
380.00 797.2 7.02 3829.71 869.98 434.99 641.99
400.00 784.9 7.41 3770.34 853.33 426.67 633.67
420.00 775.1 7.81 3723.33 839.57 419.79 626.78
440.00 764.8 8.22 3673.85 825.33 412.67 619.67
480.00 746.2 9.03 3584.79 799.31 399.65 606.65
530.00 734.9 10.07 3530.36 779.77 389.88 596.88
550.00 735.4 10.49 3532.84 777.35 388.67 595.67
560.00 735.9 10.70 3535.31 776.41 388.21 595.21
570.00 737.0 10.91 3540.26 776.01 388.01 595.01
580.00 738.0 11.12 35u5.21 775.61 387.80 594.80
590.00 739.5 11.33 3552.63 775.74 387.87 594.87
600.00 T41.1 11.55 3560.05 775.87 387.94 594.93

164



165

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*# SAMPLE S-214-A ,TESTED ON 28/03/1984 @ 2:00 PM ##
## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *

CONFINING PRESSURE =276 KPA DRY DENSITY = 17.17 KN/M**3
WATER CONTENT AT TESTING = 7.271 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.50 CM#*#2

DDR LDR cs LOAD DS Q P
DIV. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 276.00
10.00 290.5 0.17 1395.32 335.67 167.84 443,84
15.00 457.3 0.26 2196.89 528.05 264.03 540.03
20.00 597.4 0.35 2869.81 689.20 344.60 620.60
25.00 726.1 0.43 3488. 31 837.01 418.50 694.50
30.00 832.2 0.52 3997.95 958.46 479.23 755.23
35.00 916.7 0.61 4403.68 1054.81 527.41 803.41
40.00 981.6 0.70 4715.39 1128.50 564.25 840.25
45.00 1033.1 0.78 4962.79 1186.67 593.34 869.34
50.00 1071.2 0.87 5145. 87 1229.38 614.69 890.69
55.00 1099.0 0.96 5279.46 1260.20 630.10 906.10
60.00 1117.5 1.05 5368.53 1280.34 640.17 916.17
70.00 1142.3 1.22 5487.28 1306.38 653.19 929.19
80.00 1155.7 1.40 5551.60 1319.38 659.69 935.69
90.00 1164.9 1.58 5596.13 1327.63 663.82 939.82
100.00 1170.6 1.76 5623.35 1331.75 665.87 941.87
110.00 1173.7 1.94 5638.19 1332.92 666.46 942,46
120.00 1175.2 2.12 5645.61 1332.32 666.16 942.16
130.00 1175.7 2.30 56u8.09 1330.56 665.28 941.28
140.00 1175.2 2.48 5645.61 1327.62 663.81 939.81
150.00 1173.2 2.66 5635.71 1322.95 661.48 937.48
160.00 1170.6 2.84 5623.35 1317.71 658.85 934.85
170.00 1164.9 3.02 5596.13 1309.00 654.50 930.50
180.00 1162.9 3.21 5586.24 1304.36 652.18 928.18
190.00 1158.2 3.39 5563.97 1296.85 648.42 924 .42
200.00 1153.1 3.58 5539.23 1288.77 644.39 920.39
210.00 1145.4 3.76 5502.12 1277.85 638.93 914.93
220.00 1142.3 3.95 5487.28 1272.12 636.06 912.06
230.00 1136.6 4.1y 5460.06 1263.54 631.77 907.77
240.00 1130.4 4.32 5430.38 1254.41 627.20 903.20
250.00 1124 .2 4.51 5400.69 1245.30 622.65 898.65
260.00 1117.0 4.70 5366.05 1235.08 617.54 893.54
270.00 1109.3 4.89 5328.94 1224.32 612.16 888.16
280.00 1099.5 5.08 5281.94 1211.33 605.66 881.66
290.00 1087.2 5.27 5222.56 1195.54 597.77 873.77
300.00 1072.2 5.46 5150.82 1176.97 588.48 864.48
310.00 1053.7 5.66 5061.75 1154.51 577.25 853.25
320.00 1034.1 5.85 4967.74 1131.00 565.50 841.50
340.00 999.1 6.24 4799.51 1088.70 544,35 820.35
360.00 971.3 6.63 4665.92 1054.52 527.26 803.26
380.00 954.3 7.02 4584.28 1032.25 516.12 792.12
405.00 944.5 7.52 4537.27 1016.94 508.47 784 .47
420.00 9LuT7.6 7.82 4552.11 1017.43 508.7 784.71
440.00 952.7 8.22 4576.85 1019.15 509.57 785.57
460.00 959.4 8.63 4609.02 1022.47 511.24 787.24
480.00 962.0 9.04 4621.39 1021.37 510.69 786.69
490.00 964.1 9.24 4631.28 1021.63 510.82 786.82
500.00 964.6 9.45 4633.76 1020.25 510.12 786.12
520.00 965.1 9.87 4636.23 1016.93 508.47 784 .47



CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING = 20.595
SATURATION =97.1%

DGREE OF

## SAMPLE S-213-A ,TESTED ON 27/03/1984 €

#% DRAINED TRIAXIAL COMPRESION TEST %%

1:00 PM #+

#+# COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##
DRY DENSITY = 17.17 KN/M#*#3

%
SAMPLE LENGTH= 14.71CM

CURE PERIOD = 14 DAYS IN WAX
SAMPLE AREA= U41.38 CM#*#2

DDR

LDR
DIv.

BR cs Vs LOAD DS Q
ML g g N KPA KPA
16.40  0.00  0.00 0.00 0.00 0.00
16.00 0.09 =-0.07  494.80 120.03 60.02
15.70 0.17 <-0.12 1108.34 268.77 134.38
15.60 0.26 =-0.13 1593.24 386.08 193.04
15.90 0.35 =-0.08 1840.64 Luu5.42 222.71
16.40  0.43 0.00 1949.49 U470.97 235.48
17.00  0.52 0.10 1994.02 480.82 2u0.41
17.70  0.61 0.21 2003.92 482.23 2u41.11
18.40  0.70 0.33 2001.45 480.65 240.33
19.20 0.78 0.46 1989.08 476.63 238.32
20.00  0.87 0.60 1969.28 470.85 235.43
20.70  0.96 0.71 1951.97 465.76 232.88
21.60 1.05 0.86 1934.65 460.54 230.27
23.20 1.23 1.12  1900.01 450.30 225.15
24.90 1.40 1.40 1862.90 439.49 219.75
26.30 1.58 1.64 1828.27 429.56 214.78
27.80 1.76 1.88 1791.16 419.05 209.53
29.20 1.94 2.12  1751.57 408.12 204,06
30.60 2.12  2.35 1707.04 396.11 198.06
31.90  2.30 2.56 1647.67 380.83  190.41
33.00  2.u48 2.74 1533.86 353.24 176.62
233.90  2.66 2.89 1385.43 318.00 159.00
34.40  2.85 2.98 1246.88 285.43 142.72
34.80 3.03 3.08  1147.92 262.12 131.06
35.10 3.21 3.09 1100.92 250.79 125.39
35.30  3.40 3.12 1083.60 2u6.29 123.15
35.40 3.58 3.14 1081.13 245.22 122.61
35.50 3.77 3.16 1078.65 2uL.15 122.07
35.60 3.96 3.17 1078.65 2u3.63 121.82
35.60  4.74 3.17 1073.71 242.04 121.02

192.15
191.61
191.07
190.82
190.02
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CONF INING PRESSURE
WATER CONTENT AT TESTING
DGREE OF SATURATION =100 %

## DRAINED TRIAXIAL COMPRESION TEST ##

#% SAMPLE S-227-B ,TESTED ON 19/06/1984 @€ 10:00 PM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE{V) + 8 PARTS WATER ##
DRY DENSITY = 17.26 KN/M##3

69 KPA

20.797 %

SAMPLE LENGTH= 14.73CM

CURE PERIOD = 14 DAYS IN WAX
SAMPLE AREA= 40.87 CM¥*+2

DDR LDR BR Ccs Vs LOAD DS Q P

Div. DIV. ML % % N KPA KPA KPA
0.00 6.0 16.90 0.00 0.00 0.00 0.00 0.00 69.00
5.00 79.8 16.60 0.09 -0.05 383.43 94.07 L7.04 116.04
10.00 189.9 16.30 0.17 -0.10 912.29 223.75 111.87 180.87
15.00 286.2 16.10 0.26 -0.13 1375.04 337.06 168.53 237.53
20.00 341.3 16.20 0.35 -0.12 1639.47 401.47 200.73 269.73
25.00 370.6 16.50 0.43 -0.07 1780.50 435.40 217.70 286.70
30.00 384.4 17.00 0.52 0.02 1846.61 450.80 225.40 294.40
35.00 392.2 17.70 0.61 0.13 1884.07 459.00 229.50 298.50
40.00 395.9 18.40 0.70 0.25 1901.70 462.35 231.17  300.17
45.00 396.8 19.10 0.78 0.37 1906.11 462.47 231.24  300.24
50.00 396.3 19.90 0.87 0.50 1903.91 460.92 230.46 299.46
55.00 394.5 20.70 0.96 0.63 1895.09 457.77 228.88 297.88
60.00 392.7 21.50 1.05 0.77 1886.28 u54.63 227.31 296.31
70.00 387.2 23.10 1.22 1.03 1859.83  446.27 223.14 292.14
80.00 381.7 24.80 1.40 1.32 1833.39  437.91 218.95 287.95
90.00 376.1 26.40 1.58 1.59 1806.95 429.68 214.84 283.84
100.00 371.1 27.90 1.76 1.84 1782.71 422.11 211.05 280.05
110.00 365.1 29.30 1.94 2.07 1754.06 413.62 206.81 275.81
120.00  358.7 30.70 2.12 2.30 1723.21 404.67 202.34 271.34
130.00  349.1 32.20 2.30 2.55 1676.94 392.12 196.06 265.06
140.00 333.0 33.40 2.48 2.75 1599.81 372.66 186.33 255.33
150.00 309.2 34.40 2.66 2.92 1485.22  344.77 172.38  241.38
160.00 288.1 35.20 2.84 3.05 1383.86 320.22 160.11 229.11
170.00 268.8 35.90 3.03 3.17 1291.31 297.90 148.95 217.95
180.00  247.7 36.30 3.21 3.24 1189.94 273.82 136.91 205.91
190.00 232.6 36.50 3.39 3.27 1117.22 256.52 128.26 197.26
200.00 224.8 36.70 3.58 3.30 1079.76 247.36 123.68 192.68
210.00 221.1 36.80 3.76 3.32 1062.13  242.81 121.41 190.41
220.00 220.2 36.80 3.95 3.32 1057.73 2u1.34  120.67 189.67
230.00 221.1 36.90 4.14 3.34 1062.13 241.83 120.92 189.92
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CONFINING PRESSURE =138 KPA

## DRAINED TRIAXIAL COMPRESION TEST ##

** SAMPLE S-216-B ,TESTED ON 18/04/1984 @ 7:00 PM ##+
#% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##
DRY DENSITY = 17.17 KN/M*#*3

WATER CONTENT AT TESTING = 20.714 % CURE PERIOD = 14 DAYS IN WAX
DGREE OF SATURATION =99.5% SAMPLE LENGTH= 14.70CM  SAMPLE AREA= §1.69 CM##2
DDR LOR BR cs vs LOAD DS Q P
DivV. DIV, ML % y 4 N KPA KPA KPA

0.00 0.0 17.50 0.00 0.00 0.00 0.00 0.00 138.00
5.00 175.1 17.00 0.09 ~0.08 841.15 203.41 101.71 239.7
10.00 326.5 16.80 0.17 =0.12 1568.50 379.10 189.55 327.55
15.00 440.8 16.60 0.26 -0.15 2117.72 511.57 255.79 393.78
20.00 521.2 16.70 0.35 -0.13 2503.66 604.17 302.09 440.09
25.00 573.7 16.90 0.43 -0.10 2756.01 664.27 332.13 470.13
30.00 606.7 17.10 0.52 -0.07 2914.34 701.58 350.79 u488.79
35.00 627.3 17.50 0.61 0.00 3013.30 724.29 362.14 500.14
40.00 639.1 18.00 0.70 0.08 3070.20 736.71 368.35 506.35
45.00 644.8 18.50 0.78 0.16 3097.42 741,97 370.99 508.99
50.00 647.9 19.00 0.87 0.25 3112.26 744.25 372.13 510.13
55.00 6u49.4 19.60 0.96 0.35 3119.68  74y4.63 372.32 510.32
60.00 649.9 20.10 1.05 0.43 3122.16 7u43.95 371.97 509.97
70.00 649.4 21.10 1.23 0.59 3119.68  740.81 370. 41 508.41
80.00 646.8 22.20 1.40 0.77 3107.31 735.23 367.61 505.61
90.00 6u43.2 23.40 1.58 0.97 3089.99 728.38 364.19 502.19
100.00 638.6 2u4.50 1.76 1.15 3067.73 720.52 360.26 498.26
110.00 634.0 25.50 1.94 1.32 3045.46 712.82 356.41 494 .41
120.00 627.8 26.50 2.12 1.48 3015.78 703.44 351.72 u489.72
130.00 622.1 27.50 2.30 1.65 2988.56 694.67  347.34  485.34
140.00 615.4 28.50 2.48 1.81 2956.40 684.81 342.41 480.41
150.00 608.2 29.50 2.66 1.98 2921.76 674.44 337.22 475.22
160.00 601.0 30.20 2.85 2.09 2887.13- 664.u44 332.22 470.22
170.00 592.8 31.00 3.03 2.22 2847.55 653.25 326.62 u64.62
180.00 583.5 31.90 3.21 2.37 2803.01 640.88 320.44 k58.u44
190.00 S574.7 32.60 3.40 2.49 2760.96 629.35 314.68 u452.68
200.00 561.9 33.20 3.58 2.59 2699.11 613.49 306.74  Lyy. 74
210.00 544.9 33.90 3.77 2.70 2617.47 593.11 296.56 434.56
220.00 517.1 34.50 3.96 2.80 2u483.87 561.21 280.61 418.60
230.00 487.2 35.00 4.1y 2.88 2340.38 527.34 263.67 401.67
240.00 468.6 35.40 4.33 2.95 2251.32 505.95 252.97 390.97
270.00  449.1 35.80 4.90 3.01 2157. 31 481.64 240.82 378.82
280.00 u451.1 36.00 5.09 3.05 2167.20 482.72 241.36 379.36
290.00 451.7 36.00 5.28 3.05 2169.68 u482.30 241.15 379.15
300.00 452.7 36.10 5.47 3.06 2174.62 u82.34 241.17 379.17
310.00 453.2 36.10 5.67 3.06 2177.10 481.90 240.95 378.95
320.00 454.2 36.10 5.86 3.06 2182.05 482.01 241.00 379.00
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CONFINING PRESSURE =207 KPA

#% DRAINED TRIAXIAL COMPRESION TEST ##

## SAMPLE S-219-A ,TESTED ON 09/06/1984 @ 2:30 PM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##
DRY DENSITY = 17.22 KN/M##3

WATER CONTENT AT TESTING = 20.508 % CURE PERIOD = 14 DAYS IN WAX
DGREE OF SATURATION =100 %  SAMPLE LENGTH= 14.75CM  SAMPLE AREA= 47.43 CM#%2
DDR LDR BR cs VS LOAD DS Q P
DIV, DIV, ML % % N KPA KPA KPA

0.00 0.0 14.30 0.00 0.00 0.00 0.00 0.00 207.00

5.00 97.2 14,10 0.09 -0.03 467.04 113.24 56.62 263.62
10.00 268.5 13.70 0.17 -0.10 1289.92 312.69 156.35 363.35
15.00 432.4 13.40 0.26 -0.15 2077.21 503.35 251.68 458.68
20.00 570.4 13.20 0.35 -0.18 2739.97 663.59 331.80 538.80
25.00 674.1 13.10 0.43 -0.20 3238.14 783.69 391.84 598.84
30.00 758.3 13.20 0.52 -0.18 3642.91 880.73  4u40.37  647.37
35.00 813.9 13.40 0.61 -0.15 3909.79 9uy. 11 472.06 679.06
40.00 850.0 13.70 0.70 =-0.10 L4083.26 984.65 492.32 699.32
45.00 875.0 14.10 0.78 -0.03 4203.36 1012.04 506.02 713.02
50.00 888.9 14.50 0.87 0.03 4270.08 1026.52 513.26 720.26
55.00 896.3 15.00 0.96 0.12 4305.66 1033.31 516.65 723.65
60.00 900.5 15.50 1.05 0.20 4325.68 1036.33 518.17 725.17
70.00 902.8 16.40 1.22 0.35 4336.80 1035.61 517.80 724.80
80.00 901.9 17.40 1.40 0.51 4332.35 1031.00 515.50 722.50
90.00 B898.6 18.40 1.58 0.68 4316.78 1023.76 511.88 718.88
100.00 894.4 19.50 1.76 0.86 U4296.77 1015.34 507.67 714.67
110.00 889.4 20.50 1.94 1.02 4272.30 1006.07 503.04 710.04
120.00 883.8 21.50 2.12 1.19  4245.61 996.33 u498.16 T705.16
130.00 877.8 22.50 2.30 1.35 U4216.70 986.11 493.06 700.05
1430.00 870.4 23.40 2.48 1.50 4181.312 974.55 487.28 69u4.28
150.00 863.0 24.30 2.66 1.65 4145.53 963.05 481.52 688.52
160.00 854.6 25.20 2.84 1.80 4105.50 950.57 475.29 682.29
170.00 847.2 26.10 3.02 1.95 4069.92 939.19 469.60 676.60
180.00 837.5 26.90 3.21 2.08 4023.21 925.46 462.73 669.73
190.00 828.7 27.70 3.39 2.21 3980.96 912.82 456.41 663.41
200.00 819.4 28.50 3.58 2.34 3936.48 899.73 u4u49.86 656.86
210.00 809.3 29.20 3.76 2.46 3887.55 885.84 442.92 6u49.92
220.00 800.0 29.80 3.95 2.56  3843.07 873.16 436.58 643.58
230.00 788.4 30.30 .14 2.64  3787.47 858.17 429.08 636.08
240.00 774.5 30.80 .32 2.72 3720.75 840.72 420.36 627.36
250.00 757.4 31.20 4.51 2.79 3638.46 819.99 409.99 616.99
260.00 737.0 31.60 4.70 2.85 3540.61 795.84 397.92 604.92
270.00 713.9 32.00 4.89 2.92 3429.411 768.82  384.41 591.41
280.00 688.9 32.10 5.08 2.94  3309.31 740.29 370.15 577.15
290.00 668.5 32.20 5.27 2.95 3211.45 716.84 358.42 565.42
300.00 6u49.5 32.30 5.u46 2.97 3120.27 694.97 347.48 554.48
310.00 638.9 32.30 5.66 2.97 3069.12 682.19 341.09 5u48.09
320.00 633.8 32.30 5.85 2.97 3044.65 675.36 337.68 5u44.68
330.00 634.3 32.30 6.04 2.97 3046.88 674.46  337.23 5u4h4.23
340.00 637.0 32.30 6.24 2.97 3060.22 676.02 338.01 545.01
350.00 638.9 32.30 6.43, 2.97 3069.12 676.57 338.28 5u45.28
370.00 6u40.3 32.30 6.82 2.97 3075.79 675.20 337.60 544.60
380.00 641.7 32.30 7.02 2.97 3082.46 675.23  337.61 544.61
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## DRAINED TRIAXIAL COMPRESION TEST ##

*#% SAMPLE S-214~-8 ,TESTED ON 28/03/1984 @ 2:30 PM **
#% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE =276 KPA DRY DENSITY = 17.13 KN/M¥##3

WATER CONTENT AT TESTING = 20.911 % CURE PERIOD = 14 DAYS IN WAX
DGREE OF SATURATION =99.7% SAMPLE LENGYH= 14.73CM  SAMPLE AREA= 41.45 CM##2

DDR LOR BR Ccs Vs LOAD DS Q P

DIV, oiv, ML % % N KPA KPA KPA
0.00 0.0 25.20 0. 0.00 0.00 0.00 0.00 276.00
5.00 108.1  25.10 0. -0.02 519.53 125.78 62.89 338.89
10.00 303.8 24.80 0. -0.07 1459.65 353.24 176.62 u452.62
15.00 478.9 24.50 0. -0.12 2300.80 556.60 278.30 554.30
20.00 648.9 24.30 0. ~0.15 3117.21% 753.69 376.84 . 652.84
25.00 793.1  24.10 0. -0.18  3809.92 920.68 460.34 736.34
30.00 901.2 24.10 0. -0.18 4329.46 1045.30 522.65 798.65
35.00 981.6 24.20 0. -0.16 4715.39 1137.30 568.65 8u4.65
40.00 1043.4 24.30 0. -0.15 5012.27 1207.64 603.82 879.82
50.00 1113.4 24.90 0. -0.05 5348.73 1285.15 642.58 918.58
55.00 1130.9 25.30 0. 0.02 5432.85 1303.35 651.67 927.67
60.00 1141.2 25.60 1. 0.07 5482.33 1313.39 656.70 932.70
70.00 1155.7 26.40 1. 0.20 5551.60 1325.87 662.93 938.93
80.00 1161.3 27.10 1. 0.31 5578.81 1328.44 664.22 940.22
90.00 1163.4 27.90 1. 0.45 5588.71 1326.65 663.33 939.33
100.00 1164.4 28.80 1. 0.59 5593.66 1323.46 661.73 937.73
110.00 1162.4 29.60 1. 0.73 5583.76 1316.99 658.49 934.49
120.00 1159.3 30.30 . 0.84 5568.92 1309.57 654.79 930.79
130.00 1154.6 31.10 . 0.97 5546.65 1300.23 650.12 926.12
140.00 11495.0 31.80 . 1.09  5519.44 1289.98 644.99 920.99
150.00 1142.8 32.60 . 1.22 5489.75 1278.98 639.49 915.49
160.00 1136.1 33.30 . 1.34  5457.59 1267.66 633.83 909.83
170.00 1128.9 34.00. . 1.45 5422.95 1255.81 627.91 903.91
180.00 1121.2 34.70 1.57 5385.84 1243.44 621.72 897.72
190.00 1112.4 35.30 1.66 5343.79 1230.18 615.09 891.09

200.00 1102.6 36.00
210.00 1093.9 36.60
220.00 1083.6 37.10
230.00 1072.7 37.70
240.00 1060.4 38.20
250.00 1047.5 38.70
260.00 1033.1 39.10
270.00 1019.7 39.50
280.00 1004.2 39.90
290.00 988.8 40.20
300.00 972.3 40.50
310.00 956.4 40.70
320.00 945.5 40.80
340.00 934.2 41.10
360.00 921.8 41.30
380.00 906.4 41.50
400.00 890.9 41.70
420.00 871.4 41.90
440.00 864.2 42.00
460.00 839.4 42.20
480.00 836.4 42.20
500.00 838.9 42.20
520.00 846.7 42.30
580.00 871.9 42.30

1.78 5296.78 1215.64 607.82 883.82
1.88 5254.72 1202.50 601.25 877.25
1.96 5205.24 1187.91 593.95 869.95
2.06 5153.29 1172.62 586.31 862.31
2.74  5093.9 1155.91  577.95 853.95
2.23 5032.07 1138.71 569.35 845.35
2.29 4962.79 1120.08 560.04 836.04
2.36 4898.47 1102.66 551.33 827.33
2.42  u4824.25 1083.07 541.54 817.54
2.47 4750.03 1063.75 531.88 807.88
2.52 4670.86 1043.40 521.70 797.70
2.55 4594.17 1023.85 511.92 787.92
2.57 4542.22 1010.03 505.02 781.02
2.62  uu87.79 993.33 496.67 772.66
2.65 uLh28.41 975.78 487.89 763.89
2.69  u4354.20 955.07 477.53 753.53
2.72 4279.98 934.47 h67.24  T743.24
2.75 4185.96 909.70 454.85 730.85
2.77 4151.33 898.08 449.04 725.04
2.80 4032.58 868.25 434.13 710.13
2.80 4017.74 861.18 430.59 706.59
2.80 4030.11 859.91 429.96 705.96
2.82 L4067.22 863.71 431.85 707.85
2.82 u188.44 876.96 438.48 T7ih4.48
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## DRAINED TRIAXIAL COMPRESION TEST ##

## SAMPLE S-220-A ,TESTED ON 03/05/1984 @ 4:00 PM %+
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.33 KN/M**3
WATER CONTENT AT TESTING = 20.796 % CURE PERIOD = 7 DAYS OUT OF WAX
DGREE OF SATURATION =100 %  SAMPLE LENGTH= 14.70CM  SAMPLE AREA= 41.18 CM#*2

DDR LDR BR (] vs LOAD DS Q P
Div. Div. ML % % N KPA KPA KPA
0.00 0.0 16.70 0.00 0.00 0.00 0.00 0.00 69.00
5.00 160.7 16.30 0.09 -0.07 771.74  188.07 94.03 163.03
10.00 349.6 16.10 0.17 -0.10 1679.66 u409.10 204.55 273.55
15.00 456.8 16.10 0.26 =-0.10 2194.15 533.94 266.97 335.97
20.00 483.0 16.60 0.35 -0.02 2320.25 563.67 281.83 350.83
25.00 485.6 17.10 0.43 0.07 2332.86 565.77 282.88 351.88
30.00 485.6 17.80 0.52 0.18 2332.86 564.61 282.31 351.31
35.00 484.1 18.50 0.61 0.30 2325.30 561.63 280.82 3u49.82
40.00 481.9 19.40 0.70 0.45 2315.21 557.87 278.94  3u47.94
45.00 478.8 20.20 0.79 0.58 2300.08 553.01 276.50 345.50
50.00 475.6 21.00 0.87 0.71 2284.94 548.16 274.08  3u43.08
55.00 472.0 21.90 0.96 0.86 2267.29 542.63 271.32 340.32
60.00 468.3 22.80 1.05 1.01 2249.64 537.13 268.56 337.56
70.00 462.5 24.40 1.23 1.28 2221.90 528.17 264.08 333.08
80.00 455.7 26.10 1.40 1.56 2189.11 517.99 259.00 328.00
90.00 449.9 27.80 1.58 1.84 2161.37 509.09 254.54  323.54
100.00 441.5 29.50 1.76 2.13 2121.01 497.30 248.65 317.65
110.00 433.6 31.00 1.94 2.38 2083.18 u486.35 2u43.17 312.17
120.00 423.7 32.80 2.12 2.67 2035.27 472.91 236.45 305.45
130.00 411.6 34.20 2.30 2.91 1977.26  457.54 228.77 297.77
140.00 396.9 35.50 2.48 3.12 1906.64 u439.46 219.73 288.73
150.00 380.1 36.70 2.67 3.32 1825.94 419.26 209.63 278.63
160.00 359.1 38.00 2.85 3.54 1725.06 394.53 197.26 266.26
170.00 343.3 38.60 3.03 3.64 1649.40 376.15 188.08 257.08
180.00 327.6 39.20 3.22 3.74 1573.74 357.87 178.94  247.94
190.00 314.5 39.70 3.40 3.82 1510.69 342.60 171.30 240.30
200.00 307.6 u40.10 3.59 3.89 1477.90  334.31 167.16 236.16
210.00 301.9 40.50 3.77 3.95 1450.16 327.19 163.60 232.60
220.00 299.3 40.80 3.96 4.00 1437.55 323.56 161.78 230.78
230.00 299.8 41.10 4.15 4.05 1440.07 323.34 161.67 230.67
240.00 300.3  41.40 4,33 4,10 442,59 323.12 161.56 230.56
250.00 299.3 41.70 4.52 4.15 1437.55 321.20 160.60 229.60
260.00 299.8 41.90 4.7 4.19  1440.07 321.02 160.51 229.51



CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING = 20.389
DGREE OF SATURATION =97.9%

## DRAINED TRIAXIAL COMPRESION TEST ¥

## SAMPLE S-217-A ,TESTED ON 21/04/1984 @ 10:00 AM *#
#% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *#
DRY DENSITY = 17.19 KN/M¥#3

%
SAMPLE LENGTH= 14.72CM

CURE PERIOD = 14 DAYS OUT OF WAX
SAMPLE AREA= 41.45 CM%#2

DDR LDR BR Ccs vs LOAD DS Q P
DIV, Div. ML % % N KPA KPA KPA
0.00 0.0 17.40 0.00 0.00 0.00 0.00 0.00 69.00
5.00 178.4 17.00 0.09 -0.07 857.16 207.36 103.68 172.68
10.00 392.2 16.60 0.17 -0.13 1883.86 455.64 227.82 296.82
15.00 496.1 16.80 0.26 -0.10 2383.08 575.69 287.85 356.85
20.00 505.9 17.70 0.35 0.05 2430.18 585.69 292.84 361.84
30.00 482.4 18.80 0.52 0.23 2317.14 556.46 278.23  347.23
40.00 465.7 20.50 0.70 0.51 2237.08 534.80 267.40 336.40
50.00 451.0 22.20 0.87 0.79 2166.43 515.56 257.78 326.78
55.00 441.2 24.00 0.96 1.09  2119.34 502.43 251.21 320.21
60.00 431.4 25.50 1.05 1.33 2072.24 489.63  2u44.81 313.81
70.00 422.5 27.10 1.22 1.60 2029.86 477.51 238.76 307.76
80.00 414.7 28.50 1.40 1.83 1992.18 466.75 233.38  302.38
90.00 406.9 30.00 1.58 2.07 1954.50 455.99 228.00 297.00
100.00 398.0 31.50 1.76 2.32 1912.11 hay. 22 222.1 291.11
110.00 389.2 33.00 1.94 2.57 1869.73 432.53 216.27 285.27
120.00 377.9 34.40 2.12 2.80 1815.57 418.30 209.15 278.15
130.00 365.2 35.70 2.30 3.01 1754.34 402.61 201.30 270.30
140.00 351.0 36.90 2.48 3.21 1686.05 385.48 192.74 261.74
160.00 333.8 38.00 2.84 3.39 1603.63 364.63 182.31 251.31
170.00 313.7 38.80 3.03 3.52 1507.09 341.59 170.80 239.80
180.00 291.2 39.60 3.21 3.65 1398.76 316.04 158.02 227.02
190.00 266.7 40.10 3.39 .74 1281.02 288.65  144.33 213.33
200.00 266.7 40.10 3.58 3.74 1281.02 288.10 144.05 213.05
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##* DRAINED TRIAXIAL COMPRESION TEST #w

*#* SAMPLE S-220-B ,TESTED ON 20/06/1984 € 11:00 AM **
##* COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER %

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.11 KN/M®#3
WATER CONTENT AT TESTING = 20.704 § CURE PERIOD = 28 DAYS OUT OF WAX
DGREE OF SATURATION =100 § SAMPLE LENGTH= 14.70CM  SAMPLE AREA= 41.69 CM#*2

DDR LDR BR cs vs LOAD 1] Q P
Div. DIV. ML % % N KPA KPA KPA
0.00 0.0 11.30 0.00 0.00 0.00 0.00 0.00 69.00
5.00 157.5 11.00 0.09 -0.05 756.60  182.14 91.07 160,07
10.00 336.0 10.50 0.17 -0.13 1614.09 388.55 194,27 263.27
15.00 441.0 10.30 0.26 -0.16 2118.49 509.69 254.85 323.85
20.00 479.8 10.40 0.35. -0.15 2305.12 554.02 277.01 346.01
25.00 486.7 10.90 0.43 -0.07 2337.9 560.95 280.47  3u49.47
30.00 483.0 11.40 0.52 0.02 2320.25 555.77 277.88 3u46.88
35.00 479.3 12.00 0.61 0.11 2302.60 550.51 275.26  344.26
40.00 477.2 12.80 0.70 0.25 2292.51 546.90 273.45  342.45
45.00 474.6 13.60 0.79 0.38 2279.90 542.70 271.35 340.35
50.00 471.4  14.40 0.87 0.51 2264.77 537.91 268.96 337.96
55.00 468.8 15.20 0.96 0.64 2252.16 533.75 266.87 335.87
60.00 465.7 16.10 1.05 0.79 2237.03 528.9 264.46 333.46
70.00 460.4 17.60 1.23 1.03  2211.81 520.74 260.37 329.37
80.00 455.2 19.20 1.40 1.30 2186.59 512.54 256.27 325.27
90.00 449.9 20.80 1.58 1.56 2161.37 504.41 252.20 321.20
100.00  444.7 22.40 1.76 1.82 2136.15 496.33 248.17 317.17
110.00 438.9 23.80 1.94 2.05 2108.40 487.89 243.95 312.95
120.00 433.1 25.30 2.12 2.30 2080.66 479.43 239.7 308.71

130.00 425.8 26.70 2.30 2.53 2045.35 469.37 234.68 303.68
140.00 415.8 28.10 2.48 2.76 1997.44 456.50 @ 228.25 297.25

150.00 401.1 29.40 2.67 2,97 1926.82 438.63 219.31 288.31
160.00 378.5 30.50 2.85 3.15 1818.37 412.44 206.22 275.22
170.00 354.9 31.40 3.03 3.30 1704.88 385.42 192.71 261.71
180.00 329.7 32.10 3.22 3.41 1583.82 356.97 178.49  247.49
190.00 308.3 32.60 3.40 3.50 1480.93 332.88 166.44 235.44
200.00 279.3 32.80 3.59 3.53 13u.7 300.9 150.46 219.46
210.00 257.8 32.90 3.77 3.55 1238.31 277.74 138.57 207.57
220.00 252.0 32.90 3.96 3.55 1210.57 270.41 135.20 204.20
230.00 253.1 32.80 4.15 3.53 1215.61 271.05 135.52 204.52
240.00 255.2 32.80 4.33 3.53 1225.70 272.76 136.38 205.38
250.00 256.7 32.80 4.52 3.53 1233.26 273.90 136.95 205.95
260.00 258.8 32.80 4.7 3.53 1243.35 275.59 137.80 206.80
270.00 259.3 32.80 4.90 3.53 1245.87 275.60 137.80 206.80
280.00 259.9 32.80 5.09 3.53 1248.40 275.61 137.80 206.80



## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*# SAMPLE S-101~A ,TESTED ON 12/03/1984 @
#* COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 1 PART PORTLAND CEMENT TYPE(V) + 8 PARTS WATER %
CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING = N.A.

SAMPLE LENGTH= 14.73 CM

1:00 PM *+

DRY DENSITY = 16.96 KN/M¥#3

CURE PERIOD = 7

DAYS IN WAX

SAMPLE AREA= 41.61 CM%##2

DDR LDR CS LOAD DS Q P
DIV. DIv. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 86.1 0.09 413.61 99.31 49.66 118.66
10.00 141.8 0.17 680.94 163.36 81.68 150.68
15.00 178.5 0.26 857.49 205.53 102.77 17.77
20.00 210.0 0.35 1008.81 241.59 120.80 189.80
30.00 253.1 0.52 1215.61 290.62 145.31 214,31
35.00 267.8 0.61 1286.23 307.23 153.62 222.62
40.00 279.3 0.69 1341.71 320.21 160.10 229.10
45.00 287.2 0.78 1379.54 328.95 164 .48 233.48
50.00 292.9 0.87 1407.28 335.27 167.64 236.64
55.00 297.7 0.96 1429.98 340.39 170.19 239.19
60.00 301.3 1.05 u47.64 3u4.29 172.14 241.14
70.00 306.6 1.22 1472.86 349.68 174.84 2u3.84
80.00 310.3 1.40 1490.51 353.25 176.63 245,62
90.00 312.4 1.58 1500.60 355.02 177.51 246.51
100.00 313.9 1.75 1508.17 356.18 178.09 247.09
110.00 315.0 1.93 1513.21 356.75 178.37 247.37
120.00 315.5 2.1 1515.73 356.71 178.36 247.36
130.00 315.5 2.29 1515.73 356.09 178.04 247.04
140.00 315.5 2.47 1515.73 355.46 177.73 246.73
150.00 315.0 2.66 1513.21 354.24 177.12 246.12
160.00 313.9 2.84 1508.17 352.43 176.22 2u5.22
170.00 312.9 3.02 1503.12 350.63 175.32 244 .32
180.00 311.8 3.20 1498.08 348.83 174. 42 2u3.42
190.00 310.3 3.39 1490.51 346.46 173.23 242,23
200.00 308.7 3.57 1482.94 344,08 172.04 241.04
210.00 307.1 3.76 1475.38 341.72 170.86 239.86
220.00 305.0 3.94 1465.29 338.77 169.39 238.39
230.00 302.4 4.13 1452.68 335.25 167.63 236.63
240.00 299.8 4.32 1440.07 331.75 165.87 234.87
250.00 296.1 .51 1422. 42 327.09 163.55 232.55
260.00 291.9 4.69 1402.24 321.87 160.94 229.94
270.00 288.2 4.88 1384.59 317.24 158.62 227.62
280.00 284.0 5.07 1364.41 312.06 156.03 225.03
290.00 279.8 5.26 1344.23 306.88 153.44 222.44
300.00 276.1 5.46 1326.58 302.30 151.15 220.15
310.00 272.5 5.65 1308.92 297.74 148.87 217.87
320.00 268.3 5.84 1288.75 292.62 146.31 215.31
340.00 263.0 6.23 1263.53 285.84 142.92 211.92
360.00 259.9 6.62 1248.40 281.38 140.69 209.69
380.00 258.8 7.01 1243.35 279.22 139.61 208.61
400.00 258.8 7.41 1243.35 278.19 139.09 208.09
420.00 258.8 7.81 1243.35 277.16 138.58 207.58
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##% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

#% SAMPLE S-101-B ,TESTED ON 12/03/1984 @ 2:30 PM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 1 PART PORTLAND CEMENT TYPE(V) + 8 PARTS WATER %%

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.15 KN/M¥##3
WATER CONTENT AT TESTING = N.A. CURE PERIOD = 7 DAYS IN WAX
SAMPLE LENGTH=_ 14.73 CM SAMPLE AREA= 40.91 CM##2

DDR LDR cs LOAD DS Q P
DIV, Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 84.0 0.09 403.52 98.56 49.28 118.28
10.00 138.6 0.17 665.81 162.48 81.24 150.24
15.00 178.5 0.26 857.49 209.08 104.54 173.54
20.00 210.0 0.35 1008.81 245.76 122.88 19%.88
25.00 233.1 0.43 1119.78 272.56 136.28 205.28
30.00 253.6 0.52 1218.13 296.24 148.12 217.12
35.00 265.6 0.61 1276.14 310.08 155.04 224 .04
40.00 276.1 0.69 1326.58 322.06 161.03 230.03
45.00 283.5 0.78 1361.89 330.34 165.17 234.17
50.00 289.3 0.87 1389.63 336.78 168.39 237.39
55.00 293.5 0.96 1409.81 341.37 170.69 239.69
60.00 296.1 1.05 1422. 42 344.13 172.06 241.06
70.00 300.8 1.22 Wa5.11 349.01 174.50 243.50
80.00 303.4 1.40 1457.72 351.44 175.72 244 .72
90.00 305.6 *1.58 1467.81 353.25 176.63 245.63
100.00 306.6 1.76 1472.86 353.84 176.92 245.92
110.00 307.1 1.93 1475.38 353.83 176.91 245.91
120.00 307.1 2.1 1475.38 353.21 176.60 245.60
130.00 307.1 2.29 1475. 38 352.58 176.29 245.29
140.00 306.6 2.47 1472.86 351.36 175.68 244.68
150.00 306.1 2.66 1470.33 350.14 175.07 244,07
160.00 305.0 2.84 1465.29 348.32 174.16 243.16
170.00 304.0 3.02 1460.25 346.51 173.25 242.25
180.00 302.9 3.20 1455.20 344.70 172.35 241.35
190.00 301.3 3.39 1447, 64 342.29 171.15 240.15
200.00 299.8 3.57 1440.07 339.90 169.95 238.95
210.00 298.2 3.76 1432.50 337.51 168.75 237.75
220.00 296.6 3.94 1424 .94 335.12 167.56 236.56
230.00 295.1 4.13 1417.37 332.75 166.37 235.37
240.00 293.5 4.32 1409.81 330.38 165.19 234.19
250.00 291.4 4.51 1399.72 327.42 163.71 232.7
260.00 289.3 4.70 1389.63 324.48 162.24 231.24
270.00 287.2 4.88 1379.54 321.54 160.77 229.77
280.00 284.0 5.07 1364.41 317.44 158.72 227.72
290.00 280.9 5.27 1349.28 313.35 156.67 225.67
300.00 276.7 5.46 1329.10 308.10 154.05 223.05
310.00 273.0 5.65 1311.45 303.46 151.73 220.73
320.00 267.8 5.84 1286.23 297.08 148.54 217.54
340.00 261.4 6.23 1255.96 289.03 44,51 213.51
360.00 257.3 6.62 1235.79 283.34 141.67 210.67
380.00 254.6 7.00 1223.18 279.42 139.71 208.71
400.00 252.5 7.41 1213.09 276.09 138.05 207.05
420.00 251.5 7.81 1208.05 273.93 136.96 205.96
440.00 251.5 8.21 1208.05 272.9 136.45 205.45
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#4 UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

** SAMPLE S~302-A ,TESTED ON 28/02/1984 @ 7:30 PM #+
*% COMPOSITION OF HIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 3 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.25 KN/M**3
WATER CONTENT AT TESTING = 7.327 % CURE PERIOD = 7 DAYS IN WAX
SAMPLE LENGTH= 14.72 CM SAMPLE AREA= 41,54 CM*#2

DDR LDR cs LOAD DS Q P

Div, Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 173.3 0.09 832.27 200.17 100.08 169.08
10.00 333.9 0.17 1604.00 385.4u4 192.72 261.72
15.00 451.5 0.26 2168.93 520.75 260.37 329.37
20.00 506.1 0.35 2431.22 583.22 291.61 360.61
25.00 530.3 0.43 2547.24 610.52 305.26 374.26
35.00 537.6 0.61 2582.54 617.91 308.95 377.95
40.00 535.5 0.70 2572.46 614.96 307.48 376.48
50.00 529.2 0.87 2542.19 606.67 303.33 372.33
60.00 519.8 1.05 2496.79 594.80 297.40 366.40
70.00 510.3 1.22 2451.40 582.97 291.48 360.48
80.00 499.8 1.40 2400.96 569.97 284.99 353.99
90.00 491.4 1.58 2360.61 559.41 279.71 348.71
100.00 481.9 1.76 2315.21 547.69 273.85 342.85
110.00 471.4 1.94 2264.77 534.82 267.41 336.41
120.00 462.0 2.11 2219.37 523.18 261.59 330.59
130.00 451.5 2.30 2168.93 510.39 255.19 324.19
140.00 441.0 2.48 2118.49 497.64 248.82 317.82
150.00 427.3 2.66 2052.92 481.38 240.69 309.69
160.00 410.6 2.84 1972.22 461.64 230.82 299.82
170.00 387.4 3.02 1861.25 434.89 217.44 286.44
180.00 362.3 3.21 1740.19 405.88 . 202.94 271.94
190.00 343.3 3.39 1649.40 384.02 192.01 261.01
200.00 324.4 3.58 1558.60 362.23 181.12 250.12
210.00 307.6 3.76 1477.90 342.86 171.43 240.43
220.00 290.8 3.95 1397.20 323.56 161.78 230.78
230.00 270.9 4.13 1301.36 300.83 150.41 219.41
240.00 256.2 4.32 1230.74 283.99 141.99 210.99
250.00 247.8 4.5 1190.39 274.18 137.09 206.09
260.00 2u3.6 4.70 1170.21 269.05 134.53 203.53
270.00 241.5 4.89 1160.13 266.25 133.12 202.12
280.00 242.90 5.08 1162.65 266.35 133.17 202.17
290.00 242.6 5.27 1165.17 266.44 133.22 202.22
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

#% SAMPLE S-401-A ,TESTED ON 24/03/1984 @ 10:00 AM *+
## COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE SAND
+ 4 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *#

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.50 KN/M##3
WATER CONTENT AT TESTING = 6.986 % CURE PERIOD = 7 DAYS IN WAX
SAMPLE LENGTH= 14.69 CM SAMPLE AREA= 41.39 CM##2

DDR LDR CS LOAD DS Q P
Div. DIV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 239.2 0.09 1149.08 277.37 138.69 207.69
10.00 457.6 0.17 2198.24 - 530.17 265.08 334.08
15.00 603.2 0.26 2897.68 698.25 349.13 ¥i8.12
20.00 676.0 0.35 3247.39 781.84 390.92 459:92
25.00 699.9 0.43 3362.30 808.81 404.40 473.40
30.00 706.2 0.52 3392.28 815.31 407.65 476.65
35.00 707.2 0.61 3397.27 815.80 407.90 476.90
45.00 704.1 0.78 3382.29 810.79 405.39 474,39
50.00 700.4 0.87 3364.80 805.89 402.95 471.95
55.00 696.3 0.96 33u44.82 800.41 400.20 469.20
60.00 691.6 1.05 3322.33 794,34 397.17 466.17
70.00 681.2 1.22 3272.37 781.02 390.51 459.51
80.00 670.3 1.40 3219.92 767.16 383.58 452.58
90.00 659.4 1.58 3167.46 753.34 376.67 445.67
100.00 645.8 1.76 3102.51 736.60 368.30 437.30
110.00 626.1 1.94 3007.59 712.80 356.40 425.40
120.00 601.1 2.12 2887.68 683.18 341.59 410.59
130.00 . 572.0 2.30 2747.79 648.94 324.47 393.47
140.00 536.6 2.48 2577.93 607.74 303.87 372.87
150.00 483.6 2.66 2323.14 546.7 273.35 3y2.35
170.00 397.3 3.03 1908.47 Lyr.53 . 223.76 292.76
180.00 267.3 3.21 1283.97 300.55 150.27 219.27
190.00 263.6 3.40 1266.48 295.93 147.96 216.96
200.00 269.4 3.58 1293.96 301.81 150.90 219.90
220.00 277.7 3.95 1333.93 310.02 155.01 224.01
230.00 281.8 L.14 1353.91 314.09 157.05 226.05
240.00 285.0 4.33 1368.90 317.00 158.50 227.50
250.00 288.1 4.52 1383.89 319.89 159.95 228.95
260.00 291.2 4.71 1398.88 322.77 161.39 230.39
270.00 293.3 4.90 1408.87 324.49 162.24 231.24
280.00 294.3 5.09 1413.86 325.05 162.52 231.52
290.00 294.8 5.28 1416.36 325.03 162.52 231.52
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CONFINING PRESSURE = 69 KPA

WATER CONTENT AT TESTING = 6.960 %
SAMPLE LENGTH= 14.69 CM

*#* UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-401-B ,TESTED ON 24/03/1984 @ 11:00 AM ##

## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ 4 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##
DRY DENSITY = 17.49 KN/M*#3
CURE PERIOD = 7

DAYS IN WAX

SAMPLE AREA= 41,31 CM#¥*2

DDR LDR cs LOAD DS Q p

DIV, Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 222.6 0.09 1069.33 258.65 129.32 198.32
10.00 4y5.2 0.17 2138.67 516.85 258.42 327.42
15.00 572.4 0.26 2749.72 663.94 331.97 400.97
20.00 624.3 0.35 2999.23 723.56 361.78 430.78
25.00 660.4 0.43 3172.36 T64.67 382.33 451.33
30.00 677.3 0.52 3253.83 783.62 391.81 460.81
35.00 684.8 0.61 3289.48 791.52 395.76 464.76
40.00 687.9 0.70 3304.75 794.50 397.25 466.25
45.00 688.5 0.78 3307.30 794 .42 397.21 466.21
50.00 687.4 0.87" 3302.21 792.51 396.25 465.25
55.00 684.8 0.96 3289.48 788.77 394.38 463.38
60.00 681.1 1.05 3271.65 783.81 391.90 460.90
70.00 673.1 1.22 3233.46 773.30 386.65 455.65
80.00 664.6 1.40 3192.73 762.23 381.11 450. 11
90.00 655.1 1.58 3146.90 749.97 374.98 443.98
100.00 644.5 1.76 3095.98 736.54 368.27 437.27
110.00 633.9 1.94 3045.06 723.15 361.57 430.57
120.00 622.2 2.12 2989.04 708.60 354.30 423.30
130.00 604.2 2.30 2902.48 686.86 343.43 412.43
140.00 578.2 2.48 2771.72 656.17 328.09 397.09
150.00 542.7 2.66 2607.14 614.79 307.39 376.39
160.00 51k4.1 2.84 2469.65 581.33 290.67 359.67
170.00 468.5 3.03 2250.69 528.85 264 .42 333.42
180.00 388.0 3.21 1863.70 437.14 218.57 287.57
190.00 328.6 3.40 1578.54 369.59 184.80 253.80
200.00 309.5 3.58 1486.88 347.51 173.75 242.75
210.00 304.8 3.77 1463.97 341.54 170.77 239.77
220.00 307.9 3.95 1479.25 3u4L.49 172.24 2u1.2y
230.00 310.6 4.14 1491.98 346.83 173.41 2y2. 4
240.00 310.6 .33 1491.98 346.20 173.10 242.10
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST #+

*## SAMPLE S-102-A ,TESTED ON 19/03/1984 @ 1:00 PM w+
## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 1 PART PORTLAND CEMENT TYPE(V) + 8 PARTS WATER #

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.20 KN/M**3
WATER CONTENT AT TESTING = 7.577 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.72 CM SAMPLE AREA= 41.06 CM*#2

DDR LDR cs LOAD DS Q P
DIV. DIV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 97.7 0.09 469.09 114,16 57.08 126.08
10.00 160.7 0.17 771.74 187.65 93.82 162.82
15.00 205.8 0.26 988.63 240.18 120.09 189.09
20.00 234.2 0.35 1124.82 273.03 136.51 205.51
25.00 256.2 0.43 1230.74 298.48 149.24 218.24
30.00 273.0 0.52 1311.45 317.78 158.89 227.89
40.00 296.6 0.69 424,94 34k.68 172.34 241.34
50.00 309.2 0.87 1485.47 358.69 179.35 248.35
55.00 313.4 0.96 1505.64 363.25 181.62 250.62
60.00 316.1 1.05 1518.25 365.97 182.99 251.99
70.00 320.3 1.22 1538.43 370.19 185.09 254.09
80.00 323.4 1.40 1553.56 373.18 186.59 255.59
100.00 326.0 1.76 1566.17 374.89 187.45 256.45
110.00 326.0 1.93 1566.17 374.23 187.12 256.12
120.00 326.0 2.11 1566.17 373.57 186.79 255.79
130.00 325.5 2.29 1563.65 372.32 186.16 255.16
140.00 324.4 2.48 1558.60 370.46 185.23 254.23
150.00 322.9 2.66 1551.04 368.01 184.00 253.00
160.00 321.3 2.84 1543.47 365.57 182.78 251.78
170.00 318.7 3.02 1530.86 361.94 180.97 249,97
180.00 316.6 3.20 1520.77 358.91 . 179.46 248.46
190.00 313.9 3.39 1508.17 355.30 177.65 246.65
200.00 310.8 3.57 1493.03 351.11 175.55 244,55
210.00 307.6 3.76 1477.90 346.93 173.47 2u2.46
220.00 304.0 3.95 1460.25 342,17 171.09 240.09
230.00 299.3 4.13 1437.55 336.25 168.12 237.12
240.00 291.9 §.32 1u02.24 327.40 163.70 232.70
250.00 284.6 4.51 1366.93 318.53 159.29 228.29
260.00 274.1 4.70 1316.49 306.27 153.14 222.14
270.00 264.1 4.89 1268.57 294.59 147.30 216.30
280.00 256.7 5.08 1233.26 285.88 142.94 211.94
290.00 252.0 5.27 1210.57 280.11 140.05 209.05
300.00 250. 4 5.46 1203.00 277.85 138.92 207.92
310.00 249.9 5.65 1200.48 276.76 138.38 207.38
320.00 250.4 5.84 1203.00 276.84 138.42 207.42
340.00 251.0 6.23 1205.52 276.41 138.20 207.20
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. ## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST #+

## SAMPLE S-301-A ,TESTED ON 06/03/1984 @ 11:00 AM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 3 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER %#

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.34 KN/M#*#3
WATER CONTENT AT TESTING = 7.318 % CURE PERIOD =14 DAYS IN WAX
SAMPLE LENGTH= 14.72 CM SAMPLE AREA= U41.49 CM*#2

DDR LDR cs LOAD DS Q P
DIV, Dlv. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 205.8 0.09 988.63 238.08 119.04 188.04
10.00 386.4 0.17 1856.20 446.62 223.31 292.31
15.00 506.1 0.26 2131.22 58L4.47 292.23 361.23
20.00 558.6 0.35 2683.42 64,54 322.27 391.27
25.00 582.8 0.43 2799.44 671.82 335.91 404.91
30.00 590.1 0.52 2834.75 679.7 339.85 408.85
35.00 591.1 0.61 2839.79 680.33 340.16 409.16
40.00 590.1 0.69 2834.75 678.53 339.26 408.26
45.00 588.0 0.78 2824.66 675.53 337.76 406.76
50.00 585.9 0.87 2814.57 672.53 336.26 405.26
55.00 583.3 0.96 2801.96 668.93 334.47 403.47
60.00 581.2 1.05 2791.87 665.94 332.97 401.97
70.00 575.9 1.22 2766.65 658.78 329.39 398.39
80.00 571.2 1.40 2743.95 652.23 326.12 395.12
90.00 565.9 1.58 2718.73 645.11 322.55 391.55
100.00 559.6 1.76 2688.47 636.81 318.40 387.40
110.00 552.3 1.93 2653.16 627.34 313.67 382.67
120.00 543.9 2.11 2612.81 616.71 308.36 377.36
130.00 534.4 .29 2567.41 604.93 | 302.47 371.47
140.00 523.9 2.47 2516.97 592.00 296.00 365.00
150.00 510.3 2.66 2451.40 575.56 287.78 356.78
160.00 488.3 2.84 2345.47 549.71 274.86 343.86
170.00 456.8 3.02 2194.15 513.33 256.67 325.67
180.00 425.3 3.20 2042.83 477.08 238.54 307.54
190.00 401.1 3.39 1926.82 449.19 224.59 293.59
200.00 374.8 3.57 1800.72 419.04 209.52 278.52
210.00 3u8.6 3.76 1674.62 389.00 194.50 263.50
220.00 329.7 3.94 1583.82 367.25 183.63 252.63
230.00 317.6 4.13 1525.82 353.17 176.58 245.58
240.00 312.9 4.32 1503.12 347.29 173.64 2u2.64
250.00 312.4 4.51 1500.60 346.08 173.04 2u2.04
260.00 312.9 4.70 1503.12 346.04 173.02 242.02
270.00 315.0 4.89 1513.21 347.73 173.87 2u2.87
280.00 316.1 5.08 1518.25 348.26 174.13 243.13
290.00 316.6 5.27 1520.77 348.21 174.10 243.10
300.00 319.2 5.46 1533.38 350.46 175.23 244 .23
310.00 320.3 5.65 1538.43 350.97 175.48 2Lk . 48
320.00 320.3 5.84 1538.43 350.33 175.16 244y .16
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

*# SAMPLE S-402-A ,TESTED ON 31/03/1984 € 11:00 AM #*
#% COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 4 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.59 KN/M**3
WATER CONTENT AT TESTING = 7.010 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.50 CM##2

DDR LDR cs LOAD DS Q P

DIV. DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 210.0 0.09 1008.81 242,87 121.43 190.43
10.00 464.1 0.17 2229.46 536.27 268.13 337.13
15.00 664.6 0.26 3192.87 767.34 383.67 452.67
20.00 768.6 0.35 3692.23 886.58 443.29 512.29
25.00 816.9 0.43 3924.26 941.48 470.74 539.74
30.00 833.7 0.52 4004.96 960.01 480.01 549.00
35.00 837.4 0.61 4022.61 963.41 481.70 550.70
40.00 836.9 0.70 4020.09 961.97 480.98 549,98
45.00 832.7 0.78 3999.92 956.31 478.15 547.15
50.00 826.9 0.87 3972.17 948.85 4748 .42 543.42
55.00 820.1 0.96 3939.39 940.20 470.10 5$39.10
60.00 812.7 1.05 3904.08 930.96 465.48 534.48
70.00 798.5 1.22 3835.99 913.12 456.56 525.56
80.00 784.4 1.40 3767.89 895.35 u487.67 516.67
90.00 769.6 1.58 3697.27 877.03 438.51 507.51
100.00 754.9 1.76 3626.66 858.77 429.38 498.38
110.00 714.0 1.94 3429.94 810.76 405.38 474.38
120.00 669.9 2.12 3218.09 759.35 379.67 448.67
130.00 618.4 2.30 2970.93 699.79 349.90 418.90
140.00 564.9 2.48 2713.69 638.07 319.03 388.03
150.00 518.7 2.66 2491.75 584.85 . 292.42 361.42
160.00 456.8 2.84 2194.15 514.09 257.04 326.04
170.00 381.1 3.02 1830.98 428.23 214,12 283.12
180.00 343.3 3.21 1649.40 385.08 192.54 261.54
190.00 331.3 3.39 1591.39 370.87 185.44 254 . 44
200.00 331.8 3.58 1593.91 370.80 185.40 254,40
210.00 336.0 3.76 1614,.09 374.82 187.41 256. 41
220.00 339.1 3.95 1629.22 377.66 188.83 257.83



## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST #w

## SAMPLE S-U403-A ,TESTED ON 16/04/1984 @ 11:00 AM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 4 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *#

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.50 KN/M¥#3
WATER CONTENT AT TESTING = 7.074 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.72 CM SAMPLE AREA= 41,02 CM*#2

DDR LOR cs LOAD DS Q P
Div. DIV. 4 N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 233.1 0.09 1119.78 272.77 136.39 205.39
10.00 462.0 0.17 2219.37 540.17 270.08 339.08
15.00 6uy.7 0.26 3097.03 753.12 376.56 445,56
20.00 764.4 0.35 3672.05 892.18 446.09 515.09
25.00 813.8 0.43 3909.12 948.96 474 .48 543.48
30.00 827.4 0.52 3974.70 964.04 482.02 551.02
35.00 823.7 0.61 3957.04 958.93 479.46 Su8.46
40.00 813.8 0.70 3909.12 946.49 473.25 542.25
45.00 801.1 0.78 38u48.59 931.03 465.51 534.51
50.00 789.6 0.87 3793.11 916.81 458.40 527.40
55.00 766.5 0.96 3682.14 889.21 L4ul, 60 513.60
60.00 745.5 1.05 3581.26 864.09 432.05 501.05
70.00 725.6 1.22 3485.43 839.50 419.75 488.75
80.00 706.6 1.40 3394.63 816.21 408.10 477.10
90.00 686.7 1.58 3298.80 791.78 395.89 464.89
100.00 666.8 1.76 3202.96 767.43 383.71 452.71
110.00 646.8 1.94 3107.12 743.16 371.58 440.58
120.00 624.8 2.12 3001.20 716.56 358.28 427.28
130.00 593.3 2.30 2849.88 679.23 339.61 408.61
140.00 562.8 2.48 2703.60 643.23 321.61 390.61
150.00 535.5 2.66 2572.46 610.94 . 305.47 374.47
160.00 513.4 2.84 2466.53 584.75 292.38 361.37
170.00 494 .6 3.02 2375.74 562.23 281.11 350.11
180.00 481.4 3.21 2312.69 546.33 273.17 342.17
190.00 468.8 3.39 2252.16 531.08 265.54 334.54
200.00 458.8 3.58 2204.24 518.86 259.43 328.43
210.00 448.9 3.76 2156.32 506.67 253.34 322.34
220.00 437.8 3.95 2103.36 493.34 246.67 315.67
230.00 417.4 4.13 2005.00 469.43 234.71 303.71
240.00 399.0 .32 1916.73 L447.95 223.98 292.98
250.00 387.4 4.51 1861.25 434,20 217.10 286.10
260.00 381.7 4.70 1833.51 426.96 213.48 282.48
270.00 377.5 4.89 1813.33 421.50 210.75 279.75
280.00 374.8 5.08 1800.72 417.81 208.90 277.90
290.00 374.3 5.27 1798.20 416.47 208.23 277.23
300.00 374.3 5.46 1798.20 415.71 207.86 276.86
310.00 374.3 5.65 1798.20 414,95 207.48 276.48
320.00 375.4 5.85 © 1803.24 415.36 207.68 276.68
330.00 376.4 6.04 1808.28 415.76 207.88 276.88
340.00 377.5 6.23 1813.33 416.16 208.08 277.08
350.00 377.5 6.43 1813.33 415.39 207.70 276.70
360.00 376.4 6.63 1808.28 413.48 206.74 275.74
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#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

#% SAMPLE S-225-A ,TESTED ON 19/06/1984 @ 5:00 PM **
#% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *#
CONFINING PRESSURE = 69 KPA

WATER CONTENT AT TESTING = 7.221 %
SAMPLE LENGTH= 14.73 CM

DRY DENSITY = 16.15 KN/M*#*3
CURE PERIOD = 14 DAYS IN WAX
SAMPLE AREA= 41.45 CM##2

DDR LOR cs LOAD DS Q P
DIV, Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 82.6 0.09 396.65 95.62 47.81 116.81
10.00 174.3 0.17 837.37 201.69 100.84 169.84
15.00 2487.7 0.26 1189.94 286.36 143.18 212.18
20.00 296.3 0.35 1423.52 342.28 171.14 240.14
25.00 322.0 0.43 1546.92 371.63 185.81 254.81
30.00 331.2 0.52 1590.99 381.88 190.94 259.94
35.00 333.5 0.61 1602.01 384.19 192.10 261.10
40.00 333.5 0.69 1602.01 383.86 191.93 260.93
45.00 332.6 0.78 1597.60 382.47 191.24 260.24
50.00 3.2 0.87 1590.99 380.56 190.28 259.28
55.00 330.3 0.96 1586.59 379.17 189.59 258.59
60.00 329.4 1.05 1582.18 377.79 188.90 257.90
70.00 327.5 1.22 1573.37 375.03 187.52 256.52
80.00 325.7 1.40 1564.55 372.28 186.14 255.14
90.00 323.9 1.58 1555.74 369.54 184.77 253.77
100.00 322.0 1.75 1546.92 366.80 183.40 252.40
110.00 320.6 1.93 1540.31 364.59 182.30 251.30
120.00 318.8 2.11 1531.50 361.87 180.93 249.93
130.00 317.4 2.29 1524.89 359.67 179.84 248.83
140.00 315.6 2.47 1516.07 356.96 178.48 247.48
150.00 313.8 2.66 1507.26 354.26 177.13 246.13
160.00 311.9 2.84 498. 44 351.56 175.78 244,78
170.00 310.1 3.02 1489.63 348.87 174.44 243.4Y4
180.00 308.3 3.20 1480.81 346.19 173.10 242.10
190.00 306.0 3.39 1469.80 343.01 171.50 240.50
200.00 304.1 3.57 1460.98 340.34 170.17 239.17
210.00 301.8 3.76 449,97 337.17 168.59 237.59
220.00 299.5 3.94 1438.95 334.01 167.01 236.01
230.00 297.2 4.13 1427.93 330.86 165.43 234.43
240.00 295.0 4.32 1416.91 327.72 163.86 232.86
250.00 292.2 4.51 1403.69 324.08 162.04 231.04
260.00 289.9 4.69 1392.67 320.95 160.48 229.48
270.00 287.2 4.88 1379.45 317.33 158.67 227.67
280.00 284.9 5.07 1368.43 314.23 157.11 226.1
290.00 282.1 5.26 1355.21 310.63 155.31 224.31
300.00 279.4 5.46 1341.99 307.04 153.52 222.52
310.00 277.1 5.65 1330.97 303.96 151.98 220.98
320.00 274.8 5.84 1319.95 300.90 150.45 219.45
340.00 269.7 6.23 1295.71 294.29 Wm7.15 216.15
360.00 265.1 6.62 1273.68 288.23 .11 213.11
380.00 261.5 7.01 1256.05 283.19 141.60 210.60
400.00 259.2 7.41 1245.03 279.67 139.84 208.84
420.00 257.3 7.81 1236.22 276.67 138.33 207.33
440.00 256.0 8.21 1229.61 274.16 137.08 206.08
460.00 255.0 8.62 1225.20 272.16 136.08 205.08
480.00 254.6 9.02 1222.99 270.65 135.33 204.33
500.00 255.0 9.44 1225.20 270.12 135.06 204.06
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-225-B ,TESTED ON 19/06/1984 @ 4:00 PM ##
## COMPOSITION OF MlX(BY WEIGHT )= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *

CONFINING PRESSURE = 69 KPA DRY DENSITY = 16.17 KN/M**S
WATER CONTENT AT TESTING = 7.313 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.70 CM SAMPLE AREA= 41.58 CM#%2

DDR LDR Cs LOAD DS Q P

Div. DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 87.2 0.09 418.68 100.61 50.30 119.30
10.00 180.7 0.7 868.22 208.45 104,22 173.22
15.00 250.5 0.26 1203.16 288.61 1y, 31 213.31
20.00 295.4 0.35 19,11 340.12 170.06 239.06
25.00 318.3 0.43 1529.29 366.21 183.10 252.10
30.00 325.7 0.52 1564.55 374.33 187.16 256.16
35.00 327.5 0.61 1573.37 376.11 188.05 257.05
40.00 327.5 0.70 1573.37 375.78 187.89 256.89
45.00 327.1 0.78 1571.16 374.93 187.46 256.46
50.00 326.6 0.87 1568.96 374.08 187.04 256.04
55.00 325.7 0.96 1564.55 372.70 186.35 255.35
60.00 324.8 1.05 1560.14 371.33 185.66 254.66
70.00 323.9 1.22 1555.74 369.63 184.82 253.82
80.00 322.5 1.40 1549.13 367.42 183.71 252.71
90.00 321.1 1.58 1542.52 365.21 182.60 251.60
100.00 319.3 1.76 1533.70 362.48 181.24 250.24
110.00 317.9 1.94 1527.09 360.29 180.14 2u9.14
120.00 316.5 2.12 1520.48 358.10 179.05 248.05
130.00 315.1 2.30 1513.87 355.91 177.96 246.95
140.00 313.3 2.48 1505.05 353.21 176.61 245.61
150.00 311.9 2.66 1498. 44 351.04 . 175.52 244 .52
160.00 310.1 2.84 1489.63 348.35 174.18 243.18
170.00 307.8 3.03 1478.61 345.16 172.58 241.58
180.00 306.0 3.21 1469.80 342.50 171.25 240.25
190.00 303.7 3.39 1458.78 339.32 169.66 238.66
200.00 301.8 3.58 1449.97 336.67 168.33 237.33
210.00 299.5 3.76 1438.95 333.51 166.76 235.76
220.00 297.2 3.95 1427.93 330.37 165.18 234.18
230.00 295.4 4.4 1419.11 327.74 163.87 232.87
240.00 293.1 .33 1408.10 324.61 162.30 231.30
250.00 290.4 4.51 1394.87 320.98 160.49 229.49
260.00 288.1 4.70 1383.86 317.87 158.93 227.93
270.00 285.8 4.89 1372.84 314.77 157.38 226.38
280.00 283.5 5.08 1361.82 311.68 155.84 224 .84
290.00 281.2 5.27 1350.80 308.59 154.30 223.30
300.00 278. u 5.47 1337.58 305.02 152.51 221.51
310.00 275.7 5.66 1324.36 301.45 150.73 219.73
320.00 273.4 5.85 1313.34 298.40 149.20 218.20
340.00 268.3 6.24 1289.10 291.82 145.91 214.91
360.00 263.3 6.63 1264.86 285.28 142.64 211.64
380.00 260.1 7.03 1249. 44 280.76 140.38 209.38
400.00 257.3 7.42 1236.22 276.77 138.38 207.38
420.00 256.0 7.82 1229.61 274.26 137.13 206.13
440.00 254.6 8.23 1222.99 271.77 135.89 204,89
460.00 254.1 8.63 1220.79 270.27 135.13 204.13
480.00 254.1 9.04 1220.79 269.25 134.63 '203.63
500.00 254.6 9.45 1222.99 268.72 134.36 203.36
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-226-A ,TESTED ON 19/06/1984 @ 8:00 PM *#
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER #*

CONFINING PRESSURE = 69 KPA DRY DENSITY = 16.73 KN/M**3
WATER CONTENT AT TESTING = 7.324 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.70 CM SAMPLE AREA= 41.32 CM##2

DDR LDR cs LOAD DS Q P
Div. DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 100.9 0.09 484.79 117.24 58.62 127.62
10.00 208.3 0.17 1000.43 241.72 120.86 189.86
15.00 300.9 0.26 1445.56 348.97 174.49 243.49
20.00 353.2 0.35 1696.77 409.26 204.63 273.63
25.00 378.0 0.43 1815.76 437.58 218.79 287.79
30.00 387.6 0.52 1862.04 448,35 224.17 293.17
35.00 390.4 0.61 1875.26 451.14 225.57 294,57
40.00 390.8 0.70 1877.46 451.28 225.64 294.64
45.00 390.8 0.78 1877.46 450.88 225.44 294 . ki
50.00 389.9 0.87 1873.05 449.43 224.72 293.72
55.00 389.4 0.96 1870.85 448.51 224.26 293.26
60.00 388.5 1.05 1866.45 447.07 223.53 292.53
70.00 387.2 1.22 1859.83 444 .70 222.35 291.35
80.00 385.3 1.40 1851.02 447.82 220.91 289.91
90.00 383.5 1.58 1842.20 438.95 219.47 288.47
100.00 381.2 1.76 1831.19 435.56 217.78 286.78
110.00 378.9 1.94 1820.17 432.18 216.09 285.09
120.00 376.6 2.12 1809.15 428.80 214.40 283.40
130.00 374.3 2.30 1798.13 425.44 212.72 281.72
140.00 371.6 2.48 1784.91 421.57 210.78 279.78
150.00 368.8 2.66 1771.69 417.70 . 208.85 277.85
160.00 366.1 2.84 1758.47 413.85 206.93 275.93
170.00 363.3 3.03 1745.25 410.01 205.00 274.00
180.00 360.1 3.21 1729.82 405.66 202.83 271.83
190.00 356.9 3.39 1714.40 401.33 200.66 269.66
200.00 354.6 3.58 1703.38 398.04 199.02 268.02
210.00 350.5 3.76 1683.55 392.70 196.35 265.35
220.00 347.2 3.95 1668.12 388.40 194.20 263.20
230.00 343.6 4.14 1650.49 383.61 191.80 260.80
240.00 339.9 4.33 1632.86 378.83 189.41 258.41
250.00 336.2 4.5 1615.23 374.06 187.03 256.03
260.00 332.1 4.70 1595.40 368.80 184.40 253.40
270.00 327.5 4.89 1573.37 363.05 181.53 250.53
280.00 322.5 5.08 1549.13 356.81 178.41 247.1
290.00 317.9 5.27 1527.09 351.10 175.55 244,55
300.00 313.3 5.47 1505.05 345.40 172.70 241.70
310.00 308.7 5.66 1483.02 339.72 169.86 238.86
320.00 304.6 5.85 1463.19 334.57 167.28 236.28
340.00 298.2 6.24 432,34 326.32 163.16 232.16
360.00 292.2 6.63 1403.69 318.62 159.31 228.31
380.00 288.5 7.03 1386.06 313.46 156.73 225.73
400.00 286.2 7.42 1375.04 309.81 154.91 223.91
420.00 285.3 7.82 1370.64 307.68 153.84 222.84
440.00 284.9 8.23 1368.43 306.04 153.02 222.02
460.00 284.9 8.63 1368.43 304.89 152.45 221.45
480.00 285.8 9.04 1372.84 304.73 152.36 221.36
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#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-226-B ,TESTED ON 19/06/1984 € 9:00 PM #+#
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *#

CONF INING PRESSURE = 69 KPA DRY DENSITY = 16.58 KN/M*#*3
WATER CONTENT AT TESTING = 7.333 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.70 CM SAMPLE AREA= U41.50 CM¥#*2

DDR LDR Cs LOAD DS Q P

Div. DIv. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 91.7 0.09 440.72 106.09 53.05 122.05
10.00 197.2 0.17 947.55 227.91 113.95 182.95
15.00 302.8 0.26 454,37 349.51 174.75 243.75
20.00 348.6 0.35 1674.73 402.11 201.06 270.06
25.00 371.6 0.43 1784.91 428.20 214.10 283.10
30.00 379.4 0.52 1822.37 436.80 218.40 287.40
35.00 382.6 0.61 1837.80 440.12 220.06 289.06
40.00 383.0 0.70 1840.00 440.26 220.13 289.13
45.00 383.5 0.78 1842.20 440.41 220.20 289.20
50.00 382.6 0.87 1837.80 438.97 219.49 288.49
55.00 382.1 0.96 1835.59 438.06 219.03 288.03
60.00 381.2 1.05 1831.19 436.63 218.32 287.31
70.00 379.4 1.22 1822.37 433.77 216.89 285.88
80.00 377.5 1.40 1813.56 430.92 215.46 284.46
90.00 375.7 1.58 1804.74 428.07 214.04 283.04
100.00 373.9 1.76 1795.93 425.23 212.62 281.62
110.00 372.0 1.94 1787.11 §422.40 211.20 280.20
120.00 370.2 2.12 1778.30 419.58 209.79 278.79
130.00 368.3 2.30 1769.49 416.76 208.38 277.38
140.00 366.1 2.48 1758.47 413.44 206.72 275.72
150.00 363.3 2.66 1745.25 409.60 . 204.80 273.80
160.00 361.0 2.84 1734.23 406.29 203.15 272.15
170.00 358.7 3.03 1723.21 402.99 201.50 270.50
180.00 356.0 3.21 1709.99 399.19 199.60 268.60
190.00 353.2 3.39 1696.77 395.40 197.70 266.70
200.00 350.5 3.58 1683.55 391.62 195.81 264.81
210.00 347.2 3.76 1668.12 387.33 193.67 262.67
220.00 3u44.5 3.95 1654.90 383.58 191.79 260.79
230.00 341.7 4.14 1641.68 379.83 189.91 258.91
240.00 338.5 4.33 1626.25 375.58 187.79 256.79
250.00 334.9 4.51 1608.62 370.84 185.42 254 .42
260.00 331.2 4.70 1590.99 366.11 183.06 252.06
270.00 327.5 4.89 1573.37 361.40 180.70 249.70
280.00 323.4 5.08 1553.53 356.20 178.10 247.10
290.00 319.3 5.27 1533.70 351.02 175.51 244 .51
300.00 315.1 5.47 1513.87 3u5.85 172.92 241.92
310.00 311.0 5.66 1494 .04 340.69 170.35 239.35
320.00 306.9 5.85 1474.20 335.56 167.78 236.78
340.00 300.5 6.24 143,35 327.33 163.67 232.67
360.00 295.9 6.63 1421.32 321.15 160.58 229.58
380.00 292.7 7.03 1405.89 316.50 158.25 227.25
400.00 290.4 7.42 1394.87 312.86 156.43 225.43
420.00 288.1 7.82 1383.86 309.23 154.62 223.62
440.00 287.2 8.23 1379.45 307.10 153.55 222.55
460.00 286.2 8.63 1375.04 304.97 152.49 221.49
480.00 286.2 9.04 1375.04 303.83 151.91 220.91
500.00 287.2 9.45 1379.45 303.65 151.83 220.83
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

#& SAMPLE S-221-A ,TESTED ON 28/05/1984 € 10:00 AM ##
## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.04 KN/M##3
WATER CONTENT AT TESTING = 7.350 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= U41.12 CM##2

DDR LDR Cs LOAD DS Q P

DIV, Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 119.6 0.09 574.58 139.61 69.81 138.81
10.00 264.7 0.17 1271.60 308.71 154.35 223.35
15.00 357.8 0.26 1719.02 416.97 208.48 277.48
20.00 407.8 0.35 1959.21 474,82 237.141 306.41
25.00 430.4 0.43 2067.53 500.64 250.32 319.32
30.00 438.2 0.52 2105.21 509.32 254.66 323.66
35.00 441.7 0.61 2121.69 512.86 256.43 325.43
40.00 442.6 0.70 2126.40 513.55 256.78 325.78
45.00 Ly2.6 0.78 2126.40 513.10 256.55 325.55
50.00 Ly2.6 0.87 2126.40 512.66 256.33 325.33
55.00 442.2 0.96 2124.05 511.64 255.82 324.82
60.00 u41.7 1.05 2121.69 510.63 255.32 324.32
70.00 440.2 1.22 2114.63 508.04 254 .02 323.02
80.00 438.7 1.40 2107.56 505.46 252.73 321.73
90.00 436.8 1.58 2098.15 502.32 251.16 320.16
100.00 434.8 1.76 2088.73 499.19 249.59 318.59
110.00 432.4 1.94 2076.95 495.50 247.75 316.75
120.00 429.9 2.12 2065.18 491.83 245.91 314.91
130.00 427.0 2.30 2051.05 487.60 243.80 312.80
140.00 424.0 2.48 2036.92 483.39 241.69 310.69
150.00 420.6 2.66 2020. 44 478.63 239.31 308.31
160.00 417.2 2.84 2003.95 473.88 236.94 305.94
170.00 413.2 3.02 1985.11 468.59 234.30 303.30
180.00 409.3 .21 1966.28 463.32 231.66 300.66
190.00 404.9 3.39 1945.08 457.51 228.75 297.75
200.00 401.0 3.58 1926.24 452.27 226.13 295.13
210.00 396.1 3.76 1902.69 445,94 222.97 291.97
220.00 390.7 3.95 1876.79 439.08 219.54 288.54
230.00 385.3 L.y 1850.89 y32.24 216.12 285.12
240.00 377.5 g.32 1813.21 422.68 211.34 280.34
250.00 368.6 4.51 1770.83 412.06 206.03 275.03
260.00 358.3 4.70 1721.37 399.83 199.91 268.91
270.00 351.0 4.89 1686.05 390.92 195.46 264.46
280.00 343.6 5.08 1650.73 382.03 191.02 260.02
290.00 337.3 5.27 1620.12 374.27 187.13 256.13
300.00 332.4 5.46 1596.57 368.16 184.08 253.08
320.00 327.0 5.85 1570.67 360.87 180.43 249.43
340.00 324.5 6.24 1558.89 356.85 178.43 247.43
360.00 323.0 6.63 1551.83 353.93 176.97 285.97
380.00 323.0 7.02 1551.83 352.63 176.31 245.31
400.00 323.5 7.42 1554.18 351.86 175.93 244 .93
420.00 323.5 7.82 1554.18 350.55 175.28 244 .28
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##% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE S-221-B ,TESTED ON 28/05/1984 @ 11:00 AM *#*
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE{V) + 8 PARTS WATER *

CONFINING PRESSURE = 69 KPA DRY DENSITY = 16.91 KN/M**3
WATER CONTENT AT TESTING = 7.396 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.80 CM##2

DDR LDR cs LOAD DS Q P

DIvV. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 88.2 0.09 423.87 101.31 50.65 119.65
10.00 205.9 0.17 989.03 236.18 118.09 187.09
15.00 299.0 0.26 1436.44 342.73 171.36 240.36
20.00 364.7 0.35 1751.99 417.65 208.83 277.83
25.00 403.9 0.43 1940.37 462.16 231.08 300.08
30.00 422.5 0.52 2029.85 483.05 241.53 310.53
35.00 430.9 0.61 2069.89 492.15 246.08 315.08
40.00 434.8 0.70 2088.73 496.20 248.10 317.10
45.00 436.8 0.78 2098.15 498.00 249.00 318.00
50.00 437.7 0.87 2102.86 498.69 249.34 318.34
55.00 438.2 0.96 2105.21 498.81 249.41 318.41
60.00 438.2 1.05 2105.21 498.38 249.19 318.19
70.00 438.2 1.22 2105.21 497.51 248.75 317.75
80.00 437.3 1.40 2100.50 495.53 247.76 316.76
90.00 435.3 1.58 2091.08 492.44 2u6.22 315.22
100.00 433.8 1.76 2084.02 489.92 244 .96 313.96
110.00 431.9 1.94 2074.60 486.85 243 .42 312.42
120.00 429.4 2.12 2062.82 483.23 241,62 310.62
130.00 427.0 2.30 2051.05 479.63 239.81 308.81
140.00 424.0 2.48 2036.92 475.48 237.74 306.74
150.00 421.1 2.66 2022.79 471.35 . 235.67 304.67
160.00 418.1 2.84 2008.66 467.23 233.61 302.61
170.00 {1y, 2 3.02 1989.82 462.02 231.01 300.01
180.00 408.8 3.21 1963.92 455.20 227.60 296.60
190.00 406.4 3.39 1952.15 451.66 225.83 294.83
200.00 402.0 3.58 1930.95 445.96 222.98 291.98
210.00 397.1 3.76 1907. 41 439.74 219.87 288.87
220.00 392.2 3.95 1883.86 433.53 216.76 285.76
230.00 385.3 4.13 1850.89 425.18 212.59 281.59
240.00 376.0 L4.32 1806.15 414.15 207.08 276.08
250.00 365.7 .51 1756.70 402.09 201.04 270.04
260.00 353.9 4.70 1700.18 388.45 194.23 263.23
270.00 344.1 4.89 1653.08 377.01 188.50 257.50
280.00 336.3 5.08 1615.41 367.75 183.87 252.87
290.00 329.9 5.27 1584.79 360.12 180.06 249,06
300.00 325.0 5.46 1561.25 354.13 177.06 246.06
310.00 323.0 5.65 1551.83 351.35 175.68 244 .68
320.00 320.6 5.85 1540.05 348.05 174.02 243.02
340.00 320.6 6.24 1540.05 346.78 173.39 242.39
360.00 321.1 6.63 1542.41 346.03 173.02 242.02
380.00 322.1 7.02 1547.12 345.81 172.9 241.91

188



#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST %

## SAMPLE $-222-A ,TESTED ON 28/05/1984 @ 12:30 PM ##
## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.30 KN/M**B
WATER CONTENT AT TESTING = 7.370 % ’ CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14,72 CM SAMPLE AREA= 41.51 CM##2

DDR LDR Ccs LOAD DS Q P
DIV, Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 163.7 0.09 786.51 189.32 94.66 163.66
10.00 324.5 0.17 1558.89 374.92 187.46 256.46
15.00 413.7 0.26 1987.47 477.58 238.79 307.79
20.00 461.8 0.35 2218.24 532.57 266.29 335.29
25.00 485.3 0.43 2331.27 559.23 279.61 348.61
30.00 498.0 0.52 2392.50 573.42 286.71 355.71
35.00 503.9 0.61 2420.76 579.69 289.84 358.84
40.00 508.3 0.69 2441.95 584.25 292.13 361.13
45.00 510.3 0.78 2451.37 586.00 293.00 362.00
50.00 511.3 0.87 2456.08 586.61 293.31 362.31
55.00 511.8 0.96 2458.43 586.66 293.33 362.33
60.00 511.8 1.05 2458.43 586.15 293.08 362.08
70.00 510.3 1.22 2451.37 583.45 291.73 360.73
80.00 508.8 1.40 244431 580.75 290.38 359.38
90.00 504. 4 1.58 2423.11 57T4.71 287.36 356.36
100.00 502.9 1.76 2416.05 572.03 286.02 355.02
110.00 499.5 1.93 2399.56 567.13 283.57 352.57
120.00 495.1 2.11 2378.37 561.13 280.57 349.57
130.00 489.2 2.29 2350.11 553.49 276.74 345.74
140.00 481.9 2.47 2314.79 544,21 272.10 341.10
150.00 469.6 2.66 2255.92 529.43 264.72 333.72
160.00 452.9 2.84 2175.85 509.74 254.87 323.87
170.00 433.3 3.02 2081.66 486.80 243.40 312.40
180.00 411.8 3.20 1978.05 461.75 230.88 299.88
190.00 389.2 3.39 1869.73 435.69 217.84 286.84
200.00 359.8 3.57 1728.44 402.05 201.02 270.02
210.00 332.4 3.76 1596.57 370.71 185.35 254.35
220.00 312.7 3.94 1502.38 348.21 174.11 2h3.11
230.00 305.9 4.13 1469.41 339.96 169.98 238.98
240.00 305.9 4.32 1469.41 339.35 169.68 238.68
250.00 307.8 4.51 1478.83 340.91 170.46 239.46
260.00 309.8 4.70 1488.25 3u2.47 171.23 240.23
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CONFINING PRESSURE = 69 KPA

WATER CONTENT AT TESTING = 7.364 %
SAMPLE LENGTH= 14.75 CM

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

#* SAMPLE S-222-8 ,TESTED ON 28/05/1984 @
## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER ##
DRY DENSITY = 17.39 KN/M¥*¥3
CURE PERIOD = 14 DAYS IN WAX
SAMPLE AREA= 40.85 CmM##2

1:30 PM #&

DDR LDR Ccs LOAD DS Q P

Div. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 125.5 0.09 602.83 W7.46 73.73 142,73
10.00 266.7 0.17 1281.02 313.08 156.54 225.54
15.00 364.7 0.26 1751.99 427.82 213.91 282.91
20.00 421.6 0.35 2025.15 494,10 247.05 316.05
25.00 451.0 0.43 2166.43 528.11 264.06 333.06
30.00 467.6 0.52 2246.50 547.16 273.58 342.58
35.00 478.4 0.61 2298.31 559.29 279.64 348.64
L40.00 483.3 0.69 2321.85 564.53 282.26 351.26
45.00 487.3 0.78 2340.69 568.62 284.31 353.31
50.00 489.2 0.87 2350.11 570.41 285.20 354.20
55.00 490.7 0.96 2357.18 571.63 285.81 354.81
60.00 491.2 1.04 2359.53 571.70 285.85 354.85
70.00 491.7 1.22 2361.89 571.28 285.64 354.64
80.00 491.7 1.40 2361.89 570.28 285.14 354.14
90.00 490.2 1.57 2354.82 567.58 283.79 352.79
100.00 488.2 1.75 2345.40 564.32 282.16 351.16
110.00 485.8 1.93 2333.63 560.51 280.25 3u9.25
120.00 482.8 2.1 2319.50 556.13 278.07 347.07
130.00 479.4 2.29 2303.01 551.21 275.61 3uh.61
140.00 475.5 2.47 2284.18 545.74 272.87 341.87
150.00 470.6 2.65 2260.63 539.16 269.58 338.58
160.00 466.2 2.83 2239.43 533.16 266.58 335.58
170.00 460.8 3.02 2213.53 526.06 263.03 332.03
180.00 454.9 3.20 2185.27 518.42 259.21 328.21
190.00 448.0 3.38 2152.31 209.70 254.85 323.85
200.00 441.2 3.57 2119.34 500.99 250.50 319.50
220.00 417.6 3.94 2006.31 472.58 236.29 305.29
230.00 402.0 §.12 1930.95 454,02 227.01 296.01
240.00 388.2 .31 1865.02 437.73 218.86 287.86
250.00 374.5 4.50 1799.08 421.50 210.75 279.75
260.00 360.8 4.69 1733.15 405.32 202.66 271.66
270.00 350.0 4.88 1681.34 392.49 196.25 265.25
280.00 343.1 5.07 1648.37 384.10 192.05 261.05
290.00 336.8 5.26 1617.76 376.29 188. 14 257.14
300.00 333.3 5.45 1601.28 371.78 185.89 254.89
310.00 331.9 5.64 1594 .21 369.47 184.73 253.73
320.00 331.9 5.83 1594.21 368.79 184.40 253.40
340.00 333.3 6.22 1601.28 369.08 184.54 253.54
360.00 334.3 6.61 1605.99 368.81 184.40 253.40
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

** SAMPLE S-223-A ,TESTED ON 09/06/1984 @ 12:30 PM »%
## COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER *

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.54 KN/M**3
WATER CONTENT AT TESTING = 7.247 % CURE PERIOD = 14 DAYS IN WAX
SAMPLE LENGTH= 14.70 CM SAMPLE AREA= 41.35 CM¥*#2

DDR LDR cs LOAD DS ' Q P
Div. DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 123.8 0.09 594.76 143.70 71.85 140.85
10.00 234.3 0.17 1125.47 271.68 135.84 204,84
15.00 329.5 0.26 1582.98 381.79 190.90 259.90
20.00 421.0 0.35 . 2022.19 487.30 243.65 312.65
25.00 473.3 0.43 2273.82 S547.47 273.73 342.73
30.00 502.9 0.52 2415, 64 581.11 290.55 359.55
35.00 516.2 0.61 2479.69 596.00 298.00 367.00
40.00 523.3 0.70 2514.00 603.72 301.86 370.86
45.00 526.2 0.78 2527.73 606.49 303.24 372.24
50.00 527.1 0.87 2532.31 607.06 303.53 372.53
55.00 527.1 0.96 2532.31 606.53 303.26 372.26
60.00 526.7 1.05 2530.02 605.45 302.73 371.73
70.00 524.3 1.22 2518.58 601.66 300.83 369.83
80.00 521.4 1.40 2504.86 597.34 298.67 367.67
90.00 518.1 1.58 2488.84 592.48 296.24 365.24
100.00 514.8 1.76 2472.83 587.63 293.82 362.82
110.00 511.0 1.94 2454 .53 582.26 291.13 360.13
120.00 506.7 2.12 2433.94 576.36 288.18 357.18
130.00 502.4 2.30 2413.36 570.48 285.24 354.24
140.00 497.6 2.48 2390.48 564.07 282.03 351.03
150.00 491.9 2.66 2363.03 556.60 278.30 347.30
160.00 485.7 2.84 2333.29 548.62 274,31 343.31
170.00 478.6 3.03 2298.98 539.60 269.80 338.80
180.00 470.0 3.21 2257.80 528.99 264.49 333.49
190.00 460.5 3.39 2212.05 517.35 258.67 327.67
200.00 449.5 3.58 2159.44 504.14 252.07 321.07
210.00 434.3 3.76 2086.24 486.18 243.09 312.09
220.00 318.1 3.95 2008.46 467.21 233.61 302.61
230.00 Loy.8 414 1944 .41 451.50 225.75 294.75
240.00 391.4 4.33 1880.36 435.84 217.92 286.92
250.00 381.4 4.51 1832.32 423.94 211.97 280.97
260.00 371.4 4.70 1784.28 412.08 206.04 275.04
270.00 360.0 4.89 1729.38 398.68 199.34 268.34
280.00 351.4 5.08 1688.20 388.48 194.24 263.24
290.00 343.3 5.27 1649.32 378.84 189.42 258.42
300.00 333.3 5.47 1601.28 367.14 183.57 252.57
310.00 321.0 5.66 1541.80 352.86 176.43 245.43
320.00 311.0 5.85 1493.76 341.24 170.62 239.62
340.00 303.8 6.24 1459.45 332.18 166.09 235.09
360.00 302.4 6.63 1452.59 329.41 164.70 233.70
380.00 303.3 7.03 1457.16 329.23 164.61 233.61
400.00 301.9 T.42 1450.30 326.47 163.23 232.23
420.00 303.3 7.82 1457.16 326.79 163.40 232.40
440.00 304.8 8.23 1464.03 327. M1 163.55 232.55
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WATER CONTENT AT TESTING = 7.375 %

DRY DENSITY = 17.60
CURE PERIOD = 14

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##*

##% SAMPLE S-223-B ,TESTED ON 09/06/1984 @ 1:30 PM #%

## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND

+ 2 PARTS PORTLAND CEMENT TYPE(V) + 8 PARTS WATER #*
CONFINING PRESSURE = 69 KPA

KN/M“*3
DAYS IN WAX

SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.12 CM*%2
DDR LOR Ccs LOAD DS Q P
Div. DIvV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 123.8 0.09 594.76 144,51 72.25 41.25

10.00 265.7 0.17 1276.45 309.87 154.93 223.93

15.00 371.4 0.26 1784.28 432.77 216.39 285.39

20.00 Ly4.8 0.35 2136.56 517.77 258.88 327.88

25.00 485.7 0.43 2333.29 564.95 282.48 351.48

30.00 504.8 0.52 2424.79 586.60 293.30 362.30

35.00 514.3 0.61 2470.54 597.15 298.57 367.57

40.00 521.0 0.70 2502.57 604.36 302.18 371.18

45.00 524.3 0.78 2518.58 607.70 303.85 372.85

50.00 525.2 0.87 2523.16 608.28 304.14 373.14

55.00 . 525.7 0.96 2525.45 608.30 304.15 373.15

60.00 525.7 1.05 2525.45 607.77 303.88 372.88

70.00 524.8 1.22 2520.87 605.61 302.80 371.80

80.00 522.9. 1.40 2511.72 602.35 301.18 370.18

90.00 520.0 1.58 2497.99 598.01 299.01 368.01

100.00 517.1 1.76 2484 .27 593.69 296.84 365.84
110.00 513.8 1.94 2468.26 588.82 294 .41 363.41
120.00 510.0 2.12 2449.96 583.43 291.71 360.71
130.00 505.7 2.30 2429 .37 577.51 288.75 357.75
140.00 501.4 2.48 2408.78 571.60 285.80 354.80
150.00 496.2 2.66 2383.62 564.63 282.31 351.31
160.00 491.0 2.84 2358.46 557.68 278.84 3u7.84
170.00 484.8 3.02 2328.72 5u9.67 274.83 343.83
180.00 478.1 3.1 2296.69 S41.14 270.57 339.57
190.00 469.5 3.39 2255.52 530.50 265.25 334.25
200.00 451.4 3.58 2168.59 509.14 254.57 323.57
210.00 434.3 3.76 2086.24 488.93 2uy .46 313.46
220.00 416.2 3.95 1999.31 L467.72 233.86 302.86
230.00 402.9 4.13 1935.26 451.92 225.96 294.96
240.00 391.4 §.32 1880.36 438.31 219.16 288.16
250.00 380.0 4.51 1825.46 424,75 212.37 281.37
260.00 369.0 4.70 1772.84 411.76 205.88 274.88
270.00 362.4 4.89 1740.82 403.59 201.80 270.80
280.00 358.1 5.08 1720.23 398.10 199.05 268.05
290.00 353.3 5.27 1697.36 392.09 196.05 265.05
300.00 350.5 5.46 1683.63 388.21 194.11 263.11
310.00 3871 5.65 1667.62 383.82 191.91 260.91
320.00 346.2 5.85 ° 1663.04 382.07 191.03 260.03
340.00 344.3 6.24 1653.89 378.58 189.29 258.29
360.00 343.8 6.63 1651.60 376.67 188.33 257.33
380.00 342.4 7.02 1644.74 373.72 186.86 255.86
400.00 340.0 7.42 1633.30 369.75 184.88 253.88
420.00 337.6 7.82 1621.87 365.80 182.90 251.90
440.00 330.0 8.22 1585.27 356.22 178. 1 247.11
460.00 314.3 8.63 1509.78 337.98 168.99 237.99
480.00 311.4 9.04 1496.05 333.66 166.83 235.83
500.00 310.5 9.45 1491.48 331.38 165.69 234.69
520.00 3.y 9.86 1496.05 331.14 165.57 234.57
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING = N.A.

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST #%
## SAMPLE R-203-A ,TESTED ON 27/03/1984 @ 8:30

#% COMPOSITION OF MIX(BY WEIGHT)= 102 PARTS USED UP SAMPLES

AM #e

( PULVERIZED AND RECOPACTED, ORIGINALLY MIXED WITH
2 PARTS PORTLAND CEMENT TYPE(S))+ 8 PARTS WATER %
DRY DENSITY = 17.01 KN/M##3

T DAYS IN WAX

SAMPLE LENGTH= 14.69 CM

CURE PERIOD =

SAMPLE AREA= 40.75 CM##2

DDR LDR cs LOAD DS ‘Q P

DIV. DIV, N KPA KPA KPA

0.00 0.0 0.00 0.00 0.00 0.00 69.00

5.00 63.0 0.09 302.64 74.20 37.10 106.10

10.00 98.0 0.17 470.78 115.31 57.66 126.66

15,00 127.0 0.26 610.09 119,31 T4.65 143.65
20.00 150.0 0.35 720.58 176.20 88.10 157.10
25.00 168.5 0.43 809.45 197.76 98.88 167.88

30.00 184.0 0.52 883.91 215.76 107.88 176.88

35.00 194.0 0.61 931.94 227.29 113.64 182.64
40.00 203.0 0.70 975.18 237.63 118.81 187.81
45,00 208.0 0.78 999.20 243.27 121.63 190.63
50.00 212.5 0.87 1020.82 248.31 124.16 193.16
55.00 216.0 0.96 1037.63 252.18 126.09 195.09
60.00 219.0 1.05 1052. 04 255.46 127.73 196.73
70.00 222.5 1.22 1068.85 259.09 129.55 198.55
80.00 225.5 1.40 1083.27 262.13 131.06 200.06
90.00 227.5 1.58 1092.87 263.99 131.99 200.99
100.00 229.5 1.76 1102.48 265.84 132.92 201.92
110.00 231.0 1.94 1109.69 267.11 133.55 202.55
120.00 232.0 2.12 1114.49 267.79 133.89 202.89
130.00 233.0 2.30 1119.29 268.47 134.23 203.23
140.00 233.5 2.48 1121.70 268.57 134.28 203.28
150.00 234.0 2.66 1124.10 268.67 134.33 203.33
160.00 234.5 2.84 1126.50 268.76 134.38 203.38
170.00 234.5 3.03 1126.50 268.29 134.14 203.14
180.00 234.5 3.21 1126.50 267.81 133.90 202.90
190.00 235.0 3.40 1128.90 267.90 133.95 202.95
200.00 235.0 3.58 1128.90 267.42 133.71 202.71
210.00 235.0 3.77 1128.90 266.94 133.47 202.47
220.00 234.5 3.95 1126.50 265.90 132.95 201.95
230.00 234.0 .14 1124.10 264 .85 132.43 201.43
240.00 234.0 4.33 1124.10 264.38 132.19 201.19
250.00 233.5 4.52 1121.70 263.34 131.67 200.67
260.00 233.5 4.71 1121.70 262.86 131.43 200.43
270.00 233.0 4.90 1119.29 261.82 130.91 199.91
280.00 232.5 5.09 1116.89 260.79 130.39 199.39
290.00 232.5 5.28 1116.89 260.31 130.16 199.16
300.00 232.0 5.47 1114.49 259.28 129.64 198.64
320.00 230.0 5.86 1104.88 256.11 128.05 197.05
340.00 230.0 6.25 1104.88 255.17 127.59 196.58
360.00 230.0 6.64 1104.88 254 .23 127.12 196.12
380.00 229.0 7.03 1100.08 252.19 126.10 195.10
400.00 227.5 7.43 1092.87 249.61 124.81 193.81
420.00 226.5 7.83 1088.07 247.59 123.80 192.80
440.00 226.0 8.23 1085.67 246.13 123.06 192.06
460.00 225.0 8.64 1080.86 244,12 122.06 191.06
480.00 224.5 9.05 1078.46 242.66 121.33 190.33
500.00 224.0 9.46 1076.06 241.21 120.60 189.60
520.00 224.0 9.88 1076.06 240. 30 120.15 189.15
540.00 224.0 10.30 1076.06 239.38 119.69 188.69
560.00 224.5 10.72 1078.46 239.00 119.50 188.50
580.00 225.0 11.14 1080.86 238.62 119.31 188.31
600.00 226.0 11.57 1085.67 238.76 119.38 188.38
640.00 227.5 12.44 1092.87 238.49 119.24 188.24
660.00 228.0 12.88 1095.28 238.08 119.04 188.04
680.00 228.5 13.32 1097.68 237.67 118.84 187.84
700.00 228.5 13.77 1097.68 236.74 118.37 187.37
740.00 230.0 14.67 1104.88 236.42 118.21 187.21
780.00 231.5 15.59 1112.09 236.08 118.04 187.04
820.00 233.0 16.52 1119.29 235.71 117.85 186.85
840.00 234.0 16.99 1124.10 235.77 117.88 186.88
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CONFINING PRESSURE = 69 KPA

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST %+
## SAMPLE R-203-B ,TESTED ON 27/03/1984 @ 09:30 AM w#

## COMPOSITION OF MIX(BY WEIGHT)= 102 PARTS USED UP SAMPLES

(PULVERIZED AND RECOPACTED, ORIGINALLY MIXED WITH
2 PARTS PORTLAND CEMENT TYPE(5))+ 8 PARTS WATER ##

WATER CONTENT AT TESTING = 7.294 %
SAMPLE LENGTH= 14.71 CM

DRY DENSITY = 17,09 KN/M®##*3
CURE PERIOD =

T DAYS IN WAX
SAMPLE AREA= 41.25 CM¥*2

DDR LDR cs LOAD DS Q P

DIV, Div. N KPA KPA KPA

0.00 0.0 0.00 0.00 0.00 0.00 69.00

5.00 65.0 0.09 312.25 75.64 37.82 106.82
10.00 106.0 0.17 509.21 123.24 61.62 130.62
15.00 135.0 0.26 648.52 156.82 78.41 W7.41
20.00 157.0 0.35 754.20 182.22 91.11 160.11
25.00 177.0 0.43 850.28 205.25 102.63 171.63
30.00 193.0 0.52 927.14 223.61 111.81 180.81
35.00 203.0 0.61 975.18 235.00 117.50 186.50
40.00 211.0 0.70 1013.61 244 .04 122.02 191.02
45.00 217.0 0.78 1042.43 250.77 125.38 194.38
50.00 221.5 0.87 1064.05 255.74 127.87 196.87
55.00 225.0 0.96 1080.86 259.56 129.78 198.78
60.00 227.5 1.05 1092.87 262.21 131.1 200.11
70.00 232.0 1.22 1114.49 266.93 133.47 202.47
80.00 234.5 1.40 1126.50 269.34 134.67 203.67
90.00 236.5 1.58 1136.11 271.16 135.58 204.58
100.00 238.0 1.76 1143, 31 272.40 136.20 205.20
110.00 239.5 1.94 1150.52 273.64 136.82 205.82
120.00 240.0 2.12 1152.92 273.72 136.86 205.86
130.00 240.5 2.30 1155.32 273.81 136.91 205.91
140.00 2u1.0 2.48 1157.72 273.90 136.95 205.95
150.00 241.5 2.66 1160.13 273.98 136.99 205.99
160.00 _2u1.5 2.84 1160.13 273.49 136.75 205.75
170.00 242.0 3.02 1162.53 273.57 136.79 205.79
180.00 242.0 3.21 1162.53 273.09 136.54 205.54
190.00 242.0 3.39 1162.53 272.60 136.30 205.30
200.00 2u1.5 3.58 1160.13 271.55 135.78 204,77
210.00 241.5 3.76 1160.13 271.06 135.53 204,53
220.00 241.0 3.95 1157.72 270.02 135.01 204.01
230.00 240.5 .14 1155.32 268.97 134.49 203.49
240.00 240.0 4.32 1152.92 267.93 133.97 202.97
250.00 240.0 4.51 1152.92 267.45 133.73 202.72
270.00 238.5 4.89 1145.72 264 .82 132.41 201.41
280.00 238.0 5.08 1143.31 263.79 131.89 200.89
290.00 237.5 5.27 1140.91 262.75 131.38 200.38
300.00 237.0 5.46 1138.51 261.72 130.86 199.86
310.00 236.5 5.66 1136.11 260.70 130.35 199.35
320.00 235.5 5.85 1131.30 259.12 129.56 198.56
340.00 234.0 6.24 1124.10 256.53 128.26 197.26
360.00 232.5 6.63 1116.89 253.95 126.97 195.97
380.00 231.5 7.02 1112.09 251.93 125.96 194,96
400.00 230.5 T.42 1107.28 249.91 124.96 193.96
420.00 229.5 7.82 1102.48 247.90 123.95 192.95
440.00 228.5 8.22 1097.68 245.90 122.95 191.95
460.00 228.5 8.63 1097.68 2u4.99 122.49 191.49
500.00 228.0 9.45 1095.28 242.61 121.31 190. 31
5u0.00 228.0 10.28 1095.28 240.78 120.39 189.39
580.00 228.5 11.13 1097.68 239.47 119.74 188.74
620.00 230.0 11.99 1104.88 239.19 119.60 188.60
660.00 232.0 12.86 1114.49 239.41 119.70 188.70
700.00 233.0 13.75 1119.29 238.56 119.28 188.28
740.00 234.5 14.65 1126.50 238.21 119. 11 188.11
780.00 236.0 15.56 1133.7 237.84 118.92 187.92
820.00 238.0 16.49 1143.31 237.94 118.97 187.97
840.00 239.0 16.97 1148.12 237.98 118.99 187.99
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CONFINING PRESSURE = 69 KPA

WATER CONTENT AT TESTING = 7.282 %
SAMPLE LENGTH= 14,73 CM

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST %+

## SAMPLE R-204-A ,TESTED ON OL4/04L/1984 @
#* COMPOSITION OF MIX{BY WEIGHT)= 102 PARTS USED UP SAMPLES
{ PULVERIZED AND RECOPACTED, ORIGINALLY MIXED WITH
2 PARTS PORTLAND CEMENT TYPE({5))+ 8 PARTS WATER ##

DRY DENSITY = 16.92 KN/M®*#3
CURE PERIOD = 14 DAYS IN WAX

1:00 PM #+

SAMPLE AREA= 41.29 CM*#2

DDR LOR cs LOAD DS Q P

DIV. DiV. % N KPA KPA KPA

0.00 0.0 0.00 0.00 0.00 0.00 69.00

5.00 60.0 0.09 288.23 69.75 34.88 103.88
10.00 95.0 0.17 456.36 110.34 55.17 124.17
15.00 127.0 0.26 610.09 147.38 73.69 142.69
20.00 152.0 0.35 730.18 176.24 88.12 157.12
25.00 173.0 0.43 831.06 200.42 100.21 169.21
30.00 190.0 0.52 912.73 219.92 109.96 178.96
35.00 203.0 0.61 975.18 234.77 117.38 186.38
40.00 212.5 0.69 1020.82 245.54 122.77 191.77
45.00 219.0 0.78 1052.04 252.83 126.42 195.42
50.00 223.5 0.87 1073.66 257.80 128.90 197.90
55.00 227.5 0.96 1092.87 262.19 131.09 200.09
60.00 231.0 1.05 1109.69 265.99 132.99 201.99
70.00 235.5 1.22 1131.30 270.70 135.35 204.35
80.00 239.0 1.40 1148.12 274.24 137.12 206.12
90.00 241.5 1.58 1160.13 276.62 138.31 207.31
100.00 243.5 1.76 1169.73 278.43 139.21 208.21
110.00 284.5 1.93 1174.54 279.08 139.54 208.54
120.00 246.0 2.1 1181.74 280.30 140.15 209.15
130.00 2u6.5 2.29 1184.15 280.37 140.19 209.19
140.00 2u7.0 2.47 1186.55 280.45 140.22 209.22
150.00 247.5 2.66 1188.95 280.52 140.26 209.26
160.00 248.0 2.84 1191.35 280.59 140.29 209.29
170.00 248.0 3.02 1191.35 280.09 140.04 209.04
180.00 248.0 3.20 1191.35 279.59 139.80 208.80
190.00 2u8.0 3.39 1191.35 279.09 139.55 208.55
200.00 247.5 3.57 1188.95 278.03 139.02 208.02
210.00 247.5 3.76 1188.95 277.54 138.77 207.77
220.00 247.0 3.94 1186.55 276.48 138.24 207.24
230.00 246.5 4.13 1184.15 275.43 137.7 206.7
240.00 246.0 4.32 1181.74 274.37 137.19 206.19
250.00 245.0 4.51 1176.94 272.77 136.38 205.38
260.00 2u44.5 4.69 1174.54 27.72 135.86 204.86
270.00 2u4.0 4.88 1172.14 270.67 135.34 204,34
280.00 243.0 5.07 1167.33 269.08 134.54 203.54
290.00 242.5 5.27 1164.93 268.04 134.02 203.02
300.00 242.0 5.46 1162.53 267.00 133.50 202.50
310.00 241.5 5.65 1160.13 265.96 132.98 201.98
320.00 241.0 5.84 1157.72 264.93 132.46 201.46
340.00 240.0 6.23 1152.92 262.87 131.43 200.43
360.00 239.0 6.62 1148.12 260.81 130.41 199.41
380.00 237.0 7.01 1138.51 257.68 128.84 197.84
400.00 236.0 7.4 1133.7M 255.64 127.82 196.82
420.00 234.5 7.81 1126.50 253.08 126.54 195.54
440.00 233.5 8.21 1121.70 251.06 125.53 194.53
460.00 232.5 8.62 1116.89 249.05 124.53 193.53
480.00 231.5 9.03 1112.09 247.05 123.53 192.53
500.00 231.5 9.u4 1112.09 246.12 123.06 192.06
520.00 231.0 9.85 1109.69 244,66 122.33 191.33
540.00 231.0 10.27 1109.69 243.74 121.87 190.87
560.00 230.5 10.69 1107.28 242.29 121.14 190. 14
580.00 230.5 11.12 1107.28 241.36 120.68 189.68
600.00 230.0 11.54 1104.88 239.9 119.96 188.96
620.00 230.0 11.97 1104.88 238.99 119.50 188.50
640.00 229.5 12.41 1102.48 237.55 118.77 187.77
660.00 229.0 12.85 1100.08 236.11 118.06 187.06
680.00 229.0 13.29 1100.08 235.19 117.60 186.60
700.00 229.0 13.73 1100.08 234.27 117.14 186.14
720.00 229.0 14.18 233.36 116.68 185.68

1100.08
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=7.694%

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

#% SAMPLE C-201-A ,TESTED ON 15/04/1984 @ 11:30 AM %+
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER **
DRY DENSITY = 17.39 KN/M##3
CURE PERIOD= 7 DAYS IN WAX

SAMPLE LENGTH= 14.71 CM

SAMPLE AREA= 41.12 CM##2

DDR LDR cs LOAD DS Q P

Div. DIV. N KPA KPA KPA

0.00 0.0 0.00 0.00 0.00 0.00 69.00

5.00 72.0 0.09 345.88 84.04 42.02 111.02
10.00 106.0 0.17 509.21 123.61 61.81 130.81
15.00 131.0 0.26 629.30 152.64 76.32 145,32
20.00 147.0 0.35 706.16 171.13 85.56 154.56
25.00 165.0 0.43 792.63 191.92 95.96 164.96
30.00 179.0 0.52 859.89 208.02 104.01 173.01
35.00 186.0 0.61 893.51 215.97 107.98 176.98
40.00 194.0 0.70 931.94 225.06 112.53 181.53
45.00 199.0 0.78 955.96 230.66 115.33 184.33
50.00 203.0 0.87 975.18 235.09 117.55 186.55
55.00 206.0 0.96 989.59 238.36 119.18 188.18
60.00 208.0 1.05 999.20 2L40.46 120.23 189.23
70.00 212.0 1.22 1018.41 244 .66 122.33 191.33
80.00 214.0 1.40 1028.02 246.54 123.27 192.27
90.00 215.0 1.58 1032.83 2u7.26 123.63 192.63
100.00 215.0 1.76 1032.83 246.82 123.41 192.41
110.00 216.0 1.94 1037.63 247.54 123.77 192.77
120.00 216.0 2.12 1037.63 2u7.10 123.55 192.55
130.00 216.0 2.30 1037.63 246.66 123.33 192.33
140.00 215.0 2.48 1032.83 245.09 122.54 191.54
150.00 214.0 2.66 1028.02 243,52 121.76 190.76
160.00 214.0 2.84 1028.02 243.09 121,54 190.54
170.00 213.0 3.02 1023.22 241.52 120.76 189.76
180.00 213.0 3.21 1023.22 241.09 120.55 189.55
190.00 212.0 3.39 1018.41 239.53 119.77 188.77
200.00 212.0 3.58 1018.41 239.10 119.55 188.55
210.00 211.0 3.76 1013.61 237.55 118.78 187.78
220.00 210.0 3.95 1008.81 236.00 118.00 187.00
230.00 210.0 4.13 1008.81 235.58 117.79 186.79
240.00 209.0 .32 1004.00 234.03 117.02 186.02
250.00 208.0 .51 999.20 232.49 116.25 185.25
260.00 208.0 4.70 999.20 232.08 116.04 185.04
270.00 207.0 4.89 994.39 230.54 115.27 184.27
280.00 206.0 5.08 989.59 229.01 114.51 183.51
290.00 206.0 5.27 989.59 228.60 114.30 183.30
300.00 205.0 5.u46 984.79 227.07 113.54 182.54
310.00 204.0 5.65 979.98 225.56 112.78 181.78
320.00 203.0 5.85 975.18 224.04 112.02 181.02
340.00 201.0 6.24 965.57 221.02 110.51 179.51
360.00 200.0 6.63 960.77 219.12 109.56 178.56
380.00 198.0 7.02 951.16 216.13 108.06 177.06
400.00 198.0 7.42 951.16 215.33 107.66 176.66
420.00 197.0 7.82 946.36 213.45 106.72 175.72
440.00 196.0 8.22 941.55 211.57 105.79 174.79
460.00 196.0 8.63 941.55 210.78 105.39 174.39
500.00 196.5 9.45 943.95 209.73 104.87 173.87

196



## UNSATURATED UNDRAINED TRIAX{AL COMPRESSION TEST %#

## SAMPLE C-201-B ,TESTED ON 15/04/1984 € 1:00 PM ##
#+# COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER %

CONF INING PRESSURE = 69 KPA DRY DENSITY = 17.26 KN/M##3
WATER CONTENT AT TESTING=7.551% CURE PERIOD= 7 DAYS IN WAX
SAMPLE LENGTH= 14.69 CM SAMPLE AREA= 41.29 CM%#2

DDR LDR cs LOAD DS Q P
DIv. DIvV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 70.0 0.09 336.27 81.37 40.69 109.69
10.00 102.0 0.17 489.99 118.47 59.24 128.24
15.00 129.0 0.26 619.70 149.70 74.85 143.85
20.00 149.0 0.35 715.77 172.76 86.38 155.38
25.00 167.0 0.43 802.24 193.47 96.73 165.73
30.00 181.0 0.52 869.49 209.50 104.75 173.75
35.00 189.0 0.61 907.93 218.57 109.29 178.29
40.00 196.5 0.70 943.95 227.05 113.52 182.52
45.00 201.5 0.78 967.97 232.62 116.31 185.31
50.00 205.0 0.87 984.79 236.46 118.23 187.23
55.00 208.5 0.96 1001.60 240.28 120.14 189.14
60.00 210.5 1.05 1011.21 242,38 121.19 190.19
70.00 214.0 1.23 1028.02 245.98 122.99 191.99
80.00 216.0 1.40 1037.63 247.84 123.92 192.92
90.00 217.5 1.58 10u44.83 249.12 124.56 193.56
100.00 218.5 1.76 1049.64 249.83 124.91 193.91
110.00 219.5 1.94 1054 . 44 250.53 125.27 194.27
120.00 219.0 2.12 1052.04 249,52 124.76 193.76
130.00 219.0 2.30 1052.04 249.08 124.54 193.54
140.00 219.0 2.48 1052.04 248.64 124.32 193.32
150.00 219.0 2.66 1052.04 248.20 124.10 193.10
160.00 218.5 2.85 1049.64 247.19 123.60 192.60
170.00 217.0 3.03 1042.43 245.06 122.53 191.53
180.00 216.5 3.21 1040.03 2Ly .06 122.03 191.03
190.00 215.5 3.40 1035.23 242.50 121.25 190.25
200.00 215.0 3.58 1032.83 241.50 120.75 189.75
210.00 214.5 3.77 1030.42 240.51 120.25 189.25
220.00 213.5 3.96 1025.62 238.96 119.48 188.48
230.00 213.0 4.4 1023.22 237.97 118.98 187.98
240.00 212.0 4.33 1018.41 236.43 118.21 187.21
250.00 211.5 4,52 1016.01 235.44 117.72 186.72
260.00 211.0 4.7 1013.61 234.46 117.23 186.23
270.00 210.0 4.90 1008.81 232.93 116.46 185.46
280.00 209.5 5.09 1006. 40 231.95 115.98 184.98
290.00 209.0 5.28 1004.00 230.98 115.49 184.49
300.00 208.0 5.47 999.20 229.45 114.73 183.73
310.00 207.5 5.66 996.80 228.48 114.24 183.24
320.00 206.5 5.86 991.99 226.97 113.48 182.48
340.00 204.5 6.25 982.39 223.95 111.97 180.97
360.00 203.0 6.64 975.18 221.49 110.74 179.74
380.00 201.5 7.03 967.97 219.04 109.52 178.52
400.00 201.0 7.43 965.57 217.69 108.84 177.84
420.00 200.0 7.83 960.77 215.80 107.90 176.90
440.00 199.5 8.24 958.37 214.46 107.23 176.23
460.00 199.0 8.64 955.96 213.12 106.56 175.56
500.00 199.5 9.47 958.37 212.05 106.02 175.02
540.00 200.5 10.30 9263.17 211.50 105.75 174.75
580.00 202.0 11.15 970.38 211.45 105.73 174.73
620.00 204.0 12.01 979.98 211.9 105.95 174.95
660.00 207.0 12.88 994,39 213.36 106.68 175.68
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING= 7.689

*## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE C-202-A ,TESTED ON 23/04/1984 @ 8:00 AM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##
DRY DENSITY = 17.48 KN/M*%3
CURE PERIOD=14 DAYS IN WAX

SAMPLE LENGTH= 14.73 CM

SAMPLE AREA= 40.83 CM*#2

DDR LDR cs LOAD DS Q P
DIv. DIV, % N KPA KPA KPA
0.00 0. 0.00 0.00 0.00 0.00 69.00
5.00 5. 0.09 360.29 88.17 44,08 113.08
10.00 110. 0.17 528.42 129.20 64.60 133.60
15.00 140. 0.26 672.54 164.29 82.15 151.15
20.00 159. 0.35 763.81 186.43 93.22 162.22
25.00 174, 0.43 835.87 203.84 101.92 170.92
30.00 183. 0.52 879.10 214.20 107.10 176.10
35.00 193. 0.61 927.14 225.71 112.85 181.85
40.00 199. 0.69 955.96 232.52 116.26 185.26
45.00 204. 0.78 977.58 237.58 118.79 187.79
50.00 207. 0.87 994, 39 241.45 120.73 189.73
55.00 210. 0.96 1008.81 2h4. 74 122.37 191.37
60.00 213. 1.05 1020. 82 247.44 123.72 192.72
70.00 216. 1.22 1037.63 251.07 125.54 194,54
80.00 218. 1.40 1047.24 252.96 126.48 195.48
90.00 220. 1.58 1054.44 254.25 127.13 196.13
100.00 221. 1.75 1059.25 254.96 127.48 196.48
110.00 221. 1.93 1061.65 255.09 127.55 196.55
120.00 221. 2.11 1061.65 254.64 127.32 196.32
130.00 221, 2.29 1061.65 254.20 127.10 196.10
140.00 221, 2.47 1061.65 253.75 126.87 195.87
150.00 221. 2.66 1061.65 253.30 126.65 195.65
160.00 221. 2.84 1059.25 252.28 126.14 195.14
170.00 220. 3.02 1056.84 251.26 125.63 194.63
180.00 219. 3.20 1052.04 249.67 124.84 193.84
190.00 218. 3.39 1047.24 248.09 124.05 193.05
200.00 217. 3.57 1042.43 246.51 123.26 192.26
210.00 217. 3.76 1040.03 245.51 122.75 191.75
220.00 215. 3.94 1032.83 243.37 121.68 190.68
230.00 214, 4.13 1028.02 241.80 120.90 189.90
240.00 213. 4.32 1023.22 240.24 120.12 189.12
250.00 212, 4.50 1016.01 238.12 119.06 188.06
260.00 211. 4.69 1011.21 236.57 118.28 187.28
270.00 210. 4.88 1006.40 235.02 117.51 186.51
280.00 209. 5.07 1001.60 233.47 116.74 185.74
290.00 208. 5.26 996.80 231.93 115.97 184.97
300.00 207. 5.45 991.99 230.40 115.20 184.20
310.00 206. 5.65 987.19 228.86 114.43 183.43
320.00 205. 5.84 982.39 227.33 113.67 182.67
340.00 203. 6.23 975.18 224 .84 112.42 181.42
360.00 202. 6.62 967.97 222.36 111.18 180.18
380.00 200. 7.01 958.37 219.35 109.67 178.67
400.00 199. 7.41 953.56 217.44 108.72 177.72
420.00 198. 7.81 951.16 216.09 108.05 177.05
440.00 197. 8.21 9u6.36 214.20 107.10 176.10
460.00 197. 8.61 946.36 213.40 106.70 175.70
500.00 197. 9.43 943.95 211.27 105.63 174.63
540.00 197. 10.27 946.36 210.20 105.10 174.10
580.00 198. 1.1 951.16 209.66 104.83 173.83
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=7.592%

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE C-202~B ,TESTED ON 23/04/1984 € 10:00 AM *#
## COMPOSITION OF MIX(BY WEIGHT )= 100 PARTS FINE SAND

+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##

SAMPLE LENGTH= 14.74 CM

DRY DENSITY = 17.19 KN/M#*3

CURE PERIOD=14 DAYS IN WAX
SAMPLE AREA= 41.36 CM*#2

DDR LDR cs LOAD DS Q P
DIv. Div. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 77.0 0.09 369.90 89.36 L44.68 113.68
10.00 114.0 0.17 547.64 132.19 66.10 135.09
15.00 141.0 0.26 677.34 163.36 81.68 150.68
20.00 159.0 0.35 763.81 184.05 92.03 161.03
25.00 174.0 0.43 835.87 201.24 100.62 169.62
30.00 185.0 0.52 888.71 213.78 106.89, 175.89
35.00 192.5 0.61 924.74 222.25 111.13 180.13
40.00 198.5 0.69 953.56 228.98 114.49 183.49
45.00 203.0 0.78 975.18 233.97 116.98 185.98
50.00 206.5 0.87 991.99 237.80 118.90 187.90
55.00 209.0 0.96 1004.00 240.47 120.23 189.23
60.00 211.0 1.04 1013.61 242.56 121.28 190.28
70.00 214.5 1.22 1030.42 2u6.15 123.08 192.08
80.00 216.5 1.40 1040.03 248.01 124.01 193.01
90.00 217.5 1.58 1044.83 248.72 124.36 193.36
100.00 218.5 1.75 1049.64 249.43 124.71 193.71
110.00 219.0 1.93 1052.04 249.56 124.78 193.78
120.00 219. 2.1 1052.04 249.12 124 .56 193.56
130.00 219.0 2.29 1052.04 248.68 124.34 193.34
140.00 219.0 2.47 1052.04 248.25 124.12 193.12
150.00 218.5 2.65 1049.64 2u7.24 123.62 192.62
160.00 218.5 2.84 1049.64 246.80 123.40 192.40
170.00 218.0 3.02 1047.24 245.80 122.90 191.90
180.00 217.5 3.20 044,83 244 .80 122.40 191.40
190.00 216.5 3.38 1040.03 243.25 121.62 190.62
200.00 216.0 3.57 1037.63 242.25 121.13 190.13
210.00 215.0 3.75 1032.83 240.70 120.35 189.35
220.00 214.5 3.94 1030.42 239.71 119.86 188.86
230.00 213.5 4.13 1025.62 238.17 119.08 188.08
240.00 213.0 4.31 1023.22 237.18 118.59 187.59
250.00 212.5 4.50 1020.82 236.20 118.10 187.10
260.00 212.0 4.69 1018.41 235.22 117.61 186.61
270.00 211.5 4.88 1016.01 234.24 117.12 186.12
280.00 211.0 5.07 1013.61 233.27 116.63 185.63
290.00 210.5 5.26 1011.21 232.29 116.15 185.15
300.00 210.0 5.u45 1008.81 231.32 115.66 184.66
310.00 209.0 5.64 1004.00 229.80 114.90 183.90
320.00 208.5 5.84 1001.60 228.83 114.42 183.42
340.00 208.0 6.22 999.20 227.45 113.73 182.73
360.00 206.5 6.61 991.99 224.98 112.49 181.49
380.00 206.0 7.01 989.59 223.61 111.81 180.81
400.00 205.5 7.40 987.19 222.25 111.12 180.12
420.00 205.0 7.80 984.79 220.89 110.44 179.44
440.00 205.0 8.20 984.79 220.07 110.03 179.03
460.00 205.0 8.61 984.79 219.25 109.62 178.62
480.00 205.0 9.02 984.79 218.43 109.21 178.21
500.00 205.5 9.43 987.19 218.14 109.07 178.07
520.00 206.5 9.84 991.99 218.37 109.19 178.19
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE C-301-A ,TESTED ON 18/04/1984 @ 3:30 PM %%
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 3 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA . DRY DENSITY = 17.41 KN/M##3
WATER CONTENT AT TESTING=7.831% CURE PERIOD= 7 DAYS IN WAX
SAMPLE LENGTH= 14.72 CM SAMPLE AREA= 41.22 CM##2

DDR LOR cs LOAD DS Q P
DIv. DIv. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 7.0 0.09 341.07 82.68 41.34 110.34
10.00 108.0 0.17 518.81 125.66 62.83 131.83
15.00 131.0 0.26 629.30 152.29 76.15 145.15
20.00 152.0 0.35 730.18 176.55 88.28 157.28
25.00 168.0 0.43 807.04 194.97 97.48 166.48
30.00 180.0 0.52 864.69 208.71 104.36 173.36
35.00 189.0 0.61 907.93 218.96 109.48 178.48
40.00 195.0 0.69 936.75 225.71 112.86 181.86
45.00 200.0 0.78 960.77 231.30 115.65 184.65
50.00 203.5 0.87 977.58 235.14 117.57 186.57
55.00 206.0 0.96 989.59 237.82 118.91 187.91
60.00 208.5 1.05 1001.60 240.50 120.25 189.25
70.00 211.5 1.22 1016.01 243 .54 121.77 190.77
80.00 214.0 1.40 1028.02 2u5.98 122.99 191.99
90.00 215.0 1.58 1032.83 246.70 123.35 192.35
100.00 216.0 1.76 1037.63 247.42 123.71 192.71
110.00 217.0 1.93 1042.43 248.12 124.06 193.06
120.00 217.0 2.1 1042.43 247.69 123.84 192.84
130.00 217.0 2.29 1042.43 247.25 123.63 192.63
140.00 217.0 2.47 10482, 43 2u6.82 123.47 192.41
150.00 217.0 2.66 1042.43 246.38 123.19 192.19
160.00 217.0 2.84 1042.43 245.94 122.97 191.97
170.00 216.5 3.02 1040.03 244 .94 122.47 191.47
180.00 216.0 3.20 1037.63 2u3.94 121.97 190.97
190.00 215.0 3.39 1032.83 242,38 121.19 190.19
200.00 214.5 3.57 1030.42 241.38 120.69 189.69
210.00 214.0 3.76 1028.02 240.39 120.20 189.20
220.00 213.0 3.94 1023.22 238.84 119.42 188.42
230.00 212.5 4.13 1020.82 237.85 118.93 187.93
240.00 212.0 4.32 1018.41 236.87 118.43 187.43
250.00 211.0 4.5 1013.61 235.32 117.66 186.66
260.00 210.0 4.70 1008.81 233.79 116.89 185.89
270.00 209.0 4.88 1004 .00 232.25 116.13 185.13
280.00 208.0 5.08 999.20 230.72 115.36 184.36
290.00 207.0 5.27 994, 39 229.20 114.60 183.60
300.00 206.0 5.46 989.59 227.68 113.84 182.84
310.00 205.0 5.65 984 .79 226.16 113.08 182.08
320.00 204.0 5.84 979.98 224.65 112.32 181.32
340.00 203.0 6.23 975.18 222.73 111.36 180.36
360.00 201.0 6.62 965.57 219.73 109.86 178.86
380.00 199.5 7.01 958.37 217.28 108.64 177.64
400.00 198.5 7.41 953.56 215.40 107.70 176.70
420.00 198.0 7.81 951.16 214.06 107.03 176.03
440.00 198.0 8.21 951.16 213.26 106.63 175.63
480.00 197.5 9.03 948.76 211.14 105.57 174.57
520.00 198.0 9.85 951.16 210.08 105.04 174.04
560.00 199.5 10.69 958.37 210.06 105.03 174.03
600.00 201.0 11.54 965.57 210.03 105.01 174.01
620.00 202.0 11.98 970.38 210.26 105.13 174.13

640.00 203.0 12.4 975.18 210.48 105.24 174.24
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

##* SAMPLE C-206-A ,TESTED ON 03/06/1984 @ 10:30 AM ¥+
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##*

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.23 KN/M**3
WATER CONTENT AT TESTING=3.863% CURE PERIOD= 3 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.25 CM%#*2

DDR LOR cs LOAD DS Q P
D1V, DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 90.0 0.09 432.35 104.72 52.36 121.36
10.00 133.0 0.17 638.91 154.61 7. 146.31
15.00 164.0 0.26 787.83 190.49 95.24 164.24
20.00 184.0 0.35 883.91 213.53 106.77 175.77
25.00 206.0 0.43 989.59 238.86 119.43 188.43
30.00 224.0 0.52 1076.06 259.50 129.75 198.75
35.00 233.0 0.61 1119.29 269.69 134.85 203.85
40.00 243.0 0.70 1167.33 281.03 140.51 209.51
45.00 249.0 0.78 1196.16 287.71 143.86 212.86
50.00 253.0 0.87 1215.37 292.08 146.04 215.04
55.00 254.0 0.96 1220.17 292.98 146.49 215.49
60.00 255.0 1.05 1224 .98 293.88 146.94 215.94
70.00 255.0 1.22 1224.98 293.37 146.68 215.68
80.00 254.0 1.40 1220.17 291.70 145.85 214.85
90.00 253.0 1.58 1215.37 290.05 145.02 214.02
100.00 252.0 1.76 1210.57 288.39 144,20 213.20
110.00 251.0 1.94 1205.76 286.75 143.37 212.37
120.00 250.0 2.12 1200.96 285.10 142.55 211.55
130.00 247.0 2.30 1186.55 281.18 140.59 209.59
140.00 245.0 2.48 1176.94 278.41 139.21 208.21
150.00 242.0 2.66 1162.53 274.52 137.26 206.26
160.00 239.0 2.84 1148.12 270.63 135.32 204 .32
170.00 236.0 3.02 1133.71 266.76 133.38 202.38
180.00 233.0 3.21 1119.29 ~ 262.90 131.45 200.45
190.00 232.0 3.39 1114.49 261.31 130.65 199.65
200.00 231.0 3.58 1109.69 259.72 129.86 198.86
210.00 230.0 3.76 1104.88 258.13 129.07 198.07
220.00 229.0 3.95 1100.08 256.55 128.27 197.27
230.00 228.0 4.13 1095.28 254.97 127.48 196.48
240.00 227.0 4.32 1090.47 253.39 126.70 195.70
250.00 226.0 4.51 1085.67 251.82 125.91 194.91
260.00 225.0 4.70 1080.86 250.26 125.13 194.13
270.00 224.0 4.89 1076.06 248.70 124.35 193.35
280.00 223.0 5.08 1071.26 247.14 123.57 192.57
290.00 222.0 5.27 1066 .45 245.58 122.79 191.79
300.00 222.0 5.u46 1066.45 245,14 122.57 191.57
310.00 222.0 5.65 1066.45 244,69 122.34 191.34
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=3.802%

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE C-206-B ,TESTED ON 03/06/1984 @ 11:30 AM #¥
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

4+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##

DRY DENSITY = 17.20 KN/M##3

CURE PERIOD= 3 DAYS IN & OUT OF WAX

SAMPLE LENGTH= 14.72 CM SAMPLE AREA= 41.30 CM*%2
DDR LDR cs LOAD DS Q P
Div. DIvV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 80.0 0.09 384.31 92.97 46.48 115.48

10.00 123.0 0.17 590.87 142.81 71.41 140.41

15.00 154.0 0.26 739.79 178.65 89.32 158.32

20.00 174.0 0.35 835.87 201.68 100.84 169.84

25.00 197.0 0.43 946.36 228.14 114.07 183.07

30.00 214.0 0.52 1028.02 247.61 123.80 192.80

35.00 223.0 0.61 1071.26 257.80 128.90 197.90

40.00 233.0 0.69 1119.29 269.13 134.56 203.56

45.00 239.0 0.78 1148.12 275.82 137.9 206.91

50.00 243.0 0.87 1167.33 280.19 140.09 209.09

55.00 245.0 0.96 1176.94 282.25 .12 210.12

60.00 247.0 1.05 1186.55 284.30 142.15 211.15

70.00 249.0 1.22 1196.16 286.11 143.05 212.05

80.00 250.0 1.40 1200.96 286.75 143.38 212.38

90.00 248.0 1.58 1191.35 283.96 141.98 210.98

100.00 246.0 1.76 1181.74 281.18 140.59 209.59
110.00 245.0 1.93 1176.94 279.54 139.77 208.77
120.00 2u4.0 2.11 1172.14 277.91 138.96 207.96
130.00 243.0 2.29 1167.33 276.29 138.14 207.14
140.00 241.0 2.47 1157.72 273.53 136.76 205.76
150.00 240.0 2.66 1152.92 271.9 135.96 204.96
160.00 239.0 2.84 1148.12 270.30 135.15 204.15
170.00 238.0 3.02 1143.31 268.69 134.35 203.35
180.00 237.0 3.20 1138.51 267.09 133.54 202.54
190.00 235.5 3.39 1131.30 264.93 132.46 201.46
200.00 234.0 3.57 1124.10 262.77 131.38 200.38
210.00 233.0 3.76 1119.29 261.18 130.59 199.59
220.00 232.0 3.94 1114.49 259.59 129.80 198.80
230.00 231.0 4.13 1109.69 258.01 129.00 198.00
240.00 230.0 4.32 1104.88 256.43 128.22 197.22
250.00 228.5 4.51 1097.68 254.30 127.15 196.15
260.00 228.0 L.70 1095.28 253.29 126.64 195.64
270.00 227.5 4.89 1092.87 252.27 126.14 195.14
280.00 227.0 5.08 1090.47 251.26 125.63 194.63
290.00 227.0 5.27 1090.47 250.81 125.40 194.40
300.00 227.0 5.u46 1090.47 250.35 125.18 194.18
310.00 227.0 5.65 1090.47 249.90 124.95 193.95
320.00 227.0 5.84 1090.47 249. 44 124.72 193.72
340.00 228.0 6.23 1095.28 249.63 124.81 193.81
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST i

#% SAMPLE C-205-A ,TESTED ON 29/05/1984 @ 5:30 PM e
*% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.18 KN/M*¥*3
WATER CONTENT AT TESTING=0.507% CURE PERIOD= 7 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= U41.23 CM#%2

DDR LDR cs LOAD DS Q P
DIv. DIV, % N KPA KPA KPA
0.00 0.0 0.00 . 0.00 0.00 0.00 69.00
5.00 102.0 0.09 489.99 118.75 59.38 128.38
10.00 247.0 0.17 1186.55 287.31 143.66 212.66
15.00 352.0 0.26 1690.95 409.10 204.55 273.55
20.00 415.0 0.35 1993.59 481.89 240.95 309.95
25.00 446.0 0.44 2142.51 517.44 258.72 327.72
30.00 463.0 0.52 2224.18 536.70 268.35 337.35
35.00 472.0 0.61 2267.41 5u46.65 273.33 342.33
40.00 L475.0 0.70 2281.82 549.64 274.82 3u3.82
45.00 475.0 0.79 2281.82 549.16 274,58 343.58
50.00 472.5 0.88 2269.81 545.80 272.90 341.90
55.00 468.5 0.96 2250.60 S540.70 270.35 339.35
60.00 463.5 1.05 2226.58 534.46 267.23 336.23
70.00 451.0 1.23 2166.53 519.14 259.57 328.57
80.00 434.0 1.41 2084.87 498.69 249.35 318.35
90.00 402.0 1.59 1931.14 461.11 230.55 299.55
100.00 350.0 1.77 1681.34 400.76 200.38 269.38
110.00 294.0 1.95 1412.33 336.04 168.02 237.02
120.00 248.0 2.13 1191.35 282.96 141.48 210.48
130.00 230.0 2.31 1104.88 261.96 130.98 199.98
140.00 230.0 2.49 1104.88 261.49 130.75 199.75
150.00 231.0 2.67 1109.69 262.16 131.08 200.08



##% UNSATURATED UNDRAINED TRIAX!AL COMPRESSION TEST *#

## SAMPLE C-205-B ,TESTED ON 29/05/1984 € 6:30 PM ##
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.37 KN/M##3
WATER CONTENT AT TESTING=0.495% CURE PERIOD= 7 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.73 CM SAMPLE AREA= 41.06 CM®*#2

DDR LDR cs LOAD DS Q P
Div. DIV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 98.0 0.09 470.78 114.57 57.28 126.28
10.00 225.0 0.17 1080.86 262.81 131.41 200.41
15.00 333.0 0.26 1599.68 388.62 194.31 263.31
20.00 396.0 0.35 1902. 32 461.75 230.87 299.87
25.00 436.0 0.43 2094.47 507.95 253.98 322.98
30.00 457.0 0.52 2195.35 531.95 265.98 334.98
35.00 469.0 0.61 2253.00 545 .45 272.72 341.72
40.00 475.5 0.69 2284.22 552.53 276.26 345.26
50.00 477.5 0.87 2293.83 553.89 276.94 345.94
55.00 474.5 0.96 2279.42 549.93 274,97 343.97
60.00 470.5 1.05 2260.21 544,82 272.11 341.41
70.00 461.0 1.22 2214.57 532.89 266.44 335.44
80.00 448.0 1.40 2152.12 516.96 258.48 327.48
90.00 432.0 1.58 2075.26 497.62 248.81 317.81
100.00 400.0 1.76 1921.53 459.95 229.98 298.98
110.00 370.0 1.93 1777.42 424,71 212.36 281.36
120.00 332.0 2.1 1594.87 380.42 190.21 259.21
130.00 296.0 2.29 1421.94 338.57 169.29 238.29
140.00 268.0 2.47 1287.43 306.01 153.00 222.00
150.00 257.0 2.66 1234.59 292.93 146.46 215.46
160.00 254.0 2.84 1220.17 289.00 144,50 213.50
170.00 255.0 3.02 1224.98 289.62 144,81 213.81
180.00 256.0 3.20 1229.78 290.24 45.12 214.12
190.00 257.0 3.39 1234.59 290.85 45.43 214.43
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST #+

## SAMPLE C-204~A ,TESTED ON 05/06/1984 @ 11:30 AM ##
## COMPOSITION OF MIX({BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.25 KN/M%#3
WATER CONTENT AT TESTING=0.443% CURE PERIOD=14 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.70 CM SAMPLE AREA= 41.42 CM#*2

DDR LDR (9] LOAD DS Q P
DIV. DIv. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 135.0 0.09 648.52 156.43 78.22 47.22
10.00 300.0 0.17 1441.15 347.33 173.67 242,66
15.00 412.0 0.26 1979.18 476.59 238.29 307.29
20.00 470.0 0.35 2257.80 5u3.21 271.60 340.60
25.00 494.0 0.43 2373.10 570.45 285.23 354.23
30.00 505.5 0.52 2428.34 583.23 291.61 360.61
35.00 510.0 0.61 2449.96 587.91 293.95 362.95
40.00 511.0 0.70 2u54.76 588.55 294.27 363.27
45.00 509.0 0.78 2445.15 585.73 292.87 361.87
50.00 504.5 0.87 2423.54 580.05 290.02 359.02
55.00 498.5 0.96 2394.71 572.65 286.33 355.33
60.00 492.0 1.05 2363.49 564.69 282.35 351.35
70.00 477.0 1.22 2291.43 546.52 273.26 342.26
80.00 458.0 1.40 2200.16 523.83 261.92 330.92
90.00 432.0 1.58 2075.26 493.23 246.61 315.61
100.00 387.0 1.76 1859.09 441.08 220.54 289.54
110.00 343.0 1.94 16u47.72 390.24 195.12 264.12
120.00 305.0 2.12 1465.17 346.40 173.20 242.20
130.00 289.0 2.30 1388.31 327.64 163.82 232.82
140.00 283.5 2.u48 1361.89 320.84 160.42 229.42
150.00 283.5 2.66 1361.89 320.27 160.14 229.14
160.00 277.0 2.84 1330.66 312.37 156.19 225.19
170.00 267.0 3.03 1282.62 300.56 150.28 219.28
180.00 263.5 3.21 1265.81 296.09 148.05 217.05
190.00 263.5 3.39 1265.81 295.57 wu7.78 216.78
200.00 263.5 3.58 1265.81 295.04 147.52 216.52
210.00 264.0 3.77 1268.21 295.07 147.53 216.53
220.00 264.0 3.95 1268.21 294.54 wn7.27 216.27



## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE C-204-B ,TESTED ON 05/06/1984 @ 1:00 PM %«
#% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##
CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.25 KN/M¥#*3

WATER CONTENT AT TESTING=0.438% CURE PERIOD=14 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= 41.48 CM**2
DDR LDR cs LOAD DS Q P
DIV, DIV, % N KPA KPA KPA

0.00 0.0 0.00 0.00 0.00 0.00 69.00

5.00 106.0 0.09 509.21 122.65 61.33 130.32
10.00 240.0 0.17 1152.92 277.46 138.73 207.73
15.00 365.0 0.26 1753.40 421.60 210.80 279.80
20.00 440.0 0.35 2113.69 507.79 253.90 322.90
25.00 482.0 0.43 2315.45 555.78 277.89 346.89
30.00 504.0 0.52 2421.13 580.65 290.32 359.32
35.00 514.0 0.61 2469.17 591.65 295.83 364.83
40.00 518.0 0.70 2488.39 595.74 297.87 366.87
45.00 518.5 0.78 2490.79 595.80 297.90 366.90
50.00 516.5 0.87 2481.18 592.98 296.49 365.49
55.00 512.0 0.96 2459.57 587.30 293.65 362.65
60.00 506.0 1.05 2430.74 579.92 289.96 358.96
70.00 487.0 1.22 2339.47 557.17 278.58 347.58
80.00 455.0 1.40 2185.75 519.65 - 259.82 328.82
90.00 406.0 1.58 1950. 36 462.87 231.4Y4 300.44
110.00 230.0 1.94 1104.88 261.30 130.65 199.65
120.00 230.0 2.12 1104.88 260.84 130.42 199.42
130.00 230.0 2.30 1104.88 260.38 130.19 199.19
140.00 230.0 2.u48 1104.88 259.92 129.96 198.96
150.00 231.0 2.66 1109.69 260.59 130.29 199.29
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=0.446%

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST #*#

*# SAMPLE C-203-A ,TESTED ON 29/05/1984 @ 7:30 PM #
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER #*#
DRY DENSITY = 17.25 KN/M##3
CURE PERIOD=28 DAYS IN & OUT OF WAX

SAMPLE LENGTH= 14.69 CM

SAMPLE AREA= 41,37 CM#¥*2

DDR LDR cs LOAD DS Q P
DIv. DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 103.0 0.09 L494.80 119.49 59.75 128.75
10.00 213.0 0.17 1023.22 246.90 123.45 192.45
15.00 319.0 0.26 1532.42 369.45 184.72 253.72
20.00 404.0 0.35 1940.75 467.48 233.74 302.74
25.00 453.0 0.43 2176.14 523.73 261.86 330.86
30.00 479.0 0.52 2301.04 553.30 276.65 345.65
35.00 492.0 0.61 2363.49 567.83 283.91 352.91
40.00 498.0 0.70 2392.31 S5T4.25 287.13 356.13
45.00 499.0 0.78 2397.12 574.91 287.45 356.45
50.00 498.0 0.87 2392.31 573.25 286.63 355.63
55.00 494.5 0.96 2375.50 568.73 284.36 353.36
60.00 490.0 1.05 2353.88 563.06 281.53 350.53
70.00 478.0 1.22 2296.23 548.31 274.16 343.16
80.00 465.5 1.40 2236.19 533.04 266.52 335.52
90.00 448.0 1.58 2152.12 512.10 256.05 325.05
100.00 412.0 1.76 1979.18 470.12 235.06 304.06
110.00 330.0 1.94 1585.27 375.89 187.95 256.95
120.00 266.0 2.12 1277.82 302.46 151.23 220.23
130.00 260.0 2.30 1249.00 295.11 147.56 216.56
140.00 256.0 2.48 1229.78 290.06 145.03 214.03
150.00 253.0 2.66 1215.37 286.15 143.08 212.08
160.00 250.0 2.84 1200.96 282.26 101,13 210.13
170.00 248.5 3.03 1193.75 280.07 140.03 209.03
248.5 3.21 1193.75 279.57 139.78 208.78

180.00
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=0.u4ku%

## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE C-203-B ,TESTED ON 29/05/1984 @ 8:30 PM #+
*## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ 2 PARTS CALCIUM CARBONATE + 8 PARTS WATER **
DRY DENSITY = 17.32 KN/M**3
CURE PERI0D=28 DAYS IN & OUT OF WAX

SAMPLE LENGTH= 14.68 CM

SAMPLE AREA= 40.77 CM¥*%2

DDR LDR cs LOAD Ds Q P
Dtv. DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 102.0 0.09 489.99 120.07 60.03 129.03
10.00 273.0 0.17 1311.45 321.08 160.54 229.54
15.00 385.0 0.26 1849.48 452.41 226.21 295.21
20.00 444.0 0.35 2132.90 521.29 260.65 329.65
30.00 482.0 0.52 2315.45 564.93 282.46 351.46
35.00 490.5 0.61 2356.28 574.39 287.19 356.19
40.00 494.0 0.70 2373.10 577.98 288.99 357.99
45.00 494.5 0.78 2375.50 578.06 289.03 358.03
50.00 493.0 0.87 2368.29 575.81 287.90 356.90
55.00 490.0 0.96 2353.88 571.81 285.90 354.90
60.00 485.0 1.05 2329.86 565.48 282.74 351.74
70.00 474.0 1.23 2277.02 551.69 275.84 344,84
80.00 463.0 1.40 2224.18 537.94 268.97 337.97
90.00 451.0 1.58 2166.53 523.08 261.54 330.54
100.00 436.5 1.76 2096.88 505.37 252.69 321.68
110.00 400.0 1.94 1921.53 462.30 231.15 300.15
120.00 330.0 2.12 1585.27 380.72 190.36 259.36
130.00 278.0 2.30 1335.47 320.16 160.08 229.08
140.00 262.0 2.u48 1258.61 301.20 150.60 219.60
150.00 255.0 2.66 1224.98 292.63 146.32 215.32
160.00 253.5 2.85 1217.77 290.40 145.20 214.20
170.00 254.5 3.03 1222.58 291.02 145.51 214.51
180.00 254.5 3.21 1222.58 290.50 145.25 214.25
190.00 253.0 3.40 1215.37 288.28 44,14 213. 14
200.00 250.0 3.58 1200.96 284.35 142,17 211.17
210.00 249.0 3.77 1196.16 282.70 141.35 210.35
220.00 249.0 3.96 1196.16 282.20 141.10 210.10

208



CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=0.4u6%

#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE C-303-A ,TESTED ON 07/06/1984 @
## COMPOSITION OF MIX{BY WEIGHT)= 100 PARTS FINE SAND

1:00 PM #+

+ 3 PARTS CALCIUM CARBONATE + 8 PARTS WATER %+

SAMPLE LENGTH= 14.70 CM

DRY DENSITY = 17.42 KN/M¥#3

CURE PERIOD= 7 DAYS IN & OUT OF WAX
SAMPLE AREA= 41.53 CM#%2

DDR LOR Ccs LOAD DS Q P
DIv. DIV. N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 101.0 0.09 485.19 116.72 58.36 127.36
10.00 260.0 0.17 1249.00 300.22 150.11 219.11
15.00 382.0 0.26 1835.07 440.71 220.36 289.36
20.00 450.0 0.35 2161.73 518.71 259.36 328.36
25.00 487.0 0.43 2339.47 560.88 280.44 349.44
30.00 507.0 0.52 2435.55 583.40 291.70 360.70
35.00 517.5 0.61 2485.99 594.97 297.48 366.48
40.00 522.0 0.70 2507.60 599.62 299.81 368.81
45.00 522.5 0.78 2510.01 599.67 299.84 368.84
50.00 520.0 0.87 2498.00 596.28 298.14 367.14
55.00 516.5 0.96 2u81.18 591.75 295.88 364.88
60.00 511.5 1.05 2457.16 585.52 292.76 361.76
70.00 500.5 1.22 2404.32 571.92 285.96 354.96
80.00 487.0 1.40 2339.47 555.52 277.76 346.76
90.00 473.0 1.58 2272.22 538.61 269.30 338.30
100.00 453.0 1.76 2176.14 514.93 257.46 326.46
110.00 390.0 1.94 1873.50 442,54 221.27 290.27
120.00 300.0 2.12 441,15 339.81 169.91 238.91
130.00 244.0 2.30 1172.14 275.89 137.95 206.95
140.00 244.0 2.48 1172.14 275.41 137.70 206.70
150.00 244.0 2.66 1172.14 274.92 137.46 206.46
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## UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST **

## SAMPLE C-303-B ,TESTED ON 07/06/1984 @ 1:30 PM ##
## COMPOSITION OF MiIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 3 PARTS CALCIUM CARBONATE + 8 PARTS WATER #*

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.39 KN/M**3
WATER CONTENT AT TESTING=0.453% CURE PERIOD= 7 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.69 CM . SAMPLE AREA= 41.64 CM¥#2

DDR LOR CS- LOAD DS Q P

DIV. DivV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 95.0 0.09 456.36 109.50 Sh.75 123.75
10.00 244.0 0.17 1172.14 281.00 140.50 209.50
15.00 375.0 0.26 1801.44 431.49 215.74 284.74
20.00 443.0 0.35 2128.10 509.29 . 254.6H4 323.64
25.00 479.0 0.43 2301.04 550.20 275.10 344.10
30.00 498.0 0.52 2392.31 571.53 285.76 354.76
35.00 508.0 0.61 2440.35 582.50 291.25 360.25
40.00 512.0 0.70 2459.57 586.57 293.29 362.29
45.00 512.5 0.78 2461.97 586.63 293.32 362.32
50.00 510.5 0.87 21452.36 583.84 291.92 360.92
55.00 507.0 0.96 2435.55 579.33 289.66 358.66
60.00 502.0 1.05 2411.53 573.11 286.56 355.56
70.00 490.0 1.22 2353.88 558. 44 279.22 348.22
80.00 476.0 1.40 2286.63 541.53 270.77 339.77
90.00 455.0 1.58 2185.75 516.73 258.37 327.37
100.00 416.0 1.76 1998.40 471.61 235.81 304.81
110.00 374.0 1.94 1796.64 423.25 211.63 280.63
120.00 339.0 2.12 1628.50 382.97 191.48 260.48
130.00 318.0 2.30 1527.62 358.61 179.30 248.30
140.00 306.0 2.48 1469.97 344.47 172.23 241.23
150.00 298.0 2.66 1431.54 334.87 167.43 236.43
160.00 294.0 2.84 1412.33 329.79 164.89 233.89
170.00 288.0 3.03 © 1383.50 322.48 161.24 230.24
180.00 283.0 3.21 1359.49 316.32 158.16 227.16
190.00 273.0 3.40 1311.45 304.60 152.30 221,30
200.00 261.5 3.58 1256.20 291.24 145.62 214.62
210.00 255.0 3.77 1224.98 283.50 m1.75 210.75
220.00 252.0 3.95 1210.57 279.66 139.83 208.83
230.00 251.0 L.y 1205.76 278.05 139.02 208.02
240.00 250.5 4,33 1203.36 276.99 138.50 207.50
250.00 250.0 4.52 1200.96 275.94 137.97 206.97
260.00 251.0 4.7 1205.76 276.55 138.27 207.27
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=0.809%

## SAMPLE C-302-A ,TESTED
#% COMPOSITION OF MIX(BY W

+ 3 PARTS CALCIUM CARBONATE + 8 PARTS

SAMPLE LENGTH= 14.71 CM

DRY DENSIT

#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST "

ON 16/05/1984 @ 7:30 AM ##
EIGHT)= 100 PARTS FINE SAND
WATER ##*
Y = 17.38 KN/M*¥3

CURE PERIOD=14 DAYS IN & OUT OF WAX
SAMPLE AREA= U41.34 CM##2

DDR LDR cs LOAD DS Q P
DIV. DIV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 70.0 0.09 336.27 81.00 40.50 109.50
10.00 130.0 0.17 624.50 150.29 75.15 144,14
15.00 208.0 0.26 999.20 240.26 120.13 189.13
20.00 268.0 0.35 1287.43 309.29 154.65 223.65
25.00 318.0 0.43 1527.62 366.68 183.34 252.34
30.00 355.0 0.52 1705.36 408.99 204.49 273.49
35.00 386.0 0.61 1854.28 Ly, 32 222.16 291.16
40.00 400.0 0.70 1921.53 460.03 230.02 299.01
45.00 412.0 0.78 1979.18 473.42 236.71 305.71
50.00 420.0 0.87 2017.61 482.19 241.10 310.10
55.00 425.0 0.96 2041.63 487.51 2u3.75 312.75
60.00 427.0 1.05 2051.24 489.37 244,69 313.69
70.00 429.0 1.22 2060.85 490.81 245.40 314.40
80.00 426.5 1.40 2048.84 487.09 243.55 312.55
90.00 421.0 1.58 2022.42 479.97 239.99 308.99
100.00 414.0 1.76 1988.79 471.16 235.58 304.58
110.00 406.0 1.94 1950.36 461.25 230.62 299.62
120.00 396.0 2.12 1902. 32 449.09 224.55 293.55
130.00 381.0 2.30 1830.26 431.32 215.66 284.66
140.00 361.5 2.48 1736.59 408.52 204.26 273.26
150.00 343.0 2.66 1647.72 386.93 193.46 262.46
160.00 316.0 2.84 1518.01 355.84 177.92 246.92
170.00 295.0 3.02 1417.13 331.60 165.80 234.80
180.00 283.5 3.21 1361.89 318.11 159.05 228.05
190.00 281.0 3.39 1349.88 314.74 157.37 226.37
200.00 280.5 3.58 1347.48 313.62 156.81 225.81
210.00 281.0 3.76 1349.88 313.62 156.81 225.81
220.00 281.0 3.95 1349.88 313.05 156.53 225.53
230.00 281.5 4.4 1352.28 313.05 156.52 225.52
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#% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST "

#% SAMPLE C-302-B ,TESTED ON 16/05/1984 @ 8:00 AM bl
#% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 3 PARTS CALCIUM CARBONATE + 8 PARTS WATER **

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.U48 KN/M##3
WATER CONTENT AT TESTING=0.850% CURE PER1OD=14 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.71 CM SAMPLE AREA= U41.17 CM#*2

DDR LDR CS LOAD DS Q P
DIV. DIvV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 70.0 0.09 336.27 81.60 L40.80 109.80
10.00 130.0 0.17 624.50 151.41 75.70 14,70
15.00 214.0 0.26 1028.02 249.03 124.51 193.51
20.00 283.0 0.35 1359.49 329.03 . 164.52 233.52
25.00 340.0 0.43 1633.31 394.96 197.48 266.48
30.00 380.0 0.52 1825.46 L441.05 220.52 289.52
35.00 404.0 0.61 1940.75 468.50 234.25 303.25
40.00 420.0 0.70 2017.61 486.63 243.31 312.31
45.00 429.0 0.78 2060.85 496.62 248.31 317.31
50.00 435.0 0.87 2089.67 503.13 251.57 320.56
55.00 438.0 0.96 2104.08 506.16 253.08 322.08
60.00 439.0 1.05 2108.89 506.87 253.44 322.44
70.00 438.0 1.22 2104.08 504.83 252.42 321.42
80.00 434.0 1.40 2084.87 499.35 219.67 318.67
90.00 428.0 1.58 2056.04 491.58 2u5.79 314.79
100.00 420.5 1.76 2020.07 482.12 241.06 310.06
110.00 410.0 1.94 1969.57 469.26 234.63 303.63
120.00 392.0 2.12 1883.10 Ly7.87 223.93 292.93
130.00 340.0 2.30 1633.31 387.77 193.89 262.88
140.00 280.0 2.48 1345.07 318.78 159.39 228.39
150.00 2u2.90 2.66 1162.53 275.03 137.51 206.51
160.00 242.0 2.84 1162.53 274.54 137.27 206.27

170.00 243.0 3.02 1167.33 275.18 137.59 206.59
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*# UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST ##

## SAMPLE C-402-A ,TESTED ON 07/06/1984 € 10:30 AM *#
## COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
+ 4 PARTS CALCIUM CARBONATE + 8 PARTS WATER #**

CONFINING PRESSURE = 69 KPA DRY DENSITY = 17.59 KN/M##3
WATER CONTENT AT TESTING=0.4u45% CURE PERIOD= 7 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.70 CM SAMPLE AREA= 40.87 CM##2

DDR LDR cs LOAD DS Q P
Div. Div. % N KPA KPA ’ KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 95.0 0.09 456.36 111.55 55.78 124.78
10.00 235.0 0.17 1128.90 275.71 137.85 206.85
15.00 348.0 0.26 1671.74 407.93 203.96 272.96
20.00 425.0 0.35 2041.63 497.76 248.88 317.88
25.00 470.0 0.43 2257.80 549.99 274,99 343.99
30.00 496.0 0.52 2382.70 579.91 289.95 358.95
40.00 515.0 0.70 2473.98 601.08 300.54 369.54
45.00 516.5 0.78 2481.18 602.30 301.15 370.15
50.00 515.0 0.87 2473.98 600.03 300.01 369.01
55.00 511.5 0.96 2u57.16 595.43 297.72 366.72
60.00 506.0 1.05 2430.74 588.52 294,26 363.26
70.00 495.0 1.22 2377.90 574.72 287.36 356.36
80.00 480.0 1.40 2305.84 556.33 278.16 347.16
90.00 461.0 1.58 2214 .57 533.37 266.69 335.69
100.00 428.0 1.76 2056.04 494,32 287.16 316.16
110.00 386.0 1.94 1854.28 445.03 222.51 291.51
120.00 353.0 2.12 1695.75 406.27 203.13 272.13
130.00 318.0 2.30 1527.62 365.34 182.67 251.67
140.00 240.0 2.48 1152.92 275.24 137.62 206.62
150.00 240.0 2.66 1152.92 274.75 137.38 206.38
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=0.491%

#* UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST **

##% SAMPLE C-402-B ,TESTED ON 07/06/1984 € 11:30 AM ##
#% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ I4 PARTS CALCIUM CARBONATE + 8 PARTS WATER #*

SAMPLE LENGTH= 14.71 CM

DRY DENSITY = 17.66 KN/M¥*3

CURE PERIOD= 7 DAYS IN & OUT OF WAX
SAMPLE AREA= 41.26 CMM**2

DDR LOR cs LOAD DS Q p
DIV, DIV. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 90.0 0.09 432.35 104.70 52.35 121.35
10.00 228.0 0.17 1095.28 265.01 132.50 201.50
15.00 340.0 0.26 1633.31 394.84 197.42 266.42
20.00 412.0 0.35 1979.18 478.05 239.02 308.02
25.00 460.0 0.43 2209.77 533.28 266.64 335.64
30.00 488.0 0.52 2344.27 565.25 282.62 351.62
35.00 503.0 0.61 2416.33 582.12 291.06 360.06
40.00 510.0 0.70 2449.96 589.70 294.85 363.85
45.00 512.5 0.78 2461.97 592.08 296.04 365.04
50.00 512.5 0.87 2461.97 591.56 295.78 364.78
55.00 510.0 0.96 2449.96 588.17 294.08 363.08
60.00 507.0 1.05 2435.55 584.20 292.10 361.10
70.00 497.0 1.22 2387.51 571.68 285.84 354.84
80.00 483.0 1.40 2320.25 554.60 277.30 346.30
90.00 468.0 1.58 2248.20 536.44 268.22 337.22
100.00 445.0 1.76 2137.71 509.18 254.59 323.59
110.00 421.0 1.94 2022.42 480.87 240.44 309.44
120.00 398.0 2.12 1911.93 453.80 226.90 295.90
130.00 313.0 2.30 1503.60 356.25 178.13 247.13
140.00 280.0 2.48 1345.07 318.13 159.07 228.07
150.00 250.0 2.66 1200.96 283.54 1,77 210.77
160.00 250.0 2.84 1200.96 283.04 141.52 210.52
170.00 251.0 3.02 1205.76 283.67 141.83 210.83
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% UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST W+

## SAMPLE C-401-A ,TESTED ON 13/06/1984 @ 3:00 PM ##
#% COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND
4+ l4 PARTS CALCIUM CARBONATE + 8 PARTS WATER ##

CONF INING PRESSURE = 69 KPA DRY DENSITY = 17.64 KR/M¥#3
WATER CONTENT AT TESTING=0.280% CURE PERIOD=14 DAYS IN & OUT OF WAX
SAMPLE LENGTH= 14.69 CM SAMPLE AREA= 41.41 CM¥#2

DDR LDR cs LOAD DS Q P
Div. DIV, % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 174. 0.09 835.87 201.67 100.83 169.83
10.00 370.0 0.17 1777.42 428.46 214.23 283.23
15.00 497.0 0.26 2387.51 575.03 287.51 356.51
20.00 5u8.0 0.35 2632.50 633.49 . 316.74 385.74
25.00 570.0 0.43 2738.19 658.35 329.17 398.17
30.00 580.0 0.52 2786.23 669.31 334.66 403.66
35.00 583.5 0.61 2803.04 672.77 336.38 405.38
40.00 584.0 0.70 2805.44 672.76 336.38 405.38
45.00 580.0 0.78 2786.23 667.57 333.78 402.78
55.00 567.0 0.96 2723.78 651.47 325.73 394.73
60.00 559.0 1.05 2685.35 641.72 320.86 389.86
70.00 538.0 1.23 2584.46 616.53 308.26 377.26
80.00 480.0 1.40 2305.84 5u49.10 274.55 343.55
90.00 370.0 1.58 1777.42 422.52 211.26 280.26
100.00 260.0 1.76 1249.00 296.39 148.19 217.19
110.00 250.0 1.94 1200.96 284 .49 wm2.24 211.24
120.00 250.0 2.12 1200.96 283.98 141,99 210.99
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CONFINING PRESSURE = 69 KPA
WATER CONTENT AT TESTING=0.269%

*# UNSATURATED UNDRAINED TRIAXIAL COMPRESSION TEST #*#

*# SAMPLE C-401-B ,TESTED ON 13/06/1984 @ 4:00 PM ##
*# COMPOSITION OF MIX(BY WEIGHT)= 100 PARTS FINE SAND

+ 4 PARTS CALCIUM CARBONATE + 8 PARTS WATER #+

SAMPLE LENGTH= 14.70 CM

DRY DENSITY = 17.70 KN/M¥##3

CURE PERIOD=14 DAYS IN & OUT OF WAX
SAMPLE AREA= 40.98 CM##2

DDR LDR Cs LOAD DS Q P
DIv. Dliv. % N KPA KPA KPA
0.00 0.0 0.00 0.00 0.00 0.00 69.00
5.00 178.0 0.09 §55.08 208.49 104.24 173.24
10.00 375.0 0.17 1801.44 438.85 219.42 288.42
15.00 498.0 0.26 2392.31 582.28 291.14 360. 14
20.00 554.0 0.35 2661.33 647.20 323.60 392.60
25.00 576.0 0.43 2767.01 672.32 336.16 405.16
30.00 585.0 0.52 2810.25 682.23 341. 11 410.11
35.00 586.5 0.61 2817.45 683.38 341.69 410.69
40.00 585.0 0.70 2810.25 681.04 340.52 409.52
50.00 573.0 0.87 2752.60 665.91 332.96 401.96
55.00 564.5 0.96 2711.77 655.46 327.73 396.73
60.00 556.5 1.05 2673.34 645.61 322.81 391.81
70.00 537.0 1.22 2579.66 621.90 310.95 379.95
80.00 511.0 1.40 2454.76 590.76 295.38 364.38
90.00 470.0 1.58 2257.80 542.40 271.20 340.20
100.00 350.0 1.76 1681.34 403.21 201.60 270.60
110.00 250.0 1.94 1200.96 287.50 143.75 212.75
120.00 250.0 2.12 1200.96 286.99 143.50 212.50
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