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CAMPUS OF UNIVERSITY OF CYPRUS - SITE 4

1. INTRODUCTION

This report givés account of the geotechnical investigations carried out in the area of Site
‘4> of the Campus of the University of Cyprus. The report describes the field and laboratory
work carried out and includes all the results of the in-situ and laboratory tests performed. It
gives an account of the engineering properties of the strata encountered and typical values of

allowable bearing capacity and settlement of foundations.

The work was undertaken on behalf of the Office for the Development of the University
Campus of the University of Cyprus, after the award of the relevant Contract to SH Soil
Engineering Ltd by the University of Cyprus, letter reference ILK. 115.1.6.28/CDO 028/3.

The University Campus is located 5.5 km South-East of Nicosia center in the broader area of

Athalassa, Figure 1. The location of Site ‘4> area investigated is shown in Figure 2.

The Geological Survey Department and others previously carried out geological
investigations in the broader area of the University Campus and in specific areas where

various structures and works have been constructed. The work carried out previously is

described in the following reports:

1. University of Cyprus, Geological — Geotechnical Report, July 1994. (Geological Survey

Department) ,

2. Supplementary exploratory boreholes drilled at the proposed site of the University of
Cyprus, April 1995 (Geological Survey Department). |

3. University of Cyprus- Detailed Geological Investigation, June 1998 (Geological Survey

Department)
4. Site Investigations for the proposed buildings of the University of Cyprus- Volumes I

and 11, September 1998 (Geoinvest Ltd)
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CAMPUS OF UNIVERSITY OF CYPRUS — SI”.I‘E 4

The purpose of this geotechnical investigation was to establish the geological profile of the site
investigated, obtain the geotechnical characteristics and engineering properties of the strata

encountered, and record the water table profile at the site.

The site investigated is a potential site for future development and will be used for the

construction of various buildings. There are no details of the proposed buildings available at this

stage.

2. FIELD WORK

The Field Work carried out consisted of the drilling of five boreholes having a total depth of
42.50m, the recovery of disturbed and undisturbed soil samples, in-situ testing, measurement of

the water table and taking water samples for chemical analysis.

Drilling was carried out using the rotary ‘crawler’ type rig, Casagrande C6 type, and a high

capacity air compressor for removing the drilled material.

2.1 Boreholes

The five boreholes drilled in this area were numbered N14 to N18 and their respective depths
were 7.50, 7.50, 7.50, 10.50 and 9.50m. Their approximate position is shown on the Borehole
Location Plan, Fig 2. The boreholes had a diameter of 135 mm and the method of drilling used
Was a combination of rotary and percussive drilling using the ‘down-the-hole hammer’. The

cuttings of the soil were removed using air and sometimes air and water flushing. With this

method all boreholes are cased during the drilling process.

The soil layers encountered in the boreholes are described in the Borehole Records, Figs. 4 to 8,

Appendix A. Photographs of the samples of the soil layers encountered are presented in Figs. 9

to 11, Appendix A.
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2.2. Sampling

Four types of soil samples were recovered from the boreholes during drilling:

(a) Disturbed representative bulk samples were recovered from the soil cuttings brought to
the surface by air flushing. These samples are suitable for identifying and describing the
soil layers encountered and carrying out classification tests, such as particle size
distribution, Atterberg Limits etc. ,

(b) Disturbed samples recovered from the split spoon sampler of the Standard Penetration
Tests. These are suitable for identifying and describing more accurately the soil layers
encountered and performing classification tests as above.

(c) Undisturbed cohesive samples recovered from the split spoon sampler of the Standard
Penetration Test. Apart from the above classification tests, these samples are suitable for
performing Unconfined Compression Tests and in some cases Quick Undrained Triaxial
Tests. In addition they can be used for carrying out natural moisture content tests and

natural density tests.
(d) Two Undisturbed (U100) samples were recovered from the two types of khaki Marl and

grey Marl. The samples were taken using 100mm diameter by 460mm long U100

sampling tubes. Penetration of the tubes was effected by pushing them into the soil

layers using the drilling rig equipment.

2.3 In-situ Testing

In-situ testing performed in the boreholes consisted of the Standard Penetration Test (SPT). The
tests were performed at intervals of 1.50m. The total number of tests performed was 26 and the
results are recorded in the Borehole Records. The SPT results are also presented graphically in

Figures 12 and 13. The tests were performed in accordance with BS 1377:90 tittled “Methods of

Testing Soils for Civil Engineering Purposes’. A standard split spoon sampler is driven into the
soil to a depth of 450 mm by the repeated blows of a 63.5 kg standard penetration monkey trip

hammer. The number of blows for every 150mm penetration is recorded. The penetration
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CAMPUS OF UNIVERSITY OF CYPRUS - SITE 4

resistance ‘N’ is defined as the number of blows required to drive the sampler into the soil the

last 300 mm.

In the sandy coarse gravel layers the open split sampler is substituted by a closed cone sampler.

In this case no sample is recovered.

3. LABORATORY TESTING

A program of laboratory testing was carried out on a selection of the disturbed and undisturbed
samples recovered. The tests included classification tests (natural moisture content, particle size
distribution, Atterberg limits, specific gravity, natural density), shear strength tests (unconfined
compression and triaxial tests) swelling and consolidation tests on samples of the Marl and

chemical tests on soils. A full chemical analysis of a water sample was also carried out. The

number and type of tests carried out are outlined in the following sections and the results are

presented in the relevant Figures in Appendix B and in tabular form in Tables 1, 2 and 3.

The purpose of the laboratory tests was to establish the mechanical characteristics of the soil

layers and deduce their engineering properties, which are required for the proper design of the

foundations of the proposed structures.

3.1 Classification Tests

Classification tests carried out on selected samples included natural moisture content, liquid and
plastic limit, particle size distribution by wet sieving and sedimentation (hydrometer) tests,
specific gravity and density tests. The results of these tests enable the classification and
correlation of the soil strata and their comparison with other tests such as SPT, shear strength

and consolidation tests. They are also useful for a better understanding of the behavior of the

soil layers encountered.
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3.1.1 Natural Moisture Content

A total of 25 natural moisture content tests were performed mainly on cohesive samples, most of
them samples of Marl, recovered from the split spoon sampler and from the undisturbed U100
samples. The results are presented in a graphical form, Fig.14, where the moisture content was
plotted against depth. They are also presented in the Summary of Test Results Table 1 and

recorded on Figures presenting the Unconfined Compression and Triaxial Tests.

The variation with depth of the moisture content of the Marl, Fig. 14, shows, as expected, lower

moisture content at shallow depths which increases with depth. Over the depth range of 1.0 to

4.0m, the moisture content of the Marl recorded varies from 17% to 27%. For depths greater
than 4.0m, the moisture content of the Marl ranges form 24% to 37%.

3.1.2. Atterberg Limits

The Liquid Limit of five cohesive samples was found using the Cone Penetration Method. Their
Plastic Limits were also determined and hence their Plasticity Index obtained. The results are
presented in Figures 15 to 19, and in the Summary of Test Results, Table 1. Four of the samples
were from the khaki silty Marl and gave liquid limits of 52.0% to 55.3% with plastic limits
ranging from 33.1% to 34.8% and plasticity index ranging from 18.9% to 20.5 %. The fifth
sample was from the grey silty Marl giving a lower Liquid Limit of 49.5%, plastic limit of

29.4% and plasticity index 20.1%.

The above results have also been plotted on the Plasticity Classification Chart, Figure 20. The
results plot below the A-line for all Marl samples. According to this Chart the khaki Marl may
be characterized as highly elastic silt of high plasticity, and the grey Marl as inorganic Silt of

intermediate plasticity.
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3.1.3. Specific Gravity

The specific gravity of five cohesive or fine-grained samples tested also for their particle size
distribution (hydrometer), was found. Four samples of the khaki Marl gave specific gravity

values of 2.75 to 2.80 whereas one sample of the grey Marl, gave a value of 2.75.

3.1.4 Natural Density Tests

Thirteen natural density tests were carried out on khaki silty Marl samples and three on the grey
silty Marl. The density of the khaki Marl was found to vary from 19.3 to 20.5 KN/m® with an
average value of 19.9 KN/m® and that of the grey silty Marl ranged between 19.4 and 19.6 kKN/m’
with an average value of 19.5 KN/m®. The results are presented in the Summary of Test Results,

Table 1 and on the F igures of the Unconfined Compression and Triaxial tests.

3.1.5 Particle Size Distribution

The particle size distribution of 19 samples was found. Five of the samples were cohesive Marl
samples and the hydrometer (sedimentation) method was used for the finer particles and wet
sieving for the coarser ones. The remaining 4 samples were non-cohesive, silty sands and

gravels and the wet sieving method was adopted. The results are presented in Figures 21 to 29.

Four samples of the khaki Marl gave 20 to 24% clay size particles (>2m), 53 and 64% Silt and
12 and 27% fine sand. The sample of grey Marl gave 21% clay, 69% silt and 10% fine sand.

The particle size distribution of the alluvium deposits show a variation of Sands with Gravels
and sandy Gravels. Two gradings of predominantly sand samples gave sand content of 54 and
65% with gravel content of 19 to 23% and 16 to 23% silt. Two gravel samples gave gravel
content ranging from 61 to 68% with sand content of 24% and 8 to 15% silt.
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It must be mentioned that large size gravels could not be included in the samples recovered from
the boreholes since these were broken down by the drilling operations. Therefore this should be

born in mind when examining the particle size distribution curves of the sandy gravels.

3.2 Unconfined Compression Tests

Ten unconfined compression tests were performed on selected cohesive samples. All samples
were selected from the khaki silty Marl, three of which were sandy. The samples were recovered
from the split spoon sampler and were considered suitable for these tests. The tests were

performed using the triaxial compression machine with suitable attachments designed for such

tests.

The stress-strain curves obtained are presented in Figures 30 to 34. The undrained cohesion ¢y
obtained from the 7 samples of the khaki silty Marl ranged from 146 to 385 kKN/m® with an
average of 259 KN/m?. The three samples of the khaki sandy silty Marl gave . ¢, values of 85 to

110 KN/m? with an average of 94 KN/m? .

3.3 Triaxial Tests

Two sets of quick undrained triaxial tests were carried out on undisturbed samplés of the khaki
silty Marl and of the grey silty Marl. The tests were performed on samples recovered from the
U100 sampler. The samples tested had a diameter of 35mm and a height of 70mm. They were

tested in the triaxial machine using cell pressures of 100, 200 and 300 KN/m”.

The stress-strain curves obtained are presented in Figs. 35 & 36 and the Mohr circle of stresses

in Figs. 37 & 38. The undrained cohesion ¢y obtained from the Mohr circle of stresses was
300kN/m? for the khaki Marl with an angle of shearing resistance ¢, of 6°, whereas for the grey
Marl, ¢, was found to be 170kN/m? and @y value of 4°.
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CAMPUS OF UNIVERSITY OF CYPRUS - SITE 4

3.4 Swelling Pressure Tests

Swelling Pressure Tests were performed on undisturbed specimens which were also tested for

aracteristics. The tests were performed in the Oedometer front loading

amples, one from the khaki Marl and the other from the grey Marl. The

their consolidation ch

machine on two Marl s

specimens had a diameter of 50 mm and a thickness of 19.05mm.

After placing the specimen in the Oedometer machine, it was first loaded with a load

approximately equal to its effective overburden pressure. Water was then added to the

consolidation cell and the specimen observed for any swelling tendency. In case a tendency for

swelling was observed, this was prevented by loading the specimen accordingly. The loads on

the specimen and the corresponding time were recorded. The results are presented in Figs. 39

and 40.

The swelling pressure observed for both samples tested, was limited to 25 KN/m?.

3.5 Consolidation Tests

After completion of the swelling pressure test, the consolidation test was started by adding load
n the specimen and recording its compression at frequent time intervals. The load on the
specimen was doubled every 24 hours until the maximum pressure of 1600 KN/m’® was reached.
The specimen was then unloaded in stages every 24 hours, allowing the specimen to swell and
recording the swelling of the specimen at each load. From the compression measurements, the

void ratio ‘e’ vs log Pressure was produced and the modulus of volume change my and the

coefficient of consolidation ¢, were calculated.

Two consolidation tests were performed, on samples of the khaki and grey Marl. The results are
presented in Figures 41 to 52, and in Table 2. For the khaki Marl my values varied from 1.68 to
3.68 x 10”° m*kN with an average of 2.63 x 107 > m%/kN and ¢, from 5.09 to 5.90 m ?/year with an

average of 5.43 m */year. For the grey Marl, the corresponding my values varied from 4.59 to
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6.41 x 10° m*kN with an average of 4.27 x 10° m%kN and ¢, from 3.10 to 3.76 m?/year with

an average of 3.39 m?/year.

3.6 Montmorillonite and Chemical Tests

One montmorillonite test was carried out to determine the montmorillonite content of a sample
of the khaki siltyMarl. Montmorillonite tests are not included in the British Standard Methods of
test for Soils for Civil Engineering Purposes BS 1337:1990, but this was a requirement from the

Client.

The montmorillonite content of the sample of the khaki silty Marl was found to be 17.5%.

The chemical tests carried as required by the Contract, included the determination of sulphate

content of SO, and Chloride content Cl. The same soil sample of the khaki silty Marl was

analyzed and the results are the following:

Montmorillonite
BH/depth Soil type S04 (%) | SO3 (%) | C1 (%) (%)
N16/7.00-7.45m | Khaki silty Marl 0,064 0,053 0,018 17.5

3.7 Chemical Tests on Water

Full water chemical analysis was carried out on one water sample taken from Borehole N18 and

the results are given in Table 3, Appendix B.
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4. SITE GEOLOGY

4.1 The Site

Site No. ‘4’ as it is designated on the Location Plan in Fig. 2, has a rectangular shape with
approximate dimensions of 100x165m. The site slopes towards the Southeast having a steeper

slope near its Northwestern boundary. The only vegetation existing on the site was dry grass.

4.2 General Geology

A stream, named Kaloyeros, flows from Southwest to Northeast, separating the Campus area in

two. A valley of about 400 to 500 meters wide extends on both sides of the stream.

The main bedrock in the broader area of the University Campus is the Marl of the Nicosia-

Athalassa Formation. The Marl is stiff to hard and has a yellowish—khaki colour. The khaki Matl

is underlain by the grey Marl which is usually more silty and sandy.

The Marl is overlain by younger deposits, such as the Fanglomerates, composed mainly of
gravels in a calcareaous silty sand fnatrix with a variable degree of cementation. This layer is
found on the hillsides or on top of the hills on either side of the valley. Talus, or hill wash

material, usually composed of brown clayey sandy silty or sandy silty clay is found on the lower

part of the hill slopes and in the stream valley.

Finally, the stream valley is covered by Alluvium deposits composed of sands and sandy

gravels. The overall depth of the Alluvium deposits reaches a maximum of 9.0 metres.

4.3 Information from Boreholes

The strata encountered by the boreholes drilled within Site 4 are shown in the Geological

Section Fig. 3 and may be distinguished into four layers:

UC4 REPORT.DOC February 2004 SH Soil Engineering Ltd
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Lavyer 1 is the uppermost layer and is composed of brown clayey sandy silt with some gravel in
places. In some places, beds of sand and gravel were found to exist between the cohesive clay
beds, as in Borehole N18. The maximum thickness of this layer was found to be 6.0m in

Borehole N18. This layer was most probably formed from slope-wash material.

Layer 2, is underlying Layer 1, and is composed of beds of Sands, and sandy Gravels. Its
maximum thickness as found in Borehole N17 was 4.00m. This layer forms the Alluvium river

deposits. The maximum overall thickness of the superficial deposits (Layers 1 and 2) in this

area, which cover the khaki Marl, was found to be 7.40m.

Layer 3 is the khaki silty Marl which is stiff to hard, with a considerable variation in thickness.

This layer has a greater thickness in the Northwestern part of the site where the Alluvium

“deposits are absent. Is thickness in the Southwestém part is smaller and in Borehole N17 was

found to be 2.70m.

Lavyer 4 is the stiff to hard grey silty sandy Marl below the khaki Marl, which has been

encountered only in Boreholes N17.

4.4 Ground Water

Ground water was encountered during drilling in Boreholes N17 and N18. The depth of vthe
water was measured in these boreholes and the water table was found to be at about the same

elevation in both Boreholes. The recorded water depths are given on the Borehole Records and

have been plotted on the Geological Section, Figure 3.

5. ENGINEEERING PROPERTIES OF STRATA

The laboratory test results have been presented in Section 3. The engineering properties of the

Jayers encountered presented in this section, are based on the laboratory test results and the in-

situ testing.
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5.1 Layer 1

Visual examination of samples of Layer 1 shows a variation from clayey Silt to silty Clay with
the presence of sands and gravels in places. This layer is quite variable both in texture and

engineering characteristics. This is also reflected in the results of the Standard Penetration Tests

which have been plotted in Fig. 13.

Twelve Standard Penetration Tests carried out in this layer, gave values of Standard Penetration
Resistance N varying from 14 to 32 with one high value of 150 and a low value of 11. The

average N value in the cohesive sub-layers was 19.5 and in the sandy gravel sub-layers the

average N value was 26.

5.2 Layer 2

This layer consists of sands and sandy gravels and laboratory testing was restricted to wet

sieving to obtain the particle size distribution of various samples. The results are discussed in

Section 3.1.

In view of the limited thickness of this layer which was encountered in three of the Boreholes ,
the number of the in-situ Standard Penetration Tests was limited to four. The results obtained
have been plotted in Figure 13. The Standard Penetration Resistance ‘N’ is lower for the Sand
layers and higher for the more gravelly layers. The existence of large gravels gave one high N

value of 44. The remaining three N values varied from 28 to 39, with an average value of 33.3.

The modulus of compressibility E for the sandy gravel deposits can be obtained from empirical

relationships using the average value of N. Taking the average N of 33.3 for sandy gravel

deposits, the value of Es is given as 42,000 KN/m?.
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From empirical relationships also, we can obtain an average value of the angle of shearing

resistance ¢. For an average N=33.3, ¢ value can be taken conservatively as 37° for the sandy

gravels.

5.3 Layer 3

This is the khaki silty Marl. A considerable number of tests were performed on samples of this

layer, i.e. classification tests, shear strength tests and compressibility tests. Also in-situ SPT tests

were performed.

5.3.1. Classification Tests

For the natural moisture content, Atterberg Limits, natural density and particle size distribution,

please refer to Section 3.

5.3.2. Standard Penetration Resistance

The Standard Penetration Resistance values measured for the Marl are presented in Figure 12.
Twelve SPTs were performed. With the exemption of two high N values equal to 41 and 48, the

remaining ten values ranged from 19 to 39 with an average of 30.

5.3.3. Shear Strength

In addition to the Standard Penetration tests, in order to assess the shear strength of the khaki
Marl, one set of quick undrained triaxial tests and ten tests of unconfined compression have been

carried out. The undrained cohesion ¢, obtained from the unconfined compression tests on three

sandy samples of the khaki Marl ranged from 85 to 110 with an average of 94 KN/m%. The

remaining seven samples of the khaki silty Marl, gave cy values ranging from 146 to 385 with

an average of 259 KN/m?.
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The triaxial test performed on samples of the khaki Marl from the depth of 7.0m, gave a ¢, value

of 300 kKN/m? and ¢, of 6°.

5.3.4 Modulus of Elasticity Es

The modulus of elasticity Es of the khaki Marl can be estimated from the stress-strain curves of
the unconfined compression and triaxial test. This was estimated to have an average value of
30,000 KN/m?. The in-situ Es, however, is almost 2 to 5 times greater thaﬁ the values estimated
from the stress-strain curves. Therefore, an approximate value for Es for the khaki Marl of

70,000 kN/m? may be taken when calculating the immediate elastic settlement of the

foundations. The stress-strain curves of the sandy Marl samples indicate lower values of Es and

of the order of 25 000 to 30 000 kN/m?.

5.3.5. Swelling and Compressibility of the Marl

One specimen of the Khaki Marl tested for its swelling potential developed a swelling pressure '

of 25 KN/m?>.

By plotting the plasticity index and clay fraction of the Marl on the Chart for Expansiveness of

Soils, Fig. 53, the expansiveness of the Marl is shown to be ‘medium’.

The values of the coefficient of volume change m, of the khaki Marl were found to range
between 1.68 to 3.68 x10”° m*/kN with an average value of 2.63x10” m*kN. The values of my
are used to estimate the amount of consolidation settlement of foundations. Consolidation

settlement can also be estimated using the e-log p curve obtained, Fig 41.

The coefficient of consolidation ¢, was found to vary from 5.09 to 5.90 m?/year with an average

of 5.43 m*/year. The ¢, values are used to estimate the time (number of years) the consolidation

settlement will be completed.
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5.4 Layer 4

The engineering properties of the grey Marl layer differ only slightly from those of the khaki

Marl. The grey Marl was found to have a lower Liquid Limit and plasticity index but a similar

amount of clay size particles.
5.4.1 Standard Penetration Resistance

No Standard Penetration Tests were performed in this layer.

5.4.2 Shear Strength

One set of triaxial tests performed gave undrained cohesion ¢, of 170 kN/m® and angle of

shearing resistance ¢, of 4°.

5.4.3 Swelling and Consolidation

The sample tested has shown a swelling pressure of 25 kN/m?. The plot in Figure 53 of the

plasticity index and clay fraction of the sample, shows that the grey Marl has a medium

expansiveness potential.

The coefficient of volume change my was found to vary from 4.59 to 6.41x10°m%/kN with an

average of 4.27x10° m*kN and the coefficient of consolidation cy, varied from 3.10 to 3.76

m?/year with an average of 3.39 m?/year.

6. BEARING CAPACITY AND SETTLEMENT OF FOUNDATIONS

The Bearing Capacity of the strata encountered and the settlement of the foundations depend not
only -on the engineering properties of the strata but on the type, shape and depth of the

foundations to be adopted. Hence, the allowable bearing capacity values and estimated expected
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settlement given below are only indicative. The bearing capacity and settlement of foundations

can be found when the foundation loads, their depth and type are known.

6.1 Bearing Capacity

6.1.1 Layer 1-Top silty clayey Soil

Assuming a ¢,=0 soil and taking c,= 120 kN/m® the safe Bearing Capacity of isolated

foundations may be estimated using Skempton’s bearing capacity formula
qsafe=(cu Nu )/ F+ 'Y'D

where: c,=undrained cohesion, KN/m?
N, = Bearing capacity factor
F= factor of safety

y'D = effective overburden at foundation level

For a square foundation of 1.5 m at a depth of 2.5m, N.~=8.3 and assuming F=3.0, qsfe is

calculated to be 380 KN/m>. In order to minimize settlement, an Allowable Bearing Capacity of

300 kN/m” can be adopted.

6.1.2 Layer 2- Sands and Sandy Gravels

The allowable bearing for this layer can be estimated using the empirical relationship between
standard penetration resistance and allowable bearing pressure proposed by Terzaghi and Peck.

This correlation was intended to limit the f_oundation settlement to a maximum of 25 mm.

Using an average value of Standard Penetration Resistance of 30, for a foundation width of
1.50m, the allowable bearing capacity obtained from the relevant chart is 350 kN/m’. However,

consideration should be given to possible existence of weaker lenses of silt or fine sand and the

foundations designed accordingly.

UC4 REPORT.DOC February 2004 SH Soil Engineering Ltd
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6.1.3 Khaki Marl

For foundations resting on the upper part of the khaki Marl layer, the bearing capacity can be
estimated assuming ¢,=0 and ¢,~190 kN/m? (conservative assumption) and a factor of safety of

3.0, the safe bearing capacity is found to be 575 kN/m?. To minimize settlement, an allowable

bearing pressure of 500 kN/m? may be used.

6.2 Settlement

- Foundation settlement would not exceed 25 mm for foundations constructed on Layers 1 and 2

under the assumptions made in sections 6.1.1 and 6.1.2 above, and using the allowable pressures

stated. In view of the variability of these layers, this should be checked by carrying out

settlement calculations during the design of the foundations.

For foundations constructed on the khaki Marl, foundation settlement ‘s’ is made up of the

immediate elastic ‘s;” and consolidation settlement ‘s.’.
$ = §i+S,
Now $i = Mo Mi X q B/E,

Where: ,
1, and p; depend on the depth and size of the foundation and are obtained from Chart

published by Janbu and Bjerrum
q isthe effective bearing pressure
B is the foundation width

Es is the elastic or compressibility modulus

For a 1.5 m square foundation, loaded with maximum pressure of 500 kKN/m? (effective =

367.5kN/m’), at a depth of 2.5 m and taking Es = 70,000 KN/m’

UC4 REPORT.DOC February 2004 SH Soil Engineering Ltd
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The immediate elastic settlement was found = 3.4 mm
The consolidation settlement s.= pZ my As h

Where: ’
p = coefficient of settlement ( 0.5 for overconsolidated clays)

m, = coefficient of volume change (2.63 x10® m*/kN)
As= change in stress due to foundation load

h= thickness of clay layer considered

Values of Ay for the various clay layers considered are calculated using the appropriate

‘Influence coefficients’ found from suitable charts.

For the same foundation and load considered above, the consolidation settlement was estimated

to about 13.3 mm.

Hence total settlement = 3.4+13.3 = 16.7 mm

CONCLUSIONS AND RECOMMENDATIONS

The strata encountered by the boreholes drilled may be differentiated into at least four layers:

Laver 1 which is composed of brown clayey silt or silty clayey Soil, with the presence of some

gravel and sand in places, is a layer of variable shear strength as indicated by the SPT tests

results. The estimated allowable bearing capacity for this layer, calculated for a 1.5 m square

footing placed at 2.5 m depth, is 300 KN/m?2. Foundation settlement for such footing is expected

to be not greater than 25 mm.

UC4 REPORT.DOC " Tebruary 2004 SH Soil Engineering Ltd
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Lavyer 2, consists of sands and gravels with varying degree of compaction but with a relatively
high average ‘N’ value. The estimated allowable bearing capacity for this layer fora 1.5 m
square footing is 350 kN/m?. Settlement is expected to be not more than 25 mm. The possible

existence of weaker lenses of silt or fine sand should be taken carefully into consideration

during the design of the foundations.

Layer 3, is the khaki Marl which has relatively high shear strength. The allowable bearing

capacity for a 1.5m square foundation at 2.5m depth was calculated to 500 KN/m’ in order to

keep the settlement to acceptable limits. Settlement for the same foundation (1.5m square at

2.5m depth) was estimated to about 17 mm.

Lavyer 4, the grey Marl is more silty with shear strength values of the same order as for the khaki
Marl.

Any type of foundation can be used on the above layers, such as isolated pad footings, strip
footings, raft and piles. However, in view of the different nature of the above layers, and the
possibility of the foundations of the same building to bear on different layers, the foundation
type, bearing capacity and foundation settlement must be reconsidered carefully and relevant

calculations performed by an experienced geotechnical engineer using the engineering

parameters given in this report.

Consultation with a Geotechnical Engineer during the design of the foundations is strongly

recommended. Professional consideration of the engineering properties and  extensive

calculations for the bearing capacity and settlement of the foundations should be made in order

to achieve both safe and economic foundations.

Due to rapid deterioration of the Marl when exposed, it is very important to keep such exposure

. to minimum. As soon as the excavation for the foundation is completed and the bottom of the

excavation cleaned carefully, it should be covered with a blinding concrete of about 80mm
thick. The construction of the foundations should proceed and completed as soon as possible.

Drying and wetting of the bottom of excavations in the Marl should be avoided.

UC4 REPORT.DOC February 2004 SH Soil Engineering Ltd
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Sulphates in soils or groundwater may attack concrete depending on their concentration. For
sulphate concentration in soils less than 0.2% of SO;, ordinary Portland cement may be used
withi maximum water/cement ratio of 0.55. For SO3 of 0.2% - 0.5%, the minimum cement
content should be 330 kg/m3 and the water cement ratio less than 0.50. Since the SO; obtained

from the chemical analysis on a Marl sample was 0.055%, no special measures are required.

UC4 REPORT.DOC February 2004 SH Soil Engineering Ltd



APPENDIX A

e Fig.1: Location Plan

e Fig.2: University Campus, Site Plan

o Fig.3: Geological Section

e Fig. 4 to 8: Borehole Records

eFig. 9 to 11: Photos of Samples

e Fig.12 & 13: Standard Penetration Results
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SURFACE LEVEL: 135.5 m approx. *

DATE STARTED: 6/11/03

*f-om contour map

'BOREHOLE RECORD

-NOMINAL B.H. DIA.:  135mm

DATE COMPLETED: 6/11/03
DRILLING METHOD: Rotary with air and air-water flushing '

BH.NO./Sht No. N14
SCALE: 1:100

B.H. B.H.

SAMPLE SAMPLE S.P.T.
STRATA - LOG DEPTH & SPT & SPT NUMBER GROUND WATER &
(m) DEPTH N REMARKS
(m)

Very dense grey sandy GRAVEL

Ve 1.00-1.12 | 150* | *Extrapolated. 60 blows

° for 12cm

1.85

Very stiff to hard khaki silty MARL sV 2.50-2.95 32 | No groundwater
sandy in places ® encountered during drilling

sV 4.00-4.45 39

®

sV | 550595 36

[

0 7.00-7.45
Bottom of Borehole 7.50

s=split spoon sampler
c=closed cone sampler

UNDISTURBED [1 {No} DISTURBED WATER BULK STANDARD sVe
SAMPLE U100 _{Blows} SAMPLE 0 |SAMPLE { PENETRATION TEST

SAMPLE L4

Project Location INVESTIGATION No..03/09/01
University of Cyprus University Campus - Site "4”

client engineer BOREHOLE No. N14
University of Cyprus ~ Stelios Achniotis

. SH Soil Engineering Ltd, P.O.Box 25457, Nicosia .

FIGA4



BOREHOLE RECORD

SURFACE LEVEL: 135.2 m approx.*

-NOMINAL B.H. DIA.: 135mm

BH.NO./Sht No. N15

DATE STARTED: 7/11/03 DATE COMPLETED: 7/11/03 SCALE: 1:100
DRILLING METHOD: Rotary with air and air-water flushing
*from contour map
B.H. B.H. SAMPLE SAMPLE S.P.T.
STRATA LOG DEPTH & SPT & SPT NUMBER GROUND WATER &
(m) DEPTH N REMARKS
()
Stiff weathered khaki Marl .
1.00 sV 1.00-1.45 14
®
Very stiff to hard khaki silty MARL
sandy in places ' sV 2.50-2.95 26 | No groundwater
L] encountered during drilling
sV 4.00-4.45 42
[ ]
sV 5.50-5.95 24
®
sV 7.00-7.45 23
Bottom of Borehole 7.50
s=split spoon sampler
c=closed cone sampler
UNDISTURBED [ {No} DISTURBED WATER BULK STANDARD sVe
SAMPLE U100 {Blows} SAMPLE ° SAMPLE 0 SAMPLE { PENETRATION TEST
Profect Location INVESTIGATION No. 03/09/01
University of Cyprus University Campus - Site "'4”
client engineer BOREHOLE No. N15
University of Cyprus ' Stelios Achniotis

SH Soil Engineering Ltd, P.O.Box 25457, Nicosia.  FIG.5
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BOREHOLE RECORD

SURFACE LEVEL: 132.6 m approx.*

DATE STARTED: 7/11/03

J:IOMINAL B.H. DIA.: 135mm BH.NO./Sht No. N16
DATE COMPLETED: 7/11/03 SCALE: 1:100

DRILLING METHOD: Rotary with air and air-water flushing

*from contour map

B.H. B.H. SAMPLE SAMPLE S.P.T.
STRATA LOG | DEPTH & SPT & SPT NUMBER GROUND WATER &
(m) DEPTH N REMARKS
(m)
Medium dense brown silty SAND
and grey GRAVEL sV 1.00-1.45 27
[ ]
1.90 ,
Stiff brown silty sandy clayey SOIL sV 2.50-2.95 15 | No groundwater
3.10 ® encountered during drilling
Dense grey sandy GRAVEL _
with traces of silty Clay sV 4.00-4.45 39
®
4.80
Very stiff to hard khaki silty MARL sV 5.50-5.95 41
L 4
sV 7.00-7.45 | 36
Bottom of Borehole 7.50
s=split spoon sampler
c=closed cone sampler
UNDISTURBED LI {No} DISTURBED WATER BULK STANDARD sVe
SAMPLE U100 {Blows} SAMPLE ° SAMPLE © SAMPLE { PENETRATION TEST

Project Location ' INVESTIGATION No. 03/09/01
University of Cyprus University Campus - Site ''4”

client : engineer BOREHOLE No. N16
University of Cyprus - Stelios Achniotis

SH Soil Engineering Ltd, P.O.Box 25457, Nicosia.  FIG. 6



BOREHOLE RECORD

SURFACE LEVEL: 131.2 m approx.* NOMINAL B.H. DIA.: [35mm BH.NO./Sht No. N17
DATE STARTED: 10/11/03 DATE COMPLETED: - 11/11/03 SCALE: 1:100
DRILLING METHOD: Rotary with air and air-water flushing
*from contour map
B.H. BH. | SAMPLE | SAMPLE | SP.T.
STRATA LOG | DEPTH | &SPT & SPT NUMBER GROUND WATER &
(m) DEPTH N REMARKS
{(m)
Stiff brown silty sandy CLAYwith
gravel in places sV 1.00-1.45 11
[ ]
sV 2.50-2.95 23
3.00 L Water noticed at 4.00m
Dense grey sandy GRAVEL : during drilling
Ve 4.00-4.45 28 | Depth of water on 11/11/03
[ before start of drilling 3.95m
Ve 5.50-5.95 33
@

7.00 sV 7.00-7.45 48

Very stiff to hard khaki silty MARL

®
sV 850895 | 22
[ ]
9.70
Very stiff grey silty MARL O 10.00-10.45
Bottom of Borehole 10.50 ®
s=split spoon sampler
c=closed cone sampler
UNDISTURBED [J {No} DISTURBED WATER BULK STANDARD sVe
SAMPLE U100 {Blows} SAMPLE ° SAMPLE © SAMPLE U PENETRATION TEST
Project Location INVESTIGATION No. 03/09/01
University of Cyprus University Campus - Site ''4”
client engineer BOREHOLE No. N 17
University of Cyprus Stelios Achniotis

SH Soil Engineering Ltd, P.0.Box 25457, Nicosian. FIG. 7
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BOREHOLE RECORD

SURFACE LEVEL: 131.8m apk)rox. *

DATE STARTED: 5/11/03

NOMINAL B.H. DIA.:

135mm

DATE COMPLETED: 6/11/03
DRILLING METHOD: Rotary with air and air-water flushing

BH.NO./Sht No. N18
SCALE: 1:100

*from contour map
B.H. B.H. SAMPLE SAMPLE S.P.T.
STRATA LOG | DEPTH { &SPT & SPT NUMBER GROUND WATER &
(m) DEPTH N REMARKS
(m)
Stiff brown silty sandy CLAYwith
gravel in places sV 1.00-1.45 16
o
sV 2.50-2.95 25
3.00 ® Water noticed at 4.00m
Medium dense brown silty SAND during drilling
and grey GRAVEL Ve 4,00-4.45 17 Depth of water on 6/11/03
4.70 before start of drilling 4.00m
Very stiff khaki sandy CLAY 0
sV 5.50-5.95 32
6.00 ®
Dense grey sandy GRAVEL .
Ve 7.00-7.45 44
7.40
Very stiff to hard khaki silty MARL
[ ]
sV 9.00-9.45 19
Bottom of Borehole 9.50
s=split spoon sampler
c=closed cone sampler
UNDISTURBED [J {No} DISTURBED WATER BULK STANDARD sVe
SAMPLE U100 {Blows} SAMPLE . SAMPLE O SAMPLE { PENETRATION TEST
Project Location INVESTIGATION No. 03/09/01
University of Cyprus University Campus - Site ''4”
client engineer BOREHOLE No. N 18
University of Cyprus Stelios Achniotis

SH Soil Engineering Ltd, P.Q.Box 25457, Nicosia .

FIG. 8



Samples from BH N15

FIG.9

SH Soil Engineering Ltd
PO Box 25457, 1310 Nicosia
Tel. 22663191, Fax 22663192



Samples from BH N17

FIG. 10

SH Soil Engineering Ltd
PO Box 25457, 1310 Nicosia
Tel. 22663191, Fax 22663192



Samples from BH N18

FIG.11

SH Soil Engineering Ltd
PO Box 25457, 1310 Nicosia
Tel. 22663191, Fax 22663192
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Uc4 sPT

STANDARD PENETRATION RESISTANCE

Project: University of Cyprus
Site Location: University Campus - Site "4"

Client: University of Cyprus

Soil: Khaki silty Marl

Depth (m)

SPT N - Value
20 30 40 50 60 70

N
—®—BHNI4
'\ —a&—BH.NI5
\\ ~#—-B.H.N16
\\ —e—BH.NI7
I\

' ® BHN18|
v
11/ I ’

10

12

SH Soil Egineering Ltd
P.0.Box 25457,1310 Nicosia
Tel. 22663191, Fax 22663192
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Project: University of Cyprus

Site Location: University Campus - Site "4"
Client: University of Cyprus

STANDARD PENETRATION RESISTANCE

Soil: Superficial and Alluvium deposits

SPT N - Value
0 20 3 4 S0 60 70
0
Dl
/1
N
2 AV ® BHNI4
w A BHNI5
N —m—BH.N16
/TN —%—BH.NI17
4 / N —&—BH.N18
N
N
\\‘
g K
£ 6 = >
g N\
8
10
12

SH Soii Eginéering Lid
P.0.Box 25457,1310 Nicosia

UC4 SPT Tel 22663191, Fax 22663192



APPENDIX B

LABORATORY TEST RESULTS

e Tables 1,2 and 3
e Figs. 14 to 53: Laboratory Test Results
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XHMIKO EPFAXTHPIO I APIETOY AOYKAIAH ATA

> Aswgdpog Adpvakag 77, 2102 Ayhave{id
T.0. 20379, CY-2151 Asukwoia, Kinpog
TnA. +357 22 874 872, Gak, +357 22 874 873
» ph. Sievduvory: arischemlab@cytanet.com.cy -

Aﬁ"éﬂtds‘*l.b‘ucaides

ARISTOS LOUCAIDES I CHEMICAL LABORATORY LTD

» 77, Larnaca Avenue, 2102 Aglanjia
P.0. Box 20379, CY-2151 Nicosia, Cyprus
Tel. +357 22 874 872, Fax. +357 22 874 873
» e-mail: arischemiab@cytanet.com.cy

Chemical Laboratory itd
File ref.: W1031 13-12-2003
Lab ref.: 623/2003
Name: S. H. Soil Engineering Ltd.
Sample type: Water in plastic bottle ~ N18
Area of sampling:  University of Cyprus new campus - Nicosia
Date received: 08-12-2003
Date reported: 13-12-2003
 TABLE 3
pH 7.76 6.5-9.5
Electrical conductivity, mS/cm 4.35 2.50
Total hardness, mg/i as CaCOs 1224 500
SAR 5.59
Langeller saturation index
Anions - mngfi mgft meq/l Cations mg/l moft meq/l
Chlorides, CF 1035 250 29.15 Sodium, Na* 449 200 19.52 .
Sulphates, SO, % 490 250 10.21 Potassium, K* 16.0 12.0 0.33
CarbonatesCO; * o : 0.00 Calcium, Ca ** 221 150 11.05
BicarbonatesHCO; ™ 229 : 3.75 Magnesium, Mg>* 163 50 - 13.36
Nitrates, NOs ~ 44.2 50.0 0.71 Ammonium, NH,* 05 -0.00
Nitrites, NO, ~ 0.528 0.100 001 |Boron, B 05 1.0
Fluoride,F 1.0
Totals 1799 43.84 Totals 849 44,26
- COMMENTS:

The numbers in blue in the middle column, show the upper limit of concentration for human consumption.

Analyst / Laboratory director.

R&sults.reported relate to the sample received at the laboratory

Pageiof1l
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NATURAL MOISTURE CONTENT

Project: University of Cyprus
Site Location: University Campus - Site "4"
Client: University of Cyprus

UC4 NAT MOISTURE CONTENT

Natural Moisture Content (%)
10 15 20 25 30 35 40
0
2 N
A 7'
‘é\ N
NNV
4 \
\ —A—BH.N14
_ ﬁ —&—BH.N15
£
= 6 NG § —~0—BH.N16
§' —e—BH.N17|"
—m—BH.N18
6 \\
10
12
SH Soil Engineering Ltd

P.0.Box 25457, 1310 Nicosia
Tel. 22663191, Fax 22663192
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Liguid Limit Test

Cone Penetration Method

Project: University of Cyprus BHNo.: N14 Date: 30/1/2004
Site Location: University Campus - Site "4" Depth:  4,0-4,45m Operator:
Client: University of Cyprus Soil: Khaki silty MARL
30 ‘
-
g v
[
S Y
V.
S5
10
45 50 55 60 65
Moisture content %

Liquid limit
Plastic limit

Plasticity Index
FIG. 15
Liquid Limit Test
Cone Penetration Method ,
Project: University of Cyprus BH No.: N14 Date: 30/1/2004
Site Location: University Campus - Site "4" Depth: 7,0-7,45m Operator:
Client: University of Cyprus Soil: Khaki silty MARL
30 ~ —
E 7
o /
2 2 A
: A
? s
§ /
* /
£ 20 —_
© 7
£
15
45 50 55 60 65 70
Moisture content %
Liquid limit
Plastic limit
Plasticity Index FIG. 16
SH Soil Engineering Ltd
P.0.Box 25457, 1310 Nicosia
UC4 LIQUID LIMIT LL N14 Tel. 22663191, Fax 22663192
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Liguid Limit Test
Cone Penetration Method '
Project: University of Cyprus BH No.: N15 Date: 30/1/2004

Site Location: University Campus - Site "4" Depth: 5,5m ‘Operator:
Client: University of Cyprus Soil: Khaki silty MARL

35

30

25 -

20 henwwn noonn |anooh enpnn ed nnhes [nerww) _oen) prnew| o wy wwiewie arwrws  hrwwwd nonpe cpwnn | eseon  aeoonr.

&’
15
10
48 50 52 54 56 58 60

Liguid limit
Plastic limit
Plasticity Index

FIG.17
Liquid Limit Test
Cone Penetration Method
Project: University of Cyprus BH No.: N16 Date: 29/1/2004
Site Location: University Campus - Site "6" Depth: 7.00m Operator:
Client: University of Cyprus Soil: Khaki silty MARL
35
e 30
£ o
=
g 25
g
g A
a 20 -
S
($]
15
10 ' S
45 50 55 60 65 70
Moisture content %

Liquid limit
Plastic limit

FIG.18

Plasticity Index

SH Soif Engineering Ltd
P.0.Box 25457, 1310 Nicosia

UC4 LIQUID LIMIT LL N158N16 Tel. 22663191, Fax 22663192
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Liquid Limit Test

Cone Penetration Method

Project: University of Cyprus BH No.: N17 Date: 29/1/2004
Site Location: University Campus - Site "4" Depth: 10,00m Operator:
Client: University of Cyprus Soil: Grey silty MARL
35
30
£
g
§ 2 ~
g -
g
& 20 P
>
o 15 —
o
10
40 45 50 55 60
Moisture content %

Liquid limit
Plastic limit
Plasticity Index

SH Soil Engineering Ltd
P.0.Box 25457, 1310 Nicosia
UC4 LIQUID LIMIT LL N17 Tel. 22663191, Fax 22663192
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UNCONFINED COMPRESSION TEST

Project: University of Cyprus

BH No.: N

14

Site Location: University Campus - Site "4" Depth: 4,0&5,50m

Client: University of Cyprus

Date: 24/1/04

Operator:

Soil: 4,0m: Khaki silty MARL

5,5m: Khaki sandy and silty MARL

Sample Dia:34.5mm Sample height: 70mm

900
800
- \
700 < *
B p P \‘
= 600 a ~
?‘ 500 -
o .
@ 400
14 7
o Z
300 r
-
200 . - N14/ 5,50m
.‘ T \\
100 +-H—=1
I’ el
4
0
0 1 2 3 4 5 6 7 8 9 10
STRAIN %
Specimen] BH No. |Depth m [Bulk Natural  JUndrained
No. Density  {Moisture JCohesion
kN/m3 Content Cu kN/m2
1 N14 4,00 19,7 26,53 385
N14 5,50 200 | 24,28 710 FIG. 30 |
SH Soil Engineering Ltd

UC4 UNCONF COMPR

P.0.Box 25457, 1310 Nicosia
Tel.N0.22663191, Fax 22663192



UNCONFINED COMPRESSION TEST

Project: University of Cyprus

Client: University of Cyprus

BH No.: N15

Site Location: University Campus - Site "4" Depth: 4,0&5,50m

Date: 24/1/04

Operator:

Soil: 4,0m: Khaki silty sandy MARL
5,5m: Khaki silty MARL
Sample Dia:34.3mm Sample height: 70mm

450 S P
t N15/5,50m
400 —~
— et \‘
350 = \
— \
300 z \
= A
d pd
2 250 7
= y4
% 200
w y4
= ya P2 i s
» 150 — =
/I P \
7/ / \
100 + '/’ Y
/ e -
50 =/ —5~ ~
] L. ~
[z
0¥
0 1 2 3 4 5 6 7 8 9 10
STRAIN %
Specimen| BH No. JDepth m |Bulk Natural JUndrained
No. Density |Moisture JCohesion
kN/m3 Content %4Cu kN/m2
1 - N15 4,00 205 23,96 88 '
N15 5,50 195 | 30,19 202
SH Soil Engineering Ltd
P.0.Box 25457, 1310 Nicosia
Tel.N0.22663191, Fax 22663192

UC4 UNCONF COMPR



e

[REE—— [

UNCONFINED COMPRESSION TEST

Project: University of Cyprus BH No.: N15&N18 Date: 26/1/04
Site Location: University Campus - Site "4" Depth: 7,0&9,0m Operator:
Client: University of Cyprus Soil: 7,0m: Khaki silty MARL

9,0m: Khaki silty MARL
Sample Dia:34.3mm Sample height: 70mm

i
L

350 -
N15/7,0m
300 — T,
— - o —
250 P T
E. ’1/ ot
2 200 : T
E P =
;" 2 //’/
7]
w 150 L
[
0w .
100 2
i
3
7
50 4+
I
i
ok
0 1 2 3 4 5 6 7 8 9 10
STRAIN %
Specimen] BH No. Dépthm Bulk Natural JUndrained
No. Density  JMoisture jCohesion
_ kN/m3 Coni:eni_"_ Cu kN/m2
1 N15 7,00 19,9 29,65 151
2 . N18 9,00 19,3 | 36,48 146
. , SH Soil Engineering Ltd

: P.0.Box 25457, 1310 Nicosia
UC4 UNCONF COMPR Tel.N0.22663191, Fax 22663192
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UNCONFINED COMPRESSION TEST

Project: University of Cyprus

BH No.: N16

Site Location: University Campus - Site "4" Depth: 5,5&7,0m

Client: University of Cyprus

Date: 26/1/04

Operator:

Soil: Khaki silty MARL

Sample Dia:34.3mm_Sample height:

70mm

800 T T 1
1 N16/55m §
700 T B Y
pd AN
‘\‘ '/’_-\
600 — N N
,l, //\ \\
= z e TR \
g 500 s ///
g . X 4/'
» 400 ‘,’ B —
9N 7
1 7
& 300 i
[/5] 1y
74
V4
200 /-
7
/
100 4=/
]
0<%
0 1 2 3 4 5 6 7 8 9
STRAIN %
Specimen] BH No. |Depthm [Bulk Natural - {Undrained
No. ' Density [Moisture JCohesion
kN/m3 - JContent 4Cu KN/m2
1 N16 5,50 19,9 28,47 355
N16 7,00 20,6 | 26,64 317 FIG. 33 |
SH Soil Engineering Ltd
P.O.Box 25457, 1310 Nicosia
Tel.N0.22663191, Fax 22663192

UC4 UNCONF COMPR
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UNCONFINED COMPRESSION TEST

Project: University of Cyprus

Site Location: University Campus - Site "4" Depth: 7,0&8,5m

Client: University of Cyprus

BH No.: N17

Operator:

Date: 26/1/04

Soil: 7,0m: Khaki-yellowish sandy MARL

8,5m: Stiff khaki silty MARL

Sample Dia:34.3mm Sample height: 70mm

350
300 — ] ] N17/8,5m I
7
250
E. /’/'
(e} P
9 200 -
< e
0N Z = ~] NG/ 70
o pZd \
- . cdl \
(7] 77
100 D T
ya4 \
Y 7 A
. v
50 //'
1;
Il
A
0+
0 1 2 3 4 5 6 7 8 9 10
STRAIN %
Specimen| BH No. JDepth m {Bulk Natural JUndrained
No. Density ~ |Moisture |Cohesion
kN/m3 Content %Cu kN/m2
1 N17 7,00 20,1 27,87 85
N17 8,50 799 | 33,34 155
SH Soil Engineering Ltd
P.O.Box 25457, 1310 Nicosia
Tel.N0.22663191, Fax 22663192

UC4 UNCONF COMPR
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UNDRAINED TRIAXIAL TEST
STRESS Vs STRAIN CURVES
Project: University of Cyprus BH No.: N14 Date: 21/1/04
Site Location: University Campus - Site "4". Depth: 7,0-7,45m Operator:

Client: University of Cyprus

Soil: Khaki silty MARL

Sample Dia: 35mm  Sample height: 70mm

UC4 TRIAXIAL

900
800
L
700 4 e~ —a S
S ~
600 Z 0,=100kN/m? |
= /. y -
g Y /i -
2 500 /r
< P
E 400 7 l'
I~ A
300 yi4 _,/
Ay 4
200 7 4
I o+
100 #
0 N = "
0 1 2 3 4 5 6 7 8 9 10
STRAIN %
Specimen [Cell Pres. Bulk Dens. |Moist.Cont.
No. [oskN/m? | KkN/m® %
1 100 19,4 33,36
2 200 19,3 33,43
3 300 19,2 33,02
SH Soil Engineering Ltd

P.O.Box 25457, 1310 Nicosia
Tel.No. 22663191, Fax 22663192



UNDRAINED TRIAXIAL TEST
STRESS Vs STRAIN CURVES

Project: University of Cyprus BH No.: N17 Date: 22/1/04

.

Site Location: University Campus - Site "4" Depth: 10,0-1 0,45m Operator:

' E Client: University of Cyprus Soil: Grey silty MARL
) .
Sample Dia:35mm  Sample height: 70mm

o ¥
. 450

, 400 .

k —= " 0,=100kN/m?}

350 L= ,
: { ai g -
L P
300 wt L
= E =

- 9, ' el L4 <
‘ = 250 b
\ i E o £ P 4

" PR o -
‘ﬂ"j 200 : —— - —
\g 'a . T - ‘Il,
150 o
) X
L 100 +—4ZLA7
—{t/
: i 50
of

( o 1 2 3 4 5 6 7 8 9 10 1

""" ' STRAIN %

: Specimen |Cell Pres. | Bulk Dens. [Moist.Cont.
\ [ No. |oskN/im? | kN/m® %
/ 1 100 19,5 32,39
2 200 19,4 32,93
3 300 19,6 32,44

/ SH Soil Engineering Ltd
: f P.0.Box 25457, 1310 Nicosia
N Tel.No. 22663191, Fax 22663192

UC4 TRIAXIAL




B ]

P

P
\(—‘ e

UNDRAINED TRIAXIAL TEST
MOHR CIRCLE OF STRESSES

Project: University of Cyprus BH No.: Ni4 Date: 21/1/2004
Site Location: University Campus - Site "4" Depth: 7,0-7,45m Operator:

Client: University of Cyprus Soil: Khaki silty MARL
Sample Dia:35mm Sample height: 70mn

400 RN g ‘ R
. N | H :
] ] T 7 i T 1 P g G
o | | e : T
g . ’__—____,__.-—-—-—" /.__/ B ‘ P P »}/ { - ~
E 300 . ‘4/3- P ; ’ i Z 'b\:\#\.—"_‘;’ -
o ‘ ’ % / : L Shd
B e S R R R P B - — S B A AR
L £ i - Ry . - h S
% Cu(=‘ 0:}\{%’)’)& /1/ r/ ! ‘ C i i
200 : S T N
< ‘k‘- c° W / /! ~3 , L N
w ! / L -’ ‘ : L N
T L ' R il e i LA U SR UL NS DS P WS R
(D: ! y ; f P | ; \‘
1 | « a
00 - i ! \
B r ml BE |
{ Il , 2 { ; i
e i RO S S e $o - 1
¥ \
| L
; LA TR T L , I i |
100 200 111500 { 6og | | 700 | 800! | |
NORMAL STRESS kN/m2 | A
FIG.37
' UNDRAINED TRIAXIAL TEST
MOHR CIRCLE OF STRESSES
Project: University of Cyprus BH No.. N17 Date: 22/1/2004
Site Location: University Campus - Site "4" Depth: 10,0-10,45m Operator: :
Client: University of Cyprus Soil: Grey silty MARL
Sample Dia:35 mm  Sample height: 70mn
400 - . S i ] R T = i : - _.m,_‘.‘;.__,-!,__.g, PO N S R J
200} 1 [EEENEENEEE RN EREN _
o : -
E ' g
Z —
(7)) ; ! S '____— L S - -
@ 200 { — \* S S T
E ) - e Sl .’// ; P \\\ _,,,‘_:b :
() T ~_JF T !
o % 3 < i atl T |
ﬁ Cu= [ CD'LI\[” 2 .'/‘ ) » ! \'\ .
T* 100 } oA . i N ]
o y, -— ’ ( / : .'J‘ \ \ . \\
‘i’} /j j h “x
/ ] \ \ LT
, L | 1! N
. INEERE RN
100 72 ol | 3 0 <400 500 ié 1’ Z 18 |

NORMAL STRESS kN/m2
. FIG.38

SH Soil Engineering Ltd, P.0.Box 25457, 1310 Nicosia, Tel. 22663191, Fax 22663192
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SWELLING PRESSURE TEST

Project: University of Cyprus

Site Location: University Campus - Site "4" Depth: 7,0-7,45m

Client: University of Cyprus

BH No.: N14

Date: 20/1/04
Operator:

Soil: Khaki silty MARL

200
180
o~ —— Ei—-#!
E
Z 160
X
o Original Effective
5 OVerbirden Rressurp
@ 140
o
e
o
120
100
0 10 20 30 40 50 60 70 80 90
Time mins
Maximum swelling pressure measured = 175 -150 = 25 kN/m2
SH SOIL ENGINEERING LTD
P.O.Box 25457, 1310 Nicosia
Tel.N0.22336191, Fax 22663192

UC4 SWELLING TEST 1
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SWELLING PRESSURE TEST

Maximum swelling pressure measured = 175 -150 = 25 kN/m2

Project: University of Cyprus BH No.: N17 Date: 20/1/04
Site Location: University Campus - Site "4" Depth: 10,0-10,45m Operator:
Client: University of Cyprus Soil: Grey silty MARL
200
180 |
. — 2 qa |
o™ |
£ z
E 160 |
Drigihal Efffactjve
e 6t |
= Dverburden|Pregsure
&2 140 3
2 |
o
120
100
0 10 20 30 40 - 50 60 70 80 90
Time mins
|

UC4 SWELLING TEST 2

SH SOIL ENGINEERING LTD
P.0.Box 25457, 1310 Nicosia
Tel.No.22336191, Fax 226637192
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CONSOLIDATION TEST

Project: University of Cyprus

Site Location: University Campus - Site "4"

Client: University of Cyprus

BH No.: N14 Date: 20 to 27/1/04
Depth: 7,0-7,45m Operator:
Soil: Khaki silty MARL

0,920
0,910 &
0,900
0,890
0,880

0,870

Voids Ratio e

0,860
0,850
0,840

0,830
10

e - log p curve

100 1000 10000

Consolidation Pressure kN/m®
FIG. 41

Coef. of Compressibility
m, x10°° m¥/kN

10

m, - log p curve

100 1000 10000
- . 2
Consolidation Pressure kN/m FIG. 42

]
Q5 ®g 4
G E°
5 4
© 40 100
Consol. Pressure kN/m?
UC4 CONSOLIDATION 1

SH Soil Engineering Ltd
P.0.Box 25457, 1310 Nicosia
Tel.N0.22663191, Fax 22663192
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Project: University of Cyprus

CONSOLIDATION TEST

Consolidation Vs Sd.Root Time Curves

BH No.: N14 Date: 20 to 27/1/04

Site Location: University Campus - Site "4" Depth: 7,0-7,45m Operator:

Client: University of Cyprus

Soil: Khaki silty MARL

Gauge Readings(x0,002mm)

Pressure: 400kN/m2
Square Root of Time (min)
0,0 2,0 4,0 6,0 8,0 10,0
560
580
600
620 “‘ { te=7,84mins
640
660
FIG. 44

UC4 CONSOLIDATION 1

SH Soil Engineering Ltd
P.O.Box 25457, 1310 Nicosia
Tel. 22663191, Fax 22663192



CONSOLIDATION TEST
Consolidation Vs Sq.Root Time Curves
Project: University of Cyprus BH No.: N14 Date: 20 to 27/1/04

Site Location: University Campus - Site "4" Depth: 7,0-7,45m Operator:
Client: University of Cyprus Soil: Khaki silty MARL

Pressure: 800kN/m2

Square Root of Time (min)
0,0 2,0 4,0 6,0 8,0 10,0

640
650
660 H
670
680
690 y
700 ¥ | tgo=6,76min3
710 .
720
730
740
750

ey

Gauge Readings(x0,002mm

FIG. 45

Pressure: 1600kN/m2

Square Root of Time (min)

0,0 2,0 4,0 6,0 8,0 10,0
740
760
780
800

820 4~
840 44— t4o=7,02mins

| et

Lot

.ﬂ.’

860 ~
880 -
900
- 920

kil

Gauge Readings(x0,002mm)

FIG. 46

SH Soil Engineering Ltd
P.0.Box 25457, 1310 Nicosia

UC4 CONSOLIDATION 1 RTTIME2 Tel. 22663191, Fax 22663192
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Project: University of Cyprus BH No.: N17 Date: 20 to 27/1/04

CONSOLIDATION TEST

Site Location: University Campus - Site "4" Depth: 10,0-10,45m Operator:

Client: University of Cyprus

Soil: Grey silty MARL

Voids Ratio e

10 100 1000 10000

Consolidation Pressure kN/m®

FIG. 47

Coef. of Compressibility
m, x40 m¥kN

10 100 1000 10000
- - 2
Consolidation Pressure kN/m FIG. 48

=
(6]
s 6257
-ﬁo
8STE
5
S 2

Consol. Pressure kN/m® FIG. 49

SH Soil Engineering Ltd
P.O.Box 25457, 1310 Nicosia

UC4 CONSOLIDATION 2 e-logp Tel.No.22663191, Fax 22663192



CONSOLIDATION TEST
Consolidation Vs Sq.Root Time Curves

Project: University of Cyprus BH No.: N17 Date: 20 to 27/1/04
Site Location: University Campus - Site "4" Depth: 10,0-10,45m Operator:
Client: University of Cyprus Soil: Grey silty MARL

Pressure: 400kN/m2
Square Root of Time (min)
0,0 2,0 4,0 6,0 8,0 10,0
_ 440 '
£ X
g 460
o \
= \
X 480 R
28
= \\
5 500 X<
g NS »
€ s P  te0=10,56mins
@ RN
o Nty
3 AL
S 540 S —
AN A
560 —
FIG. 50
SH Soil Engineering Ltd

P.O.Box 25457, 1310 Nicosia
UC4 CONSOLIDATION 2 RTTIME1 Tel. 22663191, Fax 22663192
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CONSOLIDATION TEST
 Consolidation Vs Sd.Root Time Curves
Project: University of Cyprus BH No.: N17 Date: 20 to 27/1/04
Site Location: University Campus - Site "4" Depth: 10,0-10,45m Operator:
Client: University of Cyprus Soil: Grey silty MARL
Pressure: 800kN/m2
Square Root of Time (min)
0,0 2,0 4,0 8,0 80 - 10,0
550
570
E 590
§ 10X
S 630
X 850 N
9 N
o 670 A T
‘E 690 ““ — too=11 ,56mins 3
g 710 +
:‘.?, 730 =
g 750 N —
o = .
FiG. 51
Pressure: 1600kN/m2
Square Root of Time (min)
0,0 2,0 4,0 6,0 8,0 10,0
800
— \
£ 850
£
P X
=3 N
g 900 N .
[ N
2 \
g 950 N 1 to=11,56mins |
2 oS '
g 1000 g |
g N il
O N %
1050 e 3
N |
\
FIG. 52
SH Soil Engineering Ltd

UC4 CONSOLIDATION 2 RTTIME2

P.O.Box 25457, 1310 Nicosia
Tel 22663191, Fax 22663192
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Clay fraction of whole sample (% < 2u)

Potential expansiveness ~ Inch per foot of soil*

Very high 1.0
High 0.5
Medium o 0.25
Low 0

* After Van der Merwe (1975).55

FIG. 10.40 Proposed modified chart for determining
expansiveness of soils. [From Williams and Donaldson

1980)%% after Van der Merwe (1975)°%°. |
(1980)°%; af (19751°.] £ 53
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