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X Abstract >

he city of Tehran is founded on Quaternary

alluvium, which has been geologically classified

by Rieben. The city is located at the foot of the

Alborz Mountain Range, which is basically com-
posed of Eocene pyroclastic deposits (green tuff) and
other volcanic rocks. The geology and the morphology of
the Tehran region is similar to that for other cities located
at the foot of mountains. Rieben divided the Tehran
alluvia into four categories, identified as A, B, C and D
(from oldest to youngest). In the Rieben geological
classification system, which is widely used in Iran, the
age and general geological characteristics of alluvia are
considered, rather than engineering properties. The
Rieben and other geological classification systems are
described in this paper and geological factors that
affect the geotechnical characterization of the Tehran
alluvium are discussed. Because of the nature of the
Tehran soils, undisturbed samples for laboratory testing
are difficult to obtain and the execution of large-scale
in situ tests is difficult, expensive and not practical for the
majority of construction sites. Accordingly, a geological—
geotechnical classification system is required to assess
the engineering properties of coarse-grained soils for use
in small to medium-sized construction projects. To deter-
mine the geotechnical properties of the Tehran alluvia, a
number of in situ tests have been undertaken. The test
results have been compared with published research
results and the Rieben classification system has been
extended to cover geotechnical properties. A similar
framework could be used to create local geotechnical—
geological classification systems of other coarse alluvia
in other locations.

The city of Tehran is located at the foot of the southern
slopes of the Alborz Mountains Range and sits on an
alluvial plain formed over time by flood erosion of the
mountains. As a result of this process, large and small
particles have settled on high and low elevations, re-
spectively, resulting in varying geological conditions.
The source rocks, slope of the mountains and climate
conditions are important factors in determining the
properties of the soils deposited at the foot of moun-
tains. If the source rock is soft and the slope is gentle,
uniform fine-grained soils are created in seismically
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non-active areas. The Alborz Mountains Range is steep
and mainly consists of tuff, limestone and dolomite. The
area experiences heavy rains in some seasons and is
seismically active. Therefore, non-uniform soil layers
have been formed.

Tehran is expanding rapidly and for many of the
buildings being constructed the nature of the foundation
conditions, posed by the underlying alluvia, is a major
consideration. To determine the geotechnical par-
ameters of the Tehran alluvia, it is necessary to carry out
geotechnical investigations. For small and light struc-
tures, conventional geotechnical investigations can
exceed the available budget but shallow investigations
can be undertaken by simple low-cost methods. In sand
and fine-grained soils, simple equipment such as the
Mackintosh probe (Fakher er al. 2006) can be used.
However, low-cost methods are not widely available for
coarse-grained soils and it is necessary to undertake
large laboratory and in situ tests. Such large-scale tests
are inappropriate for small structures and for the pre-
liminary assessment of soils. Therefore, a local geologi-
cal or geotechnical classification is required. The Rieben
(1966) geological classification system is frequently used
by local engineers to provide a qualitative geological
description of the foundation soils, but the classification
is based on the age of the alluvia and does not provide
useful information about engineering properties of the
soils. A combination of geological information and
in situ test data could provide the possibility of being
able to make a quick assessment of the geotechnical
properties of the alluvia.

Geological classification

Rieben (1966) was a European geologist who worked for
the Geological Survey of Iran (GSI) in the mid-20th
century. His classification of Tehran alluvia is still
widely used by local geologists and engineers. Rieben
(1966) divided the Tehran coarse-grained alluvia into
four categories, identified as A, B, C and D, where A is
the oldest and D the youngest. Some simple profiles,
produced by the authors to schematically show the
sequence of Tehran alluvia formation, are presented in
Figure 1 and specifications of these alluvia are presented
in Table 1 using conventional terminology. Figure 2
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Fig. 1. Sequence of Tehran alluvia formation. (a) Sedimentation of A alluvium about 5 Ma ago. (b) Tectonic compression
and folding of A alluvium. (¢) Formation of B, C and D alluvium after folding of A alluvium caused by erosion and

sedimentation.

shows some photographs of outcrops of the Tehran
alluvia. To date, all research into the Tehran geology has
used the Rieben (1966) geological classification and until
now this classification has not changed fundamentally
(Berberiyan et al. 1986). The advantages of the Rieben
classification are: (1) it gives a first qualitative assess-
ment of the characterization of alluvium; (2) it recog-
nizes the sedimentary environments of the alluvia; (3) it
gives useful information about the age and history of
basin sediment.

However, a geological classification does not provide
information about engineering properties. This is the
major disadvantage of the Rieben classification of
Tehran alluvium, with respect to engineering practice.
When alluvia are classified based on their age, alluvium
in the same category (same age) may have different
geotechnical properties. For example, the B and D
alluvia in the north of Tehran have coarse grains ranging

to very large sizes but these same alluvia in the south of
Tehran have fine grains. Consequently, the B and D
alluvia in the north and south of Tehran have different
geotechnical properties but are in the same geological
category.

The Rieben (1966) classification is widely recognized
by geologists working in civil engineering projects in
Tehran. Therefore, it would be convenient to assess the
engineering properties using a modified form of the
Rieben geological classification, rather than proposing a
new independent geotechnical classification. An adapted
geological classification able to address geotechnical
characterizations would have the following advantages.
It would: (1) ease communication between geologists
and engineers; (2) provide a qualitative assessment of the
effect of geological factors on geotechnical properties;
(3) increase the accuracy of investigations; (4) reduce
costs; (5) ease comparison with previous data.



Table 1. Comparison of Tehran alluvia based on Rieben classification ( Rieben 1966 )

Alluvium

Factor

10 ka

Recent alluvial

50 ka

700 ka

Heterogeneous conglomerate

5 Ma

Homogeneous conglomerate

Cemented and hard

Age

Alluvial fan

Lithology

Cementation less than A and non-hard Non-cemented

Clay to 100-200 mm

Variable, but usually weak cement

Cementation
Grain size

Clay to several metres

Very variable up to several metres

Clay to 100-250 mm
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0-15

0-90

Maximum 1200

Dip layer (deg)
Thickness (m)

<10

Maximum 60

Maximum 60

(thickness decreases toward south)

Fluvioglacial and periglacial

Fluvial

Fluvial

Fluvial

Sedimentary environment

Recent alluvial

Hezardareh alluvial formation North Tehran heterogeneous Tehran alluvial formation

Other name (local name)

alluvial formation

North area

Recent and old riverbed

North and central area

Location of observation in Tehran North area

Geological factors affecting the
geotechnical specification of
Tehran alluvia

For this study a large number of pits, trenches and
outcrops were visited by the authors. In addition, the
data of previous investigations were used to address
geological factors that affect the geotechnical properties
of Tehran alluvia.

(1) Grain size and grain shape. These reflect material
composition, grain formation and release from the
mineral matrix, transportation, and deposition environ-
ments. Mechanical and chemical processes determine the
grain shape once it is released from the matrix. Particle
shape is characterized by three dimensionless ratios
(Barrett 1980) identified as: sphericity S (compared with
eccentricity of platiness); roundness R (compared with
angularity) and smoothness (compared with roughness).
An increase in particle irregularity (angularity and/or
eccentricity) results in a decrease in stiffness and an
increase in friction angle (Dodds 2003). The grain shapes
of Tehran alluvia can be classified as round, semiround
and angular according to the classification of Powers
(1953). Grain sizes are variable from clay to boulders.

(2) Sedimentary age. During hundreds of thousands
of years, a structure is created in coarse-grained soil.
Factors that influence structure creation are hydroxide,
carbonate and organic material sedimentation, grain
welding caused by high pressure, and mineral recrystal-
lization (Leroueil & Vaughan 1990). For illustration, it
has been reported that the shear behaviour of natural
sands is defined not only by the type of material
constituents but also by the processes experienced in the
ground during its geological history (Cuccovillo & Coop
1999). With the creation of a structure, the strength of
soils is increased. This phenomenon can be observed in
the 5 Ma Tehran alluvia. Hence, the strength of Tehran
alluvium increases with age.

(3) Cementation. This is an important factor in the
creation of cohesion in coarse-grained soils. Other fac-
tors that create cohesion are grain interlocking, over-
growth and welding (Barton 1993). Cementation is the
most important factor to create cohesion in Tehran
alluvia (Asghari 2002). The degree of cementation
depends on the alluvium fabric, grain shape, age, ground
water level, tectonic conditions, depth and weathering.
The cementation of Tehran alluvium is secondary and
created by carbonate, especially calcite (Asghari 2002).
Calcite crystals are components of the source rock of
Tehran alluvia. Solution of calcite crystals and then
recrystallization between grains created cementation.
Figure 3 shows samples of calcite cementation in micro-
scopic thin sections of A alluvium. Figure 3a shows
rhombohedral calcite crystals; this thin section shows
calcite crystals that are completely crystallized, but in
Figure 3b the crystallization of calcite crystals is not
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Fig. 2. Coarse-grained alluviua of Tehran. (a) A alluvium, showing dip and sandy interlayers. (b) B alluvium, showing grain-size
variability and angularity. (¢) C alluvium, showing pebble, boulder and red layers. (d) D alluvium, showing very large grains without
cementation.
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Fig. 3. Microscopic thin sections of A alluvium, showing calcite crystals: (a) complete crystallization to rhombohedral crystals
(depth 7 m); (b) partial crystallization (depth 13 m).
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Fig. 4. Fractured grains after in situ direct shear test.

complete. It is clear that the strength of completely
crystallized calcites is higher than that of uncompletely
crystallized calcite. As shown in Figure 4, the cement
between grains can be stronger than the grains them-
selves. Figure 4 is taken from an in situ direct shear test
at a depth of 13 m. On the application of a shear force,
some grains can be seen to have fractured before the
cement material and it is apparent that the strength of
the cementation material is greater than that of the
intact grains. Based on observations during this study,
saturation and water flow into pits can leach cement
from between grains and reduce the cement-derived
strength. Ismael & Mollah (1998) reached the same
conclusion for naturally cemented sand. The A alluvium
is the oldest alluvium of Tehran so it is the most cohesive
and cemented alluvium. D alluvium is the youngest
alluvium and has no cohesion. C alluvium is moder-
ately cemented and B alluvium has weak and variable
cohesion.

(d) Grain contact type. Grain contact mechanisms
have been classified as point, long, interlocking and
floating (Sitar 1983). In Figure 5 four kinds of contact
between grains are presented. The Tehran alluvia do not
have uniform grain-size distribution and usually grain
shapes are angular and sometimes round. During this
study it was concluded that the contact mechanisms
between grains are interlocking and floating.

There are some other factors, such as faults and
weathering, that affect the engineering properties of
soils. Fault and fractures reduce the strength of
alluvium. Water flows in faults and fractures; this could
leach cement and thus reduce the strength of alluvium.
Several researchers have studied the effect of weathering
on the engineering properties of different types of rocks
and hard soils (Cole & Sandy 1980; Lumb 1983; Kelsall
et al. 1986; Haskins & Bell 1995). Weathering processes
could also cause important changes in rock porosity
(Tugrul 2004). With weathering progress, porosity
increases and the strength of alluvium is reduced.

Point contact Long contact

Interlocking

Floating

Fig. 5. Grain contact arrangements (Sitar 1983).

Weathering has more effect on young alluvium and its
effect decreases with depth. In the north of Tehran there
are a number of faults, which can reduce the strength of
soils. The effects of weathering are more severe at faults.
To summarize, grain size and shape, sedimentary age,
cementation, grain contact type, faults, fracture and
weathering are major factors that influence the geotech-
nical properties of Tehran coarse-grained alluvia. These
factors are presented in Table 2, which summarizes the
visual observations on the alluvia described below.

Description of soils observed in
trial pits and exposed trenches

A number of exposed trenches and excavations were
visited by the authors during this study. Figure 6 shows
the locations of the trial pits and excavations that were
used in this study. In addition, three special pits with
horizontal galleries were excavated for direct obser-
vation of the alluvia and to permit a study of grain
shape, grain size, contacts, cementation and ground
water, and also to carry out in situ tests (Fig. 6). The
diameters of the pits were about 1 m with depths of
15.9, 20 and 23 m. Several observation galleries were
excavated horizontally. The cross-section of galleries
was triangular (height 1.8 m and base width 1.6 m). The
horizontal galleries were excavated by hand tools, which
are typically used by specially skilled workers. In
addition, 45 trial pits excavated in previous studies were
used to augment the research findings.

The visual observations of the authors are summa-
rized in Table 2. In addition to Table 2, the following
observations are of interest.

(1) In pit 1, D alluvium was observed to a depth of
7 m, below which A alluvium was encountered. Figure 7
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Table 2. Major geological factors that affect the geotechnical properties of Tehran alluvia

Alluvium

Comparative factor

Usually round

Angular and round

Angular

Semi-round and angular

Grain shape
Grain size

From clay to boulders up to

From clay to boulders up to

Very variable grain size up to

From clay to boulders up to

several metres diameter

200 mm diameter

boulders of several metres diameter

500 mm diameter

10 ka

Uncemented
Floating

50 ka
Weakly to moderately cemented

Interlocking and floating

Horizontal

700 ka

5 Ma

Strongly cemented

Age

Uncemented
Floating

Cementation

Interlocking and floating
Folded and dip 0-90°

Contact shape

Horizontal

Unconformability over A series dip <10°

More than A

Structural geology
Weathering

More than C

More than B

Weathered on ground surface
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shows a typical boundary between A and D alluvium; a
similar boundary was observed in pit 2 at a depth of
10 m between D alluvium and C alluvium.

(2) Although the ground water level is very low,
seepage of water could be sometimes seen in some layers.
For example, water seepage was observed at a depth of
I5m in pit 2 so a pump was used for drainage during
observation and in situ tests.

(3) Sometimes a thin layer of fine soil could be seen
between coarse soils. For example, in pit 3 at 6-9m
depth there was a red layer, in which the percentage of
clay was greater than elsewhere. Figure 8 shows the
boundary between red and other layers. It is not a
typical feature of the alluvia. Figure 9 shows a typical
drawing produced to present the observations made by
the authors in trial pits and horizontal galleries.

In situ tests

Because of the large grain size of some of the soils
studied, it was impossible to take small samples from
boreholes for laboratory testing. In addition, the use of
standard penetration test (SPT) or cone penetration test
(CPT) was not possible. Most previous investigations on
gravelly soils have focused on the testing of sands
because of the problems of testing coarse-grained soils
(Crova et al. 1993; Lin et al. 2000; Asghari 2002). The
research presented here was mainly based upon in situ
tests undertaken by the authors in engineering geology
surveys relating to lines 3 and 7 of the Tehran metro. In
addition, in situ tests were carried out in three trial pits
at different levels and a number of published data were
used for comparison and discussion.

The in situ direct shear tests were undertaken based
upon the procedures of BS 5930 (BSI 1999). Three
frames were used, with a 600 mm width and length and
150 mm height. To prepare cubic soil samples, each
frame was placed on the ground, and the soil was
excavated around it so that the soil inside the frames
should be undisturbed. Every test was carried out with
three samples and three different constant vertical
forces. The horizontal force increased continuously up
to failure of the samples. The cohesion and internal
friction of the undisturbed soils were determined and a
total of 11 tests were carried out in five galleries. The test
results showed: (1) vertical and horizontal displacements
occurred immediately (about 60 s) after the vertical and
horizontal forces were applied; (2) the average internal
friction angles of A and C alluvia were 45 and 38° and
the average cohesion of A and C alluvia were 93 and
90 kPa, respectively.

Plate load tests are commonly recognized as a reliable
source for the evaluation of allowable pressure under
foundations (Reznik 1995). The plate load tests were
performed based on ASTM D 1194-94 (ASTM 2000). A
circular plate with 300 mm diameter was used in the
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Fig. 6. Location of trial pits and metro lines 3 and 7.
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Fig. 7. Junction between A and D alluvium in pit 1.

tests. The deformation modulus (£), modulus of sub-
grade reaction (K,) and reloading modulus (K,) were
determined based on these test results. A total of 11
plate load tests were undertaken in five galleries on A
and C alluvia. The test results show the following.

(a) In A alluvium following the application of a
vertical force, the change of vertical settlement with time
was very fast and no long-term settlement could be
expected. In the case of C alluvium the soil behaviour
was affected by the coarse and fine grains together and
there could be long-term settlement.

£
More Clay
Content

Fig. 8. Contact between red and other layers in A alluvium in
pit 3.

(b) In one test, failure occurred around the plate once
a load of 6.3 MPa had been applied. This shows that the
soil could support a load of up to 6.3 MPa vertical stress
under a plate.

(¢) In seven tests undertaken on the A alluvium and
four tests on the C alluvium, the elastic deformation
modulus (E) for A and C alluvia were shown to be 164.3
and 45.9 MPa, respectively.

To determine deformation parameters at small strain,
down-hole tests were conducted in three trial pits
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Fig. 9. Material observed in pit 3, excavated in A alluvia.

according to ASTM WK 7042 (ASTM 2005) using a
“24-channel seismograph’. To find a low-cost soil inves-
tigation test, the Swedish Weight Sounding test was tried
in Tehran alluvium. This procedure was first introduced
in Sweden in 1917, and has been used for field surveys
on subsurface profiles under railway tracks (De Ruiter
1988). The effects of overburden stress, relative density
and grain composition on test results have been exam-
ined by Tsukamoto ez al. (2004). Empirical correlation
tables, proposed in Euro Code 7 (BSI 2000) were used to
determine the internal friction angle and deformation
modulus.

Comparison

The in situ test results of the present study and earlier
research are compared in Table 3. This table shows that
the engineering properties of A and C alluvia are
different and are related to different grain sizes, cemen-
tation, and percentage of fine grains. To extend these
results to other sites, more tests are required. The

locations of previous studies are shown in Figure 6,
which shows the engineering properties of Tehran
alluvia in some areas. The values for cohesion, angle of
friction and deformation modulus presented in Table 3
are based on the results of the in situ direct shear tests
and plate load tests.

In the A and C alluvia the average ratio of E4oun hote!
Epjate 10aa Was found to be 14 and 25, respectively.
Differences between deformation modulus derived from
down hole and plate loading are due to the different
range of strains applied in the two tests.

In the A and C alluvia the friction angles determined
by in situ direct shear test are about 5-10° greater than
Swedish Weight Sounding test results. The differences
between the internal friction angle and deformation
modulus derived from the Swedish Weight Sounding
and direct shear tests suggest that the empirical relation-
ship presented in Euro Code 7 to derive internal friction
angle from the Swedish Weight Sounding test should be
modified for Tehran alluvia.

Comparison of the results suggests that there is usu-
ally agreement between the different tests. However, the
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Table 4. Determination of geotechnical properties based on geological features

Alluvium Geological features Approximate values of
engineering properties

Grain Contact  Cement Grain Elevation C 0] E Vs
shape shape size (m) (kPa) (deg) (MPa) (m/sec)
Interlocking 140-150  45-50 200-250

Angular =4
4 2
=
Floating g E 60-70  35-40 100-150
& A mixture of s
A e grain size E = 1500 600-900
g (0-500 mm) £ &
Interlocking % 03 70-80 4045 150-200
& s,
Semi round <
Floating 3040  30-35  40-50
0-1.5m 1500  No data No data No data
c B
I & 8
a — o
Angular Floating g Intermediate g g 1300-1500 No data No data No data No data
a & ©°
Clay & Silt ~ 1000-1100 1520 1520  20-30
Interlocking 100-150 35-40  50-60
Angular E
. & =3
Floating 5 = . Q 20-30 35-30 30-40
g3 A mixture of g =
<R grain size ¢ 2 1100-1500 450-650
o < =
. ¢ o (0-200 mm) 5
Interlocking % S = 40-50  30-35  40-50
S
Round é:
Floating 10-20  20-25  20-30
0-1.5m 1500 No data No data No data
c &
2 ] -
(0]
Round Floating (BD Intermediate og °§ 1500-1100 No data No data No data No data
= =
g .
a <
Clay & Silt 1000-1100  10-40 >10 10-25
depth of the test, water content and location of the test of 4 m, because of the difficulties in performing such
can cause some differences. The geotechnical parameters tests. In the current study, tests at depths greater than

proposed by other researchers are for maximum depths 4 m were successfully undertaken.
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New classification and discussion

A geological classification of Tehran alluvia was first
proposed by Rieben (1966) but this system does not
consider the engineering properties. However, Rieben’s
classification has a long history of usage by local geolo-
gists and engineers. Therefore, it could be more
acceptable to add engineering properties to Rieben’s
classification to provide a primary assessment of engi-
neering properties of soils in civil engineering projects.
Geological factors that affect engineering properties
have been widely addressed in the literature and are
briefly mentioned in this paper. The observations and
also direct studies of the authors of the geological
factors which relate specifically to the Tehran alluvia are
summarized in Table 2. The results of in situ measure-
ments of engineering properties of A and C alluvia can
be combined, as shown in Table 4, which was produced
by combining Tables 2 and 3. The results are shown in
three major columns. In the first major column, the
properties of Tehran alluvia based on Rieben’s classifi-
cation are presented, together with photographs. In the
second major column, geological features (including
grain shape, contact shape, cementation and grain size)
that influence geotechnical properties are presented. In
addition, the elevations above sea level for outcrops of
these alluvia are presented. Based on the information in
this column, fine-grained alluvia are seen to occur at low
elevations and coarse-grained alluvia at high elevations.
In the third major column, the geotechnical parameters
for distinct geological features are presented. The cohe-
sions and angles of friction presented in Table 4 are
based on results of in situ direct shear tests, and the
deformation modulus, which is for large strain, is based
on results of plate load tests.

Table 4 could be considered as a framework for the
quick assessment of engineering properties of alluvia
using the following procedure.

Step 1: determine the type of alluvium according to
Rieben’s classification from Table 1 and then refer to
Table 4.

Step 2: determine grain and contact shape based upon
visual inspection.

Step 3: confirm the type of cement specified for the
desired alluvium in Table 4.

Step 4: based upon grain size and elevation of the
alluvium, select the range of engineering properties for
the desired soil in Table 4.

The effect of water and faults should be considered by
engineering judgement to reduce the value of engineer-
ing properties.

Table 4 could be used to determine geotechnical
properties for A and C alluvia but there are not enough
data available to include B and D alluvia in the system.
In most cases B and D alluvia have very coarse and fine
particles. Geotechnical investigations of fine-grained

particles are possible by conventional geotechnical in-
vestigation methods, but investigation of coarse-grained
soils is difficult because of the very coarse-grained non-
cemented structure and heterogeneous nature. In this
case it is possible to determine engineering properties
based upon the monitoring of new constructions. These
soils should be the subject of further research.

Conclusion

Coarse soils are challenging materials in ground investi-
gations because undisturbed sampling and most in situ
tests are inapplicable. It is also very expensive to take
large samples or to undertake large in situ tests for small
to medium-sized construction projects. Combining
available geotechnical data and geological factors that
affect engineering properties could produce a framework
for the quick engineering assessment of any geological
formation.

A new engineering—geological classification has been
presented for Tehran alluvia. Most cities and areas that
are located at the foot of mountains ranges could have
similar geological formations and the alluvia could be
similarly classified. An approach similar to that pre-
sented here could be used to add engineering properties
to the geological classification of alluvia formed at the
foot of mountain ranges.

The alluvia of Tehran are heterogeneous and strongly
cemented; cementation between grains is usually calcite.
Water flow leaches cement between grains and reduces
cohesion. In the case of both A and C alluvia, contacts
between grains are usually interlocking and some times
floating. Heterogeneity of C alluvium is less than that of
A alluvium. The percentage of fine grains in C alluvium
is greater than that in A alluvium. In C alluvium, the
cementitious materials are calcite and clay.
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References

AMIN, M. 1995. Geotechnical properties of Tehran
Quaternary alluvium. In: First International Quaternary
Symposium, Tehran University, 161-175 [in Persian].

AsGHARIL, E. 2002. Effect of cementation on shear strength
and deformation parameters of coarse grained soils refer-
ence Tehran alluvium. PhD thesis, Tarbiyat Modarres
University, Tehran (in Persian).

ASTM 2000. Standard Test Method for Bearing Capacity of Soil
for Static Load and Spread Footings. (D1194-94). Annual
Book of ASTM Standard, 04-08. American Society for
Testing and Materials, Philadelphia, PA, 104-106.

ASTM 2005. Standard Test Method for Down Hole Seismic
Testing. (WK 7042). Annual Book of ASTM Standard.
American Society for Testing and Materials, Philadelphia,
PA.



174 A. FAKHER ET AL.

BARRETT, P.J. 1980. The shape of rock particles, a critical
review. Sedimentology, 27, 291-303.

BarRTON, M.E. 1993. Cohesive sands: the natural transi-
tion from sand to sandstone. In. ANAGNOSTOPOULOSE,
1.G. ET AL (ed.) Proceedings of Geotechnical Engineering
of Soft Rocks—Hard Soil. Balkema, Rotterdam, 367-374.

BERBERIYAN, M., GOREISHI, M., ARGANG, B. & ASHGEE, M.A.
1986. Seismotectonic and Earthquake — Fault Hazard
Investigations in the Tehran Region. Geological Organiz-
ation of Iran, Report, 56, (in Persian).

BSI 1999. B.S. 5930, Code of Practice for Site Investigation.
British Standards Institution, London.

BSI 2000. Euro Code 7, Geotechnical Design, Part 3; Design
Assisted by Field Testing. DD ENV 1997-3:2000. British
Standards Institution, London, 55-58 and 78-83.

CoLe, W.F. & Sanpy, M.J. 1980. A proposed second-
ary mineral rating for basalt road aggregate durability.
Australian Road Research, 10 (3), 227-237.

CRroVA, R., JAMIOLKOWSKI, M., LANCELLOTTA, R. & LOPRESTI,
D.C.F. 1993. Geotechnical characterization of gravelly
soils at Messina site: selected topics. /n: PARRY, B.G.S. &
Parry, R.H.G. (eds) Proceedings, Predictive Soil
Mechanics. Thomas Telford, London, 199-219.

CuccoviLLo, T. & Coopr, M.R. 1999. On the mechanics of
structured sands. Géotechnique, 49 (6), 741-760.

DE RUITER, J. (ed.) 1988. Weight Sounding Test. International
Reference Test Procedure, Penetration Testing (1988),
ISOPT-1. Balkema, Rotterdam.

Dobbs, J. 2003. Particle shape and stiffness—effect on soil
behavior. MSc thesis, Georgia Institute of Technology,
Atlanta.

FAKHER, A., KHODAPARASR, M. & Jones, C.J.F.P. 2006. The
use of Mackintosh probe for site investigation in soft
soils. Quarterly Journal of Engineering Geology and
Hydrogeology, 39 (2), 189-196.

Haskins, D.R. & BeLL, F.G. 1995. Drakensberg basalts, their
alteration, breakdown and durability. Quarterly Journal
of Engineering Geology, 28 (2), 287-302.

IsmaEL, N.F. & MoLrrLaH, M.A. 1998. Leaching effects in
properties of cemented sand in Kuwait. Journal of Geo-
technical and Geoenvironmental Engineering, ASCE, 124
(10), 997-1004.

KerLsarLL, P.C., WATTERS, R.J. & FranzoNE, G. 1986. Engi-
neering characterization of fissured, weathered dolerite

and vesicular basalt. In. HARTMAN, H.L. (ed.) Proceeding,
27th US Symposium on Rock Mechanics. Rock Mechanics:
Key to Energy Production, Tuscaloosa, USA, June 23-25,
77-84.

LEROUEIL, S. & VAUGHAN, P.R. 1990. The general and congru-
ent effect of structure in natural soils and weak rocks.
Géotechnique, 40 (3), 467-488.

LiN, S.Y., LiN, P.S., Luo, H.S. & Juang, C.H. 2000. Shear
modulus and damping ratio characteristics of gravelly
deposits. Canadian Geotechnical Journal, 37, 638-651.

Lums, P. 1983. Engineering properties of fresh and decom-
posed igneous rock from Hong Kong. Engineering
Geology, 19 (2), 81-94.

PaHLAVAN, B. 2003. An investigation to deformation of coarse
grained alluvium of Tehran using pressuremeter. PhD
thesis, Tarbiyat Modarres University, Tehran (in Persian).

PAHLAVAN, B., FAKHER, A. & KHAMEHCHIAN, M. 2004. Stiff-
ness of cemented gravel of Tehran, from pressuremeter
and other in-situ tests. In: VIANA, Da, FONSEca, A.

& MAYNE, P.W. (eds) Proceedings of ISC-2 on Geotech-
nical and Geophysical Site Characterization. Millpress,
1701-1707.

Powers, M.C. 1953. A new roundness scale for sedimentary
particles. Journal of Sedimentary Petrology, 23 (2),
117-119.

RezNIK, M.Y. 1995. Comparison of results of odometer and
plate load tests performed on collapsible soils. Engineering
Geology, 39 (1-2), 17-30.

RIEBEN, E.H. 1966. Geological Observation on Alluvial Deposits
in Northern Iran. Geological Organization of Iran,
Report, 9, (in French).

SES, 1997. Geotechnical Report of Milad Tower of Tehran.
Report by Soil Engineering Service Company (in Persian).

SitARr, N. 1983. Slope stability in coarse sediment. /n: YONG,
R.N. (ed.) Proceedings on Geotechnical Environment and
Soil Properties, Houston, TX. American Society of Civil
Engineers, New York, 82-98.

TsukaMOTO, Y., ISHIHARA, K. & SAWADA, S. 2004. Correlation
between penetration resistance of Swedish Weight Sound-
ing Test and SPT blow counts in sandy soils. Soil and
Foundation Journal, 44 (3), 13-24.

TuGruUL, A. 2004. The effect of weathering on pore geometry
and compressive strength of selected rock types from
Turkey. Engineering Geology, 75, 215-2217.

Received 20 September 2006; accepted 21 February 2007.



