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ABSTRACT
Metropolitan Tehran is located on the highly cemented granular deposits in upper central to northern parts of the city which is fairly 
close to the Alborz Mountains with altitudes around 4000m. Due to the specific geological conditions, the deposited alluviums are
very non-homogeneous in different zones, but generally the cementation is high to very high contributing to cohesions of up to 
160 kPa, mostly resulted from the existence of calcite. The main objective of this paper is to investigate experimentally the effect of
calcite content on the cohesion and angle of internal friction. A special chemical analysis method consisting of solution in HCl was
conducted to measure the calcite content at 10 different locations in northern Tehran. In order to simulate the effect of calcite content,
soil samples with different lime percentages (1, 3, 5 & 7 %) were prepared and cured in the laboratory, and large scale direct shear
tests were performed. The results showed considerable effect of cement content (calcite) on the soil behavior and shear strength, in
particular substantial increase in cohesion. 

RÉSUMÉ
Le Téhéran métropolitain est situé sur des dépôts granulaires fortement cimentés dans les zones supérieure centrale et nord de la ville,
qui sont assez proches des montagnes d'Alborz, avec une altitude aux environs de 4000m. Dû aux conditions géologiques spécifiques, 
les alluvions déposés sont fortement non homogènes dans différentes zones, mais généralement la cimentation est d'élevée à très
élevée, contribuant ainsi à des cohésions de l'ordre 160 kPa, généralement résultant de la présence de calcite. L'objectif principal de 
cet article est d'étudier expérimentalement l'effet du contenu de calcite sur la cohésion et l'angle de friction interne. Une analyse
chimique particulière qui consiste en une dissolution dans du HCl a été conduite pour mesurer le contenu de calcite à 10 endroits 
différents dans le nord de Téhéran. Afin de simuler l'effet du contenu de calcite, des échantillons de sol avec différent pourcentages de
chaux (1, 3, 5 & 7 %) ont été préparés et traités dans le laboratoire, et des essais de cisaillement direct à grande échelle ont été 
réalisés. Les résultats ont montré l'effet considérable du contenu de ciment (calcite) sur le comportement du sol et de la résistance au
cisaillement, en particulier l'augmentation substantielle de la cohésion.    

1 INTRODUCTION 

The coarse-grained alluviums of Tehran area located south of 
central Alborz Mountains are mostly having a high degree of 
cementation. Many natural steep slopes and high trenches have 
remained stable for long periods of time. An 18-m high trench 
in NE of Tehran is shown in Fig. 1. Cementation seems to be 
the key factor contributing to the stability of northern Tehran 
soil layers. The alluvial deposits of Tehran are the remains of 
rivers and seasonal floods originated from southern parts of 
Alborz during geological periods. The gradual deposition and 
compaction of alluviums, and also the leaching of cementation 
agents through deposits have eventually increased the 
interlocking and cohesion. The geologists have classified the 
Tehran deposits in 4 groups of A, B, C and D. The tectonic 
activities have caused the folding of deposits A and B. The A
deposits are highly cemented, B and C have little to medium, 
and deposits D have practically no cementation. The coarse 
grains of alluviums are mostly constituted of tuff. 

The rapid development of Tehran over the hills and valleys 
during the past several decades necessitates deep excavations 
and high trenches through the alluviums for construction of 
highways and underground tunnels. Also, deep excavations are 
usually made for construction of high-rises. The stability 
analysis and support system design for such excavations and 
trenches require the adequate estimate of cohesion. Therefore, it 
is necessary to investigate the effect of cementation on cohesion 
of Tehran deposits. 

One of the main characteristics of natural cemented soils is 
their variability in density and cementation. The non-
homogeneous nature of Tehran deposits along with the 

difficulties associated with undisturbed sampling of coarse-
grained soil mixtures have made their laboratory studies 
inconvenient. Therefore, in most laboratory studies, the artificial 
cementation methods are utilized to study the effect of 
cementation degree, density, etc., on the strength parameters 
(e.g. Saxena and Lastrico, 1978; Dupas and Pecker, 1979; 
Clough et al., 1981; Lade and Overton, 1989; Huang and Airey, 
1998).

Ismail (2002) studied the effect of three cementation types 
including gypsum, calcite and Portland cement on soil behavior 
using triaxial tests. The results revealed that cementation type is 
affecting the soil behavior, for example, the Portland cement 
increases the deformability, whereas gypsum and calcite make 
the mixture more brittle. 

 Experimental studies of Asghari (2002) indicated that 
"Calcium Carbonate" or "Calcite" (CaCO3) is the main 
contributing factor to the cementation of Tehran deposits. 
Artificial cemented samples with maximum grain size of 1/2" 
were tested in triaxial system to study the effect of cement 
percentage on shear strength parameters.  

The main objective of this paper is to investigate the effect 
of cementation resulted from calcite on strength and 
deformation characteristics of Tehran alluvium deposits within 
the real percentage range of cementation. 10 disturbed samples 
were provided from various locations of NW, north and NE of 
Tehran onto which physical tests and chemical analysis were 
conducted to determine the soil classification and percentage of 
calcite, respectively. Artificial cubic samples were then made by 
mixing soil with lime and tested in 30 × 30 cm direct shear box 
to study the effect of degree of calcite cementation on strength 
parameters and deformation characteristics. 
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2 INVESTIGATION OF CALCITE CONTENT OF TEHRAN 
DEPOSITS

Samples from 10 different locations of northern Tehran were
taken for chemical analysis. The solution in Hydrochloric Acid 
(HCl) method was used to determine the calcite content of the
soil samples. Solution of calcite in acid results in carbon dioxide
(CO2) release in air, and hence the reduction in weight is an 
indication of calcite content of the soil mass (Chaney et al.,
1982).

Some soil is weighed and added to 3N hydrochloric acid and
allowed for complete reaction. The flask containing the soil and
other contents is weighed afterwards to determine the calcite
content as follows:

100274.20 ××=
iW

WC  (1) 

in which C is the calcite percentage (or calcite content), Wi is
the dry weight of initial soil, and W0 is the weight of released
carbon dioxide. The 2.274 factor is the molecular unit mass 
ratio accounting for the conversion of released carbon dioxide
to the calcite content of the initial soil mass.

The calcite content of all the collected 10 samples were
determined, a summary of which is presented in Table 1. It is
observed that the Tehran deposits are quite non-homogenous, as
the calcite content is showing a scattered range between 1 to
15.2 percent. The average calcite content is 7.9% with a
standard deviation of 4.98. The grain size distribution of the 10 
samples demonstrated in Fig. 2 also shows the wide range of 
soil particle sizes.

The samples were provided from excavation and trench
sidewalls by a hand hammer and the number of impacts 
required for supplying a certain volume of soil was recorded. It 
was found that there is an approximate correlation between the
calcite content and number of impacts of the hammer. A more 
systematic method or tool should be devised to enable
quantified correlation between the calcite content and in-situ
measurements.

3 EXPERIMENTS

Feasible in-situ tests for determination of strength parameters of 
coarse-grained alluvial deposits include "direct shear" and
"plate load" tests. Performing in-situ direct shear tests are not
economical for small to average size structures. The experiences
of plate load tests have resulted in conservative magnitudes for
cohesion due to scale effects (Pournaghiazar, 2004).

Undisturbed sampling of the coarse-grained alluviums is also
very difficult since the structure collapses easily, and hence the
cementation vanishes. In order to study the effect of 
cementation resulted from calcite content on strength
parameters, artificial samples were made in the laboratory.
Artificial samples also allow for more accurate studies such as
effect of cementation content while other parameters like soil
grain size distribution and density are maintained constant. Soil
type, sample preparation procedure, and test equipment are
described in the subsequent sections. 

Table 1. Calcite Content (Cement %) for samples of northern Tehran

No. Location Calcite Content
(%)

1 Saadat-Abad 13
2 Evin-Darake 1

3 M. Ardebili St. 5.6

4 Elahieh 7.4

5 Shariati – Kolahdooz 3

6 Ekhtiarieh 9.6
7 Davoodieh 6.9

8 Pasdaran-5th Boostan 2.8

9 Pasdaran-Heravi Sq. 14

10 near Gardaneh Ghochak (Fig.1) 15.2

Figure 1. An 18-m high trench in NE Tehran; stable without any
support for more than 30 years. (near Gardaneh Ghochak)
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Figure 2. Grain size distribution of the 10 samples (dotted
lines) and the representative soil (solid line). 

3.1 Soil type 

It was intended to supply a representative soil of Tehran for
artificial sample preparations. This was done by preparing a soil 
that its grain size distribution curve was located within the
curves of the 10 provided samples from northern Tehran, as
illustrated in Fig. 2. The solid line shows the representative soil.

The maximum grain size was limited to 3/4" (19mm), to 
comply with instructions of ASTM for direct shear testing
(ASTM-D3080-98) in which the maximum grain size is limited
to 1/6 to 1/8 of the smallest dimension of the sample box. A 30
× 30 ×14 cm shear box was used for all the tests. The
representative soil was classified as SW, with uniformity (Cu)
of 28, D10 of 0.2mm and D50 of 3mm.

3.2 Sample preparation 

Artificial cemented samples require a long period of time to
gain the expected strength and they are very sensitive to
disturbance in the early stages of preparation. Polyethylene
molds with external dimensions of 29.5 × 29.5 × 14 cm were
fabricated in two pieces, to facilitate the placement in direct
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shear box without removing (therefore disturbing) the samples
from the molds. The shear plane occurs through the surface
between the two pieces. The mold bottoms are perforated to
allow for water seeping through the sample during curing. As 
the chemical analysis indicated calcite is the main contributing
factor of cementation of Tehran deposits, lime was used for 
preparing the artificial samples. Samples were made with
adding 1, 3, 5, and 7 percent of lime to the representative soil.
The representative soil was well mixed to make it homogeneous 
and all the samples were made with a dry unit weight of
18 kN/m3 for consistency, which is equivalent to Tehran
deposits average dry unit weight.

The following steps were followed to prepare the artificially
cemented samples:

1. Considering the total mold volume and the required lime
percentage, certain amount of the representative soil was 
used, so that the dry unit weight results in 18 kN/m3. The
dry soil and lime were thoroughly mixed to prepare a
homogenous mixture.

2. Water was added to the mixture equivalent to 12% by
weight and well mixed. This was equivalent to the
optimum water content of standard Proctor. 

3. The polyethylene molds were temporarily fixed by a 
clamp and the mixture was placed and tamped in three
layers to achieve the desired density.

4. The molds containing the compacted mixtures were then
submerged in water for the 28-day curing. Figure 3
presents several submerged samples during curing.

3.3 Direct shear test device

A large-scale direct shear test machine was used to study the
effect of cementation on strength and deformation
characteristics. It is obvious that direct shear device is not 
adequate for shear modulus measurement, but reliable results
can be obtained for compression/dilation and strength
parameters (Fakharian and Evgin, 1995). All the tests presented
in this paper were sheared at 0.25 mm/min under normal 
stresses of 119, 178, and 238 kPa, for each calcite content.

4 RESULTS

Some results are presented here to investigate the major
characteristics of the artificially cemented samples. Figure 4
represents the shear stress – shear displacement and volume
change (vertical displacement) results of the non-cemented
samples under normal stresses of 119, 178, and 238 kPa. 
Although the volume change response is compressive at first 
and then dilation has been started, the stress-displacement
relation exhibits hardening behavior only. Perhaps at higher
displacements, the response would have shown softening
effects, but that is beyond the practical interest, and also out of
range of the direct shear equipment stroke. With increase in
calcite content, the behavior changes from a

hardening/compressive pattern towards a hardening-
softening/dilative pattern. Figure 5 shows such a behavior for 
the 7% calcite content.

The local failure patterns observed in the early stages of
stress-displacement relations of the cemented samples seem to
be due to debonding of cementation (Fig. 5). This pattern was
well-pronounced in 3, 5, and 7% calcite contents. However 
more studies with special photography are necessary to further
clarify this observation.

The peak shear stresses were considered as failure point and
Mohr-Coulomb envelopes were plotted for all calcite contents.
The cohesion and angle of internal friction were then scaled off
for all the five test sets. The variation of cohesion and angle of
internal friction with respect to cement content are plotted in
Figs. 6 and 7, respectively. A substantial increase is obtained in
cohesion with increasing the calcite content (from 22 kPa at
calcite content of zero to 80 kPa at 7% calcite content),
however, the increase rate seems to be eventually reduced. The
cohesion of 22 kPa at zero calcite content is most likely
attributed to interlocking of grain particles as well as effect of
fines.

The angle of internal friction has also shown some increase
with calcite content, but no special pattern is obtained in
variations. The frictional angle is 44o at zero calcite content and
has increased to more than 47o at 7% calcite content.

The sheared surfaces of all the samples were visually
inspected after each test. Figure 8 shows the sheared surface of 
the 5% calcite content. The inspection of all sheared surfaces
revealed that the cementation bonds are sheared and no shear
through the soil grains could be observed. This is a proof that
the increase in cohesion with calcite content is mostly correlated
with cementation effect of it.
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Figure 3. Several submerged artificial samples during curing period.
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Figure 4. Behavior of uncemented soil (0% calcite content)

5 SUMMARY AND CONCLUSIONS

The investigation of Tehran alluvial deposits has shown that the
excavation and trench walls have been under stable equilibrium
for years without having any lateral support. Considerable
heights of unsupported trenches in certain locations and the
visual observation of the concreted coarse-grained alluviums are
an indication of both good degree of cementation and
interlocking of the soil structure and fabric. The chemical
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3. The 28-day curing for calcite contents of zero to 7% 
resulted in cohesions of up to 80 kPa. 
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4. The effect of calcite content on frictional angle is little 
from practical viewpoint, as expected. 

5. Special attention has to be paid on design and construction 
of trenches and excavations in urban and rural areas of
Tehran, due to variability of calcite content and its 
significant effect on cohesion and shear strength. 
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analysis results on samples from different locations revealed the
importance of calcite as the main cementing agent. Followings
are the most important results obtained from this study:
1. Calcite cementation in northern Tehran alluviums ranges 

from 1 to 15% by weight with an average of 7.9%. 
2. The cementation resulted from calcite content play an 

important role in cohesion of northern Tehran deposits. 
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Figure 5. Behavior of soil with 7% calcite content. Figure 8.  Sheared surface of the sample with 5% calcite content. 
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