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ABSTRACT

This study investigates the simultaneous effects of moisture content and
calcium carbonate (CaCOs) percentage on the shear strength of Type D
alluvium in southern Tehran. Fifty soil samples were systematically
collected from districts 11 to 20 at depths of 1.5-4.0 m, with sampling
locations precisely mapped on the alluvial zoning map of Tehran (Figure
1). Laboratory tests were conducted under three controlled moisture
conditions: 8, 14, and 31% (representing dry, intermediate, and saturated
states, respectively). Results show that increasing moisture to saturation
causes a significant reduction in shear strength: cohesion (c) decreases by
38.8% (from 5.20 kPa to 3.18 kPa), and the internal friction angle (p) drops
by 8.4° (from 25.5° to 17.1°). Mixed-effects regression analysis confirms
that moisture content (f=-1.78, p<0.001) is the dominant predictor of
cohesion, while calcium carbonate content (mean=12.4%, range:7-26%)
shows no statistically significant correlation with shear strength
parameters (r= 0.12, p>0.05). Notably, even in the presence of naturally
occurring carbonate nodules (caliche), moisture remains the overriding
factor controlling mechanical behavior. This study concludes that for
geotechnical design in southern Tehran, critical moisture scenarios
(particularly saturation) must be treated as governing conditions, as the
soil exhibits relatively uniform shear response under identical moisture
states contrary to common assumptions about the strengthening role of
carbonate cementation.
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Introduction

Southern Tehran is underlain by heteroge-
neous Type D alluvium, the youngest and most
variable unit in Rieben’s (1966) classification
of Tehran’s Quaternary deposits. This deposit
is predominantly composed of fine-grained
silty clays with variable natural cementation
(primarily calcium carbonate) and poses signif-
icant geotechnical challenges. Accurate charac-
terization of its shear strength behavior under
varying moisture conditions is critical for safe
urban development; however, the relative influ-
ence of moisture versus calcium carbonate con-
tent remains insufficiently quantified.

Methodology

Fifty soil samples were systematically
collected from southern districts (11 to 20) at
depths of 1.5-4.0 meters. Sampling locations
were precisely mapped on Tehran’s alluvial
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zoning map (Figure 1). Laboratory testing
included particle-size distribution, Atterberg
limits, dry density, calcium carbonate content
(determined via acid-base titration according to
ASTM D4373-21), and direct shear tests under
three controlled moisture conditions: 8%
(representing near-dry field conditions), 14%
(approximating natural moisture content), and
31% (corresponding to the optimum moisture
content from standard Proctor compaction tests,
and representing a practical saturation state).
The selection of these moisture levels reflects
typical field variations in southern Tehran due
to rainfall, leakage, or seasonal groundwater
fluctuations.

Calcium carbonate in the samples
primarily originates from naturally occurring
caliche nodules, which were crushed during
sample preparation and quantified as total
CaCO:s.

Fig. 1. Sampling locations plotted on the zoning map of Tehran’s Quaternary alluvial deposits

To rigorously identify the dominant
factors controlling shear strength, a mixed-
effects multivariate regression model was
employed, with “sample” treated as a random
effect to capture localized variability in
geotechnical behavior. Key statistical outputs
are summarized in Table. 1. Future studies
should incorporate in-situ tests (e.g., CPT/SPT)
to validate laboratory findings under real field
conditions.

Results and Discussion

Results confirm that Type D alluvium in
southern Tehran is highly sensitive to moisture.
Increasing moisture from 8 to 31%

(representing practical saturation) caused a
38.8% reduction in cohesion (c), from 5.20 kPa
to 3.18 kPa, and an 8.4° decrease in internal
friction angle (), from 25.5° to 17.1°. The
mixed-effects regression model (Table. 1)
identified moisture content (p=-1.78, p<0.001)
as the dominant predictor of cohesion, followed
by plasticity index (B=0.41, p=0.002).
Crucially, calcium carbonate content (mean =
12.4%) showed a positive but statistically
insignificant  effect (=0.11, p=0.217),
indicating that even in the presence of caliche
nodules, natural cementation does not govern
shear strength. Although the soil exhibits



relatively uniform composition (average 86%
silt and clay), localized variability is observed
in geotechnical parameters likely due to post-

depositional processes such as uneven
consolidation and scattered carbonate nodules.

Table 1- Mixed-effects regression model results for predicting shear strength parameters

Predictor Variable

Effect on Cohesion (c) B (SE), p-value

Effect on Friction Angle (¢) B (SE),
p-value

Intercept 53.2 (1.4), <0.001

32.8 (4.2), <0.001

Moisture content (w, %)

-1.78 (0.21), <0.001

-0.32 (0.12), 0.008

Dry density (yd, KN/m3)

1.25 (0.38), 0.001

0.68 (0.22), 0.002

Percent finer than #200 sieve (%)

-0.09 (0.04), 0.025

-0.11 (0.02), <0.001

Plasticity Index (PI)

0.41 (0.13), 0.002

-0.18 (0.08), 0.024

Calcium carbonate content (CaCO3%)

0.11 (0.09), 0.217

0.04 <0.001

From an engineering standpoint, this
pronounced sensitivity to moisture necessitates
treating saturated conditions as governing
design scenarios, as the soil demonstrates
consistent weakening under elevated moisture,
irrespective of carbonate content.

Conclusion

In line with the abstract, this study
confirms that the shear strength of Type D
alluvium in southern Tehran is predominantly
governed by moisture content, not by calcium
carbonate content. Even in the presence of
naturally occurring caliche nodules, the
mechanical behavior of the soil remains highly
sensitive to moisture variations. Crucially,
under identical moisture conditions, the soil
exhibits relatively uniform  geotechnical
response-contrary to  assumptions about
significant inherent heterogeneity. Therefore,
geotechnical designs in the region must treat
critical moisture  scenarios  (particularly
saturation) as governing conditions. To
enhance design reliability, future studies should
include undisturbed sampling, in-situ testing
(e.g., CPT/SPT), and microstructural analysis
(e.g., SEM/XRD) to further clarify the role of
carbonate distribution and post-depositional
processes.
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