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Economic considerations and sustainable urban development require accurate
identification of the geotechnical properties of soils before any construction. Alluvial fans
exhibit highly variable geotechnical characteristics due to historical changes in
sedimentation conditions and lateral and vertical variations in sediment types, creating
complexities in the assessment of foundation settlement potential. The analysis of
geomorphological processes and the evolution of alluvial fans facilitates soil distribution
analysis and reduces sampling costs. In this study, 56 boreholes were drilled in the
northern alluvial fan of Kermanshah city, and soil samples were collected every 2 meters
up to a depth of 24 meters. SPT tests were performed, and soil settlement potential was
determined using the empirical DAS equation. Soil texture characteristics were obtained by
sampling and measuring the maximum grain volume. Relationships among data were
analyzed using Excel and SPSS software, and distribution maps of sediment types along
with foundation settlement potential maps—based on both actual data and model
predictions—were created using Arc GIS. The results showed that the best predictive
model is a linear model incorporating three variables: “distance from the mountain,” “clay
thickness,” and “sand thickness.” Sensitivity analysis demonstrated the model’s robustness
even with reduced data, highlighting the increasing key role of the “distance from the
mountain front” variable. Based on these findings, new indices based on geomorphological
data can be defined, enabling improved prediction accuracy with fewer measurements and
providing practical guidance for engineers in selecting optimal sampling locations over
larger areas.
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Introduction

Settlement of foundations is one of the most critical geotechnical hazards in urban environments, potentially
causing significant structural damage. This phenomenon results from soil compression due to imposed loads,
with the intensity, pattern, and rate of settlement dependent on soil type, sediment distribution, and
geomorphological conditions. Alluvial fans, with their complex deposition patterns, diverse sediment sources,
and pronounced variations in grain size and layer thickness, provide a unique setting for studying foundation
settlement. Understanding sediment characteristics in these geomorphological units and their relation to
settlement behavior is crucial for sustainable urban planning and for reducing engineering costs. Especially in
rapidly developing urban areas on these units, identifying resistant and vulnerable zones enables targeted
sampling strategies and reduces the need for high-density borehole networks.

Materials and Methods

The study area encompasses alluvial fans north of Kermanshah city, between the Ghere-Su River and the Tag-
Bostan slopes, covering approximately 15 km2. The area consists of alluvial fans with diverse morphometric
features, some overlapping downstream. Data were collected from 56 boreholes with civil engineering
objectives. In each borehole, excavation was performed down to the base, followed by Standard Penetration Test
(SPT) according to ASTM 1586. Results were corrected to obtain the Neo SPT index. Soil modulus of elasticity
was estimated using empirical relationships, and elastic settlement was calculated for a 12 m x 12 m square
foundation. The thicknesses of clay, sand, and gravel layers were recorded up to 25 m depth.

Data analysis included correlation assessment between clay, sand, gravel, and distance from the mountain
front with settlement. Multiple regression was applied to quantify the influence of these factors on settlement.
Linear and non-linear models were compared using the coefficient of determination (R?) to select the optimal
model. Geostatistical modeling of settlement employed Inverse Distance Weighting (IDW) interpolation,
producing predictive settlement maps. Sensitivity analysis was performed by randomly removing 15%, 30%, and
50% of data points, calculating RMSE and MAE to evaluate model stability and reliability.

Results and Discussion

Results indicated that the northern Kermanshah alluvial fan primarily formed from sediments delivered by the
Kenesht River, with smaller debris and alluvial fans from slope deposits contributing to the geomorphological
development. Alternating sequences of gravel, sand, and clay produced notable vertical and horizontal variations
in texture and grain size. Vertically, from a 25 m sediment thickness, the average distribution was 10.8 m gravel,
10.6 m clay, and 3.6 m sand. Gravel and clay layers were generally thicker, while sand layers were mostly less
than 6 m. A strong inverse correlation was observed between gravel and clay thickness (r = -0.83).

Horizontally, sandy sediments dominated near the mountain front, with clay proportion increasing with
distance from the mountains. Sand layers were more widely distributed, forming isolated pockets mainly in mid-
fan areas. This pattern reflects high spatial variability and gradual lateral migration of river channels over time.
Sedimentological evidence in fan margins and proximal zones indicates that sediments were largely transported
by mudflows and debris flows. As slope and flow energy decreased downstream, coarser particles settled, and
particle size gradually decreased with distance from the mountain, consistent with geomorphological principles
of flow energy reduction and sediment sorting in alluvial fans.

Analysis of a 12 m x 12 m foundation settlement revealed minimum, maximum, and mean settlements of 1.5
cm, 5.6 cm, and approximately 3 cm, respectively. A strong positive correlation existed between clay thickness
and settlement (r = 0.86) and a strong negative correlation between gravel thickness and settlement (r = -0.84).
Sand thickness showed weak and non-significant correlation. Distance from the mountain front also played a
crucial role in controlling settlement behavior.

These results, combined with multivariate correlation analysis, indicated that univariate analysis cannot fully
capture the relationships between variables. A linear model using distance from the mountain front and clay
thickness provided strong settlement predictions, while sand thickness, although less significant, improved
model performance. Sensitivity analysis demonstrated that the model remained stable even when up to 50% of
data points were removed, with minimal changes in RMSE and MAE. This highlights the importance of key
spatial variables in representing overall settlement patterns, even with limited data.

Distance from the mountain front reflects a combination of sedimentary, hydrological, and geomorphological
processes affecting settlement. Coarse and calcareous sediments in upstream areas exhibit higher resistance to
settlement, whereas fine sediments downstream have higher settlement potential. Selecting critical variables and
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integrating spatial modeling with geomorphological analysis allows the development of predictive models with
minimal input data but maximum explanatory power.

Conclusion

This study demonstrates that identifying distinct sedimentary and geomorphological zones enables targeted and
efficient sampling strategies. The model derived from distance from the mountain front and clay thickness
predicts settlement accurately, even with limited data. This approach assists engineers and urban planners in
selecting resilient areas, reducing costs, and providing a scientific framework for sustainable development on
alluvial fans. The results provide a foundation for future research in spatial settlement analysis and geotechnical
hazard management in similar environments.

Keywords: foundation settlement, alluvial fan, engineering geomorphology, sensitivity analysis,
geomorphological hazards, Kermanshah.
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Figure 4. The distribution of sediments in a 25-meter section at 56 sampling points
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Figure 5. Map showing the distribution of sediment thickness (clay, sand, and gravel) along the 25-meter
section of the Kenesht alluvial fan, north of Kermanshah
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Figure 6. Scatter plot of settlement potential in 59 samples on Kenesht fan
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