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The social and economic impact of expansive soils has been historically significant and is becoming more

important in recent years as urban centers expand into areas covering such soils. The research mentioned here

are meant to help in understanding the relationship between the spatial distribution of the causal factors and the

magnitude of this phenomenon. Its findings can be of benefit to state authorities and other policy makers, as well

as the construction industry, in planning future urban development and the maintenance of existing infrastructure.
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1. Introduction

Expansive soils significantly affect many countries worldwide, damaging buildings, road networks and other

infrastructure. The mechanisms involved in this phenomenon are complex, and the factors that play an active role

in its development can be divided into two categories: the preparatory and the triggering ones. In the first category

are the geotechnical and the geological conditions, while in the second one, the moisture variation of the ground

caused by rainfall infiltration and evapotranspiration, the leakage of water supply and sewage pipes, the

fluctuations of the water table, etc. The economic losses caused by this hazard is in the scale of billions of dollars

each year . In fact, the annual cost of damages due to expansive soils surpasses that of other natural

geohazards, namely earthquakes and landslides . Examples of regions with expansive clays include: China ;

Sudan ; Australia ; Saudi Arabia ; United Kingdom ; Canada , and Sweden . Several studies

(numerical or experimental) have been carried out in order to estimate the connection between the degree of

damage to buildings and the distribution of ground moisture underneath their foundation, e.g., .

To date, Earth Observation (EO) technologies have been widely used to carry out studies investigating the failure

mechanism of various natural hazard, such as landslides , land subsidence , flood , etc.,

along with field surveys and numerical modeling. However, the use of these technologies for the investigation of

vertical ground movements due to the seasonal swelling and shrinkage of clays is at a relatively early stage 

. Nonetheless, InSAR has been successfully used in numerous studies in the last decades for studying a

phenomenon also pertaining to predominantly vertical ground movements, i.e., the land subsidence due to

changes in the groundwater level. These studies estimate the degree of influence of the factors that play an active

role on the future extent and magnitude of land subsidence, such as the geological conditions , tectonic

structure , hydrological conditions , the thickness of the compressible formations 

, the urbanization  and the land use .
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The present research employs Interferometric Synthetic Aperture Radar (InSAR) data to investigate the

phenomenon of ground swelling/shrinkage due to seasonal moisture changes in an expansive clay formation and

assess the degree of influence of the causal factors. The methodology developed herein relies on the integration of

EO technologies, pre-existing local data and experience, conventional geotechnical research and the use of

statistical analysis within a GIS environment. All the factors which affect this phenomenon, namely plasticity index

, clay and montmorillonite content , expansive soil layer thickness and depth , were compiled

and thematic maps were constructed using spatial analysis tools. It has long been established that the larger are

the values of plasticity index, clay content and montmorillonite content, the larger the tendencies for

swelling/shrinkage are expected to be . Subsequently, the ground movements in the area as inferred by InSAR

for the period between 16 November 2002–30 December 2006  were processed. Finally, multivariate linear

regression analysis using Lasso was carried out, elucidating the degree of influence of the main causal factors .

The research area is the central and eastern part of the city of Nicosia, which is the capital of the Republic of

Cyprus (Figure 1). Expansive clays cover extensive areas of the island of Cyprus. The majority of these

geomaterials are bentonitic clays deposited during the late Cretaceous period as deep-water sediments produced

by the hydrothermal weathering of the basaltic rocks of the Tethyan oceanic crust. Nowadays, the outcrops of

these extremely expansive materials are rather limited and can be found on the ground surface in a relatively small

number of areas along the southern coast and in the mountainous region of Paphos District. However, the

weathering of these old formations produced sediments that were redeposited in basins north and south of the axis

of the Troodos mountain range, eventually resulting in the creation of the marls of the Nicosia geological formation,

which are outcroppings particularly in areas of important urban development in the island of Cyprus, such as the

cities of Nicosia, Larnaca and Paphos. These outcrops in combination with the climate of the region, which is

characterized by rainy winters and very dry summers, are responsible for various types of damages to buildings

and other infrastructure. More specifically, the seasonal variations of the degree of ground saturation that happen

inside the so-called active zone, the depth of which is of the order of 3m to 8m, cause soil expansion (during the

rainy winter months) or soil shrinkage (during the dry summer months). This phenomenon puts strain on buildings

founded on such soils, which more often results in cracks in in-fill walls. In more extreme cases, these cracks may

propagate to the structural frame. According to a previous study , which surveyed a part of the city of Nicosia

where the marl is extremely expansive, 58 out of 96 buildings showed various degrees of damage due to ground

swelling/shrinkage, characterized as moderate/severe for 7 of them. It is worth mentioning that in areas where the

slope of the ground is >3° damages are substantially more frequent. This phenomenon may be due to the

ratcheting effect on sloping terrain . Τhe annual cost of repairs in the surveyed area of 1.75 km  was

estimated to be more than 2.4 million euros (based on 2002 prices), while the decrease in real estate value was

estimated at 2 million euro per year.
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Figure 1. Satellite image of the study area.

Based on the above, it is obvious that the social and economic impact of expansive soils has been historically

significant and is becoming more important in recent years as urban centers expand into areas covering such soils.

The results of the present research are meant to help in understanding the relationship between the spatial

distribution of the causal factors and the magnitude of this phenomenon. Its findings can be of benefit to state

authorities and other policy makers, as well as the construction industry, in planning future urban development and

the maintenance of existing infrastructure.

2. Current Insights

The investigation of this phenomenon through the EO technologies presents some inherent difficulties. Firstly, the

creation of time series with the average vertical displacements per year could not provide the researchers with

meaningful conclusions due to the repeated small amount of swelling followed by shrinkage on a yearly basis.

Secondly, the magnitude of the vertical displacement is affected the pressures applied by the structures. Therefore,

in an urban environment where high rise buildings coexist with smaller ones and buildings with shallow foundations

coexist with buildings founded on piles (in which case the vertical movement of the superstructure is drastically

limited), the SAR data should be treated with great caution. In order to overcome the above weaknesses, this

research relied on estimates of the vertical movement amplitude, in the form of the difference between the
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maximum and minimum displacement observed in a given time period, calculated for each PS point. This way, the

intensity of the vertical deformation fluctuations (and not their tendency) becomes evident. Furthermore, the PS

points that did not belong to buildings were selected and treated separately as free field points aiming to mitigate

the fact that ground movements depend on the applied vertical stress.

Based on the Interferometric Synthetic Aperture Radar (InSAR) data from the PanGeo project between 16

November 2002 and 30 December 2006, it was found that the seasonal fluctuations of the ground surface are of

the order of a few tens of millimeters, with a maximum value of the order of 30–35 mm. This amplitude is clearly

larger than the 5 mm to 10 mm observed in regions of France , signifying the highly expansive nature of the

Nicosia marl in conjunction with the arid climate of Cyprus. Nonetheless, the value of 30–35 mm is not far from the

20–25 mm amplitude observed in eastern parts of Paris where severe damages to buildings due to soil

swelling/shrinkage frequently occur . It should be stressed that the vertical displacement amplitudes are similar

both throughout the examined 4-year period and for each hydrological year separately. This observation confirms

the periodicity of the phenomenon and indicates that the main cause of ground volume changes is the seasonal

fluctuation of ground moisture inside the active zone of Nicosia marl due to the climatic factors (precipitation,

temperature, sunlight, wind). Furthermore, as presented in Figure 2, the ground heave follows the periods of heavy

precipitation with a delay of two to four months. This observation suggests that ground wetting in Nicosia marl

happens slowly and abrupt activations are not expected (in the absence of other triggering factors). Nonetheless, a

monotonic trend in the vertical displacement (subsidence) can also be noted in Figure 2, which extends from the

middle of the 2nd hydrological year to the end of the examined time period. Given that the water table in the study

area is not exploited and lies very deep in the largest part (and, thus, is largely unaffected by the atmospheric

factors), this non-periodic subsidence can be attributed to the differences between each year in the total amount of

precipitation that occurs during the months in which the evapotranspiration is small (i.e., the winter months).

[25][26]

[27]



Ground Movement Due to Swelling/Shrinkage of Nicosia Marl | Encyclopedia.pub

https://encyclopedia.pub/entry/21113 5/10

Figure 2. Times series of displacement (right axis) and rainfall (left axis) for three characteristic PS points.

From the geotechnical point of view, the vertical displacements amplitudes appear to correlate well with the

thematic layers of plasticity index and clay content. A similarly strong correlation is observed between the average

vertical displacement rate and the clay content in the upper 1m of the soil profile in large regions of Australia .

These observations are in good agreement with numerous laboratory studies, which corelate the swelling pressure

(the pressure required to hold the soil, or restore the soil, to its initial void ratio when given access to water) to soil

plasticity and clay content . Nonetheless, future research could also examine other factors that are known to

affect this phenomenon, such as liquid limit and dry unit weight.

Statistical analysis shows that strong and meaningful correlations can be established between ground movement

amplitude and the causal factors (plasticity index, clay content, montmorillonite content, marl thickness inside the

active zone and depth of its upper boundary), provided that PS points that are located on buildings are excluded

and only “free-field” PS points are retained in the dataset. Lasso regression reveals that the most important

variable controlling the amplitude of ground heave and settlement is the marl’s plasticity index, followed by the

depth of the upper boundary of the marl layer (i.e., the thickness of the non-expansive soil cover) and the clay

content. Yet, it must be pointed out that this research relied on a geotechnical data from boreholes that are

sparsely and unevenly distributed. The present findings could be reinforced by applying the proposed approach to

a region with a denser and more evenly spaced cloud of points of geotechnical data.

[53]

[54][55]



Ground Movement Due to Swelling/Shrinkage of Nicosia Marl | Encyclopedia.pub

https://encyclopedia.pub/entry/21113 6/10

References

1. Jones, L.D.; Jefferson, I. Expansive Soils; ICE Publishing: Birmingham, UK, 2012.

2. Loukidis, D.; Bardanis, M.; Lazarou, G. Classification, Soil-Water Characteristic Curve and
Swelling/Collapse Behaviour of the Nicosia Marl, Cyprus. In Proceedings of the E3S Web of
Conferences, Paris, France, 12–14 September 2016; p. 11009.

3. Chen, F.H. Foundations on Expansive Soils; Elsevier: Amsterdam, The Netherlands, 2012;
Volume 12.

4. Bao, S.; Shangguan, Y.; Wang, Z. Environmental Geology of Pore-distribution Characteristics of
Expansive Soil in the Yanbian Area, Jilin, China. Ekoloji 2018, 27, 1247–1258.

5. Charlie, W.A.; Osman, M.A.; Ali, E.M. Construction on expansive soils in Sudan. J. Constr. Eng.
Manag. 1984, 110, 359–374.

6. Zumrawi, M.M. Construction problems of light structures founded on expansive soils in Sudan. Int.
J. Sci. Res. 2015, 4, 896–902.

7. Mitchell, P.W. Footing design for residential type structures in arid climates. Aust. Geomech. J.
2008, 43, 51–68.

8. Fityus, S.; Smith, D.; Allman, M. Expansive soil test site near Newcastle. J. Geotech. Geoenviron.
Eng. 2004, 130, 686–695.

9. Abduljauwad, S.; Al-Sulaimani, G.; Basunbul, I.; Al-Buraim, I. Laboratory and field studies of
response of structures to heave of expansive clay. Géotechnique 1998, 48, 103–122.

10. Dhowian, A.W. Heave prediction techniques and design consideration on expansive soils. J. King
Saud Univ.-Eng. Sci. 1990, 2, 355–376.

11. Freeborough, K.; Kirkham, M.; Jones, L. Determination of the Shrinking and Swelling Properties
of the London Clay Formation: Laboratory Report; British Geological Survey: Nottingham, UK,
2006.

12. Yoshida, R.; Fredlund, D.G.; Hamilton, J. The prediction of total heave of a slab-on-grade floor on
Regina clay. Can. Geotech. J. 1983, 20, 69–81.

13. Messing, I.; Jarvis, N. Seasonal variation in field-saturated hydraulic conductivity in two swelling
clay soils in Sweden. J. Soil Sci. 1990, 41, 229–237.

14. Poulos, H. Parametric Solutions for Strip Footings on Swelling and Shrinking Soils. In
Proceedings of the Fifth International Conference on Expansive Soils 1984: Preprints of Papers,
Adelaide, Australia, 21–23 May 1984; p. 149.

15. Lazarou, G.; Loukidis, D.; Bardanis, M. Moisture migration under mat foundations in Nicosia Marl.
Geotech. Geol. Eng. 2019, 37, 1585–1608.



Ground Movement Due to Swelling/Shrinkage of Nicosia Marl | Encyclopedia.pub

https://encyclopedia.pub/entry/21113 7/10

16. Lytton, R.L. Prediction of Movement in Expansive Clays. In Proceedings of the Vertical and
Horizontal Deformations of Foundations and Embankments, College Station, TX, USA, 16 June
1994; pp. 1827–1845.

17. Zhao, X.; Chen, W. Optimization of computational intelligence models for landslide susceptibility
evaluation. Remote Sens. 2020, 12, 2180.

18. Chen, Y.; Wei, Y.; Wang, Q.; Chen, F.; Lu, C.; Lei, S. Mapping Post-Earthquake Landslide
Susceptibility: A U-Net Like Approach. Remote Sens. 2020, 12, 2767.

19. Hong, H.; Tsangaratos, P.; Ilia, I.; Loupasakis, C.; Wang, Y. Introducing a novel multi-layer
perceptron network based on stochastic gradient descent optimized by a meta-heuristic algorithm
for landslide susceptibility mapping. Sci. Total Environ. 2020, 742, 140549.

20. Kaitantzian, A.; Loupasakis, C.; Tzampoglou, P.; Parcharidis, I. Ground Subsidence Triggered by
the Overexploitation of Aquifers Affecting Urban Sites: The Case of Athens Coastal Zone along
Faliro Bay (Greece). Geofluids 2020, 2020, 8896907.

21. Tzampoglou, P.; Loupasakis, C. Mining geohazards susceptibility and risk mapping: The case of
the Amyntaio open-pit coal mine, West Macedonia, Greece. Environ. Earth Sci. 2017, 76, 542.

22. Tzampoglou, P.; Loupasakis, C. Numerical simulation of the factors causing land subsidence due
to overexploitation of the aquifer in the Amyntaio open coal mine, Greece. HydroResearch 2019,
1, 8–24.

23. Hong, H.; Tsangaratos, P.; Ilia, I.; Liu, J.; Zhu, A.-X.; Chen, W. Application of fuzzy weight of
evidence and data mining techniques in construction of flood susceptibility map of Poyang
County, China. Sci. Total Environ. 2018, 625, 575–588.

24. Nhu, V.-H.; Thi Ngo, P.-T.; Pham, T.D.; Dou, J.; Song, X.; Hoang, N.-D.; Tran, D.A.; Cao, D.P.;
Aydilek, İ.B.; Amiri, M. A new hybrid firefly–PSO optimized random subspace tree intelligence for
torrential rainfall-induced flash flood susceptible mapping. Remote Sens. 2020, 12, 2688.

25. Burnol, A.; Aochi, H.; Raucoules, D.; Veloso, F.M.; Koudogbo, F.N.; Fumagalli, A.; Chiquet, P.;
Maisons, C. Wavelet-based analysis of ground deformation coupling satellite acquisitions
(Sentinel-1, SMOS) and data from shallow and deep wells in Southwestern France. Sci. Rep.
2019, 9, 8812.

26. Burnol, A.; Foumelis, M.; Gourdier, S.; Deparis, J.; Raucoules, D. Monitoring of Expansive Clays
over Drought-Rewetting Cycles Using Satellite Remote Sensing. Atmosphere 2021, 12, 1262.

27. Deffontaines, B.; Kaveh, F.; Fruneau, B.; Arnaud, A.; Duro, J. Monitoring Swelling Soils in Eastern
Paris (France) through Dinsar and psi Interferometry: A Synthesis. In Engineering Geology for
Society and Territory-Volume 5; Springer: Berlin/Heidelberg, Germany, 2015; pp. 195–202.



Ground Movement Due to Swelling/Shrinkage of Nicosia Marl | Encyclopedia.pub

https://encyclopedia.pub/entry/21113 8/10

28. Bai, L.; Jiang, L.; Wang, H.; Sun, Q. Spatiotemporal characterization of land subsidence and uplift
(2009–2010) over wuhan in central china revealed by terrasar-X insar analysis. Remote Sens.
2016, 8, 350.

29. Shi, X.; Zhang, S.; Jiang, M.; Pei, Y.; Qu, T.; Xu, J.; Yang, C. Spatial and temporal subsidence
characteristics in Wuhan (China), during 2015–2019, inferred from Sentinel-1 synthetic aperture
radar (SAR) interferometry. Nat. Hazards Earth Syst. Sci. 2021, 21, 2285–2297.

30. Cigna, F.; Tapete, D. Satellite InSAR survey of structurally-controlled land subsidence due to
groundwater exploitation in the Aguascalientes Valley, Mexico. Remote Sens. Environ. 2021, 254,
112254.

31. Svigkas, N.; Loupasakis, C.; Papoutsis, I.; Kontoes, C.H.; Alatza, S.; Tzampoglou, P.; Tolomei, C.;
Spachos, T. InSAR Campaign Reveals Ongoing Displacement Trends at High Impact Sites of
Thessaloniki and Chalkidiki, Greece. Remote Sens. 2020, 12, 2396.

32. Ilia, I.; Loupasakis, C.; Tsangaratos, P. Land subsidence phenomena investigated by
spatiotemporal analysis of groundwater resources, remote sensing techniques, and random forest
method: The case of Western Thessaly, Greece. Environ. Monit. Assess. 2018, 190, 623.

33. Osmanoğlu, B.; Dixon, T.H.; Wdowinski, S.; Cabral-Cano, E.; Jiang, Y. Mexico City subsidence
observed with persistent scatterer InSAR. Int. J. Appl. Earth Obs. Geoinf. 2011, 13, 1–12.

34. Raspini, F.; Loupasakis, C.; Rozos, D.; Adam, N.; Moretti, S. Ground subsidence phenomena in
the Delta municipality region (Northern Greece): Geotechnical modeling and validation with
Persistent Scatterer Interferometry. Int. J. Appl. Earth Obs. Geoinf. 2014, 28, 78–89.

35. Raspini, F.; Loupasakis, C.; Rozos, D.; Moretti, S. Advanced interpretation of land subsidence by
validating multi-interferometric SAR data: The case study of the Anthemountas basin (Northern
Greece). Nat. Hazards Earth Syst. Sci. 2013, 13, 2425–2440.

36. Zhou, C.; Gong, H.; Chen, B.; Li, X.; Li, J.; Wang, X.; Gao, M.; Si, Y.; Guo, L.; Shi, M. Quantifying
the contribution of multiple factors to land subsidence in the Beijing Plain, China with machine
learning technology. Geomorphology 2019, 335, 48–61.

37. Ziwen, Z.; Liu, Y.; Li, F.; Li, Q.; Ye, W. Land subsidence monitoring based on InSAR and inversion
of aquifer parameters. EURASIP J. Wirel. Commun. Netw. 2019, 2019, 291.

38. Malik, K.; Kumar, D.; Perissin, D.; Pradhan, B. Estimation of ground subsidence of New Delhi,
India using PS-InSAR technique and Multi-sensor Radar data. Adv. Space Res. 2022, 69, 1863–
1882.

39. Tsangaratos, P.; Ilia, I.; Loupasakis, C. Land Subsidence Modeling Using Data Mining
Techniques. In Natural Hazards GIS-Based Spatial Modeling Using Data Mining Techniques;
Pourghasemi, H.R., Rossi, M., Eds.; Springer: Berlin/Heidelberg, Germany, 2018.



Ground Movement Due to Swelling/Shrinkage of Nicosia Marl | Encyclopedia.pub

https://encyclopedia.pub/entry/21113 9/10

40. Khorrami, M.; Abrishami, S.; Maghsoudi, Y.; Alizadeh, B.; Perissin, D. Extreme subsidence in a
populated city (Mashhad) detected by PSInSAR considering groundwater withdrawal and
geotechnical properties. Sci. Rep. 2020, 10, 11357.

41. Han, Y.; Zou, J.; Lu, Z.; Qu, F.; Kang, Y.; Li, J. Ground deformation of wuhan, china, revealed by
multi-temporal insar analysis. Remote Sens. 2020, 12, 3788.

42. Chaussard, E.; Amelung, F.; Abidin, H.; Hong, S.-H. Sinking cities in Indonesia: ALOS PALSAR
detects rapid subsidence due to groundwater and gas extraction. Remote Sens. Environ. 2013,
128, 150–161.

43. Cantillo, V.; Mercado, V.; Pájaro, C. Empirical correlations for the swelling pressure of expansive
clays in the city of Barranquilla, Colombia. Earth Sci. Res. J. 2017, 21, 45–49.

44. Van der Merwe, D. Contribution to Specialty Session B, Current Theory and Practice for Building
on Expansive Clays. In Proceedings of the 6th Regional Conference for Africa on Soil Mechanics
and Foundation Engineering, Durban, South Africa, 1 January 1975; pp. 166–167.

45. Yilmaz, I. Indirect estimation of the swelling percent and a new classification of soils depending on
liquid limit and cation exchange capacity. Eng. Geol. 2006, 85, 295–301.

46. Mowafy, M.; Bauer, G.E. Prediction of swelling pressure and factors affecting the swell behaviour
of an expansive soils. Transp. Res. Rec. 1985, 1032, 23–28.

47. Rabba, S. Factors Affecting Engineering Properties of Expansive Soils. Master’s Thesis, Al-Azhar
University, Cairo, Egypt, 1975.

48. Zomeni, Z.; Koulermou, N. Geohazard Description for Lefkosia; Cyprus Geological Survey
Department: Nicosia, Cyprus, 2013; p. 81.

49. Tzampoglou, P.; Loukidis, D. Investigation of the importance of climatic factors in COVID-19
worldwide intensity. Int. J. Environ. Res. Public Health 2020, 17, 7730.

50. Constantinou, G.; Petrides, G.; Kyrou, K.; Chrysostomou, C. Swelling Clays: A Continuous Threat
to the Byilt Environment of Cyprus. UNOPS Project Final Report; Technical Chamber of Cyprus:
Nicosia, Cyprus, 2002.

51. Stavridakis, E.I.; Al-Rawas, A.; Goosen, Z. Assessment of Anisotropic Behavior of Swelling Soils
on Ground and Construction Work. In Expansive Soils: Recent Advances in Characterization and
Treatment; Taylor and Francis: London, UK, 2006; pp. 371–384.

52. Take, W.; Bolton, M. Seasonal ratcheting and softening in clay slopes, leading to first-time failure.
Géotechnique 2011, 61, 757.

53. Castellazzi, P.; Schmid, W. Interpreting C-band InSAR ground deformation data for large-scale
groundwater management in Australia. J. Hydrol. Reg. Stud. 2021, 34, 100774.



Ground Movement Due to Swelling/Shrinkage of Nicosia Marl | Encyclopedia.pub

https://encyclopedia.pub/entry/21113 10/10

54. Erzin, Y.; Erol, O. Correlations for quick prediction of swell pressures. Electron. J. Geotech. Eng.
2004, 9, 476.

55. Nayak, N.V.; Christensen, R. Swelling characteristics of compacted, expansive soils. Clays Clay
Miner. 1971, 19, 251–261.

Retrieved from https://encyclopedia.pub/entry/history/show/50612


