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Abstract
This paper investigates the effect of El-Nino rainfall pattern on the unsaturated slope behavior in terms of the generation of
pore-water pressure and factor of safety. The El-Nino can carry dry weather and warm ocean which may lead to the
occurrence of increased rainfall. This phenomenon is common in Malaysia and it has hit the nation for so many years.
Throughout the event, a landslide is prone to take place and may lead to fatal accidents. Typically, Malaysian soil is
classified in residual and have high vadose zones especially during the dry period. Due to high-intensity rainfall, the
reduction in soil suction can be seen happening drastically, thus reducing the soil strength. This study aims to capture the
unsaturated slope behavior and stability due to the influence of El-Nino adapted rainfall event. The objective is to determine
the significant rainfall intensity that affects the soil suction and the factor of safety via modification using the idealised rainfall
approach and El-Nino adapted event. In this paper, a series of real rainfall in 2006 from the Department of Irrigation and
Drainage (DID) Malaysia was used, labelled as the actual rainfall on numerical slope models. The slope geometry is
illustrated according to a failed slope in Kolej Ibrahim Yaakub, UKM and the soil parameters and flow characteristics are
gathered from the literature. By considering a very low groundwater table, the actual rainfall shows no significant reduction of
pore-water pressure. Nevertheless, as the rainfall pattern is reformed with an idealised approach and adapted to the El-Nino
rainfall event, the pore-water pressure and factor of safety estimatedly reduced. Captivatingly, El-Nino adapted rainfall for
December 2006 event with lower average monthly intensity but continuously showed high rainfall intensity in the beginning
and ending phase. The adapted rainfall has affected the pore-water pressure with 3 kPa different and the factor of safety
decreased down to 1.95. It is significant that the change and decrease in the slope behavior and stability, respectively, are
caused by the unsaturated soil properties and the rainfall intensity itself since the groundwater level is too deep to influence
the results. © 2021, Books and Journals Private Ltd. All rights reserved.

Author Keywords
El-Nino;  Factor of safety;  Idealised approach;  Pore-water pressure;  Slope

References

Bordoni, M., Meisina, C., Valentino, R., Lu, N., Bittelli, M., Chersich, S.
Hydrological factors affecting rainfall-induced shallow landslides: From the field
monitoring to a simplified slope stability analysis
(2015) Engineering Geology, 193, pp. 19-37. 

Cascini, L., Cuomo, S., della Sala, M.
Spatial and temporal occurrence of rainfall-induced shallow landslides of flow type:
A case of Sarno-Quindici, Italy
(2011) Geomorphology, 126 (1-2), pp. 148-158. 

Che Ghani, A.N., Mohd Taib, A., Hasbollah, A.
(2019) D. Z. (2019): Effect of Rainfall Pattern on Slope Stability. in International
Conference on Geotechnics for Sustainable Infrastructure Development, 
GEOTEC HANOI, Hanoi

Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...

1 of 5 11/11/2021, 8:31 AM



Cheuk, C.Y., Ng, C.W.W., Sun, H.W.
Numerical experiments of soil nails in loose fill slopes subjected to rainfall
infiltration effects
(2005) Computers and Geotechnics, 32 (4), pp. 290-303. 

Cho, S.E.
Infiltration analysis to evaluate the surficial stability of two-layered slopes
considering rainfall characteristics
(2009) Engineering Geology, 105 (1-2), pp. 32-43. 

Cho, J., Bosch, R., Lowrance, R., Strickland, T., Vellidis, G.
Effect of spatial distribution of rainfall on temporal and spatial uncertainty of SWAT
output
(2009) Am. Soc. Agricul. Biol. Eng., 52 (5), pp. 1545-1555. 

Cho, S.E.
Probabilistic stability analysis of rainfall-induced landslides considering spatial
variability of permeability. Engineering Geology, 171(2014), 11–20Cai
(2014) F., Ugai, K., Wakai, A. & Li, Q. (1998). Effects of Horizontal Drains on Slope
Stability under Rainfall by Three-Dimensional Finite Element Analysis. Computers and
Geotechnics, 23 (4), pp. 255-275. 

Cho, S.E.
(2016), 

Cuomo, S.
(2006) Geomechanical Modelling of Triggering Mechanisms for Flow-Like Mass
Movements in Pyroclastic Soils, p. 274. 
Ph.D. dissertation, Italy

Cuomo, S., della Sala, M.
Rainfall-induced infiltration, runoff and failure in steep unsaturated shallow soil
deposits
(2013) Engineering Geology, 162, pp. 118-127. 

Ering, P., Babu, G.L.S.
Probabilistic back analysis of rainfall induced landslide – A case study of Malin
landslide, India
(2016) Engineering Geology, 208, pp. 154-164. 

Feuerharmel, C., Bica, A.V.D., Gehling, W.Y.Y., Flores, J.A.
A study of the shear strength of two unsaturated colluvium soils
(2005) Proceedings of the International Symposium on Advanced Experimental
Unsaturated Soil Mechanics, pp. 169-174. 
Tarantino, A., Romero, E., Cui, Y.J. (Eds.), Taylor & Francis, Trento, Italy

Fredlund, D.G., Morgenstern, N.R., Widger, A.
Shear strength of unsaturated soils
(1978) Can Geotech J, 15, pp. 313-321. 

Fredlund, D.G., Xing, A.
Equations for the soil–water characteristic curve
(1994) Can. Geotech. J., 31, pp. 521-532. 

Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...

2 of 5 11/11/2021, 8:31 AM



Furuya, G., Suemine, A., Sassa, K., Komatsubara, T., Watanabe, N., Marui, H.
Relationship between groundwater flow estimated by soil temperature and slope
failures caused by heavy rainfall, Shikoku Island, southwestern Japan
(2006) Engineering Geology, 85 (3-4), pp. 332-346. 

Gofar, N., Rahardjo, H.
(2017) Saturated and Unsaturated Stability Analysis of Slope Subjected to Rainfall
Infiltration in MATEC Web of Conferences, 
EDP Sciences

Hashim, M., Ismail, W.R., Rahaman, Z.A., Nayan, N., Othman, Z., Saleh, Y.
Accelerated development and changes in rainfall trends and variations in Malaysia:
A case study of the Kinta River basin 1960-2006
(2017) Geografia-Malaysian Journal of Society and Space, 12 (6). 

Hutchinson, M.F.
(2004) ANUSPLIN Version 4, p. 3. 
Canberra, Australian National Unviversity-Centre for Resource and Environmental Studies

Kamil, N.N., Omar, S.F.
The impact of El Niño and La Niña on Malaysian palm oil industry
(2017) Oil Palm Bulletin, 74, pp. 1-6. 

Jeong, S., Kim, J., Lee, K.
Effect of clay content on well-graded sands due to infiltration
(2008) Engineering Geology, 102 (1-2), pp. 74-81. 

Jeong, S., Lee, K., Kim, J., Kim, Y.
Analysis of rainfall-induced landslide on unsaturated soil slopes
(2017) Sustainability (Switzerland), 9 (7), pp. 1-20. 

Juneng, L., Tangang, F.T.
Evolution of ENSO-related rainfall anomalies in Southeast Asia region and its
relationship with atmosphere–ocean variations in Indo-Pacific sector
(2005) Climate Dynam, 25, pp. 337-350. 

Jeong, S., Lee, K., Kim, J., Kim, Y.
Analysis of rainfall-induced landslide on unsaturated soil slopes
(2017) Sustainability (Switzerland), 9 (7), pp. 1-20. 

Kim, H., Han, M., Lee, J.Y.
The application of an analytical probabilistic model for estimating the rainfall-runoff
reductions achieved using a rainwater harvesting system
(2012) Science of the Total Environment, 424, pp. 213-218. 

Kristo, C., Rahardjo, H., Satyanaga, A.
Effect of variations in rainfall intensity on slope stability in Singapore
(2017) International Soil and Water Conservation Research, 5 (4), pp. 258-264. 

Lazzari, M., Piccarreta, M.
Landslide Disasters Triggered by Extreme Rainfall Events: The Case of
Montescaglioso (Basilicata, Southern Italy)
(2018) Geosciences, 8, p. 377. 

Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...

3 of 5 11/11/2021, 8:31 AM



Lin, H., Zhong, W.
Influence of Rainfall Intensity and Its Pattern on the Stability of Unsaturated Soil
Slope
(2019) Geotechnical and Geological Engineering, 37 (2), pp. 615-623. 

Ngecu, W.M., Mathu, E.M.
The El-Nino-triggered landslides and their socioeconomic impact on Kenya
(1999) Environmental Geology, 38 (4), pp. 277-284. 

Pinter, N., Vestal, W.D.
El Niño–driven landsliding and postgrazing vegetative recovery, Santa Cruz Island
(2005) California. Journal of Geophysical Research: Earth Surface, 110 (F2). 

Putra, H., Rifa’I, A., Sujono, J., Silarukmi, A.
Analysis of Unsaturated Soil Parameters as Slope Stability Mitigation
(2017) Journal Teknologi, 79. 

Rahardjo, H., Leong, E.C., Rezaur, R.B.
(2002) Studies of Rainfall-Induced Slope Failures, pp. 15-29. 
Proceedings of the national seminar, Slope, c(April)

Rahardjo, H., Lim, T.T., Chang, M.F., Fredlund, D.G.
Shear Strength Characteristic of Residual Soils
(1995) Canadian Geotechnical Journal, 32, pp. 60-77. 

Rahardjo, H., Lee, T.T., Leong, E.C., Rezaur, R.B.
Response of a residual soil slope to rainfall
(2005) Canadian Geotechnical Journal, 42 (2), pp. 340-351. 

Rahardjo, H., Satyanaga, A., Leong, E.C.
Unsaturated soil mechanics for slope stabiliztion
(2012) Geotechnical Engineering, 43 (1), pp. 48-58. 

Rahimi, A., Rahardjo, H., Leong, E.C.
Effect of antecedent rainfall patterns on rainfall-induced slope failure
(2010) Journal of Geotechnical and Geoenvironmental Engineering, 137 (5), pp. 483-491. 

Schreiner, H.D., Burland, J.B.
Stress paths during swelling of compacted soils under controlled suction
(1987) Proc 6ICES, 1, pp. p155-p159. 
New Delhi

Sorbino, G., Valerio, M.
Unsaturated soil mechanics in rainfall-induced flow landslides
(2012) Engineering Geology, 

Suradi, M.
(2015) Rainfall-Induced Failures of Natural Slopes in Tropical Regions, 

Tangang, F.T., Juneng, L.
Mechanism of Malaysian rainfall anomalies
(2004) J. Climate, 17, pp. 3615-3621. 

Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...

4 of 5 11/11/2021, 8:31 AM



van Asch, T.W.J., Buma, J., van Beek, L.P.H.
A view on some hydrological triggering systems in landslides
(1999) Geomorphology, 30 (1-2), pp. 25-32. 

Wang, S., Zuo, H., Yin, Y., Hu, C., Yin, J., Ma, X., Wang, J.
Interpreting Rainfall Anomalies Using Rainfall’s Nonnegative Nature
(2019) Geophysical Research Letters, 46 (1), pp. 426-434. 

Weber, M.
Some Safety Aspects on the Design of Sparger Systems for the
(2006) Process Safety Progress, 25 (4), pp. 326-330. 

Wu, C., Wang, B.
Safety science research: Global research trends and China’s recent theoretical
progress
(2019) Chemical Engineering Transactions, 77, pp. 1015-1020. 
January

Correspondence Address
Taib A.M.; Faculty of Engineering & Built Environment, Malaysia; email: amohdtaib@ukm.edu.my

Publisher: Books and Journals Private Ltd.

ISSN: 00222755
CODEN: JMMFA
Language of Original Document: English
Abbreviated Source Title: J Mines Met Fuels
2-s2.0-85114987165
Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2021 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...

5 of 5 11/11/2021, 8:31 AM


