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Abstract - The idea to conduct a study that can measure the capillary shock parameter in the laboratory started from the 

research team's observations when researching the impact of groundwater pumping on agricultural irrigation and 

groundwater conservation efforts in Takalar Regency. Researchers found a strange phenomenon in the existence of phreatic 

groundwater at the beginning of the rainy season. This odd phenomenon is a drastic drop in the groundwater level (phreatic) 

from the first rain until the fourth or fifth rain. This phenomenon by the research team is termed "capillary shock". The aims of 

this study are: (1) To describe the relationship between capillary shock parameters and soil media parameters; (2) To 

describe the relationship between capillary shock parameters and rainfall parameters; (3) To describe the elements of the 

capillary shock parameters. The stages of implementing this research include: (1) Instrumentation design; (2) 

Experiment/Instrument Validation; (3) Revision/Improvement of Instruments; (4) Experimental model using granular soil 

samples, and continued at the Experiment Model stage using finer soil samples. 
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1. Introduction 
The soil layers in the pendular and funicular zones in 

each dry season experience drying, so the soil pores will 

enlarge. At the beginning of the rain, the pores in the two 

zones will shrink again because some of the pores will be 

filled again with hydroscopic water, which is firmly attached 

to every soil grain that sucks it. Due to the shrinking of the 

empty pores in the soil due to being filled with hydroscopic 

water from rainwater infiltration, the capillary pressure of the 

soil layer in the capillary zone will increase so that it will 

suck water from the phreatic zone. Thus the phreatic water 

level will be degraded because the infiltrated water at the 

beginning of the rainy season has not yet reached the phreatic 

zone; but; instead, the phreatic water is sucked into the 

capillary layer due to the high capillary pressure arising from 

the shrinking of the soil pores in the soil layer in the 

funicular and pendular zones. This phenomenon has never 

been explained either empirically or precisely. The main goal 

of this research is to uncover and describe behavior that, 

while appearing as an "anomaly", can be explained 

empirically through model experiments that will be carried 

out in this study. Several parameters need to be observed in 

this study, which is expected to describe the empirical 

formulation of the relationship between phreatic water 

degradation, with an increase in capillary pressure, and 

changes in water content that occur in the pendular and 

funicular layers, in addition to the parameters that have been 

disclosed by Terzaghi & Peck before [10]  

 

To obtain these important parameters, the simulation of 

changes in capillary pressure using this model test must be 

carefully designed to provide the expected results. Likewise, 

the preparation of soil samples for testing must be properly 

conditioned so that all required parameters are measurable. 

In this case, the measured soil parameters are soil grain size 

and void ratio (e) of the soil after compaction with controlled 

energy. This research found that the phenomenon of 

decreased water level in the early period of the rainy season 

was triggered by increased capillary pressure due to 

shrinking pore diameter after water began to infiltrate into 

the surface soil layer, i.e., the layer of the vadose zone. 

Increasing capillary pressure caused the attraction of 

groundwater in the saturated zone to the vertical direction, so 

the groundwater level decreased significantly. Therefore, this 

phenomenon was called by the researcher as “capillary shock 

phenomenon" [3]  

 

Based on the findings of the phenomenon of falling 

water levels at the beginning of the rainy season, researchers 

have concluded that the cause is the increase in capillary 

water pressure, which causes groundwater to be sucked into 

the phreatic layer above the capillary layer. Researchers term 

this phenomenon “capillary shock (capillary shock). To 

empirically formulate the relationship between various 

parameters related to capillary shock, the research team 

proposed the implementation of a study entitled: 

"Measurement of Capillary Shock Pressure Techniques with 

Simulation Methods (Laboratory Model Test)". 

 

https://www.internationaljournalssrg.org/
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2. Materials and Methods 
2.1. Materials 

The model instruments used in this study will consist of; 

a transparent tub (glass), a sprayer equipped with a motor, a 

scaled water bath, and an ambrometer set. Soil compaction 

aids used a standard froctor mash tool modified with a square 

cross-section (following the shape of the tub cross section). 

While the reading aids used to consist of; a measuring cup 

with a capacity of 5 liters, a magnifying glass, and a long 

iron ruler. A simple scheme of the model tool designed can 

be seen in the following figure : 

 

 
Fig. 1 Model of Tool Design Schematic 

Starting with the schematic design of the model tool as 

above, the research team assembles the model equipment that 

will be used to test the capillary shock phenomenon on a 

model scale. The model tool used in the laboratory-scale 

capillary shock test is shown in Figure 2. 

From the above instruments, we can observe the process 

of decreasing the groundwater level, starting at the beginning 

of the provision of rainfall until the duration of the rain 

continues to increase, and the groundwater level rises again. 

In addition to observing the capillary shock parameters, 

which include the height and time of capillary shock, several 

soil media parameters can also be observed, such as changes 

in void ratio (e), housing relative density (Dr), and 

groundwater seepage parameters. 

Fig. 2 Capillary Shock Test Model Tool 

 

2.2. Methods 

In research using experimental laboratory methods, the 

preparation of model equipment is very important. Besides 

that, it is also very important to know the description of the 

soil sample that will be the experimental medium. Therefore, 

the stages of implementing this research are arranged with 

the following procedure:  

1) The design of the instrument model, with the design 

results as described above.  

2) Making instrument models.  

3) Experiments, as well as instrument model validation.  

4) Preparation and examination of the characteristics of soil 

samples as media.  

5) Experimental model using granular soil (step-1)  

6) Experimental model using finer soil (step-2)  

7) Description of capillary shock parameters (capillary 

shock time and capillary shock height) on various soil 

types and most of the rainfall intensity. 

 

3. Results and Discussion 
3.1. Results  

From a series of observations made on the test using 5 

types of soil as a medium and 5 values of rainfall intensity 

applied to the soil surface, several graphs are produced as 

follows: 
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Fig. 3 Decrease of Groundwater levels VS time of rainfall (5-types of granuler soil) 

 

 
Fig. 4 Total Capillary Shock in granuler soil (mm)  

 

 
Fig. 5 Time of Capillary Shock in granuler soil    (minute)  
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Fig. 6 High of Capillary Pressure in granuler soil (cm)  

 
Fig. 7 Decrease of groundwater levels VS time of rainfall (5-rainfall intensity) 

 

 
Fig. 8 Total Capillary Shock on rainfall intensity (mm)  



Darwis Panguriseng et al.  / IJETT, 70(9), 207-213, 2022 

 

211 

 
Fig. 9 Time of Capillary Shock on rainfall intensity (minute)  

 
Fig. 10 High Capillary Pressure on rainfall intensity (cm)  

 

3.2. Discussions  

From the description of the results of this study, several 

things can be discussed in this article, including: 

1. The capillary shock parameter observed in experiments 

with this model consists of two parameters, namely 

capillary shock height and capillary shock time. In 

observing capillary shocks in the field using boreholes, 

the time of capillary shock is very difficult to observe 

because observations during rain are disturbed by 

rainwater falling directly into the wellbore. By the author, 

the parameter "capillary shock height" is the amount of 

change in the groundwater level (down) from the 

beginning of the rainfall on the ground surface until the 

groundwater level rises again (rises). While the "capillary 

shock time" is the time calculated from the beginning of 

the rain falling on the ground surface until the 

groundwater level rises again (rises). 

2. The capillary shock parameter is strongly influenced by 

the value of the void ratio in the experimental medium 

soil. The effect of void ratio can affect the capillary shock 

height and capillary shock time. It can be related to the 

capillary pressure theory that the smaller the cross-

section of the capillary tube, the higher the capillary 

pressure. If the void ratio is analogous to the diameter of 

the pipe, the smaller the pore number, the greater the 

capillary pressure, which will also increase the capillary 

shock height parameter. Likewise, the capillary shock 

time will increase if the cross-section of the capillary tube 
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gets smaller, so the duration of water seeping into the soil 

will be longer. 

3. In addition to media soil parameters, rainfall parameters 

greatly affect capillary shock parameters, both capillary 

shock height and capillary shock time. It can be attributed 

to the existence of run-off, which will be higher if the 

rainfall intensity is greater. Likewise, the duration of the 

rain will also affect the run-off height above ground level. 

This run-off height will affect the capillary shock time 

and the capillary shock height parameter. 

In addition to the three phenomena discussed above, the 

model instrument used in this study can also be used to 

measure the velocity of groundwater seepage, both vertical 

seepage and horizontal seepage. Specifically, to observe 

seepage parameters using this model instrument, the research 

team will carry out the next opportunity. 

4. Conclusion 
From the discussion above, both about the ability of the 

model instrument used and about the description of the 

correlation between soil media parameters and rainfall with 

capillary shock parameters, some conclusions can be drawn 

from this research as follows: 

1. The model instrument used in this study can provide 2 

values for the capillary shock parameter, namely 

"capillary shock height" and "capillary shock time". In 

addition to the capillary shock parameter, it is proven that 

this instrument model can provide a parameter value for 

the seepage of water in the soil (seepage). 

2. The value of the void ratio of the soil media greatly 

affects the values of the capillary shock parameters. 

3. The intensity of rainfall that falls on the soil surface 

greatly affects the values of the capillary shock 

parameters. 

 

Funding Statement 
This research was funded by the Ministry of Education 

and Culture of the Republic of Indonesia through the Basic 

Research for Higher Education (PDUPT) scheme for the 

2021 research budget year. 

Acknowledgments 

The authors would like to thank all those who have 

assisted us in conducting this research, especially the 

Ministry of Education and Culture of Indonesia, for 

providing the necessary financial assistance in carrying out 

this research. Also, do not forget to thank Dr. Ir. Syahrul 

Sariman, M.T., who has supported the designing and 

assembling of this research instrument. Also, several students 

helped the research team carry out laboratory tests, including 

Salman, Wahyullah, Nur Indah, Husna, and others. 

 

References 
[1] Bambang Triatmodjo,  Applied Hydrology. Yogyakarta: Beta Offset, 2010. 

[2] Darwis Et Al, “Groundwater Level and Salinity Degradation in Farm Land Through Groundwater Pumping Irrigation System in Coastal 

Area of Takalar Regency,” Modern Applied Science, Vol.8, No.4, pp.246 – 253, 2014. 

[3] K.Saroja Rani, P.V.V.Satyanarayana, "Role of Engineering Properties in Prediciting Collapisble Behaviour of Red Soils," SSRG 

International Journal of Civil Engineering, vol. 5,  no. 12, pp. 17-21, 2018. Crossref, https://doi.org/10.14445/23488352/IJCE-

V5I12P103. 

[4] Darwis Et Al. “Capillary Shock Phenomenon of Groundwater at the Beginning of Rainy Season,” International Journal on Advanced 

Science, Engineering and Information Technology (IJASEIT), vol. 8, no. 3, pp. 685 – 693, 2018. 

[5] Ch.Vijaya Kumar, P.V.V Satyanarayana, B.Satyanarayana, "Prediction of Compaction Characteristics Gradation and Plasticity 

Characteristics of Red Soil," SSRG International Journal of Civil Engineering, vol. 5,  no. 12, pp. 22-26, 2018. 

Crossref, https://doi.org/10.14445/23488352/IJCE-V5I12P104. 

[6] Darwis Et Al, “Shallow Groundwater Conservation Based Empowerment and Its Influence Factors By Groundwater User Farmers in 

Takalar Regency,”  Hydrology Current Research, vol. 6, no. 1, pp.1-6, 2015. 

[7] Ch.Vijaya Kumar, P.V.V Satyanarayana, B.Satyanarayana, "Prediction of Compaction Characteristics Gradation and Plasticity 

Characteristics of Red Soil," SSRG International Journal of Civil Engineering, vol. 5,  no. 12, pp. 22-26, 2018. 

Crossref, https://doi.org/10.14445/23488352/IJCE-V5I12P104. 

[8] Darwis, “Extension About the Groundwater Conservation and Its Influence on Farmers Knowledge and Attitude in Takalar, Indonesia,” 

International Journal of Management, Information Technology and Engineering, vol. 6, no. 5, pp. 1-10, 2018. 

[9] Dr. Zaid Hmaeed Majeed, Mrs Zahraa Jabbar Hussein, Eng. Rawaa Jabbar Hussein, Dr. Mohd Raihan Taha, "The Analysis of 

Geotechnical Properties of Soils Improved By Different Nanomaterials," SSRG International Journal of Civil Engineering, vol. 4, no. 

2, pp. 7-19, 2017. Crossref, https://doi.org/10.14445/23488352/IJCE-V4I2P102. 

[10] Darwis, “System of Infiltration Pipe (Ip-System) as Artificial Rechange for Land With Semi-Permeable Layer of Top Soils,” 

International Journal of Research in  Engineering & Technology, vol. 6, no. 5, pp. 23-36, 2018. 

 

 

https://doi.org/10.14445/23488352/Ijce-V5i12p104
https://doi.org/10.14445/23488352/Ijce-V4i2p102


Darwis Panguriseng et al.  / IJETT, 70(9), 207-213, 2022 

 

213 

[11] S. Muthu Lakshmi, M. Ragapriya, K. Sindhoora, N. Udhayatharini, "Establishment of Correlation Between CBR and Resilient Modulus 

of Subgrade," SSRG International Journal of Civil Engineering, vol. 6, no. 5, pp. 44-49, 2019. 

Crossref, https://doi.org/10.14445/23488352/IJCE-V6I5P107. 

[12] Hanafiah. K. A, “Fundamentals of Soil Science,” King Grafindo Persada, Jakarta, 2005. 

[13] Hardjowigeno, S., “Soil Science,” Pressindo Academic Publisher : Jakarta, 1992. 

[14] Bhuvanesh Gawad, Swati Dhurve, Hitesh Vanmali, Mayuresh Patil, "Study of Soil Biotechnology for Waste Water 

Treatment," SSRG International Journal of Civil Engineering, vol. 7, no. 3, pp. 8-12, 2020. 

Crossref, https://doi.org/10.14445/23488352/IJCE-V7I3P103. 

[15] Holtz and Kovacs, “An Introduction to Geotechnical Engineering,” Printice Hall., 1981. 

[16] Karl Terzaghi & Ralph B. Peck, “Soil Mechanics in Engineering Practice,” John Wiley & Sons Inc., 2nd Edition, 1967. 

 

 

https://doi.org/10.14445/23488352/Ijce-V6i5p107
https://doi.org/10.14445/23488352/Ijce-V7i3p103

