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Abstract 
 

The hydraulic conductivity of soil is an essential parameter for 

evaluating the slope instability triggered by rain infiltration. This 

research uses a Double-Ring Infiltrometer (DRI) at five locations to 

estimate the hydraulic conductivity from a field infiltration test. Four 

infiltration models were examined to estimate hydraulic conductivity, 

including Green–Ampt, Kostiakov, Horton, and Philips equations. 

Curve fitting on the infiltration rate–time plots were computed with the 

least square error to determine the infiltration parameters using 

Levenberg–Marquardt algorithm. The basic infiltration rate ranges from 

6.88 mm/h to 721.5 8 mm/h.  The Horton and Philips infiltration model 

provides better statistical performance to estimate the infiltration rate. 

The estimated hydraulic conductivity from the four infiltration models 

results in a relative convergence value; however, the estimation results 

in more biased hydraulic conductivity at locations containing clay 

fraction and high-plasticity silt, especially for Green–Ampt and Philip 

infiltration models.  
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INTRODUCTION 
 

Many landslides in Indonesia occur during the rainy season [1,2]. In the dry season, the soil is in an unsaturated 
condition. Entering the rainy season, rainwater infiltration into the soil surface causes the soil pores to be filled with 

water and become saturated. Rain infiltration into the soil can cause an increase in pore water pressure and reduce 
shear strength [3,4]. Furthermore, the soil mass increases and triggers soil movement [2,5]. Thus, the time of 

occurrence of the landslide was determined by the rate and depth of rain infiltration below the slope surface and 
additional factors such as morphology, geology, and slope geotechnics [6]. 

 
Field infiltration tests are paramount to determining infiltration rate and depth during rainfall. The infiltration test is 

always closely related to the saturated soil hydraulic conductivity (ks). The infiltration equation proposed by Green 

and Ampt [7], Kostiakov [8], and Philips [9] directly provides a relationship between infiltration and saturated soil 
hydraulic conductivity. There are several types of field tests to determine the infiltration rate and hydraulic 

conductivity of the soil in the field, including double ring infiltrometer [10], Modified Philip Dunne Infiltrometer 
Test [11], mini disc infiltrometer [12], bucket-sized infiltration ring [13]. Compared to the tension disc infiltrometer, 

the Double Ring Infiltrometer (DRI) is a more economical way to measure the saturated hydraulic conductivity of 
topsoil. The steady-state infiltration rate measured by DRI is often equal to the saturated hydraulic conductivity of 

the soil [14]. However, the steady-state condition might be achieved in a relatively long observation period [15]. 
Although the DRI can determine the saturated hydraulic conductivity, Yolcubal et al. [16] stated that the estimated 

saturated hydraulic conductivity value from DRI is too high compared to the tension disc infiltrometer test.  

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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Studies on infiltration tests using DRI on slopes have not been widely explored.  Previous studies, such as those 

conducted by Wahyu et al. [17] and Octariko and Budianta [18], used the results of infiltration tests in the field to 

determine the hydraulic conductivity value for agricultural and groundwater geology purposes. Infiltration tests on 

slopes can be used to determine saturated hydraulic conductivity (ks), which is identified as a controlling parameter 

for slope instability triggered by rain infiltration. Many studies on rainfall-induced landslides determine the ks from 

the laboratory test which the condition is limited to the specimen size and sample quality. The hydraulic conductivity 

will greatly determine the slope stability triggered by rainwater infiltration, especially in Kulonprogo, where the 

slopes were predominantly covered with volcanic residual soil [1]. Typically, the volcanic residual soil was resulted 

from the weathered andesitic breccia and tuffs. For this reason, a study is needed to evaluate the hydraulic 

conductivity from the DRI tests. This study uses the DRI method to determine the infiltration characteristic of residual 

soil on slopes in Kulonprogo.  The infiltration models can estimate the final infiltration or steady state condition 

corresponding to saturated hydraulic conductivity. Slope stability was affected by the rainwater redistribution, in 

which the saturated hydraulic conductivity firmly controlled the rainwater transmission during infiltration [19]. The 

objectives of this study are (1) to determine the final infiltration rate, (2) to evaluate the suitable infiltration model 

for the test results, and (3) to estimate the saturated hydraulic conductivity of soil. The investigation results can be 

applied to evaluate the effect of the variability of hydraulic conductivity on slope stability for forthcoming research. 

 

METHODS 
 

Location of Study 
 

The study was conducted on the slopes around the main Kalibawang irrigation channel in Banjararum, Kalibawang 

District, Kulonprogo Regency, Yogyakarta province (Figure 1). The slope varies from 18o to 25o. The area was 

characterized as an active landslide area and classified as slow movement (creep) [20-22]. The failure zone in 2002 

and slow movement in 2002 and 2015 are also indicated in Figure 1. The land cover of the area was Pennisetum 

purpureum grass with a 1-1.5 m height. The slope area was laid on the Kebobutak formation, which was an old 

andesite formation. The geological formation consists of tuffaceous andesitic breccia and tuffs. Colluvial deposits 

such as clayey silt, sandy silt, and silt were characterized as the result of weathering of the parent rock [20].  

 

There were five test point locations, as shown in Figure 1. The experiment was conducted on 3 March 2017. The 

weather was clear during the test, but light rainfall with an average intensity of 4 mm/h and 1.5 mm/h occurred two 

days before the test. The initial water content on the soil surface to a depth of 10 cm was measured at 52.6%, 47.9%, 

45.3%, 57.1%, and 48.7%, respectively, in sequence at KP-1 to KP-5. Based on the Unified Soil Classification 

System, the soil at the test site was identified as fine-grained soil because more than 50% of the particles are finer 

than 0.075 mm, as shown in the grain size distribution curve in Figure 2a. The soil samples were comprised of 65.9% 

– 79% silt, 8.6% – 12.8% clay, and 9% – 25.5% sand fractions (see Figure 2a). The clay fraction was determined as 

particle size less than 2mm. The soils were classified into two groups: (1) low plasticity silt (ML) at KP-1, KP-2 and 

KP-3, and (2) high plasticity silt (MH) at KP-4, and KP-5. In addition, textural classification is commonly used to 

indicate infiltrability [23]. According to USDA-SCS, the soil at the test site has a silt-loam texture (KP-2 and KP-3) 

and silt texture at KP-1, KP4, and KP-5 (see Figure 2b).  
 

 
Figure 1. Location of the Study, Testing Points, and Soil Sampling 
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Figure 2. (a) Particles Size Distribution Curve, (b) Soil Texture Classification of USDA-SCS 

 

Equipment and Testing Procedure 
 

The main equipment used for testing infiltration capacity in the field in this study was a double-ring infiltrometer 

consisting of two pairs of concentric cylinders or tubes or inner (cylinder B) and outer cylinders (cylinder A). The 

outer cylinder has a diameter of 55 cm, and the inner cylinder has a diameter of 30 cm with a height of 25 cm. Figure 

3 shows the installed DRI and the apparatus in the field. The infiltration test was conducted following the procedure 

in ASTM D3385-09 [24]. The cylinder was placed on a flat ground surface and inserted with a hammer to a depth of 

10 cm below the surface to prevent water seepage from inside the cylinder. Water was poured into cylinder A as high 

as 5-10 cm for 2 minutes, and the water level was kept constant. Then, water was poured into cylinder B, and the 

water level was kept higher than in cylinder B. The water level decrement (H) in cylinder B was measured every 2-

minute time interval (t) for 40-60 minutes, or there was no change in water level, or it remained constant. The 

cumulative water level decrement at time t was recorded as cumulative infiltration F(t), calculated by Equation 1. 

The infiltration rate at time t was determined by Equation 2.  
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where ΔH is the water level height (cm) at time interval Δt (minutes), F(t) and f(t) are cumulative infiltrations and 

infiltration rate at time t, respectively. 

 

After the infiltration test was completed, soil samples were collected using a hand boring at every depth of 10 cm, 20 

cm, 30 cm, 40 cm, and 50 cm. The soil samples at each depth were tested to determine soil moisture. The testing 

procedure followed the SNI 1965:2008 [25]. 
 

 
Figure 3. Double Ring Infiltrometer Set Up in the Field 
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Table 1. The Infiltration Equations from Several Models 

Notation:  

F(t) = cumulative infiltration at time-t (mm), f(t) = infiltration rate at time-t (mm/h); 
fc = final infiltration rate or infiltration capacity (mm/h); fo = initial infiltration rate (mm/h); 

l = constant in Horton's infiltration model; t = time (h); t = time interval (h), S = sorptivity (mm.h-1/2); K = transmissivity term 

in Philip's infiltration model; K = constant in Kostiakov's infiltration model; a = constant in Kostiakov's infiltration model;  = 

volumetric soil moisture deficit = s –i, ; s and r =  the saturated and residual soil moisture, respectively; f  = suction head 
at wetting front (mm); ks = saturated hydraulic conductivity (mm/h) 

 

Data Analysis and Determination of Infiltration Parameters 
 

The relationship between infiltration rate and time was plotted in a graph to estimate the infiltration capacity. The 
results of soil infiltration rate measurements in the field were analyzed to estimate the soil infiltration rate based on 
four equation models, including Green-Ampt [7], Kostiakov [8], Horton [26], and Philips [9]. The infiltration rate 
equations are written in Table 1. The parameters of each infiltration equation were determined by fitting them on the 

plot of infiltration rate − time. The best curve-fitting was computed based on the least squares error. This algorithm 
seeks the values of the parameters that minimize the sum of the squared differences between the values of the 
observed and predicted values of the dependent variable. The Marquardt-Levenberg algorithm was used to find the 
coefficients (parameters in Table 1) of the independent variables that give the “best fit” between the equation and the 
data [27]. Performance of the predictors in infiltration model was evaluated by statistical indicators such as coefficient 
of determination (R2), root mean square error (RMSE), and normalized root mean square error (NRMSE) [28]. The 
range of R2 is 0 – 1, and R2 = 1 indicates a stronger explanatory power of the model. A small value of RMSE and 
NRMSE value close to 0 identifies a numerical simulation in good agreement with the field observations [28].  
 

RESULTS AND DISCUSSION 
 

Infiltration Rate 
 
The relationship between infiltration rate and time is presented in Figure 4. The results show that the infiltration rate 
will decrease with increasing time. The infiltration rate generally decreases rapidly within 12 minutes (0.2 hours), 
then decreases asymptotically with elapsed time. As time increases, the infiltrated water will moisten the soil layer, 
and the soil reaches a saturated state. Thus, the soil can no longer absorb water. Thus, the infiltration rate decreases 
asymptotically. However, the soil is a porous medium, so water will flow into deeper soil layers. 
 
In principle, the infiltration rate measures the velocity of water on the soil surface entering downward to the 
subsurface. Infiltration rate is water flow through dry or partially saturated soil pores. The infiltration rate will be 
steady when the volume of pores space is filled with water. This final infiltration rate (fc) is related to hydraulic 
conductivity. The final infiltration rate results from the DRI test show that the infiltration rate varies over time for 
each test location. The final infiltration rate, if sorted from the highest, occurred at locations KP-2 (721.5 mm/h), KP-
3 (276 mm/h), KP-1 (88 mm/h), KP-5 (51 mm/h), and the lowest at location KP-4 (12 mm/h). The final infiltration 
rate may not have shown a constant (steady state) value. Therefore, the infiltration capacity can be computed from 
the infiltration equation, representing the saturated soil conductivity. Figure 5 plots the curve fitting of the four 
infiltration equations on the relationship between infiltration rate and time from the DRI test. The curve fitting results 
are infiltration equation parameters, as presented in Table 2. The statistical indicators for evaluating the performance 

Infiltration Model Equations Parameter  
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of each infiltration model are figured in Figure 6. The estimated average values of coefficient of determination (R2) 
are 0.956, 0.955, 0.967, 0.957; and the root mean square error (RMSE) values are 5.582, 4.337, 4.104, 3.6 mm/h, and 
normalized root mean square error (NRMSE) values are 0.062, 0.052, 0.048, 0.041 for Green – Ampt, Kostiakov, 
Horton, and Philips model respectively. The Horton and Philips infiltration model provides a better infiltration model, 
which results in the highest R2 and smaller NRSME. These results dealt with research conducted by  Su et al. [29], 
Ketsela et al. [30], Mesele et al. [31]. 

   
(a) (b) (c) 

  
(d) (e) 

Figure 4. Variation of Infiltration Rate and Time of DRI Test Results at Test Points (a) KP-1, (b) KP-2, (c) KP-3, (d) KP-4, (e) KP-5 
 

 

 
Figure 5. Curve Fitting of Infiltration Model at Various location (a) KP-1, (b) KP-2, (c) KP-3, (d) KP-4, (e) KP-5 
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Figure 6. Correlation between Measured and Estimated Infiltration Rate and Statistical Indicators for Performance Evaluation 

of Infiltration Models (a) Green–Ampt, (b) Kostiakov, (c) Horton, (d) Philips 

 

 
 Figure 7. Variation of the Estimated Hydraulic Conductivity and Classification 

 
Table 2. Infiltration Parameter for Various Infiltration Model obtained from the Best Fit 

Infiltration 
Parameter Unit   Test Location   

Model KP-1 KP-2 KP-3 KP-4 KP-5 

 ks mm/h 80.7 725 274 4.76 20.9 

Green-Ampt yf mm 70.9 141 72.8 214 473 

 Dq *  0.216 0.125 0.164 0.057 0.102 

Kostiakov K mm/h 76.5 698 263 9.59 41.2 

 a  0.166 0.069 0.083 0.449 0.438 

 l 1/h 19.8 6.75 9.64 9.91 8.78 

Horton fo mm/h 203 917 385 53.1 215 

 fc mm/h 91.9 726 279 13.6 53.7 

Philips K mm/h 66.9 677 252 2.46 11.4 

 S mm/h1/2 28.2 83.5 40.2 15.3 63.4 

Field measured fc mm/h 88 721.5 276 12 51 

Note: * Dq was measured from the soil moisture samples before and after test 

 

Estimation of Hydraulic Conductivity 
 

In Table 2, the Horton infiltration model directly calculates the steady infiltration rate as expressed as infiltration 

capacity (fc). For each infiltration model, the fc value is defined by the value of ks in the Green – Ampt model, K in 

the Kostiakov model, and K  in the Philips infiltration equation. Figure 7 presents the variation of saturated hydraulic 

conductivity. The logarithmic scale is applied to exhibit a noticeable bias, particularly in Green–Ampt and Philips 

models. The results of this plotting indicate that the estimated hydraulic conductivity from the four infiltration models 

is relatively convergent for silt–loam texture at locations KP-2 (698 – 726 mm/h) and KP-3 (252 – 279 mm/h). 

However, for silt texture, the estimated ks is relatively convergent at KP-1 (66.9 – 91.9 mm/h), but the ks is more 

biased at locations KP-4 (2.46 13.6 mm/h) and KP-5 (11.4 – 53.7 mm/h), especially the estimation from the Green – 

Ampt and Philip infiltration models. Bias or large variability of saturated hydraulic conductivity leads to slope 

stability being uncertain [19]. 
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(a) (b) (c) 

Figure 8. Soil Moisture Profile (a) Distribution of Soil Water Related to Depth after Testing (Note: Numbers 1 – 5 indicate the 

test location, symbols ◼◆⚫ indicate initial soil moisture, lines-symbols indicate water content after testing) (b) Simplified 

Distribution of Soil Moisture, (c) Sigmoidal Model for Soil Moisture Profile at KP-3 

 

Distribution of Soil Moisture 
 

Changes in soil moisture can validate the water infiltration rate into the soil layer. Figure 8a presents the profile of 

soil water content and depth. Figure 8a also plots the initial soil water content at the soil surface before the test began. 
The initial soil moisture at the ground surface is 52.6%, 47.9%, 45.3%, 57.1%, and 48.7%, respectively, at KP-1 to 

KP-5. At the beginning of infiltration, water enters the partially saturated porous media, the voids are filled, and flow 
occurs. As infiltration continues, flow occurs between the ponding on the surface and the surface of the wetting front. 

Soil moisture increases with time as the infiltrated water increases through the wetting front (see Figure 8a). The 

wetting front is an indicator that confirms the actual cumulative infiltration. Thus, it was related to determining the 
saturated hydraulic conductivity [29].  According to Darcy’s equation for vertical flow system, the infiltration rate 

(f) is dependent to Ks, Zf, suction at wetting front (yf), and ponding depth (H) (see Figure 8b). Bower (1989) formulated 

the equation as ( )f s f f
f Z K H Z  = + − . The results of the Bodman and Colman [32] wetting front study were 

simplified by Yao et al. [33], which has two patterns, namely the stable part (saturated) and the transition part 
(unsaturated) (see Figure 8b). Yao et al. (2022) approached the transition part with an elliptic equation. However, in 

this study, changes in water content with depth can be modeled as a sigmoidal form, as shown in Figure 8b. 
Mathematically, the sigmoidal function equation is written as follows: 
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Where (z,t) is the soil water content at depth z at time t (the end of the test), (s – r) is the soil moisture deficit, s 

and r are the saturated and residual soil moisture respectively, zo is the midpoint value of depth, b is a constant 

represents the growth rate. Figure 8c shows the soil moisture profile with the sigmoidal function. 
 

The soil moisture profile shows that the wetting front depth (Zf) can reach 30 cm deep at KP-1, KP-2, and KP-4 
locations. Meanwhile, at locations KP-3 and KP-5, the wetting front reaches 22 cm deep. The stable soil moisture 

(saturated) depth (Zw) at KP-1 to KP-5 are 20 cm, 16 cm, 10 cm, 13 cm, and 10 cm, respectively. The soil at KP-2 
and KP-3 are classified in a silt-loam texture group, and silt texture is a soil group for KP-1, KP-4, and KP-5 (see 

Figure 2b). Hence, soil texture does not obviously affect the wetting front or saturated zone depth. The depth of the 
wetting zone and saturation zones are related to the initial soil moisture conditions. This experiment shows that a 

higher initial water content tends to reach deeper saturation and wetting zones. However, on the contrary, the depth 
of the saturation and wetting zone will be shallower at low initial water content.  

 

Discussion 
 

In the DRI test, the infiltration rate is measured only in the inner cylinder. This process continues until the infiltration 
rate becomes stable. The reason for using two cylinders is to reduce the lateral flow divergence under the inner 
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cylinder resulting from the three-dimensional flow condition so that a truly vertical flow will occur in the inner 

cylinder [15]. This condition can be achieved by maintaining the same water level in both cylinders, using a large 
diameter cylinder, and inserting a deeper ring. The depth of the ring inserted below the ground surface was up to 5-

15 cm, according to Fatehnia et al. [14], and it can reduce the lateral water flow. However, Lai et al. (2012) stated 
that the more profoundly the ring was inserted into the soil, the more it would cause disturbance in the soil mass. 

Thus, the infiltration rate in DRI can satisfy the Darcy equation, which considers vertical water infiltration into the 
ground surface as a piston flow (where the hydraulic conductivity is uniform and the water pressure head on the 

wetting plane is constant). The water content profile after the DRI test, as in Figure 8a, can confirm whether there is 
lateral flow or preferential flow in the test. Using the mass balance approach [34] that the total infiltrated water W(t) 

is the same as the cumulative infiltration F(t) distributed to a depth of Zf for infiltration conditions with ponding (see 
Figure 8b), the total infiltrated water W(t) can be formulated as follows: 
 

 ( ) ( )
0

,  
=

= 
fZ

z

W t z t dz   (9) 

 

At time t = 0, the soil moisture at the surface (z = 0) is qi; at the end of the test t = tf, the soil moisture is qs, decreasing 

sigmoidal with depth z. If W(t) < F(t), then a nonequilibrium state occurs where the amount of water entering the soil 

is greater than the water infiltrated in the wetting zone, or drainage occurs [35]. The calculated W(t) is summarized 

in Table 3 and compared with F(t).  

 

Table 3. Initial Soil Moisture at Ground Surface (Wi), Total Infiltrated Water W(T) and Cumulative Infiltration F(T) 

Parameter   Location   

 KP-1 KP-2 KP-3 KP-4 KP-5 

qwi (%) 52.6 47.9 45.3 57.1 48.7 

W(t) – mm 54.5 67.7 51.8 8.4 44.1 

F(t) – mm 44 481 184 6.8 34 

 

Cumulative infiltration represents the amount of water that enters the soil vertically and flows between the soil pores 

(diffuse flow) until it reaches the wetting front. Experiments on the soil column model conducted by Ma et al. [36] 

and Berdouki et al. [37] showed a good agreement between cumulative infiltration and the amount of water infiltrated 

in the wetting zone. Based on the calculations in Table 3, at locations KP-2 and KP-3, the total infiltrated water W(t) 

is smaller than the cumulative infiltration F(t), whereas the results for the other three test locations are reversed. 

Simulations conducted by Lai et al. [38] showed that the depth of the ring inserted into the soil up to 15 cm still 

allows horizontal flow below the soil mass continuity ring. Thus, cumulative infiltration becomes greater because the 

water flow into the soil pores was distributed horizontally, especially at locations KP-2 and KP-3. Another possible 

reason was the occurrence of preferential or finger flow resulting from the left roots of plants [39]. This preferential 

flow is reasonable because the test location was in Pennisetum purpureum grass field area. 

 

The parameters in the Kostiakov and Horton models are generated from regression analysis based on experimental 

data, so the estimation results are closer to the test data. The Horton and Kostiakov infiltration equations were 

developed from the curve fitting on measurement results plots that do not represent a robust physical meaning [31]. 

However, both models have straightforward equations to simulate infiltration, and their parameters are easier to 

obtain than those of the Philips and Green-Ampt models. Those basic parameters differed from the Green–Ampt and 

Philips infiltration equations [40], although their parameters can also be determined from fitting. The Philips 

infiltration model curve fitting has limitations where the Kq or S parameters can be negative due to soil heterogeneity 

[41]. The Green–Ampt infiltration equation was a physical model considering water flow in the unsaturated–saturated 

zone. The hydraulic conductivity of the soil in the partially saturated zone was strongly controlled by changes in the 

water potential head or suction and changes in the void ratio [35, 42]. In saturated conditions, hydraulic conductivity 

is a function of the void ratio or bulk density. The suction will be dominant in soil comprised of silt/clay (as at KP-4 

and KP-5). Furthermore, Mishra et al. [43] mentioned that physical based model show a suitable ‘best-fitted” 

performance for laboratory test compared to field infiltration test. In the laboratory the circumstances can be 

manageable to ascertain a vertical water flow. 

 

According to the HSG-USDA classification [44], although all soils are included in class B (see Figure 2b), they have 

different infiltration rate classes (see Figure 6). The soil textures can be grouped into silt-loam texture (KP-2 and KP-

3) and silt texture (KP-1, KP-4, and KP-5). The infiltration rates at KP-2 and KP-3 are consistently grouped as soil 

with a very rapid infiltration rate. Referring to the soil particle size distribution (Figure 2a), although all soils are 
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classified as fine-grained soils (more than 50% have a size smaller than 0.075 mm), the soil at locations KP-2 and 

KP-3 contain sand fractions of 25.5% and 13%, respectively. The grain size of sand is larger than silt/clay grains, 

allowing the soil to have larger pore sizes. So, the water can quickly flow between the soil pores, known as diffuse 

flow. The soil at the KP-1 location has a sand fraction content of 13% and clay of 11% grouped as silt texture, 

classified in the Moderately Rapid infiltration rate class. The moderately slow to moderate infiltration rate class is at 

the KP-5 location, and the slow to moderately slow infiltration rate class is at the KP-4 location. The soil at the KP4 

and KP-5 has a clay content of 10.8% and 12% and a sand fraction content of 11.3% and 9%. This condition indicates 

that soil texture and grain size distribution affect the water infiltration rate into the soil [37, 45]. Grain size distribution 

is closely related to soil structure, which is the arrangement of particles that form porous aggregates. The arrangement 

of these soil particles strongly influences the absorption and retaining of water. In soil containing more fine grain 

fractions (KP-4, KP-5), the pore size is smaller than in soil containing more coarse fractions (KP2, KP-3). Water 

flow is driven by gravitational and capillary forces resulting from the surface tension of the water-air interaction in 

the cavity. The forces are a function of the hydraulic pressure head or total pressure. Smaller pore sizes will hold 

water with greater capillary force. Thus, it is why water flows more slowly in smaller pores like clay soils. However, 

matric suction, total suction, or water potential do not cause water flow but determine the hydraulic conductivity 

[46].  

 

The final infiltration rate is quite elusive because it is not only controlled by soil texture and structure. Several 

previous studies such as Ketsela et al. [30], Ruggenthaler et al. [47], Su et al. [29], Stewart et al. [42], Preez and 

Toerien [48], and Canarache et al. [49] conclude remarkable note on the effect of initial water content on infiltration 

rate. However, Stewart et al. [42] found that initial water content does not directly affect the infiltration rate but 

controls the total infiltrated water into the soil. In addition, higher initial soil moisture leads to time for saturation 

earlier to reach the final infiltration rate. The result in Table 3 indicates that the initial soil moisture affects the final 

infiltration rate and total infiltrated water into the soil. Figure 9 illustrates the effect of initial soil moisture on the 

cumulative infiltration F(t), final infiltration rate fc, and initial infiltration rate fo. The cumulative infiltration and 

infiltration rate will be greater in low initial soil moisture conditions or near dry. 

 
Figure 9. Relationship between Initial Soil Moisture with Cumulative Infiltration F(T), Final Infiltration Rate Fc , and Intial 

Infiltration Rate Fo 

 

CONCLUSIONS 
 

The soil in this test is classified into two main groups: (1) silt – loam texture at KP-2 and KP-3, and (2) silt texture 

at KP-1, KP-4, and KP-5. However, the infiltration rate characteristic varies at each location. Conceptually, the 

double-ring infiltration test considers the water flows vertically through the voids between soil particles. The 

infiltration rate will decrease as the time for water to seep into the soil increases, making the soil layer wet and putting 

it in a saturated state so that the soil can no longer absorb water. Infiltration rates will be higher under conditions of 

low initial soil moisture or near dry. The boundary condition of the DRI test and soil condition (textures, moisture, 

structure, grain size distribution) may result in an elusive final infiltration rate. The conclusions that can be written, 

but these results are limited to the results of this experiment, as follows: 

0

100

200

300

400

500

600

700

800

900

1000

44 46 48 50 52 54 56 58

In
fi

lt
ra

ti
on

 r
at

e 
or

 C
um

ul
at

iv
e 

In
fi

lt
ra

ti
on

Initial Soil Moisture (%)

Likely Outlier

KP-2

KP-3

KP-5

KP-1

KP-4

Note :
◼ = fo (mm/h)
◆ = fc (mm/h)
 = F(t) (mm)



Evaluation of Infiltration Models with Double Ring Infiltrometer Test 202 

1. The coarse or fine fraction amount, grain size distribution, and initial soil moisture affect the infiltration rate and 

its derivative parameter. Based on the final infiltration rate, the silt–loam texture (KP-2 and KP-3) are consistently 

grouped as soil with a very rapid infiltration rate. In contrast, silt texture is classified into Very Rapid (KP-2, KP-

3), Moderately Rapid (at KP-1), Moderately Slow to Moderate (KP-5), and Slow to Moderately Slow (KP-4). 

2. The Horton and Kostiakov equations are derived from regression analysis based on experimental data, while 

Green – Ampt and Philips equations simplify the one-dimensional infiltration of the Richard’s equation. The 

Horton and Philips infiltration model provides a better infiltration model, which results in the highest R2 and 

smaller NRSME, followed by Green – Ampt and Kostiakov infiltration models.  

3. The estimated hydraulic conductivity from the four infiltration models ranges 698–726 mm/h (at KP-2), 252–279 

mm/h (at KP-3), and 66.9–91.9 mm/h (at KP-1). However, the hydraulic conductivity at locations KP-4 and KP-

5 results in more bias, especially the estimation from the Green–Ampt and Philip infiltration models. The bias 

indicates the measurement constraints and the limitations of the predictor of the Green – Ampt and Philips 

infiltration equation. 
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