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This study is to prove the existence of latent sliding of a 
suspected unstable slope using the cracked soils approach. 
This study was initiated by trying to map the cracks inside soil 
slope by means of measuring the Tomographic Resistivity, TR, 
and Induced Polarization, IP, of the soil at the slope prior to 
performing stability analysis of the slope. To map the cracks 
inside the slope at the study location, 3 lines of TR and IP were 
performed. The results of the 3-line mapping showed the 
existence of sliding plane toward the slope edge at a depth 
between 3 – 5 meters below the soil surface, and the sliding 
plane was about 30 – 50 meters in length. With the cracks and 
possible sliding planes were known, the cracks could be drawn 
in 3-dimentional model, as part of the topographical map of the 
slope. This study had predicted that another slope sliding would 
occur at the area where the highest stresses and strains 
concentration were located. It was at this location exactly that 
another slope sliding had occurred several months afterwards 
when heavy rain came.
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1. Introduction

In Indonesia specially on Java, Central and South 
Sumatra, Borneo Island and South Celebes, rain falls in 
2016 had been recorded to increase 2.8 times the normal 
condition. During period 2016 the soil sliding and slope 
failure had occurred at 464 locations in all throughout 
Indonesia (much higher than normal), and most of the 
slope failures occurred during the maximum rainfall 
between December 2016 to March 2017 (Indonesia Food 
Security Monitoring, 2016). Therefore, there seemed to 
be a definite correlation between the high rain falls and 
slope failures. 

On December 2th, 2016, slope failure had occurred in 
the village of Sumberjo, District Selorejo, Blitar, Indonesia, 

as it seen in Fig. 1 (Alexander et. al., 2017). Based on 
rain measurement, the rain had fallen for about 10 hours 
before the slope failure with total rainfall intensity of 102 
mm in 10 hours. The rain at the location of study during 
the 10 hours period of observation had fallen as 
combination of light rain, heavy rain to very heavy rain. 
Since the above slope had been stable for many years 
before under many rains, the apparent question would be 
whether the duration of rain or the intensity of rain that 
caused the slope failure. 

The cracked soil approach developed by Mochtar 
(2012) has been able to answer that high intensity rain 
and the already existence of deep cracks inside soil are 
both as the main factors in determining the stability of 
slopes. Furthermore, Alexander et. al. (2017) has been 
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able to develop the above method by introducing a 
method of estimating the possible place and extend of 
the cracks inside soil. 

In this paper, the method of Alexsander above is 
further tried on slope failure evidence at the Village of 
Sumberejo, Blitar, Indonesia.  It is found that the method 
of Alexander can also be used to predict latent slope 
failure that may occur in the future, which is proven 
afterwards. 

The study in this paper used crack soil approach to 
predict the position of failure inside the slope that would 
have occurred after the next heavy rainfall. The cracks 
soil approach in this study is the first attempt by the 
writers to map the cracks inside the soil in 3-dimension 

model. When rain entered into the cracks, the soil part 
containing many cracks would have become saturated 
immediately, so that the pore water pressure would have 
significantly increased inside the crack. To map the 
cracks inside the slope, the tomographic resistivity (TR) 
and Induced Polarization (IP) measurement were used. 
Afterward, analysis of slope stability was applied using 
Geotechnical Engineering approach with the help of 
“Midas GTS NX software” so that, the deformation of the 
slope, maximum stresses inside the slope, water 
pressure along the cracks and the final Safety Factor of 
the slope could be estimated. 

Fig. 1. Slope failure occurred in Sumberjo Village, Blitar Indonesia (Alexander, 2017).

2. Backgroud of Cracked Soil Aprroach to Slope 
Failure 

Many researchers had investigated the effect of rain 
to landslide. The researchers on unsaturated soils 
correlated the rain with the change in suction matrix and 
negative water pressure. Rain water would infiltrate into 
the soil and reduce the suction matrix of the soil 
(Fredlund and Raharjo, 1993; Griffith and Lu, 2005). 
Furthermore, the rain water infiltration could also cause 
gradual reduction of the suction matrix in the unsaturated 
soil (Regmi et. al. 2011). Generally, with the existence of 
water intrusion into soil, the pore water pressure in the 
soil would have increased and the effective soil stresses 
would have decreased, to be followed by the decrease of 
soil strength. However, the above researches could not 

explain why slope failures mostly occurred due to heavy 
to very heavy rains and almost never due to low to 
moderate rains, since any type of rain could cause 
reduction of soil suction matrix. 

Some other researchers had also conducted studies 
on the existence of relatively shallow tension cracks in 
soils surface such as Wang,Y et. al. (2013), and Sánchez, 
M et.al. (2014). These researchers showed and modelled 
the cracks that existed on slope surfaces. However, the 
existence of shallow cracks along the soil surface could 
not be made to explain how the deep slope failures could 
have occurred, as they were mostly in reality. 

Infiltration of rain water into the soil was very much 
related to the soil permeability. At the Sumberjo Village 
location, the soil was silty sand with the soil permeability 
could be estimated between 10-4 to 10-2 mm/sec (Das, 
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2008). In Soil Mechanics the velocity of water infiltration 
into soil could be assumed to follow the Darcy’s formula:

V = k. i.      [1] 

where: 
V = velocity of water infiltration into soil (mm/sec) 
k = permeability coefficient (mm/sec), 
i  = hydraulic gradient.  

If in this case it was assumed that the hydraulic 
gradient, i = 1, and also assuming the soil permeability 
value was 10-2 mm/sec, the amount of water infiltration 
into the soil was merely about 360 mm (= 0.36 m) for 10 
hours duration of continuous rain (the penetration would 
be much smaller if the soil permeability values were 
merely 10-4 mm/sec). This meant that the 10 hours heavy 
rain should only cause water penetration into the soil to a 
maximum depth of 0.36 m, which was certainly not 
enough to cause deep landslide as it was in reality.  

Furthermore, at the area chosen for this study in 
Sumberjo Village, rain had fallen for many years 
repeatedly and the heaviest rain might have penetrated 
the soil to maximum of 0.36 m only. Without the 
existence of deeper cracks, the rain water could not 
penetrate deep into the soil to have caused slope failure. 

If cracks did not have prevailed inside the slope and if 
rain was the only cause of slope failure, slope failure 
would have occurred in large area around the village, and 
not to be confined in a particular location only. This was 
because the village was surrounded by slopes of almost 
the same soil types, the same slope inclination, the same 
vegetation covering the slopes, and subjected under the 
same intensity of rain. Therefore, slope failure should 

have occurred throughout the whole village. Yet, in reality 
the slope failure occurred at one particular location only. 
Most of the slopes around the village were still intact. 

Several experts like Duncan et al (2000) and Tang et 
al (1999) so far had tried to solve slope stability problem 
based on back calculation method, by reducing the soil 
shear strength of the value  and cohesion c, much 
lower than the actual measured values from laboratory 
investigation so that the calculated Safety Factor of the 
slope became 1.0 (slope critical condition). The selected 
 and c were of those to cause the Safety Factor ≤ 1. 
This method actually did not correlate with the actual soil 
condition, because the effect of rain in theory did not 
change any  and c value of the soil. Furthermore, the 
method was not also able to explain why failure occurred 
at the particular location of slope only. If the rain was 
causing reduction of soil strength parameters as 
expected, the whole slope along mountainous region 
would have slided simultaneously under heavy or very 
heavy rainfall; yet in reality the slope failure always 
occurred at certain particular slope only. 

Up to recently, many experts believed that rain would 
have caused the slope to become saturated first; but this 
condition contradicted the reality shown by Mochtar 
(2012), who stated that only few slope failures showed 
the sign of small water flow coming out from the soil. The 
slope failure in general showed almost dry soil slope, or 
partially moist soils, on the remaining slope. Therefore as 
shown in Fig. 2, taken just after failure, the typical remain 
of slope failures in general is that the soil layers are 
slightly moist only near the top, but mostly dry at other 
parts of the soil layers at the failure slopes.

Fig. 2. Typical mostly dry and moist soil layers along the failured slope (assumption of saturated slope prior to failure is not proven). 
(Source: Alexander, 2017).

Moist Soil 
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It has been shown by slope failure phenomena above, 
which during failure only certain part of the slope 
indicating an intrusion of water, there should be good 
explanation why failure occurred at particular location 
only and why rain water had not effect the whole length 
of the slope. The explanation about this partial failure of 
slope may be given when the assumption is based on 
cracked soil phenomena. The cracked soil approach in 
this paper was used by the writers to prove the 
mechanism of sliding on a 9 m height embankment fill 
behind a retaining wall. It had been proven by the writers 
in other publication (Alexsander et al, 2017) that the 
failure followed exactly the pattern of cracks inside the 
soil, and it was also due to the existence of water 
pressure built up inside the cracks during heavy rain. 

The hypothesis of cracked soil was first introduced by 
Mochtar (2012) after making many observation about 
slope failures after heavy rainfall. The main factors of 
causing the failure according to Mochtar (2012) were the 
existence of many cracks inside slope and propagation of 
the cracks. During heavy rain, the cracks were filled up to 
the top with water that had caused tremendous water 
pressure inside the cracks so that the slope might fail. 
However, propagation of cracks inside the slope were 
different from one slope to the other, the slope with more 
advanced cracks would have slide first. Sliding would 
occur only when the crack propagation was similar to that 
of the sliding pattern. Otherwise, the slope with different 
pattern of cracks may not fail at all.  This was the 
explanation why only the slope at a particular location 
underwent failure, not all the slopes along the same 
stretch of hill slopes simultaneously, during heavy rain. 

3. Mapping of the location and geological 
condition of the study area 

The study was conducted at the Sumberjo Village, the
area was with coordinate 65869; 910059 UTM until 
65811; 9100536 UTM. The result of mapping are given in 
Fig. 3, while the geological condition can be seen at Fig.
4.

The geological condition of the study area was known 
from the regional geological map of Blitar (Obtained by 
Sjarifuddin et al, 1992), which is shown in Fig. 4.
Location of study also appear as Wuni formation and 
Mount Butak sediment. Thickness of the Mount of Mount 
Butak sediment above the Wuni formation is about 2000 
m. The Mount Butak sediments consist of lava, vulcanic 
breccia, tuff breccia and sandy tuff. 

The soils formed at the location of this study comprise 
of mostly sedimentation from Mount Butak eruption, so 
that nonuniformity of the soil formation should be very 
likely. The nonuniformity of the soil formation can also be 
detected from the existence sandy tuff. This sandy tuff 
has specific-gravity lower than normal sandy soil. Based 
on testing on some sandy tuff from other part at of 
Kalimantan and Java. The Specific Gravity of this sandy 
tuff material is < 2.4 (according to PT. Cemara Geo 
Engineering, 2012 – 2014) which is much lower than 
normal sandy soil in general (Specific Gravity 2.6 – 2.75). 
Specific Gravity lower than normal could affect to stability 
of slope in heavy rainfall where the run off could easily 
carry sand particles

 
Fig. 3. Area and shape of the study location and geoelectric survey lines. 
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Fig. 4. Regional geological map research location.

4. Result of tomographic resistivity, TR and 
induced polarization, IP interpretation at the 
laboratory and location of study 

During this study, 3 lines of geoelectric mapping were 
performed to detect existence of cracks and slope failure 
plane at the study location. The result of geoelectric can 
be seen in Figs. 5 to 7. 

The magnitude of TR value along the failure plane are 
18.58 – 78.93 ohm.m and these values appears along 50 
to 55 meters length of the slope with direction of the 
cracks similar to the direction of slope failure. 
Furthermore, just below failure plane one could locate the 
cracks from the IP values that range between 0.72 –
15.40 %, occurring in Line 1. For Line 2 the failure plane 
is shown with TR values between 12.99 – 18.83 ohm.m 
to spread for 40 – 42 meters length with IP value of 0.52 
– 39.31 %. For Line 3 the failure plane shown TR value 
15.44 – 23.47 ohm.m which is spreading for 30 – 36 
meters with IP value of 2.61 – 45.56 %.  

To determine the cracks existed inside the slope by 
means of reading the IP results, the following 
interpretations are suggested: 
1. High IP results represent the possibility of cracks 

inside the soil. Then, one may draw the possible 
cracks, especially of those similar with the sliding 
failure pattern of the slope. 

2. From the results of Tomographic Resistivity values, 
the possible sliding plane should be along the areas 
with higher water contents, which is also along the 
areas with very low reading of TR.  

By adjusting and trying several times from some 
alternative possible sliding planes, and then by 
calculating from every possible sliding plane the value of 

the slope safety factor, SF, one could determine the 
actual sliding plane that would have occurred in the field. 

From this analysis, 3 patterns of the cracks were 
formed. The 3 patterns of cracks would be modelled into 
3-dimension numerical model. However, when the first 
shallower crack where modelled in 3-dimension analysis 
with the help of Midas GTS NX program, it was apparent 
that is shallow cracks analysis had yield safety factor of 
the slope < 1. This shallower crack has predicted the 
actual place where the next sliding would have occurred 
when heavy rainfall came, and this prediction was later 
proven exactly with sliding of the part of the slope exactly 
at prediction area, several months after is has studied. 

5. Result of soil investigation as input material 
properties for software Midas GTS NX 

5.1 Result of Field and Laboratory Soil Investigation 

Soil investigation was performed using SPT and 
boring test to obtain soil samples. From boring test to the 
depth of 30 meter at the study location, six layers of soil 
were obtained and they were predominantly of soil from 
loose silty sand to very dense silty sand, soil such as 
those given Fig. 8. For laboratory test result, the soil 
parameters are given in Table 1. 

5.2 Geotechnical Parameters to be used as input 
Parameters into the Software Midas GTS NX 

In this study, the selected constitutive model for soil is 
the Modified Mohr Coulomb model included Hardening 
Soil, so that the model called Modified Mohr Coulomb 
with hardening (MMC-hardening). The choice of this 
model was determined from case study examples given 

Geology propeties the sediment of 
Butak consist of : tuff breccia, sandy 

tuff, lava and vulcanic breccia
(Sjarifuddin et al, 1992)

Java Island

Research Loacation
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the in the software Midas GTS NX (release note Midas 
GTS NX, 2014), where the cases of soil models were 
compared, which where: Mohr Coulomb, Modified Mohr 
Coulumb and Modified Mohr Coulomb Model with soil 
hardening. From the three soil models the MMC-
hardening model showed the most representative and 
detail reponse. The soil models parameters to be used 
can be seen in Fig. 9. In Fig. 9, the sequence of selected 
parameters are shown in details to be in analysis with 
MMC - hardening soil model The results of SPT test were 
then utilized to model the soil layers in situ when slope 
stability analysis was performed. The result of laboratory 
soil test were also used, especially when inputting soil 
material properties for the software Midas GTS NX. For 
the Young Modulus (EU) parameter of the soil, the 
equations developed by Web (1969), as given in 
Equation 2 and 3 were adopted. The Young Modulus 
equation were applied for the loose to medium and dense 
soil 

Furthermore, there were other soil parameters used 
as input to the software, they were : soil density 
( stiffness modulus at 50 % strength at certain 
reference in triaxial test with confining pressure 100 KPa), 

 (tangensial modulus),  (stiffness modulus for 
unloading and reloading), C (cohesion), ’ (angles of 
internal friction), ’ (angle of dilatancy. The whole 
parameters used in the equation can be seen in Table 2. 

(for loose to medium soil) [2]
(for dense soil) [3]

where
u = modulus young (Kn/m2)
N55 = SPT N value corrected to 55% of the 

theoretical free fall hammer energy

 

 
Fig 5. Interpretation result of Line 1, showing the existence of cracks pattern that might have influenced the slope stability. (a). Result of 
Induced Polarization, (b). Result of Tomography Resistivity. 

Cracks Pattern Which have 
influenced the slope

to toe slope

Possible Slip Surface position same with 
crack pattern

Res 0.72 – 1.03 ohm.m 
That is saturated zone

to toe slope

a)

b)
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Fig. 6. Interpretation result of Line 2, showing the existence of cracks pattern that influence the slope stability. (a). Result of Induced 
Polarization, (b). Result of Tomography Resistivity. 

to toe slope

Cracks Pattern which have influence 
the slope

Possible slip surface   
Position same with cracks 

pattern

High concentration of water 
content almost saturated

to toe slope

a)

b)
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Fig. 7. Interpretation result of Line 3, showing the existence of cracks pattern that influenced the slope stability. (a). Result of Induced 
Polarization, (b). Result of Tomography Resistivity. 

Cracks Pattern which have 
influence the slope

Possible slip surface Position 
same with cracks pattern

High concentration of water 
content almost saturated

to slope 

to slope
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b)
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Fig. 8. The result of soil Investigation for SPT and Boring. 
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Table 1. Laboratory Test Result on Soil Samples obtain from boring test. 

Fig. 9. Geotechnical Parameters to be used as input for MMC-Hardening soil model (Midas GTS NX Note Release, 2014). 

Depth 
(meter) 

Soil 
Descript 

tion 

USCS  
 

Unit weight Spesific 
Gravity 

Liquid 
Limit 
(%) 

Plastisity 
of index 

(%) 

Direct Shear 
moist 

(gr/cm3)
dry 

(gr/cm3)



C 
kg/cm2 

1.50 Silty Sand SP-SM 1.40 0.98 2.268 51.83 10.72 29.17 0.14 
3.50 Silty Sand SP - SM 1.48 0.99 2.359 51.51 9.44 28.87 0.14 
5.50 Silty Sand SP - SM 1.14 0.71 1.898 - - 28.27 0.13 
7.50 Silty Sand SP - SM 1.28 0.72 2.273 - - 28.57 0.13 
9.50 Silty Sand SP - SM 1.16 0.67 2.223 61.67 12.35 29.46 0.12 

11.50 Silty Sand SP - SM 1.32 0.82 2.160 60.01 16.96 29.76 0.13 
13.50 Silty Sand SP - SM 1.17 0.67 2.058 - - 30.63 0.12 
15.50 Silty Sand SP - SM 1.50 1.00 2.370 60.22 11.54 30.34 0.14 
17.50 Silty Sand SP - SM 1.41 0.83 2.037 66.30 14.27 30.92 0.12 
19.50 Silty Sand SP - SM 1.41 0.95 2.188 64.04 14.75 31.77 0.12 
21.50 Silty Sand SP - SM 1.35 0.81 2.558 56.23 18.96 30.05 0.12 
23.50 Silty Sand SP - SM 1.55 0.95 2.393 56.72 23.52 31.49 0.16 
25.50 Silty Sand SP - SM 1.41 0.81 2.460 55.27 13.20 32.61 0.13 
27.50 Silty Sand SP - SM 1.70 1.11 2.393 54.73 16.24 33.43 0.14 
29.50 Silty Sand SP - SM 1.45 0.93 2.290 98.64 50.07 33.70 0.12 
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Table 2. MMC-hardening parameter soil. 

Depth 
(meter)

SPT
Test

SPT
Test

Soil type e n      E 
 

Eoed Eur C 





Ko

N-SPT N55 (kg/m2) (kg/m2) (kg/m2) (kg/m2)   
4 9 11 silty Sand 1.38 0.58 3.575 3.575 10.725 14.00 28.87 0.00 0.52
8 12 19 silty Sand 2.13 0.68 4.675 4.675 14.025 13.00 28.27 0.00 0.53

14 24 40 silty Sand 2.07 0.67 13.200 13.200 39.600 12.00 30.63 0.63 0.49
18 33 56 silty Sand 1.45 0.59 16.500 16.500 49.500 12.00 30.92 0.92 0.49
22 30 51 silty Sand 2.16 0.68 15.469 15.469 46.406 12.00 30.05 0.05 0.50
24 43 73 silty Sand 1.52 0.60 20.006 20.006 60.019 16.00 31.49 1.49 0.48

6. The Stage of Modelling, the Condition for 
Stability Analyses and Result of slope stability 
analysis

 
6.1 Stage of modelling analysis 

The analysis of slope stability with cracked soil 
assumption was to be done through four stages, which 

are : Stage 1. To model the cracks inside the soil from 
interpretation of TR and IP mapping and value; Stage 2. 
To draw dimension and form of the slope; Stage 3. To 
establish the topographical data to become 3-dimension
geometric picture; and Stage 4. To input the location of 
cracks at the 3D picture. All stages can be explained in 
Fig. 10. 

 

50
ref

Fig. 10. Stages construction method before analysis with crack soil approach. 
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6.2 Result of analysis on maximum stresses and strain 
occuring inside slope 

 
After landslide occurred at December 2nd, 2016, 

geoelectric measurement were conducted on the slide as 
well as boring on the soil with SPT. From those analysis 
and by means softwere Midas, the Safety Factor, SF = 1, 
was obtained and the maximum shear stress of 1.59 x 
103 to 6.88 x 103 Kn/m2 was estimated. The location of 
maximum strain of 2.5 that can be drawn as in Fig. 11. In 
Fig. 11, the highest concentration of stresses and strains 
should be given special attention, because these area 
can be predicted as the next location where sliding will be 
sliding

6.3 Validation of Latent Sliding in Research Location

The result of previous analysis showed the area 
highest concentration of stress and strain can be 
predicted to be next location to experience sliding. This 
has been proven in field that on January 16, 2017, 
another landslide did occurred and the new landslide was 
located exactly at the position showed by analysis using 
software. The location where the highest of stresses and 
strains was detected. The actual part of the remaining 
slope where failure  occurred afterward as seen in Fig. 
12. 

 

 

a)

b)



257
S. Alexsander et al. / Lowland Technology International 2018; 20 (3): 245-258

s 

Fig. 11. The existence of area with maximum stresses and strain, inside the slope. (a). Result of analysis shows the concentration of 
maximum stresses are colored in red, (b). Result of analysis also shows the highest concentration of strain appeared in red color, (c). 
Result of analysis show mean total pressure.  

‘

Fig. 12. The area where the highest stress and strain were found base on analysis of slope after failure in December 2016 and also the 
location where the next slide occurred in January 2017. 

 
 
 

 

c)
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7. Conclusions 
  
Based on this study, the following conclusions can be 

derived  
1. The determination of location of cracks inside a slope 

is very important in assessment of slope future 
stability 

2. The cracked soil approach has been successfully 
answered the problem of why slope sliding occurs and 
what the mechanism that causes the sliding 

3. The analyses of slope sliding in the past were 
concentrated only in finding the Safety Factor, SF, of 
the slope which often gave unsatisfactory result. Many 
problems of slope sliding could still not be explained 
satisfactorily. This study has explained and shown 
how the mechanism in the slope to cause the slope to 
deform and lead to failure 
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Symbols and abbreviations  

EU Young Modulus
 Soil Density 

 Stiffness Modulus At 50 % Strength at 
Certain Reference in Triaxial Test With 
Confining Pressure 100 KPa,

  Tangensial Modulus, 
Stiffness Modulus For Unloading and 
Reloading 

c  Cohesion, 
’  Angles of Internal Friction 
’ Angle of Dilatancy 
N55 Spt N Value Corrected To 55% Of The 

Theoretical Free Fall Hammer Energy


