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Abstract 

Soft soils at Brau Village area, Kota Wisata Batu (KWB) usually form in alluvial highlands due to weathering of sedimentary rocks. An 
upper and lower aquifer of sandy layer exist between soft soil. Groundwater pools into aquifer layers and infiltration from surface water into 
the soft soil layers (clayey and/ or silty) generated a ground movement potential. Study will elaborate the behavior of layers of clayey and/ 
or silty separated by 2 (two) aquifer layers in detail causing some damages to infrastructure. Wall and/ or floor cracks at school buildings 
and collapse and/ or differential settlement in road pavement  are a failure of soil layers due to high pore water pressure coming from 
direction of aquifer zone especially during rainy season. Pore water pressures were determined by rate of settlement prediction from 
consolidation laboratory analyzed by Ying et al (2015) and actual measurement using electromagnetic data. Research results found that 
gradually increment of pore water pressure would exceed a total stress in reducing an effective stress drastically and created a location of 
initial ground movement at the toe of slope around infrastructure area. High pore water pressure due to the increment of water volume at 
aquifer layer can push down soil layers with safety factor (SF) < 1.0. At the same time, ground movement would generate cracks > 10 cm 
width at wall and floor of school building structure; and collapse or differential settlement occurred in road construction > 18 cm depth due 
to bonding agent separated between soil particles.  
 
Keywords: Sedimentary Rock, Clayey-Silty Layer, Aquifer Layer, Pore Water Pressure, Ground Movement. 
 
 

 
 
1. Introduction  

Ground movement can refer to the shifting, settling, or 
displacement of the Earth's surface. It can happen naturally 
or as a result of human activity. Ground movement varies in 
type, speed, and cause. At the study area, there are some 
assumptions used in this research including: downhill 
movement of soil, rocks, or debris due to gravity; removal 
of underground materials (e.g., groundwater extraction), or 
natural processes like the soil settlement of soil; triggered 
by rain, earthquakes or volcanic activity, human excavation, 
etc.; land use change caused by infrastructure construction 
can lead to ground movement (Boone, 1996; Zheng et al., 
2023). 

Ground movement can lead to some damages to the 
infrastructure objects (school building and road 
construction areas), such as lifting and/or differential 
settlement of foundations, cracks in building walls, and 
bumpy road surfaces (Boone, 1996; Zheng et al., 2023). 
Both of these research results only assessed the damages of 
upper structure factors relating with the nature of the 
ground movement, settlement profile, and degree of slip 
between the foundation and ground. The results did not 
look further into the characteristics of soil conditions, so 
this assessment is only based on observation results in the 
field. 

From some observations at the field, these problems are 
not only limited to settlement as well as the initial 
assumptions, but also include swelling-shrinkage potential 
relating to the physical properties of expansive soil. Some 
cracks at the ground surface are more caused by 
phenomena of swelling-shrinkage according to the 
variation of precipitation duration (Agung et al., 2024). This 
paper has modelled the expansive soil at the Cibitung area 
using Plaxis-2D and evaluated the factor of safety (FS). The 
research confirmed the importance of considering 
expansive soil characteristics to maintain soil water content 
stability. 

In Kota Wisata Batu (KWB) area, East Java, the 
phenomenon of ground movement is found at Brau Village. 
The location exists at the bottom of the valley surrounded 
by low hill areas. This zone is not only a fertile area, but also 
has a large potential water supply resource coming from the 
biggest aquifer layer to be utilized by the surrounding 
community and as an area for cattle farming and as one of 
the largest milk-producing areas in KWB. In the past 
condition, the stability of soil structure in a balanced 
condition was maintained by some vegetation in a small 
pine forest and there was no ground movement. But now, 
after being converted into agricultural and activity 
infrastructure areas (school building, etc.), these land use 
changes result in a potential for ground movement, 
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especially during the rainy season every year (Putra & 
Cupasindy, 2023). 

According to the numerical modeling, the primary 
governing factors contributing to instability in 
topographical sections encompass slope gradient, rainfall, 
saturated soil permeability, porosity, pore water pressure 
etc., without considering the flow model through the aquifer 
layer. The highest pore water pressure was determined by 
topographical conditions only without the soil layers. 

This research aims to study and investigate high pore 
water pressure from an aquifer zone; seepage and slope 
stability that frequently cause ground movement potentials 
in Brau Village, KWB. Seismic and/or volcanic effects are 
not considered further in this study; the ground shaking 
parameters (amax) are only input as the average vibration 
as a result of the earthquake in the south of Java Island 
(Spudich et al., 2019). Ground shaking caused by volcanic 
activity is very rare to give a large vibration parameter 
value (Moore et al., 1998).   

2. Theoretical background  

2.1 Ground movement 
Ground movement is a broad term that refers to any 

displacement or deformation of the Earth’s surface. It can 
occur naturally or be triggered by human activity (Paul et 
al., 2024). Ground movement can happen suddenly or 
gradually, and it often has significant implications for 
infrastructure, safety, and the environment (Petley, 2012). 
There are many types of ground movement from some 
references (Zhang et al., 2022; Li et al., 2022; Liverman et 
al., 2001), however, at the study case for Brau Village, KWB 
is only selected based on civil engineering and/or 
geotechnical engineering point of view, such as: land 
subsidence as the gradual sinking or downward settling of 
the ground due to extraction of groundwater, natural 
compaction of soil, or decay of organic material; landslides 
phenomena as the rapid movement of debris or soft soil 
layers down a slope caused by heavy rainfall and slope 
instability due to human activity (Mufundirwa et al., 2010); 
ground heave as the upward movement of the ground, 
typically due to the expansion of clayey soils when they 
absorb water (Collins, 2008); creep phenomena as the very 
slow, gradual downhill movement of soft soil layers, often 
unnoticed but can damage foundations and roads over time; 
human activities like construction and excavation (Pei et al., 
2018). Excavation-induced ground movements would only 
occur during the construction phase, but primary 
consolidation settlement could commence in the 
construction phase and continue into the operational phase 
for a number of years. Ground movement impacts have 
been assessed against evaluation criteria established for 
buildings, infrastructure and utilities. These criteria are 
preliminary only and further discussion would be required 
to determine appropriate acceptability criteria for various 
buildings like the school building at the Brau ground 
movement area (Dahal & Hasegawa, 2008; Gao, 2014). 

Some references have developed the implementation of 
a ground movement for the construction performed by the 
observation at the field, such as: identification of ground 
movement existing for buildings pavement; measurement 
of some cracks at the building or other infrastructure like 
the paving block at parking area or pavement access road; 
and detection of the settlement occurred on buildings 
where consolidation settlement may occur in softer soils 
due to groundwater drawdown. Drawdown describes the 
lowering of the water table that may occur due to pore-

water change and/or groundwater extraction process 
(Suwa et al., 2010). 

2.2 Pore-water pressure  

In a stable condition, water in voids of an element of 
saturated soil has a pressure according to the physical 
location of the soil element or as an impact from some 
external forces. One of pressures is the existing pore water 
pressure. Generally, pore water pressure is measured by a 
relative atmospheric pressure. The pore water pressure is 
zero (equal to atmospheric pressure) when there is no flow. 
This condition can be assigned as the water table or 
phreatic line surface, or can be stated as a hydrostatic 
pressure condition. However, in fine-grained soils can 
generate a capillary water pressure exceeding the water 
table level. It can be assumed as positive pore pressure 
which varies linearly with depth, while negative pore 
pressure exists above the water table. Saturation process 
may not work to soil layers if the location of water table is 
very deep and there is no capillary effect because of 
evaporation process at the ground surface. The rise of 
negative pore water pressure can stabilize the soil layers in 
saturated condition. Distribution of pore water pressure 
may not be exclusively linear where during consolidation 
process at the ground containing layers of permeable soil 
(e.g., sands) interspersed with layers of much lower 
permeability (e.g., clays and/or silty soils) because there is 
a possibility of some change of water table level. Field 
investigation of alteration of water table is important to be 
implemented. Some errors can occur during estimation of 
in-situ pore pressure distributions. A local infiltration or 
seepage process from ground surface flow during rainy 
season can influence the hydrostatic pressure equilibrium 
and generate the pore water pressure. Groundwater flow 
which initially steady state can change into unsteady-state 
extending to the full thickness of a confined aquifer with the 
deeper elevation. Furthermore, alteration of pore water 
pressure according to the specific location or depth can be 
predicted by one-dimensional consolidation analysis (Lee 
et al., 1992; Yuan-qiang et al., 2001; Kim & Mission, 2011). 

In study area, there are 2 (two) aquifer layer types, at 
the upper and at the lower. Generally, the soft soils (clayey 
and/or silt) exist between these aquifer types. One of layer 
models using first aquifer type is a fully saturated soil layer 
with a thickness of H which is loaded by the upper structure 
from (school building and road areas) with a limit of 2 (two) 
aquifer layers. The other type using second aquifer type is a 
fully saturated soil layer with a thickness of H which is 
loaded by the upper structure from (school building and 
road areas) with the upper boundary of the aquifer layer 
and the lower boundary of the impermeable layer. Existing 
conditions at the field with both previous top and bottom 
boundary conditions are shown in Fig. 1. 

Fig. 1 shows both aquifer layer types where they were 
selected into consideration in this research. Pore water 
pressure variation at boundary conditions were described 
by a general time-dependent function according to 
groundwater table variation. An analytical solution to the 
equation governing the generation and propagation of 
excess pore water pressures in clayey soil layers can be 
applied to both layer models in Fig. 1 using Terzaghi’s one-
dimensional consolidation theory from Terzaghi (1943) for 
single system of soft soil (where number of layer i = 1) (dos 
Santos et al., 2023). 

Final form of general equation can be written as:  

    𝒄𝒗
𝝏𝟐𝒖𝒊

𝝏𝒛𝟐
 =   

𝝏𝒖

𝝏𝒕
   (1) 
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(z) is the space or depth variable in the soil element. Partials 
differentials must be used because pore water pressure (u) 
is a function of both the position (z) and time (t). And, the 
cofficient of cv contains the material properties governing 
the consolidation process, furthermore, cv is mentioned as 
the coeficient of consolidation, where:  

    𝒄𝒗 =   
𝒌

𝜸𝒘
  

𝟏+ 𝒆𝟎

𝒂𝒗
 (2) 

(av) is a a constant over the increment of applied stress; and 
(e0) is initial void ratio of soil element.  

There is no analytical solutions in previous research 
(Schiffman & Stein, 1970; Conte & Troncone, 2006; Ho et al., 
2014; Huang et al., 2021). A complex upper boundary model 
in Fig. 1 involves the layered characteristic into account. 
However, with analogy by using Terzaghi’s equation, except 
for pore water pressure at the upper boundary, the general 
equation governing and propagation of pore water pressure 
in existing soil layers (clayey and/or silty soils) can be 
expressed (Ying et al., 2015).: 

 𝑐𝑣𝑠𝑖
𝜕2𝑢𝑖

𝜕𝑧2
 =   

𝜕𝑢𝑖

𝜕𝑡
  (𝑖 = 1, 2)  (3) 

 𝑐𝑣𝑠𝑖 =   
𝑘𝑣𝑠𝑖

(𝛾𝑤 𝑚𝑣𝑠𝑖
)

  (𝑖 = 1, 2)   (4) 

kvsi and mvsi are the coefficient of permeability in the vertical 
direction and the coefficient of volume change of the soil, 
respectively. It can be assumed that kvsi and mvsi are 
constants during analytical solution process and easily 
solvable (Leroueil, 2001).  

 
A fully saturated soil layer with a thickness of H which is loaded by the 
upper structure from (school building and road areas) with a limit of 2 

(two) aquifer layers 

 

A fully saturated soil layer with a thickness of H which is loaded by the 
upper structure from (school building and road areas) with the upper 

boundary of the aquifer layer and the lower boundary of the impermeable 
layer 

Fig. 1. One-dimensional consolidation model of two clayey soil 
layers due to groundwater in both previous top and bottom 

boundary conditions 

Furthermore, detail for mathematical model resolve the 
general equation (2) with using analytical solution of 
harmonic groundwater fluctuations and an resolving of 
analytical solution of general groundwater fluctuations. All 
these solutions in generating pore water pressure of 
double-layered system are obviously more complicated 
than a single layer system. In this paper, calculation of pore 
water pressure of Fig. 1 uses one of numerical methods 
(EMACS-programming software). Prediction of excess pore 
water pressure at any time and depth was formulated by 
using a principle of superimposing all components of 
determined ui (z,t). Pore water pressure (ui) could be 
resolved by analytical solution for ui (z,t) which was 
developed to 𝑢𝑖̅ (𝑧, 𝑡) formed. Pore water pressure could be 
determined in dimensionless parameter. 

Initial of pore water pressures increment is represented 
as a volume change of water at the aquifer zone according 
to duration of precipitation. Magnitude of pore water 
pressure during consolidation process can be determined 
by a model of soft soil double layers with both pervious at 
top and bottom or pervious at top and impervious at 
bottom. Axial and lateral displacement due to the actual 
ground movement is shown in Fig. 3. Ground movement 
expected by the change of magnitude of pore water 
pressure is depended on the location of the aquifer zone 
(Agraine et al., 2020). Pore water pressure from a 
hydrostatic pressure exceeding a total stress can decrease 
an effective stress (Di Francesco, 2013; Ndiaye et al., 2014). 
Effective stress plays a basic role in the ground movement 
potential. 

 
Fig. 2. Flowchart of research 
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3. Research method 

3.1 Flowchart  

In general, research implementation uses laboratory 
consolidation works for prediction of pore-water pressure 
and field survey for actual measurement of pore-water 
pressure using a geophysical method. A flowchart of 
research implementation is created in Fig. 2. Pore water 
pressure data can be predicted by a consolidation test 
results using an undisturbed sample, and then, these 
prediction results are compared with an actual 
measurement directly at the field. 

3.2 Description of study site  

Brau Village, Gunungsari, Batu, East Java is a village with 
an average elevation of around 1091 meters above mean 
sea level (MSL), topography consists of mountains, hills, and 
valleys. The location of the study site exists at -7o 50’ 44,94” 
SL and 112o  29’ 42,03 EL and is shown in Fig. 3. The local 
community reported that the potential for landslides in the 
Brau Village is very high. Most infrastructure was built 
without considering the existing groundwater level. 
Generally, soft soil layers constituted the general profile at 
the site and many water sources were found in this area 
through the aquifer layers consisting the sandy soil. 

One of the disasters caused by the ground movement 
was Brau Elementary School, all parts of the building 
structure including the shallow foundation, wall, and floor 
systems were damaged by several cracks, heaving, etc. after 
the heavy rainfall hit the existing area during March, 2024. 
Some damages were also on the country road construction, 
such as differential settlement, heaving, etc., and very 
difficult to pass and serve each vehicle. From some 
observation data collected at the field, that the ground 
movement increases during the rainy season, likewise, 
there has been an increase in the width of cracks. 

 

Fig. 3. Study site at Brau Village, KWB 

Some damages of wall and floor of school building 
structures and collapse and/ or differential settlement of 
road construction due to a ground movement are easy to 
understand.  Fig. 4 and 5  shows the scheme of alteration 
soil foundation behavior at the existing infrastructure 
areas. Based on the field observation, some damages of 
these infrastructure areas were expected by the ground 
movement (building school and road). Axial and lateral 
ground movements can be generated by a concentration of 
vertical and lateral stresses working at the axis and the 
edges of the infrastructure where high pore water pressure 
occurred. A large changes can be observed in the plastic 
points of soil foundation at the existing area. Shallow 
foundation system were embedded very close to the aquifer 
layer. Change of pore-water pressure gradually can be 
suspected to be the main problems faced in the field and 
cause the ground movements towards the lower elevation. 

 

Fig. 4. Behavior of soil strain area below the structure 

 

Fig. 5. Existing width of the cracks or fracture occurred  

3.3 Geological and geotechnical point of view 

Brau Village as a part of KWB consists of four 
formations, such as Arjuna Welirang (Qvaw & Qv(p)), and then, 
Anjasmara Tua (Qpat & Qp(kb)) for volcanic rock deposits. 
Rock formations are dominated by compacted igneous 
rocks, while surface layer is dominated by clayey and/ or 
silty layers from sedimentary rocks deposits (Fig. 6). 
Meanwhile, fine grain layers from sedimentary rocks 
fragments have properties which are easily separated, not 
compacted, and easily saturated by water, thus, these 
geological classification have a potential to move all layers 
of ground. 
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Fig. 6. Geological map of Brau Village as a part of KWB (Source: 
Peta Geologi Lembar Malang, 1992) 

From a geology point of view, precipitation or surface 
water will infiltrate into the ground surface through various 
soil layers. There are 2 (two) types of rocks passed by the 
groundwater (Feng et al., 2021), such that: firstly, 
permeable layer that can be penetrated by groundwater. 
These layers consist of gravel, sand, pumice, and some 
cracks in rock coming from limestone. Secondly, the 
impermeable layer which consists of marl and clay (loam). 
Groundwater will be stored or collected at the aquifer zone. 
The aquifer is a soil layer that can contain and release 
groundwater. According to Fig. 6, the aquifer zone at Brau 
Village can be established by rock layers, such as volcanic 
breccia (containing limestone flakes), tuff and/or 
tuffaceous breccia (containing pumice flakes), and lava 
(forming the gravel or sand layers) (Yun et al., 2022). 

3.4 Prediction of pore-water pressure  

According to several references, there are 4 (four) types 
of aquifer zones, such as unconfined; confined; semi-
confined; and semi-unconfined.  An aquifer layer can be 
assumed by the unconfined saturated layer and has a 
groundwater table or a phreatic line level. A phreatic line 
level has a hydrostatic pressure equals to the atmosphere 
pressure. Bottom of an unconfined aquifer is bounded by 
the aquitard. Aquitard is a saturated layer that only allows 
to release of a little volume of groundwater. Some water in 
a confined aquifer is limited by the aquitard layers at above 
and below, and a degree of saturation pressure of the 
aquifer is larger than atmospheric pressure. A semi-
confined aquifer is an aquifer that is completely saturated 
by groundwater. The upper part is limited by a semi-
permeable layer, while the lower part is an impermeable 
layer. The bottom layer of a semi-unconfined aquifer is 
impermeable, while the top layer is a fine-grained material 
that allows a groundwater movement. This aquifer is also 
called the transition between an unconfined and a semi-
confined aquifer. Potential ground movement at Brau 
Village is more caused by high pore water pressure from 

confined aquifer zones with deeper elevations. Preloading 
and/or upper infrastructure loading can also be a trigger to 
change hydrostatic pressure in an aquifer zone and stability 
of soil water content. An uncontrolled increase of the pore 
water can exceed the effective stress of soil layers, and 
finally, the soil shear strength decreases and the soil layers 
will move in all directions (Guerriero & Mazzoli, 2021). The 
slip line or collapse line at the slope area can be concerned 
with the tuff layer based on Fig. 6. Some previous study 
mentioned that these layers formed by a composed of 
weathered soil, fine tuff, and lapilli tuff. These layers are not 
only as a porous media, but also they can store water, 
however sometimes they act as a barrier to groundwater 
flow. And, the same time they will create the pore water 
pressure in these layers (Lin et al., 2015; Azahar et al., 
2018). 

High pore water pressure caused by an alternating 
water volume at the aquifer zone level can also generate 
landslides. Changes in groundwater level can affect physical 
properties of the soil, such as strength and stability. High 
groundwater levels can cause the soil to become soft and 
unstable, besides the specific soft soil also containing 
montmorillonite. Ground surface at the slope will move 
towards lower elevations which is initiated by erosion 
condition (Al-Yaqoub et al., 2017; Devkota et al., 2022). 

 

Fig. 7. Field measurement uses electromagnetic devices 

3.5 Actual measurement of pore-water pressure 
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Geophysical method was used for actual measurement 
of pore water pressure at the aquifer zone in subsurface 
conditions using the electromagnetic instrumentation. The 
measurement parameters are responses to electromagnetic 
radiation based on conductivity and inductance properties. 
This method has the advantage because this 
instrumentation can transmit reflected waves deeper than 
other methods (Vozoff, 1980). Schematically measurement 
actual pore water pressure at the field is shown in Fig. 7 
(Heimovaara et al., 1995; Brovelli & Cassiani, 2008). Some 
patterns of actual measurement were carried out at this 
study site were aimed at understanding the nature of soil 
water and pore water pressure model at aquifer based on 
energy balance between soil layers and atmosphere 
boundary conditions. There were 4 (four) tracks of 
trajectory conducted during measurement (Tao et al., 
2021). Ground movement at building school and road 
construction areas were not influenced by T1 and T4 tracks. 
Trajectory T2 and T3 were selected at the location where a 
landslide occurred in a school building closing to road 
construction areas. Data processing from actual field 
measurement used the electromagnetic application 
software (AIDU-Prospecting application). This software 
could describe in a two-dimensional view depth of the 
groundwater table and pore water pressure at an aquifer 
zone (Maggirwar & Umrikar, 2011). 

3.6 Ground movement potential analysis using FEM 

Ground movement can be caused by a groundwater flow 
pooling into aquifer zone and infiltration from surface 
water into the ground. The potential of ground movement 
can be occurred by water seepage to increase the weight of 
soft soil layers. Water seepage from aquifer zone can 
increase pore water pressure and the soil layers become 
swelling. The pore water pressure can make unstable 
condition of the slope. There are 6 (six) types of slope 
sliding in the study area continually occurred, namely: 
translational, rotational, block movements, rockfalls, soil 
creep, and debris flows. General conditions when the 
ground movement first begins can be explained by the 
appearance of cracks or fractures or fissures on the slopes 
parallel to the direction of the cliff; usually, ground 
movement occurs during the rainy season; the sudden 
appearance of new water springs; the cliffs at the slope 
were fragile and/ or weathered and gravel started to move.  

One of the causes of landslides is the existence of ground 
movement potential. Slope stability can be disturbed by 
water seepage coming from the aquifer zone and several 
combination external loads from the superstructure. Some 
simulations of seepage and slope stability during rainy 
seasons individually and/or combination were analyzed by 
2D-FEM (Geostudio-application software) in order to 
predict the magnitude of movement (Yong & Hanna, 1977; 
Liao et al., 2007). Cross-sectional model was adopted from 
the Yearly Report of BPBD office (2019). Soil layer and input 
parameter were input as the geotechnical modeling during 
2D-FEM analysis. 

4. Results and Discussion 

After data processing using the AIDU Prospecting 
application to obtain a two-dimensional (2D) view depth of 
the groundwater table. From 2 (two) measurements in the 
Electromagnetic method, Trajectory T2 & T3 are more 
focused for this research because groundwater flows were 
connected with a thick very large aquifer zone. Trajectory 
T2 & T3 existed at the location of the school building and 
road construction areas in Brau Village. Results 

investigation of the groundwater level on the T2 & T3 
routes are shown in Fig. 8, the depth of the groundwater 
level was more and less than 10 m, respectively at the 
aquifer zone. Some damages at both locations could be 
ascertained by the thickness and location of the aquifer 
zone and soil conditions containing montmorillonite 
particles with a plasticity index (PI) value larger than 30% 
from physical properties at laboratory work. 

 

Typical results of track T2:  Resistivity estimation at aquifer zone T2:  
1. First configuration (0=1-5 mV/nT;  

2. Second configuration (1=6-16 mV/nT) 

 

Typical results of track T3, Resistivity estimation at aquifer zone T3:  
1. First configuration (0=10-22 mV/nT;  

2. Second configuration (1=6-18 mV/nT)  

Fig. 8. Typical groundwater level and pore water pressure at T2 
and T3 tracks for aquifer zone  

Fig. 8 used the results of actual measurement data of 
pore water pressure at the field and it could be assumed as 
the distribution of soft soil pore water pressure from the 
aquifer zone, where the aquifer zone cosnsists of sand and 
gravel layers. These data were compared to the numerical 
analysis results from prediction analysis at Fig. 9, where the 
(u) (ordinary or hydrostatistic pore water pressure) were 
divided by (umax) (maximum pore water pressure).  
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Comparison of changes in pore water pressure with changes in 

thickness and time for 2 (two) aquifer layers 

 
Comparison of changes in pore water pressure with changes in 

thickness and time with the upper boundary of the aquifer layer and 
the lower boundary of the impermeable layer 

Fig. 9. Dimensionless parameter of pore water pressures between 
prediction analysis & actual measurement 

The pore water pressure distribution pattern from 
prediction and actual data is very significantly different as 
shown in Fig. 9. However,  the distribution pattern of pore 
water pressure shows almost similar behavior according 
the soft soil layers between the aquifer zones at depth of 
more and less 10.0 m depth. Variation values of pore water 
pressure in 2 (two) soil layers  between the aquifer zone is 
more caused by some considerations when assessing the 
parameter of coefficient permeability (kvs1 and kvs2) from 
undisturbed sample in laboratory consoldation test. 

Fig. 10 shows the typical results of seepage analysis 
based on the infiltration soil permeability (k) = 8.0.e-05 
m/day) during average of precipitation potential in every 
year during the rainy season. In here, permeability values 
for each layer play an important role with concern near the 
aquifer zone during analysis. Some cracks occurred at 
school buildings and road construction areas could be more 
caused by seepage flow coming from the aquifer zone and 
through the soil layers with low of permeability values. 
Initially, the ground movement would be started from 
lower layers to the ground surface. Infiltration water filled 
the all pores of soil would change of volumetric water and 

soil effective stress in several times during the rainy season. 
This phenomena was always occurred in saturated soil zone 
or near ground surface. Then, seepage in vertical and lateral 
directions could push down soil layers near an aquifer zone 
because pore water pressure increases gradually. A cracked 
or fissured from below to ground surface in unsaturated 
zone has been explained by some researchers (Fredlund et 
al., 2010; Saadeldin & Henni, 2016).  

Fig. 10 also explained that alteration water content 
would cause change desaturation process to the soft soil 
layers around the aquifer zone. Although determining the 
water content was easier than determining permeability or 
shear strength during desaturation, the test is still time-
consuming and it was not easy to determine existing pore 
water pressure level at real time investigation. Besides that, 
the pore water pressure due to the alteration water content 
in soft soil layers was difficult to correlate each other. Thus, 
some cracks or fractures occurred at study area could be 
explained by the change water content and/or the high pore 
water pressure. This study was similar to Wu & Zhou 
(2023), LorellLLa & Schiliro (2018), and Zhang et al. (2024) 
when simulation process a model of seepage flow at a slope 
and generated a cracked at the ground surface. This matter 
requires further research to determine the main cause of 
cracks or fractures at the study location. However, because 
the parameter of water content is closely related to the 
montmorillonite particles, this issue is not discussed in 
detail on this occasion. Stability pore water pressure due to 
seepage flow initially was determined by a normal 
condition of soil. permeability magnitude according to 
existing area of study, especially during dry season or when 
the first time a simulation analysis was carried out. Then, 
large water infiltration into the soil layers from rainfall 
during rainy season at the ground surface could  change the 
pore water pressure in low permeability due to some flow 
barriers (e.g. deposits settled at the pore of soil, etc). The 
soft layers could not completely saturated and the same 
time it had to drain groundwater in large quantities from 
the aquifer zone and water infiltration. Besides that, the 
continually increasing of  pore water pressure would 
exceed the limitation of total stress in the soft soil, and 
reduce effective stress, so that the soil layers could not 
retain the high pore water pressure and flow the 
groundwater during seepage process. Finally, ground 
movement would be occured and signed by some cracks at 
the ground surface. Furthermore, some cracks could also 
arise when a reduction process occurred at soil matric 
suction of the unsaturated soil zone. In this initial condition, 
a large water volume could enter the large pores of soil 
layers with low permeability directly before they went to 
enter to small pores and water also could flow through or 
not through cracks or fissures also supported by the high 
capillary (Kristo et al., 2019).In this way, cracks or fissures 
could generate wider and push down the nearest soil layers 
in all directions, eventually has caused soil movement or 
landslide and pulling out of all foundation layers towards to 
the toe of slope.  

Final report from BPBD (2019) stated that rainfall 
reaches the average amount of rain 138 days and the rain 
intensity is around 160 mm/month every year. During the 
rainy season, ground movement would exist that was 
initially by the small cracks and/ or fissures. Fig. 11 shows 
slope stability together with seepage analyses. After 
returning to normal or lower than before, pore water from 
aquifer zone was stable, but cracks and/ or fissures still 
exist because soil layer was already in a plastic condition.   
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Fig. 10. Typical results of seepage analysis based on the boundary condition during the rainy season 

Fig. 11. Typical results of stability analysis based on the boundary condition during the rainy season 

The pore water pressure from the aquifer zone, which 
was initially stable and changed drastically when the rainy 
season begins. With high rainfall in a long rain periods, pore 
water pressure continuously increased and started to 
compress all fine-grained soil particles in all directions 
(especially for clayey and/or silty layers) from below the 
soil surface. Fractures and cracks started to appear on the 
ground surface and shift all infrastructure that was near the 
concentration of high pore water pressure to the soil layers. 
The width of fractures and/ or cracks based on some 
observation during actual measurement at the field 
indicated a similar result to the analysis in Fig. 11 with a 
safety factor (SF) < 1.0. These fractures and/ or crackers 
cumulative increased from year to year during the rainy 
season. The last actual measurement when the study was 
carried out showed that the average width of fractures and/ 

or cracks was more than 15.0 cm at the ground surface. 
Ground movement would generate cracks > 10 cm width at 
wall and floor of school building structure; and collapse or 
differential settlement occurred in road construction > 18 
cm depth due to bonding agent separated between soil 
particles. The length of ground movement in the direction 
towards the toe of the slope reaches 30.0 m including school 
building and road construction areas.  The similar studies 
were conducted by some researchers (Schuste et al., 2021; 
Grimstad et al., 2010; Yin & Tong, 2011; Boyle, 2012). and 
discussed the potential fractures and/ or cracks caused by 
the high pore water pressure. They elaborated high pore 
pressure from a coastal aquifer; a homogeneous porous 
medium;a multilayer medium; etc. by using theoretically 
and/ or rheology of soil or rock mass.  
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Content of montmorillonite of soil layers with plasticity 
index (PI) larger than 30% also contributes to accelerate 
the swelling potential due to change of initial water content. 
All zones of unsaturated soils of study area would have a 
potential for swelling-shrinkage to generate some cracks.  

Some previous special studies from geological and 
geotechnical engineering of soft soils (clayey and/ or silty 
deposits) in Brau village, it is believed that soft soil layers 
formed in Brau Village have a combination with aquifer 
layers for hundreds of years according to the rock age 
geologically. Flows of groundwater from the aquifer zone 
are initially stable because they were supported by 
vegetation that was able to absorb water (Agung et al., 
2023). Pore water pressure of soil layers was not alternated 
significantly due to land use change, generally, the residents 
of Brau Village used as agricultural or plantation areas. 
Thus, the seepage flow from aquifer zone was still 
maintained, so that the pore water pressure could always 
stable in the dry season or rainy season. Green open space 
at the study location and a good surface drainage system 
were provided. However, the development or addition of 
infrastructure or buildings in this area has caused many 
problems with the natural water storage system in the 
aquifer zone. Land clearing; some additional loadings from 
new superstructure and foundation systems have damaged 
the groundwater flow pattern originating from the aquifer 
zone The soil layer contains many montmorillonite 
particles which makes the soil layer swell easily (Nelson et 
al., 2001; El-Garhy & Wray, 2004; Zhou et al., 2023). 
. The amount of  montmorillonite content should be checked 
in detailing works using micro-analysis methods in the soil 
mechanics laboratory (XRF, XRD, etc). In this research, the 
results of macro testing are provided and indicated that 
these soft soil layers can be classified as swelling soil 
(expansive soil type). Apart from that, the handling of 
fractures and/or cracks on the ground surface is not 
managed properly, so incoming surface water further 
increases soil movement. Water surface absorbed by cracks 
and/or fissures will change the water content of the soil 
quickly and will exceed its liquid limit, resulting in the 
potential for faster expansion (swelling-shrinkage 
potential) and the creep condition will soon be achieved 
eventhough there is no significant additional load. 

The differences in pore water pressure results from 
predictions and actual measurements in the field that occur 
are more due to consolidation testing procedures on 
undisturbed samples and the difficulty of allocating data 
from field measurements to undisturbed sampling points in 
the field. Besides that, the parameter values from test 
results in the consolidated laboratory also vary greatly, so 
that when analyzing predictions using mathematical 
equations they are also different from one another. Some 
plotting of the actual measurement should be exist in dry 
and rainy seasons, because distribution of the pore water 
pressure is quite depended on  groundwater fluctuation. 
And, the real-time measurement implementation was 
difficult to equalize with the testing results at the laboratory 
of consolidation test. However, the shape of the resulting 
isochrones remains closing to Terzaghi's theory (1925). 
After an accurate examination from theory of historical 
solution, and interpretation of laboratory consolidation 
data, this research work proposes a solution that can be 
considered correct as it solves the differential equation and, 
at the same time, allows correct interpretation of 
experimental data through actual measurement at the field. 

Model of groundwater flow also influenced to the 
ground movement. Pattern of groundwater flows was 

depended on an existing aquifer zone model as a part of the 
subsurface of soil layers. Observation at the field shows that 
groundwater flows were connected, so that the flows of 
groundwater could be very large, especially during the 
rainy season. These big flows of groundwater could create 
a lot of increments of pore water pressure in various 
directions. Then, all pore water pressures could change soil 
shear strength and when they exceed the effective stress, 
the ground movement would create some potential of 
ground movement. Furthermore, rising ground movement 
due to the high pore water pressure could cause fractures 
or cracks before the entire area experienced landslides; 
heaving; differential settlement, soil collapse, etc.  

5. Conclusion 

High pore water pressure coming from the aquifer zone 
during rainy season is one of the factors causing potential 
ground movement in Brau village. Besides that, the 
saturation process of soil layers during a high rainfall can  
change of physical and mechanical properties and damage 
school buildings and road construction areas.  

Results from prediction analysis using one-dimensional 
consolidation theory and actual measurement using the 
electromagnetic instruments are significantly difference. 
Some errors is more caused when determining soil 
permeability as the input parameter during prediction 
analysis. Besides that, the physical properties from 
laboratory works evaluated the montmorillonite using 
macro physical properties test, and the results indicated 
that soil layers (clayey and/ or silty soils) has plasticity 
index larger than 30%. Thus, the soil layers has also a 
potential swelling and shrinkage when the initial water 
content firstly change. 

Seepage and slope stability analyses show that the pore 
water pressure plays important role in potential of ground 
movement in Brau village. Pore water pressure from 
aquifer zone increases during the rainy season. High pore 
water pressure exceeding the total stress will separate the 
soil particle drastically during desaturation process. Some 
cracks and/ or fissures start to occur when soil effective 
stress decrease and change the soil to the plastic condition. 

For further advanced study is proposed to use the cone 
penetration test and pore water pressure (CPTu) and/or 
piezometer instrumentations. Thus, the implementation of 
actual measurement in the field can be performed together 
with the taking of undisturbed samples for a one-
dimensional consolidation test at the laboratory.  

One of parts as the research output is to evaluate in 
relocating the school building to more safely place. The 
research results also encourage the local government of 
Kota Wisata Batu in finding a new location for school 
building areas in Brau Village region. 

Notation 

av    : A constant over the increment of applied stress 
amax  : An existing of peak ground acceleration (PGA) at 

soil layer from the bedrock 
cvs1 or 2 :  Coefficient of consolidation of the upper layer and 

the lower layer 
e0   : Initial void ratio of soil element 
H   :  Total thickness of soil layer 
k   : General cofficient of soil permeability   
h1 or 2  : Thickness of first and second soil layers   
kvs1 or 2 :  Coefficient of permeability in the vertical direction 

of the upper layer and the lower layer  
mvs1 or 2 :  Coefficient of volume change of the upper layer 

and the lower layer 
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SF  : Safety factor 
T   : Period of time-dependent function describing the 

pore pressure variation at  
Tv    : Time factor  
t   :  Time 
u   :   Pore water pressure 
ui   : Pore water pressure at depth z and time t when 

the pore water pressure at the boundary is kept  
unity in the upper or lower layer (i = 1, 2) 

u/umax : comparison of pore water pressure in 
dimensionless 

z   : Spatial coordinate or depth variable in the soil 
element 

z/h   :   Comparison between  spatial coordinate and total 
thickness of soil layer in dimensionless 

w   : Unit weight of water 
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