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Abstract 
 

As a natural phenomenon, land movement does not occur suddenly, but it 

is a long-term phenomenon in the form of un-recoverable low rates 

deformation caused by constant stress on a slope body and known as 

creep. Therefore, it is very important to understand the rheological 

characteristics of the soil under constant stress and implication to its long-

term strength and time dependent behavior of a soil mass. The laboratory 

shear creep tests were carried out on 15 undisturbed volcanic clay samples 

taken from the southern slopes of Lembang Village, Cililin, West Java, 

Indonesia. The tests were carried out by applying a constant shear stress 

level of 50% - 95% from the peak shear strength. The results show that the 

level of constant shear stress will affect to the rheological characteristics of 

the soil samples. The higher level of shear stress, the shorter failure time. 

Based on the shear creep tests, the rheological model was established, the 

failure time of the soil samples were estimated and the long-term strength 

equation was obtained. The long-term shear strength of the volcanic clay is 

decrease 52.38% from the peak shear strength and achieved after 925 days 

(±31 months). The cohesion (c) and internal friction angle () decrease from 

41.548 kPa and 17.051o become 21.188 kPa and 9.129o, respectively. The 

shear creep test also shows that the soil shear strength parameters (c and ) 

are a function of time.  

 

Keywords: Rheology, Long-term strength, Time dependent behavior, 

Constant stress, Shear creep  
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1.0 INTRODUCTION 
 

Land movement that occurs in densely populated 

areas is a serious problem and needs immediate 

handling because it involves the safety of humans, 

property and the infrastructure underneath. There 

needs to be the same perspective among 

stakeholders such as government, scientists, 

employers and communities regarding efforts to 

reduce losses incurred, both property and human 

lives due to land movement [1]. As a natural 

phenomenon, land movement does not occur 

suddenly but is a long-term phenomenon in the form 

of un-recoverable low rates deformation caused by 

constant stress on a slope body and known as creep. 

Creep is the slow movement of soil/rock due to the 
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reduction of internal shear stress on a slope body 

causes long-term deformation but is not sufficient to 

trigger landslides [2]. 

Time-dependent shear strength reduction caused 

by constant stress is usually ignored and often 

neglected. This is because the long-term deformation 

usually has a small degree with a very low speed and 

difficult to observe with the naked eye [3]. However, 

there are many situations where the time-dependent 

behavior of soil/rock must be considered [4,5]. 

Constant stress acting on the slope body does not 

have a significant effect on the current slope stability 

but will cause long-term deformation which will have 

an important role in the long-term slope stability [6]. It 

is very important to formulate the effect of the 

constant stress acting on the slope body in relation to 

the shear strength reduction of the soil mass as a time 

function so that we can estimate the long-term 

strength of the soil mass and its time-dependent 

behavior.  

Several studies have been conducted to 

understand the geo-material rheological 

characteristics. Baskari [7] conducted a shear creep 

test on claystone samples taken from a coal mine site 

in East Kalimantan, Indonesia and determined the 

magnitude of the long-term reduction in rock shear 

strength. Luo and Chen [8] observed deformation 

rate in relation to time through triaxial creep test on 

the soft soil of Nansha, Guangzou China. Fan et al. 

[9] conducted research on the constitutive model of 

mudstone from Badong Formation through a shear 

creep test and concluded that the Burgers and 

Nishihara rheological models could describe the 

rheological characteristics fairly well. Wang et al. [10] 

conducted a rheological modeling experiment of 

Beijing soft clay through multi-stage triaxial creep and 

stated that deformation on soft clay has obvious time 

effects and non-linear characteristics. Ma et al. [11] 

conducted a rheological model study of soft layers in 

the Maokou Formation and prove that the moisture 

content has a significant effect on the long-term 

strength of the soft layer. Yang et al. [5] conducted a 

multistage in-situ creep test on a fault zone at 

Dagangshan Hydropower Station, China and 

suggested a visco-elastic-plastic softening model for 

use in the rheological model. Liu et al. [12] 

conducted a study of time-dependent failure 

mechanisms in rocks with numerical modeling in 

relation to slope stability. Most of these studies 

discussed the rheological behavior of soil/rock and 

have not discussed the failure time prediction of 

soil/rock samples based on the rheological model 

established from the creep test.  

Saito and Uezawa [13] conducted a study to 

predict the failure time of a slope based on field 

observations and stated that the failure time of a 

slope is closely related to the strain rate. Fukuzono 

[14] conducted a study to predict the failure time of 

a slope by using the Inverse Number of Velocity of 

Surface Displacement. Adriansyah [15] monitoring 

slope movement in the Batu Hijau mine, West Nusa 

Tenggara, Indonesia to predict the slope failure time 

and proposed an equation to estimate the slope 

failure time. Li et al. [16] conducted in-situ monitoring 

to understand the deformation mechanism of 

landslide in relation to water level fluctuations in the 

Three Gorges reservoir area and used H-K rheological 

constitutive model to landslide deformation. 

Monitoring data used in this research is data 

collected from September 2004 to August 2010. 

However, unfortunately, monitoring the slope 

movement in the field takes a very long time and 

relatively costly. This paper will discuss how to 

formulate the rheological characteristics of soil due 

to constant stresses and estimate the failure time with 

the rheological model obtained from the laboratory 

shear creep test so that the long-term strength of the 

soil and its time-dependent behavior can be 

determined.  
The research site is located at the southern slope 

of Lembang Village, Cililin, West Java, Indonesia and 

known as a landslide-prone area and categorized as 

medium - high soil movement vulnerability zone [17]. 

 

 

2.0 METHODOLOGY 
 

2.1 Laboratory Shear Creep Test 
 

The standard direct shear (quick test) test was carried 

out and the result was used as a reference for the 

application of shear stress levels in the shear creep 

test. Normal load of 10 kPa, 20 kPa and 30 kPa were 

applied in the standard direct shear test. The soil 

specimens have dimensions of 6.25 cm in diameter 

and a thickness of 2.10 cm. 

The shear creep test was carried out by applying 

normal stress and constant shear stress until the 

material failure for a certain time or until secondary 

creep is achieved. Fifteen undisturbed volcanic clay 

samples were taken from the research area at a 

depth of 2.5 to 3.0 meters using a hand auger. The 

tests observation was set for 7 days, but it can be 

finished earlier if the soil samples failure. The long-

term shear strength is determined by describing the 

curve of the shear stress level with respect to the 

failure time [18, 19] (see Figure 1). 

 

 
 
Figure 1 Long-term Strength Curve [18,19] 
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2.2 Rheological Model 

 

Rheology is a branch of science that studies the flow 

phenomenon and deformation of a material which 

describes the relationship between force, 

deformation and time [20]. In general, it deals with 

materials that are is a visco-elastic complex that 

shows the response of solid and liquid materials to 

force, deformation and time. The visco-elastic 

rheological model consists of two (2) basic 

mechanics, namely: Spring (Hookean) and Dashpot 

(Newtonian). Several rheological models can be 

used to describe the mechanical behavior of a 

material. One that is widely used in rheological 

modelling is the Burgers rheological model (Figure 2). 
 

 
Figure 2 Burgers Rheological Model 

 

 

Burgers rheological model is good and preferable 

for many practical purposes in describing the 

rheological characteristics of a material [9,21]. 

Baskari [7] conducted a study on the creeping 

behavior using Burgers rheological model approach 

with satisfactory results. Yang et al. [5] stated that the 

Burgers rheological model can describe the 

instantaneous deformation stage, primary stage and 

secondary stage fairly well; but cannot describe the 

tertiary creep curves where the soil samples failure.  

The equation for the Burgers rheological model 

with shear stress is represented by:  
 

ε(t) =  
τ

K1
+

τ

K2
(1 − e

−
K2
η2

t
) + 

τ

η1
t                                 (1)

  

Where (t) is deformation with respect to time t;  is 

constant shear stress; 1 is the viscous flow rate; 2 is 

the delayed elastic rate; K1 is the shear stiffness; K2 is 

the delayed shear stiffness. 

Rheological constants in Equation (1) determined 

based on the method proposed by [4]:  

 

𝜂1 =  
𝜏 .  𝑡

(𝜀𝑡− 𝜀𝑜)
   𝐾2 =  

𝜏

10log 𝑞   

𝐾1 =  
𝜏

𝑢𝑜−
𝜏

 𝐾2

 𝜂2 =  
𝑘2 (𝑡1− 𝑡2)

2.3 (log 𝑞1− log 𝑞2)
                 (2) 

 

Where o initial displacements, q is the distance 

between the points on the liner regression against the 

creep curve, uo is the displacement at to, q1 is the 

linear regression distance at t1 and q2 is the linear 

regression distance at t2.  

 

2.3 Creep Characteristic 

 

Creep is the tendency of a solid material to move 

slowly and deformed permanently due to constant 

stress acting continuously for a long period of time 

where the magnitude of constant stress is smaller 

than its peak strength [18, 19]. 

Figure 3 is the creep curve of a material that is 

subjected to stress. Elastic deformation occurs 

immediately after constant shear stress is applied and 

followed by primary creep. At this stage, the sample 

will return to its normal state if the working stress is 

eliminated (PQR). Secondary creep is indicated by 

deformation at a constant rate and when the stress is 

stopped, permanent deformation (STU) has 

occurred. In tertiary creep, the speed of elastic 

deformation will increase progressively (pr) until the 

sample failure. The creep deformation formulated as: 
 

𝜀(𝑡) = 𝜀0 + 𝜀1| 𝑡𝑠𝑠
0

+ 𝜀2| 𝑡𝑝𝑟

𝑡𝑠𝑠
+  𝜀3| 𝑡𝑓𝑎𝑖𝑙

𝑡𝑝𝑟
                                 (3) 

 

Where (t) is total deformation as a function of 

time; o is instantaneous deformation; 1 is the primary 

creep; 2 is the secondary creep; 3 is the tertiary 

creep. 

 

 
 

Figure 3 Creep Curve [4, 19, 20, 21] 

 

 

In many cases, to get the four stages of the 

creep (o, 1, 2 and 3) in laboratory testing will take a 

long time (weeks to months or even years) while for 

research purposes a shorter time is required. 

Therefore, tertiary creep (3) is commonly excluded 

from the analysis [22,23] and Equation (3) can be re-

written as: 
 

𝜀(𝑡) = 𝜀0 + 𝜀1  + 𝜀2                                        (4) 

 

The creep proses divided into 2: non-attenuating 

creep and attenuating creep [18,19] (see Figure 4). 

Non-attenuating creep is the creep in which the o, 1, 

2 and 3 s achieved. Non-attenuating creep occurs 

when the level of shear stress is large enough to 

cause material failure. At low levels of shear stress, 

the 3 is usually not achieved and called attenuating 

creep. In this condition, the secondary creep rate 

appears stable and shows long-lasting creep. The 

maximum deformation during the test is defined as 

the ultimate deformation  

The strength limit of the material is the stress when 

the material begins to collapse or when the 

deformation rate starts to increase progressively (pr). 
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In this case ult  pr. Failure deformation (fail) is the 

stress where the deformation is up to 50% greater 

than progressive deformation (pr) [18, 19]: 
 

fail=1.5pr                                                                                                            (5)           
 

 
 
Figure 4 Deformation and Time on Creep [18, 19] 

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Geological Setting 

 

Based on the Regional Geological Map of the 

Cianjur Quadrangle [24,25,26], rock units in the 

research area and its surroundings consisting of 

(Figure 5):  

 

a. Alluvial (Qa) 

Alluvial (Qa) unit, composed of clay, silt, sand and 

gravel. Mainly river sediments and flood plains 

deposits, including talus around research area. This 

unit has age relatively Quaternary. 

 

b. Lake Deposit (Ql) 

Tuffaceous clays, tuffaceous sand, tuffaceous 

conglomerates. Forming horizontal bedding in 

several places. Contains limestone concretions, plant 

remains, freshwater molluscs and bones of 

vertebrates. This unit has age relatively Quaternary. 

 

c. Andesite 

Porphyry andesite has grey colour when fresh and 

dark grey colour when weathered, porphyritic, 

inequigranular fabric, subhedral crystal shaped, 

hypidiomorf, mesocratic. Primary structure are 

massive, columnar jointing and sheeting joints. This 

unit intruded Pv with age relative Pliocene. 

 

 

 

d. Volcanic Rock (Pv) 

This unit consisting of Tuff and pyroclastic fall 

monomic Breccia. Tuff, unconsolidated, brownish to 

dark grey, grainsize from tuff (dominant) until lapilli, 

but some reach the size of bomb. The pyroclastic fall 

monomic Breccia has grey to brownish grey, grain 

size 2 – 80 cm, angular - sub-angular, open fabric, 

poorly sorted. The components are porphyry 

andesite and crystalline tuff matrix. The age of this 

unit is Miocene. Fifteen undisturbed volcanic clay 

samples have been taken from this unit.  

 

 
 

Figure 5 Geological Map of Cililin Area [24, 25, 26]  

 

 

Geomorphologically, the research location and 

its surroundings are composed of hills with a very 

steep slope with elevation from 650 up to 1400 m. 

Flow patterns that develop are radially and sub-

dendritic. No-fault was observed in this area. There 

are two active faults at the north part of the research 

area which are Lembang Fault and Cimadiri Fault. 

The distances of the active fault are 25 km and 30 

km, respectively, from the research area. 

Figure 5 and Table 1 show that the areas with high 

potential for landslides are located at the area 

composed of Mio-Pliocene volcanic products and 

andesitic intrusion and andesitic lava [24, 25, 26].   

To determine the mineralogy characteristics of 

volcanic clay in the research area, XRD and 

Petrography analyses were carried out. The result of 

the XRD and Petrography is shown in Figure 6. 

 
 

 

 
 

 

 
 

 

 
 

 

 
a) Non-attenuating creep 

b) Attenuating creep 
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Figure 6 Petrographic (a) and XRD Pattern (b) 

 

 
Table 1 Classification of Landslide Potential in Research Area [25] 

 

Slope 

Deg. 

Lithology Land Use Morphometry Landslide 

Potential 

>50o Miocene-Pliocene volcanic 

materials, andesite rock 

Farm, Paddy Field 

and Residences 

Medium-high im-permeability, 

weathering and erosion 

High 

Potential 

14o – 50o  Miocene-Pliocene volcanic 

materials, andesite rock 

Farm, Paddy Field 

and Residences 

Low - Medium im-permeability, 

weathering and erosion 

Medium 

Potential 

5o - 14o  Miocene-Pliocene volcanic 

materials, Quaternary deposit 

Farm and Residences Low - Medium im-permeability, 

weathering and erosion 

Low 

Potential 

0o – 5o Miocene-Pliocene volcanic 

materials, Quaternary deposit 

Paddy Field and 

Residences 

Low – Medium im-permeability, 

weathering and erosion 

 

None 

 

 

From the XRD results, the clay minerals 

contained in the volcanic clay consist of halloysite in 

which is classified as Sensitive Clay [27]. At 

Taurangga Region New Zealand, halloysite as a result 

of weathering from volcanic material plays a 

significant role in the major landslide [28]. Meanwhile, 

a thin section shows medium texture and composed 

of plagioclase, k-feldspar, quartz and amphibole as 

crystal fragments.  Igneous and tuff fragment as a 

lithic fragment. Glass fragments. Clay mineral, 

volcanic glass and iron oxide as a matrix. Opaque 

minerals as secondary minerals altered from 

pyroxene and amphibole. 

 

3.1 Physical Properties and Direct Shear Test 

 

Physical properties and direct shear tests were 

conducted on the undisturbed soil samples. The result 

of the physical and mechanical properties of the soil 

sample is presented in Table 2. 

 

 

 

 
Table 2 Soil Mechanics Laboratory Test 

 
Laboratory test Symbol Unit Value 

Index Properties    

Specific Gravity Sg kN/m3 2.65 

Bulk density n kN/m3 17.13 

Dry density dry kN/m3 11.87 

Atterberg limit    

Liquid limit LL % 43.01 

Plastic limit PL % 28.87 

Plastic index PI % 14.13 

Soil class Class  CL 

Grainsize distribution    

Clay  % 73.83 

Silt  % 24.42 

Sand  % 1.75 

Direct shear test    

Cohesion C kPa 41.548 

Internal friction angle o Deg. 17.05 
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3.2 Shear Creep Test 

 

The level of shear stress (%p) applied to the shear 

creep test ranges from 50% to 95% of the peak shear 

strength (p). Figure 7 shows the creep curve from the 

laboratory shear creep test.  

From Figure 7 it can be seen that non-attenuating 

creep occurs at CR1.1, CR1.2, CR2.1, CR2.2 and 

CR3.3, where the shear stress levels between 80% and 

95%, while attenuating creep occur at shear stress 

level less than 75%. 

In non-attenuating creep, the creep tests show 

elasto-viscoplastic behavior where the 0, 1, 2 and 3 

which ended in failure were achieved. The failure 

time ranges from 29 minutes up to 6 days depend the 

stress level applied. The higher level of shear stress, 

the shorter the failure time. 

In attenuating creep, the creep curves only show 

o, 1 and 2 while 3 were not achieved along 7 days 

of creep test observation. Under these conditions, the 

rate of secondary creep appears to be stable and 

tends to show long-lasting creeps [21].  This occurs 

due to the low level of shear stress applied on the test 

so that the test samples show a visco-elastic 

behavior. Based on the result of the shear creep tests, 

it can be concluded that the level of shear stress 

applied during the shear creep test will affect to the 

rheological characteristics of the soil samples.
 

 
 

Figure 7 Creep Curve
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3.3 Rheological Model 

 

In non-attenuating creep, the time at which the 

sample failure is defined as the failure time of the 

material. Whereas in attenuating creep, the 

maximum deformation observed when the test was 

stopped (on the 7th days) was recorded. Meanwhile, 

the strength limit (pr) was determined refer to 

Equation (5). 

Goldstein and Ter-Stepanian [29] conducted a 

triaxial creep test on clays samples and states that 

when the conditions of the samples and the test are 

similar, the samples with different stress will failure at a 

different time depend on the stress level applied, but 

magnitude deformation will be relatively the same. 

This is consistent with the direct shear tests in this 

research which shows the magnitude of failure 

deformation has relatively same, ranges from 7.2 - 7.7 

mm with an average of 7.4 mm. If this is the case, 

then the failure time of a soil material can be 

estimated based on the rheological model 

established from the shear creep test. The strength 

limit (pr) can be determined according to Equation 

(5): 7.40 / 1.5 = 4.91 mm.        

The magnitude progressive deformation (pr) refer 

to Equation (4) where creep deformation is 

considered as the sum of 0, 1 and 2 while 3 was 

excluded [22,23]. Equation (4) fits with the Burgers 

rheological model used in this research where the 

Burgers model can describe the visco-elastic model 

which consists of 0, 1 and 2 fairly well, but does not 

describe the presence of 3 [5]. The estimation time 

when pr is reached was calculated by the Burgers 

rheological model established in Table 3 for each soil 

sample. 
 

3.4 Long-term Shear Strength 

 

Long-term shear strength is the relationship between 

the shear stress level and the time achieved when 

the soil begins to failure (tpr). Figure 8 is the long-term 

shear strength curve which is determined by plotting 

the shear stress level in correlation to time (tpr) [18, 

19].   

 
Table 3 Burgers Rheological Model and t(pr) 

 

Sample 

Normal 

Stress 

n 

(kPa) 

Shear 

Stress 

p 

(kPa) 

Shear 

Stress 

Level 

(%p) 

Burgers Rheology 

𝜺(𝒕) =
𝝉

𝑲𝟏

+
𝝉

𝜼𝟏

𝒕 +
𝝉

𝑲𝟐

(𝟏 − 𝒆
−

𝑲𝟐𝒕
𝜼𝟐 ) 

𝒕(𝜺𝒑𝒓) 

Minutes 

CR1.1   92.29 𝜀(𝑡) = 4.414 + (1.00 𝐸 − 04)𝑡 + 4.684 𝐸 − 01(1 − 𝑒(−6.601𝐸−02)𝑡) 1,175 

CR1.2   83.06 𝜀(𝑡) = 3.743 + (4.00 𝐸 − 05)𝑡 + 8.482 𝐸 − 02(1 − 𝑒(−1.426𝐸−02)𝑡) 9,681 

CR1.3 10 44.18 62.76 𝜀(𝑡) = 4.176 + (2.00 𝐸 − 06)𝑡 + 7.876 𝐸 − 02(1 − 𝑒(−2.300𝐸−03)𝑡) 328,550 

CR1.4   60.91 𝜀(𝑡) = 2.242 + (1.00 𝐸 − 05)𝑡 + 5.621 𝐸 − 02(1 − 𝑒(−1.289𝐸−02)𝑡) 261,200 

CR1.5   72.35 𝜀(𝑡) = 4.032 + (7.00 𝐸 − 06)𝑡 + 1.101 𝐸 − 01(1 − 𝑒(−4.370𝐸−03)𝑡) 109,350 

CR2.1   95.00 𝜀(𝑡) = 4.376 + (1.18 𝐸 − 02)𝑡 + 5.906 𝐸 − 01(1 − 𝑒(−2.239𝐸−00)𝑡) 29 

CR2.2   88.22 𝜀(𝑡) = 4.298 + (1.00 𝐸 − 04)𝑡 + 2.084 𝐸 − 01(1 − 𝑒(−4.209𝐸−02)𝑡) 2,995 

CR2.3 20 48.07 67.86 𝜀(𝑡) = 3.888 + (1.00 𝐸 − 05)𝑡 + 7.869 𝐸 − 02(1 − 𝑒(−4.140𝐸−03)𝑡) 94,403 

CR2.4   57.68 𝜀(𝑡) = 2.718 + (4.00 𝐸 − 06)𝑡 + 3.526 𝐸 − 02(1 − 𝑒(−2.760𝐸−03)𝑡) 539,353 

CR2.5   52.59 𝜀(𝑡) = 1.425 + (4.00 𝐸 − 06)𝑡 + 2.730 𝐸 − 02(1 − 𝑒(−5.520𝐸−03)𝑡)  864,505  

CR3.1   52.15 𝜀(𝑡) = 4.043 + (8.00 𝐸 − 07)𝑡 + 4.985 𝐸 − 02(1 − 𝑒(−2.300𝐸−03)𝑡) 1,023,140  

CR3.2   58.66 𝜀(𝑡) = 4.273 + (2.00 𝐸 − 06)𝑡 + 1.343 𝐸 − 02(1 − 𝑒(−4.8308𝐸−03)𝑡) 312,200 

CR3.3 30 50.04 84.74 𝜀(𝑡) = 4.377 + (5.00 𝐸 − 05)𝑡 + 3.665 𝐸 − 01(1 − 𝑒(−2.254𝐸−02)𝑡) 1,459 

CR3.4   61.92 𝜀(𝑡) = 3.223 + (1.00 𝐸 − 05)𝑡 + 9.789 𝐸 − 02(1 − 𝑒(−2.760𝐸−03)𝑡) 159,100 

CR3.5   53.78 𝜀(𝑡) = 2.776 + (2.00 𝐸 − 06)𝑡 + 1.387 𝐸 − 01(1 − 𝑒(−1.610𝐸−03)𝑡) 997,610 

 

 

 
 

Figure 8 Long-term Shear Strength Curve 
 

 

Figure 8 shows that the long-term shear strength of 

Cililin Volcanic Clay decreased up to 52.38% from its 

peak shear strength after 925 days (±31 months) and 

is represented by Equation (6). The soil parameter 

cohesion (c) and internal friction angle () decrease 

from 41.548 kPa and 17.051o become 21.188 kPa and 

9.129o, respectively. Research that has been done on 

several soils and rock materials shows that the long-

term strength reduction in the creep test ranges from 

50% - 80% [3,7,19]. This shows that constant stress has 

significant effects on the long-term strength of the soil 

mass. 

  

%𝜏 =  −5.60 ln(𝑡) + 90.625                                            (6) 

 

 

 

 

 
 

Figure 8 Long-term Shear Strength Curve 
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3.5 Time-dependent Behavior of Soil Parameter 

 

Equation (6) was used to determine the reduction in 

soil shear strength parameter (c and ) as a function 

of time. The results of the calculations are tabulated 

in Table 4. 

 
Table 4 Time-dependent of Volcanic Clay Parameter 

  

Stress 

Level 

(% p) 

Failure time 

(days) 

(Equation 6) 

C(t) 

(kPa) 

(t) 

(deg.) 

50 1414.41 21.19 8.49 

55 579.18 23.32 9.34 

60 237.16 25.44 10.17 

65 97.11 27.55 10.99 

70 39.77 29.67 11.82 

75 16.28 31.79 12.64 

80 6.67 33.91 13.45 

85 2.73 36.03 14.25 

90 1.12 38.15 15.07 

 

 

The time-dependent behavior of the soil 

parameter (c and ) can be drawn as in Figure 9. 

 

 
 
Figure 9 Cohesion (c) and Internal Friction Angle () vs time 

The values of c and  in relation with time are 

represented in Equation (7) and Equation (8): 
 

𝑐(𝑡) = −2.374 ln(𝑡) + 38.417                   (7) 

 

𝜙(𝑡) = −0.918 ln(𝑡) + 15.182                  (8) 

 

Based on Figure 9, Equation (7) and Equation (8), it 

can be concluded that the constant stress has a 

significant effect on the time-dependent behavior of 

soil parameters (c and ). 

 

 

4.0 CONCLUSION 
 

Laboratory shear creep tests were carried out on 15 

undisturbed soil samples to determine the rheological 

characteristics of these soils in relation to their long-

term strength and time dependent behavior. The 

shear creep test shows that there are two types of 

creep curves caused by the applied shear stress 

level, namely: non-attenuating creep and 

attenuating creep depend on the shear stress level 

applied. This proves that the level of constant shear 

stress applied during the shear creep test will affect 

to the rheological characteristics of the soil samples. 

The higher level of shear stress, the shorter failure 

time. 

Rheological modeling shows that the long-term 

shear strength of Cililin Volcanic Clay decreased up 

to 52.38% from its peak shear strength after 925 days 

(±31 months). The cohesion (c) and internal friction 

angle (f) decrease from 41.548 kPa and 17.051o 

become 21.188 kPa and 9.129o. This shows that 

constant stress has significant effects on the long-

term strength of the soil mass. 

Rheological modeling also shows that soil 

parameters (c and f) decrease with time. So, it can 

be concluded that the constant stress has a 

significant effect on time-dependent behavior of soil 

parameters (c and ). 
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