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Abstract 

This paper presents the result of a series of laboratory static, cyclic and post-
cyclic triaxial tests that carried out to study the effect of cyclic loading on the 
monotonic shear strength of two peat soils from Penor peat (PRpt) and Parit 
Nipah peat (PNpt). In this paper, the effect of cyclic loads simulated for dynamic 
load in the real situation has been studied using dynamic triaxial testing system 
apparatus that have been conducted on undisturbed specimens. Cyclic loading 
was performed under different frequencies from 0.5 Hz and 1.0 Hz with effective 
stress of 13 kPa. Due to the peat soil physical characteristics with high water 

content nearly 330.26% (PNpt) and 603% (PRpt), it signals that the softer 
behaviour of peat specimens. The reduction of post-cyclic monotonic shear 
strength occurred predominantly due to cyclic loading. Cyclic loading exhibited 
a lower undrained shear strength during post-cyclic monotonic tests in peat soil. 
The results show that 33% to 58% of peat soil shear strength are decreased in 
post-cyclic loading compared to the samples in pre-cyclic loading version and 
the reduction exceeded nearly 50% for PNpt and 11% for PRpt at the end of the 
tests with axial strain of 20%. The effect of cyclic loading on post-cyclic shear 
strength increased the potential in reduction of shear strength. The stiffness ratio 

is 0.5 and the cyclic shear stress ratio identified lower than the shear strength of 
peat soil which takes 0.082 caused by dynamic loads. Principally, the peat soil 
observably is stable and there is no liquefaction in peat soil occurred. 

Keywords: Cyclic, Liquefaction, Peat, Post-cyclic, Stiffness, Shear strength. 
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1.  Introduction 

Malaysia, comprising the regions of Peninsular, Sabah and Sarawak, supports some 

of the most extensive tropical peatlands in the world. The tropical peat forest is found 
mainly in Southeast Asia [1] and was estimated at about 20 million hectares, two-

third of the total area of the world’s tropical peat swamps [2]. There are 2.4 million 

hectares of peat soil in Malaysia, with 1.5 million hectares occurring in Sarawak 

alone. Construction on peat soils has proven to be a challenging task for civil 

engineers since this soil type has a significant issue that arises from common 

problems in construction of roads, housing and embankment construction with regard 

to peat stability, settlements and major problems were encountered especially on deep 

peat. Peat’s settlement behavior is a classic problem in construction [3]. 

However, peat is in the category of problematic soil because it has low shear 

strength and high compressibility, which are not suitable for construction [4]. In 

natural state, peat consists of water and decomposed plant fragment with virtually 
no measurable strength [5]. This soil is often classed as problematic due to the large 

settlements observed under relatively low loads, long term creep settlements and 

low bearing capacity for structures founded on it and possess low shear strength. 

This condition strongly influenced the problem post construction. Peat holds high 

water content, hence causing the material to be very sensitive and soft [6]. Thus, 

peat has specific behaviour which is dominated by water content. The 

extraordinarily high-water content of peat soil and consist organic matter with 

hemic material making it very soft, crumbly material and uniformly dark brown in 

colour [7]. Peat soil thickness can be found up to 6.8 m depth [8]. 

Organic soil is a soil that contains a significant amount of organic material 

recently derived from plant remains. Technically, any material that contains carbon 

that is called organic. This implies it needs to be fresh and still in the process of 
decomposition, and thus retain a distinctive texture, colour, and odour [9]. Peats 

are organic soils with more than 75% organic matter and peat particles can be bend, 

permeable and compressible and consist of fibers from decayed plants materials, 

fragments of long streams, and thin leaves [10].  

Undrained shear strength (su) refers to the strength of soil in situations where the 

excess pore water pressures developed during shearing cannot dissipate and failure 

takes place [8]. Laboratory methods used to determine the strength properties of peat 

are generally the same as for mineral soils [11], without special consideration given 

to the fibre content, high compressibility or relatively high permeability and gas 

content of fibrous peats. Triaxial testing is one of the routinely used methods in 

practice because its result repeatability is generally good [12].  

The determination of static undrained shear strength reduction is important to 

systematically determine the post-cyclic undrained shear strength and to compare the 

results with the pre-cyclic condition [6]. This paper presents, cyclic and monotonic 

tests were conducted on undisturbed soil specimens and prepared under air pluviation 

method by using the dynamic triaxial apparatus. Static monotonic shear tests 

conducted and compared to the post-cyclic monotonic shear results and evaluated 

after 100 numbers of cycles of dynamic loading. Tests were conducted on 

undisturbed soil by controlling the strain rate in determination of pre- and post-cyclic 

undrained shear strength to study the failure mechanism of post-cyclic of peat soils. 
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The properties of peat are greatly dependent on the formation of its deposits and 

the organic content [6]. Significantly, the peat specimens have high water content and 

softer textures compared to clay soil. This physical condition of peat is observed 

much challenging during handling and erecting the specimens in the triaxial bottom 

pedestal. To minimise the chances of specimen disturbance and moisture loss for the 
undisturbed sample, it must be wrapped immediately with rubber membrane and 

handled with placing tools carefully. The samples preparation must be done as quick 

as possible to reduce any disturbance of moisture and structures [13]. 

In fact, with greater water content in peat soil and moist pigments, the peat 

sample rapidly shrinking when higher effective pressure applied. This condition 

causes the sample slightly slanting and affecting the results in obtaining the right 

strength values. On balance, the undrained conditions for static, cyclic and post-

cyclic stage are seen as appropriate and stable approach to pore water pressure 

build-up without dissipation. Observably, during the undrained condition water 

content disallowed to dissipate and the position of the specimen remained vertical 

for peat soil. The generation of cyclic strain and stress-strain behaviour are seen 

more stable and reliable for peat soil. The utmost reasons of these behaviours are 
the fibre elements that contained in each sample which may influence the basic 

characteristics of peat [13]. Additionally, soil stiffness is determined by soil shear 

strength [14]. The rigidity is defined as the ratio of stiffness to strength parameter 

of soil [15] and as discussed in [13] stiffness is the initial tangential modulus with 

yield shear strength (E) was half of the deviator stress. The rigidity is defined as 

the ratio of stiffness to strength [15] Equation 1 and this is equal to Equation 2, 

observed from stress-strain response and which fails at a deviator stress qf, secant 

modulus, E and axial strain, εf. 

=  
𝐸

𝑞𝑓

                                                                                                                                     (1) 

=  
𝐸

𝜀𝑓

                                                                                                                                      (2) 

Dynamic loads in reality forms of acute time varying loads form earthquakes, 

sudden high velocity winds, cyclones, machinery on the soil surfaces. Cyclic loading 

is one type of dynamic loading, and we intentionally apply cyclic loads in the 

laboratory to estimate the capacity of the soil. This phenomenon also stated [16] 

which the long-term cyclic loading and short-term dynamic loading characterises the 

traffic loading. The dynamic loadings caused by traffic may also occur in the form of 

short-term deformation of layers, characterized by the small permanent strain and the 

behaviour of layer, which may be seen as reversible [17]. The shear stress ratio is the 

maximum value of shear stress to effective mean or normal stress in peak strength of 

peat soil. The principal stress ratios as a function of mobilized shear stress, both on 
effective and total stress bases [15]. If the shear stress ratio of soil layer caused by 

wave is less than the shear strength of the soil itself in Equation 3, then the soil is 

stable and there is no liquefaction [18]. 

=  
𝜏𝑤

𝜎′𝑣

                                                                                                                                   (3) 

Finally, some investigations have been undertaken to determine the effects of 
cyclic loading to the post-cyclic shear strength behaviour of peat soil that consistent 

with the goals or principles of post-cyclic characteristics. The findings presented in 

this study demonstrate the potential of cyclic loading in influencing the shear strength 
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of post-cyclic conditions to better understand the post-cyclic behaviour of peat soils 

stiffness, potential of liquefaction, post-cyclic shear strength, shear stress ratio while 

and effective stress path. 

2.  Testing and Material 

For the purpose of laboratory testing, the first sample was taken on undisturbed 

peat soils under commercialized agricultural landholding condition and samples 

investigated were taken from the Parit Nipah, Batu Pahat, Johor and the second 

sample was taken from Penor, Pahang, Malaysia. All soil samples are dominantly 

composed of hemic materials. The index properties of Parit Nipah peat (PNpt) and 

Penor peat (PRpt) soils are presented in Table 1. These properties indicate that PNpt 

and PRpt are classified as high compressibility, low shear strength and behave like 

sand as a cohesive soil and expected to behave drained [16] that shows the fragility 

and sensitivity of peat soil where, necessary precaution must be taken in handling 

the undisturbed sample.  

Soil samples were taken from the nearest undisturbed soils and within 0.5 m 

below the ground surface. To eliminate the external disturbance on the soil 

composition and free from physical surface activities. At this level, peat soil is 

technically preserved from disturbance and more suitable for strength determination. 

The reliability of the method and the accuracy of the result measured as advantages 

of the representative soil samples are dependable as applied by [7, 11, 16]. 

All samples were obtained using a 50 mm diameter thin-walled Shelby tube 

with 100 mm height. The properties of PNpt and PRpt are usually variable from 

site to site and depth strata. The characteristic of peat respectively homogenous 

with water content for PNpt varied 330.26% while PRpt is over than 603%. Under 

those circumstances, the peat sample rapidly shrinking with higher effective 

pressure applied. The undrained conditions for static, cyclic and post-cyclic stage 
are seen as appropriate and stable approach to pore water pressure build-up without 

dissipation. The index properties test has been carried out in order to describe, 

classify and group the properties of peat soil from PRpt and PNpt. Table 1 shows 

the associated specimens PNpt and PRpt classified as Hemic peat in different scale 

respectively. PNpt in the scale of H4 while PRpt in H5 class.  

PNpt indicates H4 and having a moderate decomposition level compared to 

PRpt. Generally, the plant structure is recognizable but unidentified. This test is 

based on a visual examination of the colour of the water that is expelled and the 

soil material remaining in the hand after a saturated sample is squeezed. The water 

expelled ranges from dark brown to nearly black turbid and up to a third of the 

sample oozes out between the fingers. In comparison, for Malaysian peat properties 
from West to East coast regions, PNpt and PRpt specimens go in line with others 

peat properties though from different location and physical geography as studied 

previously H5 (PNpt) [16] and H4 (PRpt) [19]. 

From the results, it has been observed that specific gravity for PNpt is about 

1.60 indicates higher value compared to PRpt (1.30). These findings are in 

agreement with results previously [20]. 

The triaxial apparatus was a closed-loop digitally servo-controlled 

electronically capable in performing static and dynamic triaxial tests. Figure 1 

shows the grain sizes distribution of the peat soils. Data derived from this analysis 
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were in good agreement with particle size distribution of peat. Particle size 

distribution of PNpt and PRpt. As seen in Fig. 1, the PNpt has bigger particle size 

compared to PRpt. 

Table 1. Index properties of specimens. 

 PNpt PRpt 

Moisture content, % 330.26 603 

Liquid limit, % 318 201 

Specific Gravity 1.60 1.30 

pH test 3.69 4.2 

Organic Content, % 78.77 95.6 

Fiber Content, % 40.97 36.6 

Von Post Scale H4 H5 

Further, by different class referred to the Von Post Scale where the samples 

represented H4 and H5 as stated in Table 1, the variations of peat characteristics 
were in the range 0.063 mm to 5 mm sizes. These results were due to the Hemic-

type of peat soil which have moderate decomposition level and influenced with 

differences in fibre content. The peat specimens were prepared undisturbedly 

secure under cold room temperature 18oC and identified as PNpt stand for Parit 

Nipah peat and PRpt for Penor peat respectively. These results due to soil fibre 

sizes in peat soil that makes soil structure for each sample [20]. Peat soil in the 

tropical condition is normally having sizes between 0.006 mm to about 5 mm [21]. 

 

Fig. 1. Grain size distribution of peat soils. 

3.  Static and Dynamic Test 

Triaxial monotonic shear tests are performed using undisturbed cylindrical soil 

samples having a height of 100mm to diameter 50mm using peat soil is convenient 

with undisturbed samples of peat from the tube sampler. A cylindrical rubber 
membrane is wrapped over the sample and porous stone with a filter paper strip 

cage alongside the specimen with the two rubber bands mounted to make the fit 

tight membrane as shown in Fig. 2 and confined in a triaxial chamber. The 

displacement transducer is mounted to the top of the specimen via the umbraco 
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screws. The triaxial chamber filled with air to pressurize the peat sample until the 

specimen is fully saturated by applying simultaneous increase of the chamber and 

back pressure.  

Fig. 2. Peat sample placed in dynamic triaxial chamber. 

The measurement value of parameter B (B-Checked) was determined 

automatically set in the triaxial software and all the undisturbed specimens 
exhibited a saturation ratio greater or equal to 0.95. Then the specimens were 

consolidated isotropically for 24 hours and monotonically in the static test and 

cyclically in the dynamic test with automatically set after effective stress and 

consolidation loading were applied. Effective stress was applied is 13 kPa.  

The sample was consolidated with effective stress of 13 kPa, due to the 

difference between the confining (cell) pressure and the back pressure. The 13 kPa 

is representing the effective pressure at certain depth on site between 0.5 m to 1.0 

m. Tests are performed using a triaxial cell with dynamic triaxial testing system 

and combined with dynamic actuator.  

The soil sample rests on a base pedestal and is overlain by a rigid loading cap. 

Undrained triaxial test for undisturbed soils used in this study. In undrained cyclic 
tests, all samples were subjected to one-way cyclic loading with a sine input wave 

form under displacement control conditions [7]. Cyclic axial load with 0.5 and 1.0 

Hz frequencies applied. In this study, typical test frequencies applied for cyclic 

triaxial testing as proposed [13]. These frequencies become a benchmark to 

determine the cyclic triaxial effect on peat soil.  

The lowest typical test frequency is 0.5 Hz for wave and wind action loading 

that ranges from 0.1 to 1.0 Hz and earthquakes, blasting works and liquefaction 

potential effects are recommended for 1.0 Hz. Thus, this research aims the 

frequencies of 0.5 Hz and 1.0 Hz to simulate the phenomenon. However, the 

frequency of loading is significant at higher loading frequency in the view of 

degradation. This is due to the pore pressure generation is less beyond the loading 
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frequency of 1 Hz [13]. The division between static and dynamic frequencies is 

generally considered to be in the order of 0.05-0.1 Hz [22]. Other dynamic 

phenomena, such as resonance, may also be important to consider when assessing 

the performance of a soil deposit [23], i.e., resistivity of soil, however such factors 

are not discussed in this paper. 

A static test conducted on both samples of PNpt and PRpt. Figure 3 shows the 

static test results of PNpt and PRpt which are deviator stress q, versus axial strain, 

εa. The shear strength of PNpt and PRpt gradually increased to a constant value 

associated with load increment and maintained right up to the end of the test. The 

maximum of axial strain εa, for PNpt is 19.878% and PRpt is 19.691% respectively. 

Associated with an increment of axial strain, the deviator stress of PNpt maximum 

achieved at 19.64 kPa while PRpt is higher than PNpt which is 25.36 kPa. The 

higher the effective stress rate, the greater the strain rate generated during cyclic 

loading [22].  

For the purposes of dynamic loading test, some properties were extracted from 

static test results for PNpt and PRpt. Table 2 shows the properties that required for 

dynamic test. Two series of undrained tests were carried out on the specimens PRpt 
and PNpt. Series I carried out to provide base data for the comparison and 

evaluation of the results of the post-cyclic monotonic test as showed in Fig. 2. 

Cyclic undrained loading followed by monotonic compression shearing carry 

through Series II. Series I have been performed as resulted in Fig. 2. In Series II 

tests, Strain-controlled was set up for all loading. Strain-controlled for cyclic 

loading tests is preferred [24].  

Static loading in series I and post-cyclic monotonic shearing of Series II tests 

were conducted with fixed a constant strain rate of 0.1mm/min up to an axial strain 

20%. The specimens were subjected to 100 cycles for all specimens with different 

frequency for each sample.  

The frequencies applied were 0.5 Hz and 1.0 Hz respectively. Drain valve was 

closed to implement the undrained shear strength and avoid water dissipate from 

the specimens. In order to investigate the effects of different cyclic loading 

frequencies on the post-cyclic behaviour of two different peat samples, after cyclic 

loading applied, sample was given enough transition time for equalization of pore 

pressure and axial strain while load cell reset to 0 kPa. Post-cyclic monotonic 

shearing test applied afterwards.  

The secant modulus, E for PNpt and PRpt are 12.68 kPa and 9.82 kPa, 

respectively. Compared to [16] study, the stiffness of PNpt and PRpt are slightly 

lower but in a parallel position that stated by [16]. 

Table 2. Cyclic and monotonic test properties of undisturbed specimens. 

Test  

No. 

Frequency  

(Hz) 

Static Data 

a max  

(%) 

d max 

(kPa) 

Secant  

Modulus, E 

PRpt-1 0.5 
19.69 25.36 12.68 

PRpt-2 1.0 

PNpt-1 0.5 
19.87 19.63 9.82 

PNpt-2 1.0 
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Fig. 3. Deviator stress, q versus Axial strain, a.  

monotonic shear tests results for PNpt and PRpt, ’ 13 kPa.  

4. Results and Discussion 

Typical results of the undrained monotonic and post-cyclic monotonic tests on PRpt 

and PNpt samples and data analysis are presented in this section. The data were 
collected and then processed in response to the post-cyclic behaviour in Figs. 4 and 

5, respectively. Nevertheless, the results of all of the tests with the effective stress 

13 kPa and frequencies loading 0.5 to 1.0 Hz are included in the analyses. Summary 

and conclusions which will be presented in the next section. In addition, two 

fundamental goals drove the collection of the data and the subsequent data analysis. 

Series I shear tests in monotonic loading and Series II tests shearing in monotonic 

loading after cyclic loading.  

4.1.  Stress-strain behaviour 

Figure 4(a) shows the relationships between cyclic shear strain versus the number 
of cycles. Shear strain increases by the number of cyclic loading up to the maximum 

number is 100 cycles. Shear strain increases rapidly with the number of cycles and 

associated with increasing loading frequencies between 0.5 to 1.0 Hz. The higher 

number tends to increase with pore pressure.  

As comparison of results of various frequencies for PRpt and PNpt, cyclic shear 

strain thoughtlessly higher for PRpt than PNpt. The relationship of this condition 

can be elucidated through the organic composition of PRpt radically greater with 

95.6%. Figure 4(b) shows a typical pore pressure ratio versus number of cycles test 

results of undisturbed peat soils specimens for PNpt and PRpt respectively. The 

pore pressure ratio increased parallel with cyclic shear strain that allowing the pore 

pressure ratio increased steadily up to the end of 100th number of cycles. 
Correspondingly, pore water ratio increases with the increase in the cyclic shear 

strain. In Figure 4(c), cyclic shear stress ratio identically equivalent to the patterns 

of increment excess pore water pressure ratio and cyclic shear strain. PNpt have 

considerably more cyclic strength compared to PRpt. 

The cyclic tests were conducted at stress ratio 0.5 for both samples. From Fig. 

4(c), cyclic shear stress ratio clearly seen increased with the number of cyclic loading, 
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N. At 0.5 Hz, the cyclic stress ratio is 0.04 and 0.066 for PNpt and PRpt respectively. 

Parallel to the increment of cyclic number, the cyclic stress ratio increased to 0.041 

to 0.082 for PNpt and PRpt. The cyclic shear stress ratio seen lower than the shear 

strength of peat soil. In the equation 1, the cyclic shear stress at 100th number of cycles 

considered ah highest stress ratio of peat soil, which takes 0.082 and the shear stress 
ratio caused by dynamic loads. Obviously, the shear stress ratio of peat soil layer 

caused by dynamic load is less than the shear strength of the peat soil itself. 

Principally, when compared with the [17] statement, the peat soil observably is stable 

and in preliminary study, there is no liquefaction in peat soil occurred. In essence, 

more study needs to be done as to after cyclic a response is attained. 

It has been observed and more pronounced at larger frequency, the more 

disorderly and inconsistent cyclic behaviour notched. In short, the higher frequency 

applied, the more irregular behaviour occurs especially at the frequency of the 1Hz. 

During the loading and unloading process, dilative behaviour observably occurred, 

and dilation continues into the extension loading phase to the contractionary phase 

and reached an equilibrium. In addition, this condition is noticeable to the 1 Hz 

loading phase, the equilibrium of loading phase uniformly achieved on at 30 sec of 

loading time or at 90th cycles.  

Taking into account, as described by [25] and at this stage [18, 26] stated that, 

cyclic shear strains would lead to strain softening, particle structure breakdown and 

a rapid deterioration of stress-strain-shear strength characteristics up to the plastic 

threshold [25]. After 70 and 90 cycles, the behaviour of peat soil samples reaches 

a steady state condition as previously explains or called alternate phase [25]. 

Clarification on this matter had explained [25] and states that, dilation and 
contraction are developing and move as a main part of alternate phase. Dilation 

happened during loading and contraction occurring during unloading process. 

PNpt-1 and PRpt-1 are for 0.5 Hz and PNpt-2 and PRpt-2 induced with 1.0 Hz. 
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(b) 

(c) 

Fig. 4. Cyclic undrained test results of peat specimens. 

4.2. Post-cyclic monotonic strength behaviour 

Post-cyclic shear strength behaviour of the undisturbed peat soil specimens that 

subjected to various cyclic loading frequencies with sequential procedure of 

undrained cyclic and post cyclic tests to identify the strength characteristics of the 

effect from the dynamic loads on monotonic shear strength. For this purpose, a 

number of strain-controlled monotonic, cyclic, and post-cyclic triaxial compression 

tests were carried out on peat soils in undrained conditions. Static torsional tests 

were conducted immediately after cyclic test ended and the stiffness ratio estimated 

of 0.5 used as a corresponding stress value of N=100 cycles which was considered 

for vehicle with frequencies loading 0.5 to 1.0 Hz. From Table 2, the stiffness ratio 

as suggested [15] to strength, it can be determined that the stiffness ratio to peat 

shear strength is parallel and reliable which was 0.5 and in initial stiffness study, it 
was found cyclic stress ratio for PNpt was 0.9 [16]. During post-cyclic monotonic 

shearing, axial strain is set to be up to 20% as static test or up to maximum moment 

of failure. As shown in Fig. 5(a) shear stress versus shear strain, at the end of post-
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cyclic monotonic shear strength tests, shear strain level at 21 to 22% for PNpt and 

21% for PRpt respectively. While shear stress increases equivalently with shear 

strain associated with cyclic loading frequencies at the increasing number of cycles 

for each test. Tests were conducted by monotonic loading till the specimens 

exhibits 20% shear strain in undrained condition. First Sample tested with 0.5 Hz 
and noted with tag PRpt-1 and PNpt-1 with loading velocity 0.1mm/min and done 

for samples of 1.0 Hz as well.  

On the other hand, excess pore pressure responses obtained from this test are 

also shown in Fig. 5(b) pore pressure versus shear strain. The pore pressure 

increases with loading level. The generation of pore pressure depend on the 

different shear deformation levels in cyclic tests [6]. The cyclic level that exposed 

to the specimens was different with frequency applied accordingly. Figure 5(b) 

shows the pore pressure changed according to the cyclic shear stress history; peat 

has experienced shear stress below static shear stress level. For PNpt, pore pressure 

in static test was 21.48 kPa and after cyclic loading, pore pressure decreased to 13.8 

kPa for 1 Hz loading and progressively lower to 9 kPa. 

The same history lined with PNpt, over 33 up to 58% of are decreases shear 

strength behaviour. From the results of the tests that have been done, it was 

determined that, monotonic strengths decreased significantly due to the cyclic 

loading history compared from the static results. Overall, shear stress reduction 

exceeded nearly 50% for PNpt and 11% for PRpt at the end of tests with axial strain 

at 20%. The soil structures are often comprised or supported by peat soils fibre or 

organic materials and identified as Hemic.  

The results show that the effect of cyclic loading on post-cyclic pore water pressure 

build-up is significant when pore water pressure build-up is considerably lower than the 

associated value in monotonic loading [6]. For the purpose of brevity, only typical 

immediate results of the post-cyclic triaxial tests are presented. Figure 5(a) shows the 

deviator stress versus axial strain with axial strain is 20% and effective stress is 13 kPa 
for PRpt and PNpt respectively. It is observed that the shear strength of the specimens 

degrades during post-cyclic monotonic loading. However, when the loading 

frequencies increase the shear strength decreases below the static level. In static 

monotonic shear tests, PRpt and PNpt recorded 26 kPa and 20 kPa respectively. 

After cyclic loading applied, post-cyclic monotonic shear tests applied, the deviator 

stress shows decrease of strength, where PRpt decrease nearly 10 to 19% for 0.5 Hz 

degrade to 21 kPa and 23 kPa in 1 Hz loading. In contrast to the PNpt, degradation of 

strength nearly 20 to 30% of losses strength with parallel patterns of PRpt. The post-

cyclic undrained shear strength and secant deformation modulus of the specimens are 

influenced by the cyclic loading and its amplitude [8]. At this point, from the axial strain 

behaviour, the post cyclic yield shear strength of undisturbed peat soil is considerably 

lower compared to static at the axial strain of only 1.4% and 1.5% [14].  

Figure 5(b) shows the relationship of excess pore water pressure. From the 

results, it can be observed that the excess pore water pressures induced during the 

post-cyclic tests are significantly lower than excess pore water pressure induced 

during the static monotonic tests [8]. Figure 5(c) shows the effective stress path for 

the tests with σ = 13 kPa. It is discovered that the post-cyclic stress paths 

comparatively lower values of mean effective stress,  ’  Similar behaviour was 

observed during the post-cyclic tests and very much resembles the behaviour of 

lightly over-consolidated soils [9]. 
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(a) 

 
(b) 

 
(c) 

Fig. 5. Effect of cyclic loading on post-cyclic behaviour of specimen PNpt  

and PRpt at  13kPa: a) deviatoric stress versus axial strain, b) excess pore 

water pressure versus axial strain and c) effective stress path. 

 

 

  

  

  

  

  

                   

 
e
 
 a
to
r 
 
tr
e
s
s
  
  
  
 
P
a
  

   al  tra     a    

P  t    tat    est P  P  t  P  P  t  

P  t    tat    est P  P  t  P  P  t  

 

 

  

  

  

  

  

                   

 
  
e
s
s
  
o
re
 w

a
te
r 
 
re
s
s
 
re
  
 
  
  
P
a
  

   al  tra     a    

P  t    tat    est P  P  t  

P  P  t  P  t    tat    est

P  P  t  P  P  t  

 

 

  

  

  

  

  

                                 

 
e
 
 a
to
r 
 
tr
e
s
s
  
  
  
 
P
a
  

 ea  e  e t  e stress        Pa 

P  t    tat   test P  P  t  P  P  t  

P  t    tat    est P  P  t  P  P  t  



Influence of Cyclic Loading to the Post-cyclic Shear Strength Behaviour . . . . 3009 

 
 
Journal of Engineering Science and Technology           August 2022, Vol. 17(4) 

 

5. Conclusions 

The results are presented of a number consolidated undrained monotonic as well as 

post-cyclic triaxial tests on two specimens, with 13 kPa of effective stress and various 
frequencies from 0.5 to 1.0 Hz. On the basis of the tests results, the following results 

have been obtained and the main conclusions of the paper are summarized, undrained 

cyclic loading reduces shear stress by generating excess pore water pressures.  

The results of post-cyclic monotonic tests show that cyclic loading degrades 

undrained shear strength of peat. The values of excess pore water pressure developed 

during the post-cyclic test are substantially lower than values of excess pore water 

pressure that developed in shearing monotonic tests. The shear strength of peat soil 

considerably higher with high fibre content in the peat soil composition. The 

monotonic undrained shear strengths of undisturbed specimens decrease with the 

cyclic loading and deviator stress lower than the associated values that developed in 

static monotonic tests. 

Shear strength of peat reduction is significant when the specimens of peat 

through cyclic loading under same effective stress prior to static monotonic 

undrained test results. The undrained shear behaviour of peat under compression 

conditions is quite distinct substantially for PNpt and PRpt. Despite the shear 

strength of peat soil decreased in post-cyclic conditions, there is no liquefaction 

observed in this study. Principally, potential of peat soil to liquefy is not a priority 

and further research is needed 

 

Nomenclatures 
 

B Parameter B (B checked) 

N Number of loading cycles 

pH scale used to specify the acidity or basicity of an aqueous solution 

q Deviator stress 
 

Greek Symbols 

a max  Maximum strain 

d max  Maximum deviator stress 
 

Abbreviations 

PNpt Parit Nipah peat 

PRpt Penor peat 

UMS Universiti Malaysia Sabah 

UTHM Universiti Tun Hussein Onn Malaysia 
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