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Introduction 

Peat is very soft soil with highly problematic nature 

because of its characteristics such as high compressibility, 

low shear strength and remarkable anisotropy in peat soil 

properties; anisotropy of 1.3-2.2 in strength and 1.3-6.3 in 

the coefficient of permeability for peat in Japan (Noto, 

1991), is caused by its formation as different plants are 

mixed in both horizontal and vertical directions. 

Terzaghi’s theory is the commonly using basic to the 

predict the one-dimensional consolidation, but there are 

limitations to use for peat soil as some of the assumptions 

made in the Terzaghi’s theory such as homogeneity 

throughout the specimen and constant permeability 

throughout the test are not valid for peats. Those 

properties of peat from different locations diverse largely 

from each other even in samples collected from adjacent 

parts of the same bog (Dhowian & Edil, 1980). As a result 

of this kind of issues, theoretical prediction of the one-

dimensional consolidation over long-term in peats is still 

under development and their strain rate-dependent 

behavior has not fully characterized. This study is a 

laboratory investigation of time-dependent compression 

behavior of undisturbed peat soil by applying different 

strain rates to the specimen to characterize its responses 

against different loading rates. A new strain measurement 

technique based on image analysis with Particle Image 

Velocimetry (PIV) software proposed by Nishimura, et al. 

(2016) was used to accurately quantify the one-

dimensional compressibility with varying strain rates. In 

this method, the errors occurring in the strain 

measurements due to imperfect specimen-platen bedding 

and apparatus compliances can be avoided as the 

compressive displacement of the specimen was derived by 

directly observing the movements of the specimen’s 

lateral surface through a transparent confining ring as 

explained in section 3.Stress-Strains and strain rates 

relationships were investigated. Strains and strain rates 

were obtained by observing full-field response within a 

specimen (by observing the displacements and 

displacement rates of peat soil particles along the 

specimen height) will be discussed based on the 

observation. This study is an initiation of new testing and 

analyzing technique by preventing errors in measurements 

to develop a reliable theoretical prediction technique.  

Peat Soils  

Several types of peat samples collected from different 

areas in Hokkaido and Tohoku, Japan (Ebetsubuto site, 

Kitamura site, Yokote site and Bansui site) as indicated in 

Fig 1, were investigated. Open pit sampling with few 

steps as shown in Fig 2, was done with great care to 

minimize the sample disturbances and moisture loss. The 

basic properties of peat soil, determined in accordance 

with Japanese Geotechnical Society standards are shown 

in Table 1. From the physical properties, peats belong to 

two major categories called highly organic and low 

organic or fibrous and amorphous. Among the four types 

of peat, Bansui, Ebetsubuto and Yokote peats are highly 

organic (Fibrous) and Kitamura peat is low organic 

(Amorphous).  

Table 1: The average properties of peat samples 

 

Fig 1: Sampling sites 

 
 

Fig 2: Sampling steps of peat; (a) Penetration of sampler into 

peat ground, (b) Sequence of sample extraction from the peat 

ground 

Peat Types 
wn 

(%) 

Li 

(%) 

ρs  

(g/cm3) 

ρt  

(g/cm3

) 

H 

(Von 

Post 

Scale) 

H (By 

Washing 

Method) 

(%) 

Ebetsubuto  603 92 1.60 1.01 H4 57 

Yokote  628 67 1.78 1.04 H5 85 
Bannsui  688 60 1.74 1.02 H5 74 

Kitamura  329 42 2.08 1.17 H7 88 

(wn – Initial moisture content, Li – Ignition loss, ρs – Solid part density, 
 ρt – Total density, H – Humification Level) 



CRS Oedometer Tests with Image-Based 
Strain Measurement 

The modified Constant Rate of Strain (CRS) oedometer 

apparatus used by Nishimura, et al. (2016) was adopted 

with 75mm inner diameter and 32mm high transparent 

acrylic ring (Fig 3), in which reference grid points were 

marked in the inner surface of the ring at 5mm intervals 

for the displacement calibration from pixel scale to 

millimeter scale. The specimen height was 28mm. Three 

Ricoh CX-4 digital cameras with 10-megapixel resolution 

and an automatic fixed-interval recording function were 

used in three radial directions for complete monitoring, 

and lights were directed from three directions to have 

clear images. One CRS (Constant Rate of Strain) 

oedometer test per each soil types was conducted by using 

this modified CRS oedometer setup for 0.012%/min strain 

rate. And at the same time, another series of tests were 

conducted for Ebetsubuto, Yokote and Kitamura peats to 

examine the strain rate-dependent compression 

characteristics by using three different strain rates. Strain 

rate alteration patterns were decided in a way that at least 

two different strain segments for each strain rate can be 

found to interpolate the compression line corresponding 

to that strain rate (Table 2). 

 
Fig 3: (A) The modified Constant Rate of Strain (CRS) 

oedometer apparatus, (B) Plan view of the arrangements of 

cameras and lightings 

Table 2: Adopted strain rate alteration patterns for CRS 

oedometer test with different strain rate segments 

Strain (%) 
Strain rates (%/Min) 

Ebetsubuto Yokote Kitamura 

0-15 0.21 0.17 0.19 

15-19 0.011 0.012 0.012 

19-23 0.0013 0.0016 0.0015 
23-27 0.011 0.012 0.012 

27-31 0.21 0.17 0.19 

31-35 0.011 0.012 0.012 
35-39 0.0013 0.0016 0.0015 

39-43 0.011 0.012 0.012 

43-47 0.21 0.17 0.19 
47-51 0.011 0.02 0.012 

51-55 0.0013 0.0016 0.0015 

Image-Based Strain Measurement Results 
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Fig 4: Evolution of the displacement profiles for the overall 

strains 2.8%, 19.1%, and 47.9% of Kitamura peat obtained from 

the CRS oedometer test with different strain rate segments 



The results obtained from the PIV analysis were used to 

deduce the displacement profiles over the specimen 

height and three strains were calculated from the gradients 

of each displacement profile, as the gradient of the 

regression line is inversely proportional to the strain. The 

overall strain was obtained by taking the average of the 

three strains. Fig 4 shows the evolution of the 

displacement profiles for the overall strains 2.8%, 19.1%, 

and 47.9% of Kitamura peat obtained from the CRS 

oedometer test with different strain rate segments. For the 

strain 2.8%, some of the data points are not completely on 

the regression line, showing non-uniformity in the 

displacement as the specimen consists of portions with 

different levels of softness due to the presence of large 

voids with water and organic materials common in peat 

soil. For the strain 47.9% (end of the experiment), the 

displacement field was more uniform than for smaller 

strains. It reveals that the specimen becomes uniform with 

the compression as the void ratio decreased in the 

specimen.  Any small opening left between platens and 

the specimen ends might have caused swelling during the 

saturation procedure as the top and bottom most points 

have much higher strains when the overall strain is 2.8%. 

Even though results have the less-uniform displacement 

profile over the specimen height, the overall strain values 

were similar between the three measurements to be 

considered as a representative value.  
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Fig 5: The strains from the image-based strain measurement 

system with PIV analysis and the motor movement for Kitamura 

peat obtained from the CRS oedometer test with different strain 

rate segments 

The compression curves obtained using the PIV 

analysis with image-based strain measurement system and 

the motor movements for Kitamura peat are presented in 

Fig 5, clear difference can be identified between two 

compression curves since the strain measured using the 

motor movement, reflects all the sources of compliance in 

the apparatus, filter paper, and the trimmed ends of 

samples. Therefore the image-based strain measurement 

system is helpful in avoiding all these errors in strain 

measurement as expected. Hence higher accuracy in Cαε 

(coefficient of secondary consolidation defined in strain) 

and Cc (compression index) values can be expected in the 

results obtained from PIV analysis and hereafter those 

values are used.  

Stress-Strain-Strain rate behavior 

The compression curves obtained using the data from 3 

other CRS oedometer tests with different strain rate 

segments are shown in Fig 6. 
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Fig 6: Compression curves with different strain rate segments 

for Ebetsubuto, Yokote, and Kitamura peats 



From those compression curves, pre-consolidation 

pressures related to each strain rates (σp’(έ)) were obtained 

using the similar procedure adopted in the Casagrande’s 

method to the compression curves generated for each 

strain rate and obtained values are shown in Table 3. 

Table 3: Pre-consolidation pressures related to each strain 

rates 

The compression curves shown in Fig 6, was used to 

find Cα/Cc for all peats and average Cα/Cc values for 

Ebetsubuto, Yokote and Kitamura peat are 0.061, 0.05 

and 0.074 respectively. It can be identified that, for a 

given visco-plastic strain, the higher the strain rate, the 

higher the effective axial stress (Fig 6) for all 3 kinds of 

peats. The compression behavior with different strain 

rates is similar to clay as discussed by Leroueil (2006) and 

follows the isotache concept. 

Conclusions 

From the physical properties, peats belong to two major 

categories called highly organic and low organic or 

fibrous and amorphous. Among the four types of peat, it 

was identified that Bansui, Ebetsubuto and Yokote peats 

are highly organic (Fibrous) and Kitamura peat is low 

organic (Amorphous). These two different peats show 

distinctly different consolidation behaviors. 

In this study, Image-based strain measurement system 

based on Particle Image Velocimetry (PIV) was used to 

obtain the strain values since it avoids compliances and 

bedding error occurring in the external strain deduced 

from the movement of the motor, and gives the 

displacement profile of the points along the specimen 

height. At the same time, it was useful to identify the 

evolution of the displacement fields at different moments. 

It was found that, at the beginning of the compression 

process, displacement profiles are non-uniform and as the 

compression progresses it tends to become uniform. More 

accurate analysis of strain rates in the soil (an important 

factor in strain rate-dependency) will be possible with PIV 

analysis. Tentatively adopting the overall strains and 

strain rates across the specimen observed by PIV, the 

compression curves (εvp-σ’ curves) suggest that the strain 

rate-dependency behavior of Ebetsubuto, Yokote and 

Kitamura peat are of isotache type.   

Recommendations 

Compared with the typical soil, it is very difficult to 

accurately predict the magnitude of the settlement and the 

changes in the coefficient of permeability of peats. There 

are few more factors such as anisotropy and heterogeneity 

in the engineering characteristics of peats, large shear 

deformation due to vertical compression, horizontal flow, 

and longer secondary consolidation, which makes the 

settlement prediction more difficult.  Only by conducting, 

three or four test, it is very difficult to produce a 

reasonable theoretical Model. So more experiments on 

this topic should be conducted and needed to produce 

theoretical Model to represent the Strain rate effect on 

consolidation of peats which might be similar to isotache 

model or Cα/Cc concept. 
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Ebetsubuto Peat Yokote Peat Kitamura Peat 

έ 
(%/min) 

σp’(έ) 

(kPa) 
έ (%/min) 

σp’(έ) 

 (kPa) 

έ 

(%/min

) 

σp’(έ) 

 (kPa) 

0.21 12 0.17 36 0.19 45 

0.011 9 0.011 28 0.012 37 

0.0013 7 0.0016 22 0.0015 33 


