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Abstract - The constant rate of strain (CRS) test is a rapid technique that effectively measures specific properties of cohesive 
soil, including the rate of consolidation, hydraulic conductivity, compressibility, and stress history. Its simple operation and 
frequent readings enable efficient definition, especially of the compression curve. However, its limitations include an inability 
to handle strain-rate-dependent soil behavior, initial transient conditions, and pore pressure evaluation errors. There are 
currently no effective techniques for interpreting CRS data. In this study, experiments were performed to evaluate the effects 
of different parameters on CRS results. Extensive tests were performed on two types of clay to analyze the soil behavior 
during strain consolidation at a constant rate. The results were used to evaluate the transient conditions and pore pressure 
system. 
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Clay (RVBC), Compression Index 

 

 

1. Introduction 
Compacted clays are utilized in construction as engineering barriers, especially for waste disposal repositories at shallow 

depths, because of their retention properties, high exchange capacity, and low permeability. Such repositories are subjected 

to various temperature cycles because of the climate changes that occur over their service lives, which can be greater than 

10,000 years. These changes may affect the hydro-mechanical properties of the compacted clays, especially the creep and 

compressibility, which can degrade the long-term performance of the repository. Compression and swelling indices seem to 

be unaffected by temperature, although yield stress reduces with increasing temperature, according to a research on the long-

term effects of temperature on compacted clays, particularly addressing creep. Time plays a role in the secondary 

compression, with creep strains decreasing over the course of 10 days to stabilise at a constant value. An increase in effective 

stress or temperature results in a higher creep coefficient (Kaddouri; Z.; Cuisinier et al., 2019). 

Various emerging technologies have been developed for identifying and analyzing functional parameters to resolve 

various geo-environmental issues in civil engineering. Environmental computation (EC) complements conventional but 

unrealistic assumptions with the advantages of machine learning (ML). Improving fine-grained soils such as clay require 

understanding the correlation of soil properties with its behavior. Soil compressibility is an essential property that describes 

the reduction in soil volume under a load as pore water is drained. Accurate evaluation of the soil compressibility is pivotal 

for measuring the settlement of soil layers, especially fine-grained- soils owing to their low permeability. The compression 

index (Cc) is a commonly utilized parameter to define soil compressibility. Various empirical equations have been developed 

to identify Cc, which are often used together with statistical analysis. However, this approach is limited owing to the low 

correlation between output and input parameters (Onyelowe; K.C.; et al., 2021). 

Identifying soil behavior is important for determining whether problems persist under various load conditions. The 

settlement and bearing capacity are critical considerations for engineering structures. At present, instances where loads on 

the structure exceed the bearing capacity of the foundation rarely happen. However, the settlement of the foundation may 

eventually exceed permissible values depending on the soil properties. Settlement can be time-dependent or immediate, 

depending on the soil type. Because of the high permeability of coarse-grained soils, immediate settlement is dominant. For 

fine-grained soils such as clay, time-dependent settlement takes place. 
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The main objective of this study was to find a strong correlation between Cc and these parameters (water content 

[w], hydraulic conductivity [k], and excess pore water pressure/total stress [∆u/σ]), which are easily measured, and to 

evaluate the effects of the parameters on the results of the constant strain of rate (CRS) test. The parameters need to be 

calibrated to guarantee consistency. The effects of the soil type, strain rate, devices, and analysis techniques on the 

consistency of the CRS test results were evaluated. 

The rest of the paper is organized as follows. Section 2 reviews the existing literature. Section 3 explains the research 

methodology. Section 4 presents the results. Section 5 concludes the paper. 

 

2. Literature Review 
Settlement occurs when the stress in soil layers increases as a result of the presence of a structure. For shallow 

foundations, the criteria of settlement-based design are vital (Kaddouri; Z.; Cuisinier et al., 2019) and (Onyelowe; K.C.; 

et al., 2021). Terzaghi’s one-dimensional consolidation theory may be used to determine volume change characteristics 

of clays for the oedometer test (Akbarimehr; D. and Aflaki; et al., 2019). The slope of the curve representing the void 

ratio (e) against the logarithm of the effective pressure is the compression index (Cc), a parameter quantifying the 

material compressibility. Furthermore, the Cc value, the principal indicator of soil compressibility, is often used for 

determining the settlement of soil layers (Kaddouri; Z.; Cuisinier et al., 2019), and (Mohammadzadeh S; D; et al., 2019). 

The parameter Cc is essential in determining the main consolidation settlement of clays [5]. A high Cc value indicates 

a significant settlement. Determining the Cc values using oedometer tests is time-consuming and expensive (Liu et al. 

2019; Pandya et al. 2019; Alam et al. 2021; Shahriar et al. 2018 ). Additionally, an oedometer test is tedious because it 

depends on accuracy, sensitivity, and experience. Even a minor disturbance can cause an error in determining the Cc 

value and the settlement. Thus, calculating the Cc value could save a lot of time and experimental cost if correlations 

between the Cc value and readily obtained soil parameters are developed (Fikret Kurnaz; T.; et al., 2019). As a result, 

several studies have been conducted to reliably predict the Cc value from the already established soil parameters. Table 

1 shows the proposed equations, which may include one or more variables for predicting the Cc value, defining liquid 

limit (LL), natural water content (n), in-situ void ratio (eo), specific gravity (Gs), and dry unit weight (γd) for various 

water contents and densities. Evaluating uncertain and ambiguous input parameters for any empirical estimates is 

necessary. Table 1 also presents some multiparameter correlations. Multiple regression-based correlations provide a 

more reliable assessment of the compression index (However, the evaluated variables must be completely independent 

of each other, and the physical significance of the mathematical process must be considered to obtain reliable correlations 

based on multiple linear regression (Li and White 1993; Cherubini and Giasi 2000; Giasi et al. 2003). 

 
Table 1: Some correlations between index properties and consolidation parameters. 

Correlation Applicability References 
Cc = 0.01wn All clays Koppula (1981) 

Cc = 0.01(wn - 7.549) Clays Rendon-Herrero (1983) 

Cc = 0.0115wn Organic silt and clays Bowles (1979) 

Cc = 0.01(wn - 5) All clays Azzouz et al. (1976) 

Cc = 0.006(LL - 9) All clays with LL <100 % Azzouz et al. (1976) 

Cc = 0.008(LL - 12) All clays Sridharan and Nagaraj (2000) 

Cc = 0.009(LL - 10) All clays Terzaghi and Peck (1967) 

Cc = 0.063(LL - 10) Egyptian clay Mahmoud and Abdrabbo (1990) 

Cc = 0.048(LL - 10) Brazilian clays Bowles (1979) 

Cc = 0.007(LL - 10) Remoulded clays Skempton (1944) 

Cc = 0.0046(LL - 9) Brazilian clays Cozzolino (1961) 

Cc = 0.009(LL - 10) NC clays Terzaghi and Peck (1967) 

Cc = 0.009(LL - 8) Osaka Bay clay Tsuchida (1991) 

Cc = 0.009LL Tokio Bay clay Tsuchida (1991) 

Cc = 0.008(LL - 12) All clays Sridharan and Nagaraj (2000) 
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Cc = 0.007(SI + 18) All clays Sridharan and Nagaraj (2000) 

Cc = 0.014(PI + 3.6) All clays Sridharan and Nagaraj (2000) 

Cc = PI/74 All Clays Wroth and Wood (1978) 

Cc = 0.29(e0 - 0.27) Inorganic soils Hough (1957) 

Cc = 0.35(e0 - 0.5) Organic soils Hough (1957) 

Cc = 0.156e0 + 0.0107 All clays Bowles (1979) 

Cc = 1.15(e - e0) All clays Nishida (1956) 

Cc = 0.29(e0 - 0.27) Inorganic soils Hough (1957) 

Cc = 0.35 (e0 - 0.5) Organic soils Hough (1957) 

Cc = 0.246 + 0.43 (e0 - 0.25) Motley clays: Sao Paulo, Brazil Cozzolino (1961) 

Cc = 1.21 + 1.055 (e0 + 1.87) Lowland of Santos, Brazil Cozzolino (1961) 

Cc = 0.75(e0 - 0.5) Soils with low plasticity Sowers (1970) 

Cc = 0.208e0 + 0.0083 Chicago clays Bowles (1979) 

Cc = 0.156e0 + 0.0107 All clays Bowles (1979) 

Cc = 0.2343(LL/100) Gs All clays Nagaraj and Murty (1985) 

Cc = 0.2926(LL/100) Gs All clays Nagaraj and Murty (1985) 

Cc = 0.5 Gs(PI/100) All Clays Wroth and Wood (1978) 

Cc = 0.009wn + 0.005LL All Clays Koppula (1981) 

Cc = 0.037(e0 + 0.003LL - 0.34) Clays: Greece, parts of t h e  USA Azzouz et al. (1976) 

Cc = -0.156 + 0.411e0 

+ 0.00058LL 

All Clays Al-Khafaji and Andersland (1992) 

Cc = 0.048(e0 + 0.001wn - 0.25) Clays: Greece, parts of the USA Azzouz et al. (1976) 

Cc = 0.37(e0 + 0.003LL 

+ 0.0004wn - 0.34) 

Clays: Greece, parts of the USA Azzouz et al. (1976) 

 

3. Research Methodology 
The procedures and equipment utilized in this study were in accordance with the techniques and devices implemented 

via different research projects, including laboratory tests of cohesive soils. Tests were performed on different clayey soils to 

investigate the effects of the applied strain rate on different soil types. CRS tests normally utilize the Wissa constant rate of 

the strain device along with nonlinear and linear analysis techniques. 

 
3.1 Materials 

Resedimented Boston blue clay (RBBC) was utilized because its engineering properties have been properly established 

by laboratory tests in previous research, and its properties have been comprehensively modeled. Furthermore, the behavior 

of RBBC is representative of uncemented and natural clay deposits. Hence, its results can be generalized to different deposits 

with adjustments made to accommodate the conditions of particular sites. In this study, RBBC refers to marine clays 

sedimented in the Boston basin. 

Resedimented Vicksburg buckshot clay (RVBC) was utilized as a uniform material with known and constant properties, 

which facilitated comparison with the RBBC samples. Natural VBC is a fat clay with high plasticity. In addition, RVBC has 

been selected as a reference soil for quality assurance and quality control. For RVBC, 1.4 litre of water was utilized in the 

batch experiments. 

Resedimented Vicksburg silt (RVS) was selected owing to its use in other research on batch tests of different soil types. 

RVS samples are prepared similarly to RVBC samples. Two batches were developed by combining slurry with 1.2 L of 

water to realize a water content of 70%. 

 
3.2. Constant Rate of Strain Test 
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The CRS test evaluates the consolidation of a soil specimen subjected to uniform deformation by a strain-controlled 

loading frame. The CRS test was established, in which the stress on the specimen and the pore water pressure at the base 

continually recorded (Hamilton and Crawford,1959). Several theories have been proposed to model the change in pore 

pressure within a specimen. The selection of the strain rate is critical for the CRS test. 

 
3.2.1. Apparatus 

A conventional fixed-ring consolidation cell with a triaxial compression machine was utilized to apply the 

deformation (Hamilton and Crawford, 1959). A fixed-ring Consolidometer, but the base was sealed was also used to 

measure the pore pressure with a transducer (Smith and Wahls, 1969). A general-purpose Consolidometer for CRS tests 

in which the specimen is saturated at a constant volume under a back pressure with no lateral strain was also proposed 

(Wissa et al., 1971). The triaxial cell was modified to include a consolidation ring and loading press to deform the 

specimen at a constant rate (Gorman et al., 1978). The CRS apparatus was modified to measure the permeability and 

pore pressure at the base (Armour and Drnevich, 1986). The triaxial cell was further modified by placing the 

consolidation ring within and connecting the base to the outlet port (Vikash, 2013). ASTM D4186-12 (2012) calls for a 

standard apparatus similar to that developed by Wissa et al. (1971). A simple CRS test apparatus like an oedometer cell 

is lacking in the literature. Figure 1 presents a vertical cross-section of the CRS test apparatus developed by Wissa et al. 

 
Fig. 1: MIT general-purpose Consolidometer (Wissa et al. 1971). 

 
3.2.2. Theoretical Background 

Smith and Wahls (1969) were the first to develop a theory and approximate solution for the CRS consolidation test. 

They showed that the void ratio varies according to depth and time. However, their theory has two major issues: the 

assumption that the void ratio is a linear function of time and depth is difficult to evaluate, and they assumed an unknown 
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parameter b with no procedure for determining it. A reference test on similar specimens is needed because the results depend 

on b. Wissa et al. (1971) ignored some of Smith and Wahls’s (1969) assumptions in developing a more comprehensive theory 

based on strain distribution across the specimen’s depth, which they used to formulate the governing equation and derive 

transient and steady-state solutions. Since then, Wissa et al.’s (1971) theory has been widely used to interpret CRS test data 

by incorporating it into ASTM D4186-82 (1982). Yoshikuni et al. (1995) developed a simpler theory based on the assumption 

that the strain rate at every location is equal to the average strain once a steady state is reached. Smith and Wahls (1969) did 

not consider the transient state. Thus, the theories of Wissa et al. (1971) and Yoshikuni et al. (1995) are better for analyzing 

CRS test data because the transient state is likely to occur. 

Few theories are available for interpreting the consolidation test results under a large strain. Umehara and Zen (1980) 

and Lee (1981) developed theories and numerically solved the governing differential equations using appropriate boundary 

conditions and assuming non-dimensional parameters. They used charts to set the consolidation parameters. However, no 

rational method has been reported for choosing the curve that best approximates material behavior. Vikash (2013) developed 

a moving boundary theory. 

To obtain compressibility results that match the measurements of an oedometer, an appropriate strain rate must be 

selected for the CRS test. Smith and Wahls (1969) performed CRS tests on Massena clay and calcium montmorillonite and 

compared the results with conventional measurements. They found that the curves representing the relationship between the 

void ratio e and the logarithm of the effective stress σ'v for the CRS tests differed from those of the conventional 

measurements at higher strain rates. A high strain rate rapidly increases the excess pore pressure, which causes the pre-

consolidation pressure to be overestimated and prevents the steady-state condition. A low strain rate results in no significant 

increase in the pore water pressure, which causes the coefficient of consolidation cv to be unreasonably high (Smith and 

Wahls, 1969). Several researchers have suggested guidelines for selecting an appropriate strain rate for CRS tests. Smith and 

Wahls (1969) proposed a theoretical model where the consolidation parameters are in the strain equation. 

Before the CRS test, some parameters must be assumed. Lee (1981) proposed a dimensionless strain parameter based 

on cv. Armour and Drnevich (1986) calculated the strain rate based on the liquidity index and permeability. ASTM D4186-

82 (1982) recommends using the liquid limit as the basis. However, the soil classification was revised in 2012. The available 

methods require critical parameters or empirical relations. Fixing the strain rate according to the liquid limit is problematic 

because cv may differ for two soils with the same liquid limit. Furthermore, soil in the same group can have different cv 

values. Crawford (1988) reported that the strain rate does not depend on the liquid limit. In addition, the maximum allowable 

pore pressure ratio ru (i.e., the ratio of pore pressure developed at the base of the specimen to the applied total stress) ranges 

from 3% to 50%, depending on the researcher. ASTM D4186-12 (2012) recommends a pore pressure ratio range of 3%–

15%, which is commonly used. 

 

                                           𝛿𝑐 =  0.0001 . 𝜎𝑐                                                                                 (1) 
Where, 𝛿𝑐  is the deflection due to variations in cell pressure (cm) and 𝜎𝑐 is the cell pressure (kg/cm2). 

3.2.3. Data Analysis 
The CRS test data can be used to quickly estimate engineering properties, in contrast to the time-consuming process 

needed to interpret oedometer measurements. The equations utilized for data interpretation are as follows: 

 

                                   𝜎𝑛,𝑣 = (
𝑃𝑛,𝐿 − 𝑃𝑐

𝐴𝐿
)                                                                 (2) 

 

Where, 𝜎𝑛,𝑣 is the axial stress applied to the specimen at any moment (kg/cm2); 𝑃𝑛,𝐿 is the axial force applied to the 

loading piston at any moment (kg); 𝑃𝑐 is the correction of the axial force to account for the external force induced by the 

back pressure on the sealing and piston unit; and 𝐴𝐿 is the cross-sectional area of the specimen during loading (cm2). 

 
3.3 Strain Equations 
3.3.1 Linear Theory 
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Wissa et al. (1971) proposed the strain equation based on the linear theory, where c and kg are measured and a is 

solved. The vertical effective stress is denoted as 𝜎𝑣
′  , and ∆𝑢𝑏 is measured for a provided period at discrete points: 

 

                              𝜎𝑣
′ =  𝜎𝑣  −  

2

3
 . ∆𝑢𝑏                                                                   (3) 

 

Where, 𝜎𝑣 is the total vertical stress at a given time; ∆𝑢𝑏 is the excess pore water pressure of the specimen at the 

given time. 

 
3.3.2 Nonlinear Theory 

The nonlinear theory evaluates variables to measure cv and k. a is utilized to evaluate k with at discrete measurement 

points: 

 

                            𝜎𝑣
′  = (𝜎𝑣

3  −  2. 𝜎𝑣
2 . ∆𝑢𝑏  +  𝜎𝑣 . ∆𝑢𝑏

2)1/3                                          (4) 
 

Where, 𝜎𝑣
′  is the average effective stress of a specimen at a given time and ∆𝑢𝑏 is the excess pore-water pressure at 

the specimen base for a given time. The coefficient of consolidation cv is obtained by: 

 

                                               𝑐𝑣 = −
𝐻2.𝑙𝑜𝑔[

𝜎𝑣2
𝜎𝑣1

]

2.∆𝑡.𝑙𝑜𝑔[1−
∆𝑢𝑏
𝜎𝑣

]
                                                     (5) 

 

Rearranging Equation (5) obtains the hydraulic conductivity k: 

 

                                              𝑘 = 𝑐𝑣. 𝑚𝑣. 𝛾𝑤                                                                 (6) 
 

Where, mv is the coefficient of volumetric compressibility and 𝛾𝑤 is the unit weight of water. 

 

                                             𝑚𝑣 =  
0.434 .𝑟.∆𝑡

𝜎𝑣
′  .𝑙𝑜𝑔[

𝜎2
𝜎1

]
                                                                 (7) 

 

Substituting Equations (5) and (7) into Equation (6) obtains: 

 

                                    𝑘 = − 
0.434 .𝑟 .𝐻2.𝛾𝑤.∆𝑡 

2.𝜎𝑣 
′ .𝑙𝑜𝑔[1− 

∆𝑢𝑏
𝜎𝑣

]
                                                                      (8) 

When ∆ub /σv (i.e., the ratio of the excess pore pressure ub in the undrained face to the total vertical stress σv) is 

small, the expressions obtained from different stress–strain relationships are very similar, and they begin to diverge as 

∆ub/σv increases. For more information, see Wissa et al. (1971). 

 

4. Results and Discussion 
Experimental tests were performed on RBBC, RVS, and VBC samples, and the results were compared with prior 

results. Table 2 summarizes consolidation test results based on the conventional 1D oedometer and CRS Rowe cell tests 

for RBBC. Tables 3 and 4 define the index properties of RBBC, including the specific gravity (Gs), liquid limit (WL), 

plastic limit (WP), and plasticity index (IP). 
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Table 2: Summary of consolidation test results. 

Test 

Number 

Vertical 

Strain Rate 

ԑv (% / hr.) 

Initial 

Specimen 

Height 

Ho (mm) 

Initial Water 

Content 

wo (%) 

Initial Void 

Ratio 

eo 

𝜎𝑝
′  

(kPa) 

𝜎𝑣𝑚
′  

(kPa) 

CR Maximum 

∆ub / ub 

(%) 

a. Test type: 1D Incremental Loading Oedometer (63.5 mm Diameter Specimen) 

1 IL 22.86 45.26 1.227 100 - 0.175 - 

2 IL 22.86 46.36 1.246 91 - 0.169 - 

3 IL 22.86 45.96 1.280 92 - 0.175 - 

4 IL 22.86 46.78 1.271 95 - 0.174 - 

b. Test Type: 1D Constant Rate of Strain (CRS): Rowe Cell (151 mm Diameter Specimen) 

5 0.12 59.2 45.26 1.281 103 340 0.159 2.2 

6 0.09 59.9 46.32 1.279 93 321 0.150 3.4 

7 0.10 61.8 44.13 1.236 95 349 0.160 1.0 

8 1.00 63.6 47.26 1.305 96 367 0.153 21.8 

9 1.00 62.8 47.86 1.337 88 346 0.157 17.8 

10 1.00 61.8 47.64 1.339 89 329 0.157 18.6 

11 3.00 55.2 47.37 1.225 97 442 0.165 67.8 

12 3.00 63.8 47.37 1.320 96 510 0.160 

 

77.0 

13 3.00 64.8 44.13 1.338 93 420 0.152 70.9 

Where IL = incrementally loaded 
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Table 3: Index properties of RBBC from Series IV (after Cauble 1996). 
Year Researcher Source 

Batch 
Gs WL WP IP Clay < 2 

µm (%) 

Organic 

Content 

Salt (g/L) 

1994 Zriek powder 2.78       

1994 Sinfield 402 

403 

       

1996 Cauble Powder 

401 

404 

405 

406 

407 

408 

409 

410 

411 

413 

414 

415 

416 

417 

2.81  

46.7 

47.4 

45.2 

45.0 

44.6 

44.7 

45.4 

46.6 

46.7 

45.5 

46.3 

46.1 

46.7 

47.2 

 

46.7 

47.4 

45.2 

45.0 

44.6 

44.7 

45.4 

46.6 

46.7 

45.5 

46.3 

46.1 

46.7 

47.2 

 

21.8 

21.9 

22.1 

22.6 

23.0 

23.9 

24.0 

25.0 

24.5 

24.3 

24.3 

24.7 

24.0 

24.5 

 

24.9 

25.5 

23.1 

22.4 

21.6 

20.8 

21.4 

21.6 

22.2 

21.2 

22.0 

21.4 

22.7 

22.7 

 

 

 

 

57.6 

57.8 

58.7 

56.8 

 

56.9 

 

 

 

10.4 

10 

12.5 

13.1 

10.1 

13 

13.4 

10.2 

9.7 

12 

10.5 

12.9 

13.2 

1998 Santagata 418 

419 

 47.8 23.3 24.5    

1998 Current research 420  45.2 22.6 22.6    

 Average Powder 

401 - 411 

413 - 420 

2.80 46.2 

±𝟎. 𝟗 

23.4 

±1.1 

22.8 

±𝟏. 𝟒 

58.0 

±1.2 

4.4 11.6 

±1.5 

 
Table 4: Index properties of RBBC samples from Series I–III (after Cauble 1996). 

Year Researcher Source Batch Gs WL WP IP Clay  

< 2µm (%) 
 

Salt (g/L) 
1961 Bailey MIT-1139 2.77 30.0 

34.7 
17.5 

17.7 
12.5 

17.0 
40 2-3 

35 
1963 Jackson   36.2 19.5 16.7  16.7 
 

1964 
 

Varallyay 
 

S4 SS S6   

32.6 

33.3 

32.8 

 

19.5 

20.4 

20.3 

 

13.1 

12.9 

12.5 

 

35 
 

16.8 

16 

1965 Ladd, R.S.  2.77 45.0 22.0 23.0  I 6 

1965 Preston SI 2.77 45.6 23.4 22.2 35 24 

1966 Braathen S2 2.77         45.4 23. l 22.3  22 

1967 Dickey   34.5 23.9 19.6   



 

 

 

 

 

 

ICGRE 107-9 

1970 Kinner 1OO 
150 

200 

300 

400 

800 

900 

1000 

1100 1200  

M101 M104 

M107 M200 

M400 

2.78 43.5 

43.5 

38.1 

39.7 

39.4 

41.5 

41.2 

41.1 

42.0 

40.2 

40.7 

40.3 

41.3 

42.3 

39.8 

19.6 

19.6 

17.8 

21.6 

21.3 

19.5 

18.7 

19.5 

20.6 

18.6 

19.6 

19.6 

19.6 

18.5 

18.9 

23.9 

23.9 

20.3 

18.1 

18.1 

22.0 

22.5 

22.6 

21.4 

21.6 

21.1 

20.7 

21.7 

23.8 

20.9 

50 
 

52 

 
52 

48 

54 

58 

 
48 

52 
 

52 

47 

 

8 

10 10 16 

16 

16 

16 

I6 

1971 Ladd et al. 160 

1300 

1500 

2.78 38.I 

42.I 

43.8 

I 7.8 22.1 

20.6 
20.3 

20.0 

23.2 

 8 

16 

16 

1984 Bensari 105 

1 1 1 
2.75 

2.75 
47.6 

47.l 
23.3 

24.9 
24.3 

22.2 
 I 6 

16 

1985 O'Neill 105-112 2.78 41.3 22.1 19.2 52 16 

1989 Seah 200-207 2.78 45.2 21.7 23.5 58 16 

1991 Sheahan 210,214, 

216 

 45.6 21.4 24.2   

1993 Cauble 217-218 2.78 37.0 21.3 15.7  

1994 Santagata 219-220  40.4 20.9 19.5 

 
Figure 2 shows the grain-size distribution (GSD) curves for five different batches starting from Series IV before the 

sedimentation process. The data were consistent with an average clay fraction of 58±1.2%. The salt content was calculated 

by measuring the conductivity and scaling it against the KCL standard. The average salt content was 11.6±1.5 g/L. The salt 

content was modified in batches to obtain a concentration of 16 g/L, which helped manage the clay fabric. However, the 

recent batches were not properly modified, which resulted in a lower value. Only RVBC 101 was classified as CH, whereas 

the other soils were classified as CL. Figure 3 shows the GSDs for the RVBC and RVS samples. The plots utilize the USCS 

classification system with an approximate clay fraction of 47%. 
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Fig. 3: Grain size distributions of (a) RVBC and (b) RVS. 

Table 5 summarizes the results of 23 CRS tests performed on RVBC, RVS, and RBBC samples using Wissa’s 

consolidometer. 
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Table 5: CRS test results for RVBC, RVS, and RBBC samples using Wissa’s consolidometer. 

Test  
No. 

Ho (cm) ԑrate         (%) / (hr.) 
cell pressure 
Ub           (kg 

/cm2) 
wo (%) So (%) 

γbo  
(g / 

cm3) 
eo 

Compression 
Results  

Coefficient 
of 

Consolidatio
n 

Hydraulic 
conductivit

y 

        Cc e Cv (cm2 / sec) K (cm/sec) 

1 2.35 1.58 3.92 41.1 99.7 
1.804 1.12 

0.408 0.98 4.37E-04 2.51E-08 

2 2.35 1.56 3.88 41.2 99.6 
1.802 1.122 

0.409 0.984 4.16E-04 2.29E-08 

3 2.35 0.85 3.91 40.6 99.8 
1.812 1.102 

0.425 0.976 3.23E-04 2.27E-08 

4 2.35 0.85 3.94 40.2 99.1 
1.807 1.101 

0.423 0.966 3.65E-04 2.86E-08 

5 2.36 0.55 3.91 38.8 97.6 
1.808 1.079 

0.426 0.96 3.38E-04 2.96E-08 

6 2.35 0.15 3.94 39.6 98.7 
1.812 1.088 

0.421 0.977 3.23E-04 2.38E-08 

7 2.34 3.88 3.94 39 98.6 
1.816 1.073 

0.368 0.987 8.50E-04 3.40E-08 

8 2.35 0.15 3.9 39.7 98.8 
1.813 1.09 

0.426 0.971 3.74E-04 3.08E-08 

9 2.35 3.93 3.95 40.4 99.3 
1.807 1.105 

0.369 1.015 8.50E-04 2.33E-08 

10 2.35 0.55 3.95 40.7 99.6 
1.808 1.107 

0.434 0.963 3.23E-04 3.08E-08 

11 2.36 0.84 3.92 44.3 100.5 1.794 1.212 0.36 1.073 2.40E-03 1.04E-07 

12 2.35 0.85 3.95 44.4 110.7 1.973 1.213 0.364 1.07 2.40E-03 1.10E-07 

13 2.34 1.35 3.9 44.2 100.9 1.799 1.205 0.373 1.072 2.40E-03 1.14E-07 

14 2.35 12.71 3.91 44 100.9 1.801 1.199 0.376 1.084 3.00E-03 1.03E-07 

15 2.35 4.02 4.02 44.3 101.3 1.801 1.201 0.387 1.084 2.60E-03 1.20E-07 

16 2.36 0.15 3.89 44.2 100.4 1.794 1.212 0.36 1.07 2.56E-03 1.09E-07 

17 2.35 0.07 3.87 44.2 101.4 1.804 1.20 0.369 1.066 2.58E-03 1.10E-07 

18 2.36 3.04 3.27 43.6 100.6 1.807 1.204 0.363 1.098 2.30E-03 9.28E-08 

19 2.35 48.1 3.99 43.9 101.9 1.816 1.199 0.362 1.118 8.00E-03 1.00E-07 

20 2.35 74.1 3.92 43.9 102.4 1.821 1.192 0.362 1.131 3.50E-03 1.03E-07 

21 2.32 7.83 9.97 42.6 101.3 1.825 1.169 0.361 1.079 2.60E-03 1.12E-07 

22 2.35 7.79 3.95 42.5 100.8 1.821 1.171 0.361 1.091 2.60E-03 1.05E-07 

23 2.34 3.76 3.96 42.1 100.9 1.826 1.161 0.365 1.077 2.30E-03 1.05E-07 

 
5. Conclusions 
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This study summarized the results of CRS tests on RBBC and RVBC samples. The CRS tests utilized a Wissa 

Consolidometer at various strain rates of 0.155%/h–3.96%/h for the RVBC samples and 0.07%/h–74.10%/h. Numerical 

experimental analyses were performed based on the CRS equations and test results. General trends were obtained for 

effects of the strain rate on the CRS test results. Future work will involve improving the soil model to estimate the effects 

nonlinear and linear theories, which may add insights for further interpretation of CRS test data. 
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