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Influence of ‘perfect’ sampling disturbance on shear properties of a coastal soil 

Influence du remaniement d’echantillonnage ‘parfait’ sur les proprietes de cisaillement d’un sol cotier

M.Abul Bashar, Abu Siddique & A. M. M.Safiullah -  Department o f Civil Engineering , Bang ladesh University o f Eng ineering  and

Technology, Dhaka, Bang ladesh

ABSTRACT: This paper presents the effects o f “perfect” sampling disturbance and reconsolidation procedures on the undrained shear properties 

of a reconstituted normally consolidated soil collected from the Chittagong coastal belt of Bangladesh. Undrained triaxial compression tests were 

performed on "in situ" and "perfect" specimens. Compared with the "in situ" specimen the value of undrained shear strength and Skempton's pore 

pressure parameter A at peak deviator stress o f "perfect" specimen were reduced about 5.4% and 56.3% respectively because of disturbance 

caused by the relief o f the total "in situ" stresses. Axial strain at peak deviator stress, initial tangent modulus and secant modulus at half the peak 

deviator stress, however, increased up to 17%, 9.2% and 8.2% respectively. It was found that anisotropic reconsolidation to “in situ” stress state 

produced the best agreement between the “in situ” and “perfect” specimens in terms of strength, stiffiiess, axial strain and pore pressure responses.

RESUME: Ce papier pre'senter le effects de derangement & fchantiUonnage "parfait" et procedure a re'consolidation sur la propriete a 

cisaillement a non- ecoulement de un sol consolide normal de Chittagong a Bangladesh. Accompli €preuves de compression tri-directional 

non-e'coulement sur les specimens "in situ" et "parfait". Compare' avec le specimen "in situ" la valeur de solidite a cisaillement non- 

ecoulement, et, parametre a pore-pression A de Skempton a sommet deviator stress de specimen "parfait" et reduire autour 5.4% et 56.3% 

respectivement pour le derangement a de relieve de stress total "in situ". De quelque axial strain a sommet deviator stress, modulus & 

tangente initial et modulus secante a la moitie de sommet deviator stress, augmente a 17%, 9.2% et 8.2% respectivement. Nonisotropic 

reconsolidation a etat de stress "in situ" produire le mieux coincidence entre les specimens "in situ" et "parfait" en ce qui conceme de 

solidate, raideur, axial strain et r£-ponse a pore-pression.

1 INTRODUCTION

A sample of soil obtained by any sampling process gets disturbed in 

two major ways. Firstly, mechanical disturbance is caused due to deep 

penetration of sampler into the clay. This produces shear distortion 

and subsequent compression of clay close to the inside wall o f the 

sampler. The second source of disturbance is caused as a result of 

stress relief due to removal o f the sample from the ground to zero 

total stress state in the laboratory. This disturbance is termed as 

“perfect” sampling disturbance. The first source of disturbance is 

directly associated with sampler design and can be controlled to 

certain extent. Disturbance due to “perfect” sampling, however, is 

unavoidable even though its effects may be different depending on the 

depth of sampling and soil properties. In order to assess the effects of 

“perfect” sampling on the undrained shear characteristics of clays, a 

number of researchers (Skempton and Sowa, 1963; Ladd and Lambe, 

1963; Hight, Gens and Jardine, 1985) have idealized the process of 

stress release in the laboratory either by undrained release o f the total 

deviator stress to zero from an “in situ” anisotropic condition, but 

maintaining an isotropic total stress state. Others, however, simulated 

stress relief by unloading both the deviator stress and isotropic stress 

to zero, i.e., by reducing the total stress to zero (Noorany and Seed, 

1965; Davis and Poulos, 1967; Kirkpatrick and Khan, 1984; Sarker, 

1994; Siddique and Farooq, 1996). A summary of the effects of 

“perfect” sampling on some engineering properties o f a few regional 

soils of Bangladesh is presented in Table 1. It can be seen from Table

1 that, in general, the effects include reduction in undrained strength 

and stiffiiess, and an increase in strain at peak deviator stress. Most of 

the previous works have concentrated only on the effects o f “perfect” 

sampling disturbance on the engineering properties of the clays. 

Attention must also be directed towards techniques for minimizing the 

effects o f “perfect” sampling by recovering in the laboratory the 

strength and stiffiiess of the “in situ” soil.

This paper presents further investigation into the effects of “perfect” 

sampling disturbance on the undrained stress-strain-strength, stiffiiess 

and pore pressure characteristics o f the clay collected from the 

Chittagong coastal region. The work also examined the different 

reconsolidation techniques, both isotropic and anisotropic, in order to 

minimize the effects of “perfect” sampling disturbance on this clay.

Table 1 Summary of the effects o f“perfect” sampling on engineering 

properties o f regional soils of Bangladesh

Soil Index

values

Ratio 

of Sy

Ratio

ofe„

Ratio

ofEj

Reference

Dhaka clay wL=45 

IP =23

0.97 1.16 1.67 Sarker<1994)

Patenga 

coastal soil

w l = 4 4  

IP =18 0.87 1.32 1.40

Siddique and 

Farooq(1996)

Kumira 

coastal soil

wL=57 

Ip  =33 0.93 1.24 1.47

Siddique and 

Farooq (1996)

All ratios refer to results from “in situ” specimens.

2 GEOLOGY OF THE STUDY AREA

The coastal zones of Bangladesh falls in a deepest part of Bengal 

Basin, known as the Patuakhali trough, which occupies the Hatiya, 

Barisal, and Faridpur areas and has sediments more than 18,000 m 

thick. The Chittagong Coastal Plain comprises the generally narrow 

strip of land between the Chittagong hills and the sea, together with 

the Halda, the Kamafully and the Sangu floodplains and the offshore 

islands. This is known to be occupied by gently sloping piedmont 

alluvial fans with mainly loamy soils. Tidal clay plains occupy most of 

the offshore island. The fan deposits from the Chittagong hills and 

deposits of coastal currents are mixed in a complicated manner in the 

Chittagong coastal area. The geological formations and soil 

characteristics of this area are very complicated due to the multifold 

shallow bedrock of the above hills.

3 PREPARATION OF RECONSTITUTED SPECIMEN

The soil sample was collected from Chandanaish area in the coastal 

belt of Chittagong for the present investigation. From laboratory tests 

the index properties of the soil, namely, specific gravity, liquid limit, 

plasticity index and percentage of clay fraction were determined and 

the values of them are 2.72, 45, 20 and 32% respectively. The soil
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was also classified according to Unified Soil Classification System as 

CL

Reconstituted specimens of the coastal soil were prepared in the 

laboratory by Ko-consolidation of a uniform slurry o f the clay in a 

cylindrical consolidation cell of 210 mm diameter and 180 mm in 

height. In the preparation of identical specimens, clay slurry with the 

initial water content well beyond the liquid limit is commonly used as 

an initial state. In the present study the slurry had a water content of 

approximately 1.5 times the liquid limit o f the soil. A consolidation 

pressure of 150 kN/m2 was used. Water content o f the consolidated 

specimens was 32 ± 0.75% and the respective value of bulk density 

was 19.5 ± 0.2 kN/m3 .

4 EQUIPMENT AND INSTRUMENTATION

Strain controlled triaxial apparatus together with volume change and 

pore pressure measuring devices were used for the prediction of 

undrained shear properties of the specimens. A 38 mm typical Soiltest 

triaxial machine was used for compression test. The cell had the 

facility of drainage through both top and bottom of the specimen. Cell 

pressure was applied using a standard pressure gauge of operating 

range of 0 to 1700 kN/m2. Back pressure was applied using dash pot 

and control cylinder system. For measuring axial deformation, a strain 

gauge with a resolution of 0.0254 mm was used. A Bell and Howell 

pore water pressure transducer o f operating range of 0 - 1034 kN/m2 

has been used to monitor pore pressure. A burette system (Bishop 

and Donald, 1961) was used for measuring volume change during 

consolidation.

5 SPECIMEN TYPES

5.1 "In-situ " specimen

The soil cake prepared by Ko-consolidation was extruded from the 

consolidation cell. The cake was sliced by the wire knife into small 

blocks and specimens of nominal dimensions of 38 mm diameter by 

76 mm high was prepared by trimming a block sample using piano 

wire, a soil lathe and a split mould. This specimen was consolidated 

under Ko-condition (Ko = 0.50) in the triaxial cell to its "in situ" 

vertical effective stress, ct '„  (i.e., 150 kN/m2). A back pressure of 270 

kN/m2 has been used during Ko-consolidation of the sample. This 

specimen has been termed as "in situ" specimen.

5.2 “Perfect specimen ”

This type of specimen was prepared from "in situ" specimen in the 

triaxial cell. The "in situ" shear stress, i.e., deviatoric stress o f the "in 

situ" specimen was first released from its “in situ” anisotropic stress 

condition. At this stage, the specimen was subjected to an allround 

isotropic stress (i.e., cell pressure). The cell pressure was then 

reduced to zero and thereby the specimen was subjected to zero total 

stress. This specimen has been termed as "perfect" specimen obtained 

from the complete release of the total "in situ" stresses. The values of 

Skempton’s pore pressure parameter for the undrained release of 

shear stress, A„ and the isotropic effective stress, o ',, of the “perfect” 

specimen have been determined. The values o f A„ and are 0.14 

and 85.5 kN/m2 respectively.

6 LABORATORY TESTING PROGRAMME

The test programme consisted of carrying out the following three 

types of tests:

1) Firstiy, undrained triaxial compression tests on the "in situ" 

specimen was performed in order to determine the reference 

“undisturbed” behaviour of the clay. In this test, after the completion 

of Ko-consolidation, the specimen was sheared at a deformation rate 

of 0.025 mm/minute.

2) Secondly, unconsolidated undrained triaxia] compression test was

simulation of the release of the total “in situ” stresses, the specimen 

was subjected to a total isotropic stress (i.e., allround cell pressure)

equal to “in situ” vertical effective stress under undrained condition. 

When the pore water pressure became steady, the specimen was then 

sheared at a deformation rate o f0.025 mm/min.

3) Finally, undrained triaxial compression tests were run on five 

reconsolidated "perfect" specimens. In these tests, after the 

completion of reconsolidation, the specimens were sheared at a 

deformation rate of 0.025 mm/minute. The following reconsolidation 

methods were adopted.

(i) Isotropic reconsolidation using a consolidation pressure equal to 

c '«  , which is designated as CIU-1.0a'w test.

(ii) Isotropic reconsolidation using a consolidation pressure equal to 

a 'p ., which is designated as CIU-o'p, test.

(iii) Anisotropic reconsolidation under Ko-condition to a 'w , which 

is designated as CKoU-1.0 a '„  test.

(iv) Anisotropic reconsolidation using SHANSEP (Ladd and Foott, 

1974) procedures to vertical effective stresses equal to 1.5 and 2.5 

times a 'w of the "in situ" specimen under Ko-condition, which are 

designated as SHANSEP-1.5 and SHANSEP-2.5 test.

7 EFFECT OF “PERFECT’ SAMPLING ON UNDRAINED

SHEAR BEHAVIOUR

7.1 Effective stress paths and mean effective stress

Fig. 1 shows the effective stress paths in p'-q' [ p' = (a 'i + 2o'3)/3, q' 

= (ct ' i - ct 'j  )] space for undrained triaxial compression tests on “in 

situ” specimen and “perfect” specimen. It can be seen from Fig. 1 that 

for the "in situ" specimen, initially p' increases with the increase in q' 

and then it decreases with further increase in q' as failure approaches. 

For the "perfect" specimen, however, p' increases with the increase in 

q' throughout whole stage of undrained shearing. “Perfect” sampling, 

therefore, produced appreciably different effective stress path. The 

effective stress path for the "in situ" specimen is typically similar to 

those of normally consolidated clays. However, although the 

"perfect" specimen has been prepared from the normally consolidated 

"in situ" specimen it adopts stress path similar to those for 

overconsolidated specimens. Marked difference in the effective stress 

paths between the "in situ" and "perfect" specimens has also been 

reported by several investigators (Skempton and Sowa, 1963, Ladd 

andLambe, 1963; Atkinson and Kubba, 1981; Sarker,1994; Siddique 

and Farooq, 1996).

Another significant effect of “perfect” sampling is the reduction of 

mean effective stress, p' which is evident from Fig. 1. Due to 

“perfect” sampling the mean effective stress o f the “in situ” specimen 

reduced by 31%.

M ean effective stress, p (kN/m2)

Fig. 1 Comparison o f  effective stress paths o f  "in situ” 

and "perfect" specimens

2



7.2 Stress-strain and stiffness properties

Fig. 2 shows the deviator stress ( q') versus axial strain (e) plots for 

the "in situ" and "perfect" specimens. A comparison of the undrained 

soil parameters of the "in situ" and "perfect" specimens is presented in 

Table 2. It can be seen from Table 2 that because of the “perfect” 

sampling undrained strength reduced by 5.4%. Value of axial strain 

at peak deviator stress (ep), however, increased by 17% for the 

“perfect” specimen. Decreased in undrained strength due to “perfect” 

sampling has been found for other normally consolidated clays by a 

number of researchers (Skempton and Sowa, 1963; Noorany and 

Seed, 1965, Davis and Poulos, 1967; Kirkpatrick and Khan, 1984; 

Sarker, 1994; Siddique and Farooq, 1996). Kirkpatrick and Khan 

(1984), Sarker (1994) and Siddique and Farooq (1996) also observed 

considerable increase in ep for kaolin (IP = 30) and Illite (Ip = 40), 

reconstituted Dhaka clay (wL= 45, IP = 23) and reconstituted two 

Chittagong coastal soils at Patenga and Kumira ( wl= 44, Ip=18 and 

wL=57, Ip=33) respectively. A marked difference in the behaviour of 

this coastal soil is that the values of e p  for these specimens (both "in 

situ" and "perfect") are considerably higher than those reported by 

several researchers for other intact and reconstituted clays.

Table 2 also shows that because of disturbance due to “perfect” 

sampling, the initial tangent modulus (E.) and secant modulus at half 

the peak deviator stress (Ejo) increased. Compared with the "in situ" 

specimen, the values o f Ei and E50 of the “perfect” specimen 

increased by 9.2% and 8.2% respectively. These results contrast with 

those reported by Kirkpatrick and Khan (1984), and Atkinson and 

Kubba (1981) who found reduction in stiffiiess because of "perfect" 

sampling. Hight, Gens and Jardine (1985), Sarker (1994) and 

Siddique and Farooq (1996), however, found increase in initial 

stiffiiess in normally consolidated low plastic North Sea clays (wL = 

32, Ip = 17), Dhaka clay and two Chittagong coastal soils .

A xial s tra in  (% )

Fig. 2 C om parison o f  deviator stress versus axial strain 

p lo ts for "in situ" and "perfect" specim ens

Table 2 Comparison o f undrained shear properties o f “in situ” and 

“perfect” specimens of the coastal soil

Specimen Su/a'v* Ei /a  vc E50 VC £.(% )
“In situ” 0.37 184 147 8.8 0.71

“Perfect” 0.35 20 1 159 10.3 0.31

7 .3 Pore pressure responses

Fig. 3 shows the variation of Skempton’s pore pressure parameter A 

with axial strain between the "in situ" and "perfect" specimens. It can 

be observed from Fig. 3 that, compared with the "in situ" specimen 

the value of pore pressure parameter A for the "perfect" specimen is 

considerably less during the whole stage of shearing. From Fig. 3, it 

also appears that for the "perfect" specimen at low strains the pore

pressure parameter increases rapidly with the increase in deviator 

stress. It can be seen from Table 2 that the values of Skempton’s 

pore pressure parameter at peak deviator stress, Ap , is considerably 

less (about 56.3%) for “perfect” specimen. Significant reduction in Ap 

due to “perfect” sampling has also been reported by other 

investigators (Noorany and Seed, 1965;Kirkpatrick and Khan, 1984; 

Sarker, 1994; Siddique and Farooq, 1996).

Axial strain (% )

Fig. 3 Comparison o f  pore pressure param eter, A  versus axial 

strain plots for "in situ" and "perfect" specimens

8 INFLUENCE OF RECONSOLIDATION OF

"PERFECT" SPECIMEN

The normalized deviator stress, q '/a '^  , versus axial strain plots and 

pore pressure parameter versus axial strain plots for the 

reconsolidated "perfect" specimen are presented in Figs. 4 and 5 

respectively. In Figs. 4 and 5, the corresponding plots for the "in situ" 

specimen are also shown for comparison with the reconsolidated 

specimens. A comparison of normalized undrained soil parameters are 

presented in Table 3. It is observed from Table 3 that isotropic 

reconsolidation to pressure equal to the vertical effective “in situ” 

stress, cr'vt , has the effect of grossly overestimation of “in situ” 

strength ratio ( s„ ) by as much as 28.8%. The stiffiiess ratios 

(Ej /a 'w and E50 /o'vc) have also the effect of fairly overestimation of 

“in situ” stiffiiess ratio by 60.3% and 38% respectively. The values of 

ep and Ap were also considerably increased by 50% and 7% as 

compared with the “in situ” specimen. Similar results have been 

reported by Kirkpatrick and Khan (1984) , Graham , Kwok and 

Ambrosie (1987) and Sarker (1994).

However, isotropic reconsolidation using a pressure equal to a 'p  , 

underestimated “in situ” strength ratio, stiffiiess ratios and Ap by 

13%, 17.4% 21.8% 24.6% respectively. The failure strain is again 

overestimated by 15.23%. Similar results have also been reported by 

Kirkpatrick and Khan (1984), Graham, Kwok and Ambrosie (1987).

It can be seen from Table 3 that the strength and stiffiiess ratios of 

the anisotropically reconsolidated “perfect" specimens using 

consolidation pressure equal toa'vc, SHANSEP-1.5 and SHAN SEP- 

2.5 are less than those for the "in situ" specimen. The strength ratio 

(Su/o'vc) for the specimen reconsolidated to a 'w , SHANSEP-1.5 

and SHANSEP-2.5 procedures decreased by 1.62%, 11.62% and 

13.5% respectively. The stiffiiess ratio (E, /cr'«) reduced by 6%, 

23..9% and 39.13% for specimens using o'vc, SHANSEP-1.5 and 

SHANSEP-2.5 procedures respectively. The stiffiiess ratio (E50 /a '«) 

also reduced by 5.44%, 18.37% and 34.7% for the above three 

anisotropic reconsolidation procedures respectively.

From the above findings, it is evident that the strength and stiffiiess 

ratios of the specimens reconsolidated to “in situ” stress state, 

compared more closely with the "in situ" specimen than the specimens 

reconsolidated using SHANSEP-1.5 and SHANSEP-2.5 methods. 

The values of Ap and e p of the specimen reconsolidated to“in situ” 

stress state also compared better with the "in situ" specimen than the
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specimens reconsolidated using SHANSEP-1.5 and SHANSEP-2.5 

methods. It therefore appears that Ko-reconsolidation o f the "perfect" 

specimen to a '„  , produced the best overall estimate of the "in situ" 

strength, deformation, stiffiiess and pore pressure response. This is 

also evident from the comparison o f the plots in Figs. 4 and 5 for the 

soil in which the relations for specimen reconsolidated to a '„  , 

compares the best with the "in situ" specimen. Kirkpatrick and Khan 

(1984) and Graham et al. (1987) also found that Ko-reconsolidation 

of the "perfect" specimen to produced the best agreement 

between the "perfect" and "in situ" specimen in terms of the strength, 

deformation, stiffiiess and Ap.

Axial strain  (% )

Fig. 4 D eviator stress vs. axial strain p lo ts for "in situ” 

and reconsolidated "perfect" specim ens

Axial strain  (% )

Fig 5 Pore pressure param eter, A vs. axial strain plots for 

"in situ" and reconsolidated "perfect" specimens

Table 3 Comparison of undrained shear characteristics of “in situ” 

and reconsolidated “perfect” specimens of the coastal soil

Test type s„ /a',* Ej /cr E5O \T_ f-n
(%)

Ap

CRJ-I.Oct '™ 0.447 295 203 13.2 0.76

CKoU-l.Oa'vc 0.364 173 139 9.3 0.73

SHANSEP-1.5 0.327 140 120 11.23 1.27

SHANSEP-2.5 0.32 112 96 11.63 1.38

CIU-o'M 0.322 152 115 10.14 0.535

“In situ” 0.37 184 147 8.8 0.71

9 CONCLUSIONS

The major findings and conclusions o f this study can be summarized 

as follows:

1) Compared with the “in situ” specimen, “perfect” sampling 

produced appreciably different effective stress path which is similar to 

that o f overconsolidated specimen.

2) The mean effective stress p', o f “in situ” specimen reduced by 

31% because of “perfect” sampling.

3) Due to “perfect” sampling undrained strength decreased by 

5.4% while the value o f e p  increased up to 17%. Both Ej and Eso 

also increased by 9.2% and 8.2% respectively.

4) The value of Ap reduced markedly by about 56.3% because of 

disturbance due to “perfect” sampling.

5) Isotropic reconsolidation using a pressure equal to a 'vc has the 

effect o f grossly overestimation of “in situ” strength , stifihesses Ei 

and E50 , t p and Ap . However, isotropic reconsolidation to o'p, results 

in underestimation of “in situ” strength, E, , E50 and Ap and 

overestimation of £p

6 ) Reconsolidation using SHANSEP procedures considerably 

underestimated strength ratio and stiffiiess ratios, and overestimated 

the values o f £p and Ap. It appears that reconsolidation using 

SHANSEP procedures may not be applicable to this coastal soil. It 

has been found that the anisotropic reconsolidation to a'vc under Ko- 

condition produced the best agreement between the “in situ” and 

“perfect” specimens in terms of strength, deformation, stiffiiess, and 

pore pressure response.
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