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INTRODUCTION 

Sample disturbance and its effects on properties of soils 

have been considered important in geotechnique and civil 

engineering. 

In sample disturbance there are two problems we have been 

interested in: the sources of sample disturbance and the 

effect of sample disturbance on properties of soils. For 

engineers as well as technicians, it is necessary to 

recognize the sources of sample disturbance, however, it is 

more important to know how such sample disturbance affects 

the geotechnical properties of soils. 

The problem of sample disturbance is closely connected 

with the problem of soil sampling. The first scientific 

studies on soil sampling were carried out by Hvorslev 

(1949). After these studies, a great number of teorical and 

experimental investigations has been performed. Sources 

of sample disturbance have been intensively studied by 

Hvorslev (1949), Kallstenius (1958,1971), International 

Group on Soil Sampling (1971). The effect of sample 

disturbance on the geotechnical properties of soils has 

been studied by Schmertmann (1955), Davis and Poulos (1967), 

International Group on Soil Sampling (1971) ,American 

Society of Soil Mechanics and Foundation Engineering (1977), 

International Society of Soil Mechanics and Foundation 

Engineering (1977), Okumura, Bromham (1971), Bjerrum (1973), 

Broms (1978), McManis, Arman, Begemann (1979), Adach, 

Alonso, Kuroda (1981) and many many others. 

This report has been written in order to get knowledge in 

the subject of soil sampling and sample disturbance and 

the effect of sample disturbance on the geotechnical 

properties of soft cohesive soils. Some investigation 

results as well as ideas and conceptions presented by 

different authors in this special subject have been 

collected and summaried. 
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I. Sources of sample disturbance 

Sources of sample disturbance have been extensively 

studied by Hvorslev et al (1949), Kallstenius (1958), 

International Group on Soil Sampling (1979) and others. 

All researchers have found that the sample distrubances 

occur during the sampling, handling, shipping, storage, 

extrBsion, specimen preparation and laboratory test 

processes. The sample disturbance occurrirg in the process 

of sampling depends on the sampler. This type of disturbance 

according to Kallstenius (1972) is called the primary 

disturbance. In the primary disturbance following 

influences are considered. 

- type of sampler 

- sample size 

- sampler shape 

- punching operation of the sampler. 

All other disturbances are considered as secondary dis

turbances. Sources of sample disturbance may be avoid

able or unavoidable. The Sub-Committee on Soil Sampling, 

International Society for Soil Mechanics and Foundation 

Engineering (1981) summarized sources of sample dis

turbance as follows: 

a. Alteration of constituent materials 

(1) Change in water content (avoidable) 

(2) Movement of entrapped gas (avoidable) 

b. Chemical alteration of samples (avoidable) 

c. Physical factors 

(1) Change in temperature (avoidable) 

(2) Rel!ease of in situ stress (unavoidable) 

(3) Mechanical disturbance (partly avoidable) 

(4) Rebound (unavoidable) 

Mechanical disturbance caused in the course of 

sampling consists of: 

(1) Compression and shear during drilling 

(2) Compression and shear during penetration of 
sample tube 
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(3) Suction, tension and/or torsion during 

sapling tube retrieval 

(4) Shock and vibration during sealing, transportation 

and storage 

(5) Compression and shear due to extruction and 

trimming of specimens from sample tube 

As seen from above almost all disturbance factors can be 

avoidable. The avoidance of these factors has been achieved 

by using suitable means of sampling transportation and 

storage. From all disturbance factors, the mechanical and 

rebound factors are considered the most important. They can 

make a soil sample loose up to ninety percent of its in-situ 

strength. 
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3 STATENS GEOTEKNISKA INSTITUT 

II. Definition of Degree of Disturbance 

In order to exactly determine. the effect of sample dis

turbance and then correct the mechanical properties of 

disturbed samples, it is necessary to express the disturb

ance quantitatively and to define the degree oE d~sturbance. 

Generally speaking, one often uses quantitative index 

calculated from various properties as a basis for 

definition of the degree of disturbance. Recent research 

has found that this method is convenient for practice. 

There are many different definitions of the degree of 

disturbance. Some of them are summarized as follows. 

1. Schmertmann (1956), see Fig 1. 

Preconsolidation 

--- stress 

l 
~ 

<I 

x Laboratory 

"" undisturbed

x"' 
x~. 

X ' 

Laboratory >x
100% remolded 'l----+---'--

f . b t,.e . '7<Degree o d1stur anee~ (t,. e) = in o 

Pressure (log scale) 

Fig 1. Method of determining degree of disturbance 
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D = ( % ) 
(Lie) max 

where 

Lie = e - e 
0 S 

Lie = e -e max o r 

= in situ void ratio 

= void ratio of taken sample at consolidation 
pressure 

= void ratio of taken sample thoroughly re
moulded at consolidation pressure 

2. Ladd and Lambe (1963) 

a' 
p

D = o' 
s 

where 

0 I = residual effective stress of perfect samplep 
.11 II II0 I = of taken samples 

3. Noorang and Seed (1965) 

R = 0 1 0 1 

p s 

where 

0 I = residual effective stress of perfect sample
p 

II II0 I = " of taken samples 

4. Goodman and Liepiger (1967) 

E
D = 

Eu 

where 

= energy required for thorough remoulding from 
the (perfectly) undisturbed state 

E = energy required for same disturbance in con
sideration from the undisturbed state. 
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5. Okumura and Nelson (1971) 
a' a' a' p - s s

D = = 1 -· a' a' 
p p 

where 

a' = residual effective stress of perfect samplep 
0 1 = residual effective stress of taken sample.

s 

6. Bramham (1971, see Fig 2. 

The author uses "disturbance factor" to determine the 

degree of disturbance. 

0.06 0.1 0.2 0.4 o.6 1.0 2 4 6 10 ,20 
PRES$UR£ ! 101\/ft~) 

Fig 2. Definition of disturbance factor 

The "disturbance factor" is determined by the equation: 
p p 

X = 100 ( s- 1 ) 
p -P 

s r 

if P /P is small, then r s 

where P , and P are determined from Fig 2. In this s P1 r 
case the void ratio is plotted as a percentage of the 

initial void ratio, e . 
0 
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6 STATENS GEOTEKNISKA INSTITUT 

The index based on the residual effective stress of taken 

sample seems to be a good parameter for definition of 

the degree of disturbance (Okumura, 1971). On the other 

hand it is important to determine the residual effective 

stress accurately. 

Due to sampling, in situ stresses are partly released 

and therefore the effective stress of the sample decreases. 

The residual effective stress fteans the iso-

tropic effective stress left in the remoulded sample. 

For saturated clay, the residual effeetive stress is 

calculated by Ladd and Lambe's (1963) equation 

0 I = 0 I 

p 0 

where 

0 1 = in situ effective vertical stress 
0 

K = ah' /0 1 = coefficient of earth pressure at rest 
0 0 VO 

= Skempton's pore pressure coefficient 
for perfect sampling. 

This relationship is proposed with the assumption that the 

saturation of sample is perfect (pore pressure coefficient, 

pore pressure parameter B = 1). However, for actual sam

pling the condition of full saturation is not necessarily 

satisfactory (Okumura, Nelson, Brand and others, 1971). 

Due to disturbance the pore pressure is reduced but B I 1 • 

In this case, the residual effective stress should be 

calculated by the following equations (according to 

Okumura, 1971): 

V -V 
ap ao1 10 = 0 

p pp m V 
S 0 

V 1/3 
vao-vd (U + 2q - u) - 2q ( ao) + ,

0 + Ud = 0V ap +Vd o r o d ro(Vao) P 
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7 STATENS GEOTEKNISKA INSTITUT 

where m 
s 

= coefficient of volume expansibility 

Vo = in situ volume of sample 

V ao = in situ volume of air 

V ap = air volume after perfect sampling 

Vd = equivalent volume of dissolved air 

u 
0 

= in situ pore water pressure 

Ud = saturated vapor pressure of water 

q = surface of tension 

r 
0 

= in situ radius 
1969) 

of air bubble (Okumura et al, 

7. Okumura (1974) 
Okumura (1974) used "disturbance ratio" to determine 

changes in properties of soil due to disturbance. This 

"disturbance ratio" is expressed in per cent with range 
0-100% (where 100% for perfect sample and 0% for completely 

remoulded sample). Dependinq on considered properties and 

type of tests, the "disturbance ratios" are expressed in 

different ways. For example, in triaxial test, "disturbance 

ratio" can be: 

- The ratio of the residual effective stress of perfect 

sample to that after cycles of loadings. 

According to Okumura the degree of sample disturbance 

is expressed by the relationship: 

1 S*/S*D = 1 - R; R = p r 

where 

R = disturbance ratio 

S* = effective stress of a perfect sample
p 

S* = effective stress of a disturbed sample.
r 

The definition of R in this case is used for triaxial 

or unconfined tests. 
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8 STATENS GEOTEKNISKA INSTITUT 

For the case of simple shear test and consolidation 

test where the deviatoric stress is not released and 

the lateral pressure can not be measured, the author 

proposed the disturbance ratio defined by 

R = 0 1 /0 1 

vo vr 

where 

0 = maximum consolidation pressure
VO 

0 I = residual vertical effective stress with vr no shearing force after disturbance 

- The ratio of the undrained strength of each cycle 

to that of perfect sample. 

In simple shear test, "disturbance ratio" may be: 

- The ratio of the preconsolidation pressure to the 

effective vertical stress after cycles of loading 

under the condition of constant volume. 

8. Saiki ( 1 9 71 ) 

The author suggested that the degree of disturbance 

can be evaluated by the swelling ratio B. 

C 

B = s 
X 100 ( % ) 

cc 

where C = the slope of straight line portion of e-loc:;0s 
curve in the range of stress less than the 

preconsolidation pressure 

C = the compression index 
C 

The degree of disturbance increases with increasing 

value of the swelling ratio B. According to the author, 

the swelling ratio B can be used to evaluate sample 

quality, for instance sample taken from unsaturated 

volcanic ash is considered disturbed if B > 8%. 
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9 STATEN$ GEOTEKNISKA INSTITUT 

The author also uses the inter relationship of the 

strain at failure and modulus of deformation and 

undrained strength of undisturbed sample as a 

parameter for evaluation of sample quality, Tab 1. 

Tab 1. Sample quality suggested by Saiki (1971). 

Sample quality Requirements 

Best quality E >80 E: < 1 , 5 % su- qu' -
Good quality 80 qu > E >50 qui 1. 5%<s<2. 5% su- -
Practically undis,.... 50 qu > E >40 qui 2.5%<si3,0%

SU-
Appreciably dist 40 > E >25 a . 3.0%<s:::4.0%qu ·u,SU- -
Disturbed, poor E < 25 qu; E: > 4,0%SU 

---·--- ---

9. Sample quality based on volume change 

The volume change is also a good parameter for deter

mination of sample quality. However, the volume change 

not only depends on the degree of disturbance but also 

on type of soil. During consolidation the relative 

volume decrease of the test specimen also provides a 

sound indication of the quality of the test soil. 

A'"table for use in determination of sample quality 

by volume change is suggested by the Norwegian 

Geotechnical Institute (NGI) for soft clay as follows. 

Volume change Sample quality 

< 1 % very good to excellent 

1 - 2% good 

2 - 4% fair 

4 -10% poor 

>10% very poor 
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III. Influence of saf!!El§._§i 9 turbance on 
geotechnical EE£~~rties 9f soil 

The recognition of sources of sample disturbance is 

important and necessary for technicians and engineers 

in civil engineering. However, it is more important 

and necessary to know the influence of such disturb

ances on geotechnical properties of soil. The know

ledge of how design parameters obtained from labora

tory tests are influenced by sample disturbance and 

of which parameters are sensitive to sample disturb

ance is a necessity for both laboratory technicians 

who test soil samples and engineers who analyse geo

technical problems. 

Usually the geotechnical properties of soil are de

termined from laboratory tests or in situ tests. 

In the laboratory the properties, especially the 

strength, deformation and permeability properties 

should be tested on "undisturbed" samples. However, 

soil samples transported to the laboratory are more 

or less disturbed. The term "undisturbed sample" is 

therefore used for a sample in which the soil has 

been subjected to so little disturbance that it is 

suitable for all laboratory tests and especially for 

determination of properties that are sensitive to 

sample disturbance. Due to sample disturbance the 

parameters obtained from laboratory tests are not 

always close to in situ characteristics of soil. 

Recent research has shown that the sample disturbance 

influences both static and dynamic laboratory testing. 

In order to obtain samples representing the in situ 

characteristics of soil as closely as possible, 

sampling technique has been developed and improved 

(see part ..... ). On the other hand, the introduction 

of methods for evaluation of effect of sample disturb-

ance makes the parameters obtained from laboratory 

tests much more reliable and corresponding to real 

in situ characteristics of soils. 
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The parameters forgeotechnical characteristics of 

soil obtained from laboratory tests are differently 

affected by sample disturbance. Theoretically and 

in practice it has been found that strength and 

deformation characteristics of soil are most 

sensitive to sample disturbance. 
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IV. Sample_g:uality 

In geotechnical investigations sample quality is re

quired depending on the kind of soil to be investigated 

and on the specific aim of the investigation. It is 

unnecessary and would be uneconomical to require the 

same quality of the samples for each investigation 

(Idel, Muhs, Von Soos, 1971). High quality of the 

samples is required for one investigation but for 

another low quality of samples may be sufficient. 

Depending on the aim of the investigation and on soil 

properties to be determined, soil samples therefore 

can be "undisturbed" or disturbed. The "undisturbed" 

samples are known as stated above as samples with so 

little disturbance that it is suitable for all 

laboratory tests and therefore on those samples the 

strength, consolidation and permeability character

istics and other physical properties of the soil in situ 

can be approximately determined. On the other hand, 

undisturbed samples, that can be called "representative" 

samples, are not suitable for this purpose, they are 

only suitable for general classification tests and 

positiva identification of the soil. 

Classification of sample quality 

Some different classtfications of sample quality have 

been proposed. According to German Standard DIN 4021 

(1969): "Subsoil, exploration by trial pits, borings 

and samplings" the sample quality is classified in five 

quality classes. These quality classes are based on 

- in which properties the soil remains unchanged, 

Tab 2. 
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1 3 STATEN$ GEOTEKNISKA INSTITUT 

Quality -
Class 

G) 

G) 

G) 

© 

® 

TABLE 2 

Soil Sample Primarily 
unchanged in determinable 

boundaries of fine-stratifica-
tion. 

Z- grain-size distribution. 
consistency limits. 
maximum and minimum 
density. 
specific gravity. 
organic matter. 

W-- - moisture content. 

o- dry density. 
porosity, void ratio. 

Es--- compression index. 
"C,_ shear strength. 

boundaries of fine-stratifica-
tion. 
grain-size distribution. 
consistency limits. 
maximum and minimum 

Z, W, "'J, density. 
specific gravity. 
organic matter. 
moisture content. 
dry density. 
porosity, void ratio. 

boundaries of fine-stratifica-
tion. 
grain-size distribution. 
consistency limits. 

z. !I maximum and minimum 
density. 
specific gravity. 
organic matter. 
moisture content. 

layer boundaries without fine-
stratification. 
grain-size distribution. 
consistency limits. 

'l. maximum and minimum 
density. 
specific gravity. 
organic matter. 

Z changed; sequence of strata. 
incomplete 
soil sample. 

QUALITY-CLASSES FOR SOIL SAMPLES 

SGI nr 198 Klintland Grafiska, Unkoping 1981 



13 STATEN$ GEOTEKNISKA INSTITUT 

This classification of sample quality was suggested 

with the assumption that some in situ soil properties 

in samples are preserved. However, as we know it is 

a fact that due to sample disturbance, almost all 

in situ soil properties are more or less changed. 

Therefore the classification of sanple quality 

suggested by the German Standard oould be discussed. 

In order to classify the qual~ty classes more exactly 

Kallstenius (1971) suggested a combination of quality 

category and quality classes in the classification of 

sample quality. According to the author, four cat

egories and three classes were suggested as follows. 

1 • Categories: 

A. The environmental qualities 

B. The mechanical and rheological properties 
of the soil 

c. The composition of the soil 

D. The stratification of the soil 

2. Classes 

I. Direct measurability of desired quality 

II. Possibility to change measured data to original 
data after a general calibration procedure 

III. Possibility only to make rough and unsafe 
estimations of desired qualities. 

By a combination of category and quality classes, 

the soil samples can be calssified as for example 

BII, CII, CIII etc. According to the author, for 

normally consolidated clays and low to medium dense 

fine-grained frictional soils, the samples taken by 

the Swedish Standard Piston Sampler may be classified 

as BII. In stratified soil of clay and silt it gives 

only quality BIII - CII. 

Other classifications were suggested by the Canadian 

Foundation Engineering Manual et al (1978), Tab 3. 
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This classification was based on the degree of 

disturbance and thereby soil properties 

then can be measured on samples taken by different 

samplers. 

Table l Quality-classes for soil samples by Canadian Foundation 
Engineering Manual (1978) 

Properties that can be measureu 

i::: 
.:2 
'5 
.I:; 

c ·5 
V, -~ V, i::' ... -~ 

>, 
J:: 

i::: ~ § ·;; i::: 
i::: :a <'<I 00

J:: .:2 ... ~ .E ;.§ i::: 
>, :E00.. bi) i::: V) <U 

V)<'<I cil u ::!l 0 bll :.0 .... .... u u -~ 
V) <U u u ·.; <U ... 

Vlc .I:; i.::: <'<I .....e!' s ·a ... ... ~ <U 0.. ... 
<'<I ·u <U ...ro ro bi) ·@ ~ § E.... .... ·a 0 

~& <U J::Class Quality Identification ii5 ii5 0 CJ ~ C/'l ~ ;::) P... u C/'l 

I Undisturbed a-Block samples + + + + + + + + + + + 
b-Stationary + + + + + + + + + + + 

piston sampler ! 
80-mm (3 ") mini-
mum diameter 

2 Slightly Open thin-walled + + + + + + + + + 
disturbed tube samoler 50-mm 

(2 ") minimum 
diameter 

3 Substantially Open thick-walled + + + + + + + 
disturbed tube sampler such 

as split-barrel 
sampler_,, 

4 Disturbed Random samples + + + + + + 
collected by auger 
or in pits I 
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The sample quality by British Standards Institution 

is based on the classification developed in Germany 

(se Tab 2 presented in Tab 4. 

Tab 4. Quality classes for soil samples by British 

Standards Institution (after Cole, 1979) 

Sample quality is assessed largely by the suitability of the sample for appropriate 
laboratory tests. A classification for soil samples developed in Germany (Ide! et 
al., I969) forms the basis for classifying samples in terms of quality. 

Quality Properties that can be reliably determined 

Class I Classification, moisture content, density, strength, deformation and 
consolidation characteristics 

Class 2 Classification, moisture content and density 
Class 3 Classification and moisture content 
Class 4 Classification 
Class 5 None; sequence of strata only 

In some cases, whatever sampling methods are used, it will only be possible to 
obtain samples with some degree of disturbance so that they will be regarded as of 
Class 2 or lower. Any strengths or compressibilities measured on such samples 
should be treated with due caution. Samples of Classes 3, 4, and 5 are commonly 
regarded as "disturbed samples." 
A furth·0 r consideration in the selection of procedures for taking Class l samples 
is the si1-~ of "th.,; sample. This is determined iargcly by the s,ructure 0f th-; ground 
which in the case of soil is often referred to as "the fabric." Where the ground 
comains discont;nuities of random orientation, e.g. in a clay fill, the sample diam
eter, or width, should be as large as possible in relation to the spacing of discon
tinuities. Alternatively, where the ground contains strongly oriented discon
tinuities, e.g. in jointed rock, it may be necessary to take samples which have been 
specially oriented. 
For fine soils that are homogeneous and isotropic, samples as small as 35-mm diam
eter may be used. However, for general use, samples of IOO-mm diameter are 
preferred since the results of laboratory tests may be the more representative of 
the ground mass. In special cases, samples of 150 and 250-mm diameters are 
used. 

Based on inter-relationship between the strain at 

failure and modulus of deformation and undrained 

strength of undisturbed sample. Saiki (1971) suggested 

the following quality classification. 

Tab 5. Quality classification suggested by Saiki (1971). 

Class Description Requirements 

A Best quality E > 80 qu; s < 1 . 5 % -
B Good quality 80 q >E >50 qu , 1 . 5 <s ~2 . 5 % 

SU -

U SU-:-

C Practically 50 qu >E >25 qu , 3 . 0 % <s ~ 4 . 0 % undisturbed SU-

D Appreciably 40 q >E >25 q ;3.0%<s<4.0%disturbed U SU- u -
E Disturbed,poor Esu < 25 qu; s > 4.0%

SGI nr 198 Klintland Grafiska. Link6ping 981 
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1 6 STATEN$ GEOTEKNISKA INSTITUT 

According to the author severe requirements should 

be applied to the stiff and medium saturated soil 

and moderate requirements should be applied to soft 

soil and soil with high and low degree of saturation. 

The classification of sample quality proposed by 

Rowe is presented in Tab 6. 

Tab 6. Sample quality classes (based on Rowe, 1972). 

Qua 1ity Soil properties Typical sampling Purposeclass obtainable procedure 

Laboratory data on Total strength parameters Piston thin walled sam
undisturbed soils pler with water balance. 

Effective strength parameters 

Compressibility 

2 Laboratory data on Density and porosity Pressed or driven thin 
undisturbed insensi- or thick walled sampler 
tive soils Water content with water balance. 

Fabric 

Remoulded properties 

3 Fabric examination Water content Pressed or driven thin 
and laboratory data or thick walled samplers. 

Fabric Water balance in highly 
permeable soils. 

Remoulded properties 

4 Laboratory data on Remoulded properties Bulk and jar samples 
remoulded soils 

Sequence of strata 

5 Approximate sequence None Washings 
of strata only 
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1 7 STATEN$ GEOTEKNISKA INSTITUT 

V. Evaluation of the effect of sample disturbance 

The effect of sample disturbance can be evaluated at 

the site and in the laboratory. Many researchers 

have found that, due to disturbance the properties 

of a soil will vary, not only between the samples 

and the intact material (Hvorslev et al, 1949) but 

also within the sample tubes (Hvronsler et al, 1949, 

Lang et al, 1967, Kallstenius 1972). 

Several studies have been made on the variations of 

soil samples within sample tubes, e.g. Kallstenius 

(1958. 1972), Bramham, Sone, Shackel (1971) and others. 

On the other hand, more direct research has been done 

on evaluating the effect of different types and sizes 

of sampling equipment on results from laboratory tests. 

Different means for evaluating the effect of sample 

disturbance are summarized as follows. The disturbance 

in this summary is in connection with the disturbance 

between the samples and within the samples and also 

with the disturbance caused by different types of 

sampling equipment, sample size, etc. 

1. Evaluated effect at the site 

a. Visual_ins2ection 

The visual inspection at the site is important in 

the first stage of the evaluation of sample quality. 

It is carried out by careful observations during 

the sampling process. Every defect in the sampling 

operation, for instance the tip of the tube is bent 

or damaged, may cause sample disturbance. This visual 

inspection will help engineers to identify disturbed 

portions and select samples to be used for laboratory 

testing. 

b. Recovery_ratio 

At the site, the sample quality can be evaluated by 

the recovery ratio (length of sample through length 

of sampler stroke). 

SGI nr 198 Klintland Grafiska, LinkOping 1981 
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For "undisturbed" samples, this ratio should be of 

100% but in practice this value of recovery ratio 

is seldom achieved. A recovery ratio of 98% there

fore is satisfactory for practice. The samples are 

considered as possibly disturbed when the recovery 

ratio is less than 95%. 

According to Mori and Koreeda (1979) the recovery 

ratio is an important measure of disturbance for 

clayey soils- ·as water content and void ratio 

of saturated clay samples do not change in a sample 

tube during sampling if the sampler is pushed down 

by a continuous quick motion. By careful samnling 

with improved samplers samples with a recovery 

ratio higher than 90 or even 95% can be obtained 

(Mori et al, 1976, Matsubara et al, 1978). 

2. Evaluation of sample quality in the laboratory 

The quality of soil samples can be evaluated in the 

laboratory on the basis of soil properties. Shear 

strength, deformation and permeability properties of 

soil are more sensitive to sample disturbance than 

other properties. Other properties such as water con

tent, shear strength with depth etc, can also be taken 

into account in the quality evaluation. The quality 

of soil sample has therefore been evaluated mainly 

by the following measures: 

a. Unconfined (or triaxial) compression test 

1. Strength 
2. Strain at failure 
3. Stress-strain curve 
4. Coefficient of deformation (secant or tangent 

modulus) 

b. Consolidation test 

1. Void ratio - consolidation pressure curve 
2. Coefficient of volume compressibility versus 

consolidation pressure 
3. Coefficient of consolidation 
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c. Residual effective stress and/or residual pore 

water pressure of the taken samples 

d. Other parameters such as water content, shear 

strength with depth, etc. 

Apart from parameters obtained from consolidated 

undrained triaxial tests, parameters from drained 

tests are also a basis of quality evaluation. In the 

same way simpler tests, such as the fall-cone test, are 

employed, Lemansson and Mace et al (1975). Andresen 

(1971) found that the comparison of the vane test 

with the laboratory fall-cone test and unconfined 

compression tests can be a good way to evaluate the 

effect of sample disturbance. 

a. Stress-strain relationship 

The stress-·strain relationship is ·0ften used to 

evaluate sample quality. This relationship is expressed 

by stress-train curves obtained from unconfined com

pression tests. 

Adachi, Todo and Mizuno (1981) found that sample dis

turbance influences the shape of the stress-strain 

curve of unconfined compression tests and triaxial 

compression tests. The author illustrated the in

fluence of sample distrubance on the shape of the 

stress-strain curve in four typical curves shown in 

Fig 3. The table below the figure shows the relation

ship between the strain at failure sf and deformation 

modulus E 1 of disturbed samples and that (sf and E )50 50 
of undisturbed samples. 
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Fig. 7 Stress-Strain Curves for Undisturbed 
and Disturbed Samples 

Table II. Effect of Sample Disturbance on 
Es o and Ef 

Type of Stress- II m IV 
Strain Curve 

Eso E' so..:Eso E' so=Eso E'so<Eso E'so=Fso 

£f C.f > 8 f C.f > 8 f £}=£f e}< £f 

McManis and Arman (1979) found that the stress-strain 

curves for both unconfined compression tests and tri

axial tests were affected by the diameter of the 

sampling tube. For the same type of soil, the diameter 

of the sampling tube directly affected the quality of 

the sample. From results of unconfined compression 

tests it can be said that the size of the sampling 

tube influences the shape of the stress-strain curve. 

Fig 4 shows typical stress-strain curves for uncon

fined compression tests of block sample and of two 

different diameters of the sampling tube. 
200 

8/k 6 

150 

(/) 

~ 100 
a:: 
I
(/) 

B-18 
C-265.~ 

50 

7.6 r.n SIS 
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Stress-strain curves of unconfined compression tests 

also provide a determination of the degree of dis

turbance (Andresen and Kolstad, 1979). For instance, 

for soft clay strains at failure on the order of 

3 to 5% indicate good quality sample, failure strains 

of 10% reflect significant disturbance. These con-· 

siderations are not valid for heavily overconsolidated 

clays. 

Fig 5 shows stress-strain curves obtained from un

drained triaxial compression tests for Singapore 

Marine Clay. 

60 
-

,.---I} 
- -----2 (a) Singapore Marine Clay 

Sample No. H22-2 

so ,..,.--3 (6.0-6.8m) 

10 (c) 
_,../' 

10 15 20 25 

Axial strain, ta(%) 

Fig 5. Quality evaluation by stress-strain curve 

As can be seen from Fig 5,curve (a), (b) and (c) is 

representative for a high-quality sample, sligthly 

disturbed sample and remoulded sample respectively. 

The curves show that the strain at failure of the 

high-quality samples is smaller than of the slightly 

disturbed samples. For remoulded sample (finally 

disturbed) stress has no clear peak. 
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Similar results has been obtained by Chantawong, 

1973 for soft clay, Fig 6. 

70,----.,......--...,...---,----. 
o Pit sample 

Test specimen " 260 mm cylindrical tube 
obtained from t,. 76 mm cylindrical tube{

60 6 76 mm square tube 

a Remolded sample 

0 50 
Q. 

9 40 
0 
(/) 
(/) 
Q)... 30<ii 
... 
.2 
0 

Q) 
> 20 

a 

10 

8 
Axial strain (%) 

Fig 6. Effect of sampling method and tube size on the 

stress-strain relatioship in unconsolidated undrained 

tests ( After Chantawong, 1973) 

Tha author performed tests for determination of dis

turbance degree of samples obtained with various sizes 

and shapes of tubes. The pit sample being a block sample 

was considered the highest quality sample. The degree 

of disturbance increases with order: 260 mm cylindrical 

tube, 76 mm cylindrical tube and 76 mm square tube. 

The strain at failure therefore increases with in

creasing degree of disturbance. 

McManis and Arman (1979) showed similar results from 

triaxial undrained compression tests (Fig 7). 
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200 

A
B!k7 

B-16 
150 . nC-256A

12 7cm !If 
\ 

U) F 
~ 100 __.- -- C-c:66A 
a: 7.6cm;J 
f-
U) 

50 
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Fig 7. Typical stress-strain curves for triaxial 

undrained compression test 

The results from both unconfined compression tests 

and triaxial tests have shown that the stress-strain 

curves are generally affected by the size of the 

sampling tube. Therefore, the quality of the 

sample depends on the size of the sampling tube. In 

all cases it can be seen from the stress-strain curves 

that the block samples indicate the best quality and 

the quality of samples decreases as the diameter of 

the sampling tube decreases. 

b. Strain at failure 

The strain at failure can be used to evaluate the 

quality of the sample. In general the more the sample 

is disturbed, the greater is the strain at failure. 

The strain at failure depends on the soil disturbance, 

stress system in the test and also on the type of soil. 

Each type of soil is characterized by definite strain 

at failure in certain types of tests. For example, 
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the strain at failure as measured by undrained com

pression tests is in the following range (after 

International Manual for the sampling of Soft Cohes

ive Soils, 1981). 

Soil Strain at failure Author, year 

Canadian clay Within 1.0% Tavenas, 1980 

Ypgoslavian clay Within 1.5% Miloric, 1980 

Japanese Marine < 6% ISSMFE, 1971clay 

French clay 3 - 8% Amar, 198 0 

Soft clay 3 - 5% 

Samples are considered as disturbed if the strain at 

failure is greater than such an upper limit for a 

given type of soil. 

As the strain at failure of soft clay is generally 

small (less than 10%), it is important to perform 

these tests accurately in order to evaluate the 

correct sample quality. 

Okumura (1971) found that the strain at failure in

creases linearly with the logarithm of the disturbance 

ratio. Fig 8 shows an example of the Honmoku Marine 

Clay presented by Okamura (1971). 
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Fig 8. Strain at failure vs. disturbance ratio 

The disturbance ratio in this case is a ratio of the 

residual effective stress, o', of the perfect sample
p 

to the residual effective stress in the sample o~, 

after cycles of loading (in simple shear tests) under 

the condition of constant volume. 

The following example presented in the International 

Manual for the Sampling of Soft Cohesive Soils (1981) 

is a picture of the difference in strain at failure 

of disturbed and undisturbed samples (Fig 9). 

This figure indicates that sample No 4 is seriously 

disturbed. 
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ci. ' Strain at failure, t: 1 (%) 
E 
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\and 
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10 \ e e;No. 4 -

--
/-----
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IS 

No. 6 
>--- ••• 

Site; Kawasaki, Japan 

Medium ~and 

Fig 9. Quality evaluation by the strain at failure. 

c.Change in undrained shear strength 

In order to determine the influence of sample dis

turbance on undrained shear strength unconfined com

pression tests or triaxial compression tests are 

usually performed. Tests have shown that the undrained 

shear strength decreases with increasing degree of 

sample disturbance. As we know, the undrained shear 

strength of normally consolidated clays increases with 

depth. Based on this characteristic of clay, the dis

turbed sample can be found on the basis of the relation

ship between shear strength and depth. Fig 10 shows 

a linear relationship between shear strength and depth 

for a normally consolidated clay (homogeneous clay). 

The results are obtained from unconfined compression 

tests. 
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Fig 10. Quality evaluation by undrained shear strength 

As seen in Fig 10, sample No 4 gives too small value 

of the unconfined compressive strength, q and in this u 
case this sample is considered seriously disturbed. 

Begemann and De Leeuw (1979) presented a comnarison 

of the shear strength of soil taken with different 

samplers. Fig 11 shows the results obtained from con

solidated drained triaxial tests on samples of an 

identical layer but with two different samplers. 

--- SAMPLE 22 ( Scgcmann -SO!"nl')h:r} 

------ SAMPLE 34 ( bailt:.rboring obs t~.;;ktrr:"1-anr,-samptcr) 

,-,,:::.c.--~,_,,,.,r::----- ....... , 

z 

0 

' ' ' ' \ 
0 

N 0 
~ 

"' \!: g \ 
.... ~ \\ 

\ \ 
\ \ 

I
I I 

0. IX) 10.00 20.00 30.00 40,00 S0.00 60.00 70.CO SO.CO 

<Tv IN kN/m 2 

Fig 11. Comparison results Begemann-sampler and Ackermann sampler 
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,,•· 

According to the authors the continuous 66 mm Begemann 

sampler with a length of 17-19 m gives higher quality 

samples than samples taken with the traditional 

Ackermann. From Fig 11 it can be seen that due to 

disturbance the· cohesion int·ercept decreases 

considerably. 

Rochelle, Sarnaih and other have found that the shape 

and the size of the sample tube have an influence on 

the quality of the sample. Due to difference in shape 

and size of the tube, the soil samples have different 

degree of sample disturbance and due to disturbance 

soil samples lost their strength as oresented in 

Tab 7. 

Tab 7. Decrease in shear strenght with different 

shape and size of the tube. 

Site Type of tube qu/qv 

Saint-Vallier 54 mm standard 0.32 

(7.9 m) 54 mm reshaped 0.66 

75 mm reshaped 0.81 

100 mm reshaped 0.80 

Saint-Vallier 54 mm standard 0.75 

(14.0 m) 54 mm reshaped 0.90 

75 mm reshaped 0.88 

100 mm reshaped 0.84 

In Tab 7 the ratio of the undrained strength q ob-u 
tained by unconfined compression tests to the field 

vane strength qv is called the strength ratio. From 

this table it is seen that due to sample disturbance 

by one source or another, the undrained strength 

obtained from tests on whatever sample is smaller -

about 10% of more than the value of the in situ 

strength. 
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Many studies have been made on the influence of 

sample disturbance on effective stress and strength 

properties. Due to samplinq,even without any mechanical 

disturbance,the in situ stress is partly released and 

the effective stress of the sample therefore decreases. 

The isotropic effective stress left in the removed 

sample is called residual effective stress. The re

lease of in situ stress leads to a decrease in the 

undrained strength. A summary of results from studies 

carried out by different investigators is presented 

in Tab 8. 

Tab 8. Decrease in undrained strength due to stress 

release. 

Soil, place Decrease,% Author, year 

Weald clay 1 Skempton and Sowa, 1963 

San Francisco 6 Noorancy and Seed, 1965Bay mud 

Boston Blue clay 7 Ladd and Lambe, 1963 

Kawasaki clay 1 0 Ladd and Varclyay, 1965 

Homoku clay 1 2 Okumura, 1971 

Kaolin 18 Davis and Paulos, 1966 

The results above were obtained from tests on normally 

consolidated clay. For oversondolidated clay the 

situation may be different. Skempton and Sowa et al, 

1963 found that due to stress release the undrained 

stregth of overconsolidated weald clay increased by 

2%. According to Okumura (1971) the source of change 

in strength properties here is not only the decrease 

in effective stress but also the change in micro

structure. For normally consolidated clays the decrease 

in undrained strength has a tendency to be greater 

for a sample with higher sensitivity. 
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The disturbance during sampling and specimen pre

paration ma_kes the stress path change. The possible 

stress pat h of normally consolidated c l ay from its 

in situ condition to the t i me it is ready t o be 

tested in a triaxial test, is illustrated in Fig 12 

(after Ladd and Lambe, 1963). 
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Fig 12. Hypothetical stress path for a normally consolidated 

clay element during tube sampling ( Ladd and Lambe, 1964 

In the figure point P with an eff e ctive stress of 

ops corresponds to the perfect sample ,whereas point 

F represents the effective stress afte r specimen 

preparation. 

The sample taken from the ground (by actual sampling ) 

with an effectiv e stress of 0 co r res ponds to point G. 
r 

The degree of sample disturbance is usually e xpressed 

by the d i fference between 0 and 0 . The decrease r ps_ 
in the effective stress from 0 to 0 l eads to de-ps r 
crease of the undrained shear strength of soft clay 

(see Tab 8). According to Ladd and Lambe and Okumura 

the undrained shear strength of soft clay decreases 

as the degree of sample disturbance increases. 
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Skempton and Sowa et al, 1963, found through their 

experiements that the slight mechanical disturbance 

due to hand-trimming of the undisturbed specimens 

caused a slight change in the effective stress path 

and a small reduction in the undrained strength. A 

complete remoulding of the specimens caused a radical 

change in the effective stress path and a reduction 

in strength to about one half of that of the field 

element (i.e. a sensitivity of 2). 

According to Samuels and Butler et al (1959) the un

drained strength of the tube specimens due to mech

anical disturbance was only about two-thirds of the 

strength of block specimens. 

d. Volume change 

Volume change caused by reconsolidation with stress 

below the in situ stress depends on the degree of 

disturbance. Bjerrum (1973), Schjetne and Brylawski 

et al (1979) found that the volume change during 

reconsolidation up to the in situ stress generally 

increases with increasing disturbance. Therefore, one 

can use the volume change during reconsolidation to 

evaluate the quality of the soil sample. 

The Norwegian Geotechnical Institut (NGI) uses the 

relative volume change as a basis for classification 

of sample quality for soft clay as follows: 

Volume change Test sample quality 

< 1 % Very good to excellent 

1 - 2% Good 

2 - 4% Fair 

4 -10% Poor 

>10% Very poor 

The volume change is expressed by the coefficient 

of volume decrease mv. In the laboratory mv is 
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evaluated directly from the oedometer curve: 

= 6e/6p 
1+e 

0 

where 

6p = load increnent 

6e = decrease in void ratio 

e = initial void ratio 
0 

The effect of sample disturbance is mainly to produce 

low value of m especially near the overburden pressure.
V 

Fig 13 will illustrate the effect of sample disturbance 

on the value of mv. 

Fig 13. The decrease in m of soft clay due to sample
V 

disturbance (after Bramham, 1971). 

In the figure the correction curve performed by the 

Schmertmann method is considered as the field (in situ) 

curve. As can be seen from Fig 13 the values calcu

lated from the field curve are considerably higher than 

those obtained directly from the laboratory consoli

dation test on soil samples. The decrease in mv is 

about 20-40% of in situ mv. 
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Okumura (1971) presented test results from his 

study of Hononoku Marine Clay, Fig 14. It can be 

said that, due to sample disturbance the coefficient 

of volume decrease m decreases considerably.
V 

- -- o:(KQ/cm1) 

s ,o-
0 a---- 1n1t!O! 05 

No 9 I 332 40 

No !l 5 9.36 

No 8 !3 96 

E 

Fig 14. Change in coefficient of volume compressibility 

due to disturbance 
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e. Void ratio - consolidation pressure curve 

The void ratio-consolidation pressure curve is use

ful for evaluation of the effect of sample disturb

ance. This is clearly illustrated in the following 

figure (Fig 15). 

Kinkai Marine Clay, Japan 
Sample No. TF 55-1-8143 
(13.5-14.Jm)

Critical 
-o- ·· Undisturbed sample. 

! 
pressure 

...,,,... •· • Remolded sample 

3.0 

-A-... -....... Q 
~ 

'tJ
·13 
> 

2.0 

-<>---...___ 
....t...._ 

--- --- ....------:::.:.o, 

1.0. 

L.____ l------1---~----~-~-~ 
5 10 50 100 500 1000 

Consolidation pressure, a (kPa) 

Fig 15. Quality evaluation by void ratio-consolidation 

pressure curve 

These void ratio - log pressure curves are drawn 

on the basis of results obtained from oedoemter tests 

(one-dimensional compression tests). The figure shows 

the difference between void ratio-log pressure of un

disturbed (perfect) and remoulded (fully disturbed) 

samples. The void ratio of the disturbed sample at 

every point is smaller than that of the undisturbed 

sample and the shape of the two curves is clearly 

different. 
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Bromham (1971) performed tests on different specimens 

of soft clay and showed his results by void ratio

log pressure curves (Fig 16). 
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Fig 16. Consolidation curves 

The figure shows the variation of position and shape 

curves due to sample disturbance. In Fig 16 can 

be seen that the curves are displaced further and 

further from the field curve (P) as the disturbance 

increases. The curve Eis the lower limit as specimen 

was remoulded. By these curves one can classify the 

effects of sample disturbance (degree of disturbance). 

Davis and Poulos (1966) received by their study on 

oedometer tests pressure-void ratio relationships 

which clearly illustrates the effect of sample dis

turbance, Fig 17. The soil studied was Kaolin. The 

tested samples had different degrees of disturbance 

evaluated by the Schmertmann method, Tab 9. 
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Table 9. Degree of disturbance of oedometer samples. 

Type of sample Degree of disturbance 

Field element 

Perfect 

Undisturbed 

Partially disturbed 

Fully remoulded 

0 

0. 17 

0.53 

0.67 

1 • 0 0 

Effective Overburden 
1-11---------+--- Pressure. 

l 
1-0 

(:,) 

0

'5 .9,____---"--.,---
0: 

"O 

~ 

.7..________.____________, 

2 10 100 
Effective Pressure P, lb/sa. in. 

Fig 17. Effective pressure-void ratio relatioships from 

one-dimensional tests 

Rutledge et al (1944) carried out tests on undisturbed, 

partially disturbed and completely remoulded specimens 

of a wide variety of soil types and deduced the follow

ing conclusions: 
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Due to mechanical disturbance, the specimens gave 

- decrease of the void ratio at any given vertical 

stress 

- obscures of the previous stress history and its 

preconsolidation pressure 

- displacement of the compression curve downwards 

from that for undisturbed specimens and decrease 

of the measured compression index. 

£.Change in the consolidation coefficient 

In general the consolidation coefficient Cv decreases 

with increasing disturbance degree of sample. A good 

example can be seen in Fig 18. 

·03!-o--,-!:--2-~-4!---:':-,5--,;!;-8--:'I! 
Oczgr•• of Disturbance. 

Fig 18. Extrapolation for field value of cv 

Fig 18 shows the relationship between degree of dis

turbance and Cv for two different effective stress 

From this figure it is clear to see the decrease in 

Cv with the degree of disturbance. The authors re

ported that the value of Cv for a field element 

(deposited Kaolin) is likely to be about 50% greater 

than that measured for a remoulded sample. 
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Ai the consolidation coefficient C depends conv 
siderably on the effective vertical pressure, the 

CV-values are usually plotted against the pressure. 

Davis and Poulos (1966) found that for Kaolin C 
V 

increases with increasing effective pressure for 

every type of sample, Fig 19. 
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Fig 19. Effect of sampling disturbance on one-dimentional 

coefficient of consolidation 

This figure also shows that at every value of the 

effective pressure the consolidation coefficient Cv 

decreases with increasing degree of disturbance 

(from field element to fully remoulded). 

Based on a study of Marine Clay, Akumura (1971) 

found that the more disturbance the sample shows, 

the smaller consolidation coefficient is. The 

author's result is presented in Fig 20. 
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Fig 20. Changes in coefficient of consolidation 

due to disturbance 

In the International Manual for the Sampling of Soft 

Cohesive Soils (1981) the relationship between the 

consolidation coefficient and the effective pressure 

of undisturbed and remoulded samples is shown in 

Fig 21. 

Kinkai Marine Clay, Japan 
Sample No. TF 55-1-8143 
(13.5 - 14.3 m) 

lxl0- 6 . 
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Average consolidation pressure,. a(kPa) 

Fig 21. Quality evaluation by coefficient of consolidation

consolidation pressure curve 
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Fig 21 shows that the decrease in the consolidation 

coefficient C due to sample disturbance depends
V 

on the range of pressure. For the effective ~ressure 

below the preconsolidation pressure the CV-difference 

between undisturbed and remoulded samples is con

siderably higher than the CV-difference above the 

preconsolidation pressure. On the other hand, the 

consolidation coefficient of greatly disturbed samples 

is relatively smallat all pressures and increases 

linearly with effective pressure (Akumura, 1971). 

Bromham (1971) has found that, for soft clay the field 

value of the consolidation coefficient is likely to be 

greater than the remoulded value by a factor of at least 

20. Fig 22 shows the effect of sample disturbance on 

the consolidation coefficient C obtained by the author. 
V 
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Fig 22. Effect of disturbance on cv 

As can be seen in Fig 22, it is clear that the de

crease of C depends on the disturbance factor x. The 
V 

more the sample is disturbed (the greater value x), 

the lower the consolidation coefficient C is. 
V 
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g.Change in preconsolidation pressure 

The preconsolidation pressure (also called the critical 

pressure or the maximum past pressure) is usually de

termined from laboratory oedometer tests. Many re

seachershave shown that the preconsolidation pressure 

may be a good indicator of sample quality. 

Because of influence of sample disturbance on the 

position and the shape of the stress-strain curve, the 

preconsolidation pressure 0; is changed. 

Bozozuk (1971) found a decrease of 40% in the 0' 
C 

for 

Gloucester Clay from 50 mm tube 

samples with that from 125 mm tube samples. The 0 1 

C 

obtained from 75 mm piston tube samples is only 75% 

of that from 200 mm samples (according to Sarrailh 

et al, 1975). However, the preconsolidation pressure 

0 1 is not affected by sampling disturbance for some 
C 

soils as reported by Rochelle and Lefebvre (1971) 

and Sarrailh et al (1975). 

VI. Correction of the laboratory test results 

Different quantitative methods for correcting the 

laboratory test results have been developed. These 

methods have been introduced in order to correct and 

make the laboratory test results much more reliable 

and correspondent to the field behaviour of soil. 

As stated, the strength and deformation properties 

of soil are very sensitive to sample disturbance and 

therefore these methods seem to concentrate in these 

two important properties. Numerous quantative methods 

have been proposed by different authors, such as 

Casagrande and Ruthledge et al (1947), Schmertmann 

(1955), Calhoon (1956), Ladd and Lambe (1963), 

Noorany and Seed (1965), Davis and Poulos (1966), 

Okumura (1971), Kuroda, Chowdhyrt and Watanabe (1981) 

Some of the proposed methods are summarized as follows: 
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1• Method for correcting oedorneter curve 

Schmertmann (1955) proposed a quantitative method 

for correcting the results of the laboratory con

solidation test for the effect of sample disturbance. 

This method is applicable for saturated organic and 

inorganic sedimentary clay deposits to clays deposited 

as a result of glacial action. The partly saturated 

and residual clays are therefore not suitable to 

this method. 

The reconstruction of true one-dimensional consoli

dation behaviour is performed by the following pro

cedures (see Fig 23) according to the author: 

'o 
C: 
::, 
0 
.a ~ u 

Laboratory recompression 

Laboratory virgii. 

Laboratory rebound 

42%• 0 

Pressure (log scale) 

Fig 23. Reconstruction of true one-dirnentional consolidation 

behavior 
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1. ''Point Eis plotted, which represents the effective 

stress and the void ratio existing in the field at the 

sample location. The effective stress is usually the 

computed overburden pressure~ If the clay is not per

mitted to swell during storage, the field void ratio 

is the computed saturated initial void ratio, e ,
0 

of the consolidation test sample. 

2. Because point E represents the initial conditions 

for field compression, a perfect stress transfer from 

field to sampler to .oedometer would result in a 

test beginning with a constant e -line at point E. 
0 

3. The value of preconsolidation pressure, pc' is 

then determined by the most suitable method. For 

example - the use of water content data is suggested 

for a uniform clay formation and the Casagrande graphi

cal construction for a test with a steep virgin slope 

and a clearly defined point of minimum curvature. 

A constant stress line x-x, is constructed at the 

chosen preconsolidation pressure value. 

4. The geologic rebound is constructed parallel to 

the laboratory rebound, goes through point E and inter

sect with line x-x at the preconsolidation point P. 

5. The initial laboratorv virgin slope is extended 

as a straight line until it intersects the 42% e -
0 

line at point I. The line I-P is then constructed. 

This line represents the position and slope of the 

upper part of the estimated virgin curve. 

6. A recompression curve is estimated for the geo

logic rebound line E-P. This curve probably merges 

with the estimated true initial virgin slope in 

such a manner that the graphical construction at the 

point of sharpest curvature will yield the precon

solidation point P. 

The heavy dashed line in Fig 23 indicates the final 

reconstruction of the estimated true field pressure-
s01 nr 198 Klintland Grafiska, Link6ping 1~6id ratio curve. II 
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As seen above the purpose of Schmertmann' s method 

is to correct laboratory data from oedometer tests 

in order to estimate the true relationship between 

void ratio and effective stress. This method was 

based on finding a point of intersection between 

the laboratory e-log p curves for an undisturbed 

specimen and a completely remoulded specimen, and 

then extrapolate from this point to the point re

presenting the field overburden pressure and the 

field void ratio. 

2. Method for estimation of the field preconsolidation 

pressure 

The Casagrande graphical method is commonly used to 

estimate the value of the preconsolidation pressure. 

In this method the sample disturbance is not taken 

into account. In some cases the sample disturbance 

makes the choise of minimum radius of curvature quite 

difficult and generally results in lower determina

tions of preconsolidation pressure. 

One of useful methods for estimating the value of 

the field preconsolidation pressure was suggested by 

Ruthledge et al (1949) and Schmertmann (1955). 

Fig 24 illustrates a method to estimate the so called 

minimum possible preconsolidation pressure suggested 

by Ruthledge and modified by Schmertmann (1955). 
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C: 

"O " 
::i 
-e 
§! 

0 

Geologic rebound / 
estimated parallel to/ 
laboratory rebound 

I__ 
Fig 24. Determination of minimum possible preconsolidation pressure 

In this ffiCthod, point Eis plotted on the basis of 

computed value of existing field overburden and void 

ratio. Through point E, line E-P representing the geo

logical rebound parallell to the laboratory rebound, 

is drawn. Point m is an intersection of the laboratory 

initial virgin slope and the geological rebound line. 

This point is considered as a minimum possible pre

consolidation pressure that must always be lower 

than the true precon·solidation value deter:... 

mined at point P. 

The true value of preconsolidation pressure is then 

determined as follows according to Schmertmann (Fig 25). 
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Fig 25. Typical utilization of laboratory pressure-void ratio 

diagram 
The true value of preconsolidation pressure is deter-

mined based on the void-ratio reduction pattern. Every 

void-ratio reduction pattern corresponds to any 

possible preconsolidation value. The symmetrical void

ratio reduction pattern is chosen for the true value 

of the preconsolidation pressure. 

3. Method to correct the shear strenqth 

As we know, a field element of soil represents its 

field water content and field effective stress. The 

ideal value of undrained shear strength could be 

obtained if the test was carried out on laboratory 

specimen of soil having the same water content and 

the same effective stress system that exists in the 

field element. However, as considerable experience 

shows, this ideal condition of laboratory specimen 

cannot exist in the laboratory. Therefore we can in 

fact determine the undrained shear strength by one of 

the two following methods: 
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Unconsolidated - undrained shear test (UU-test) 

During undrained shear tests the water content of the 

laboratory specimen is kept at that desire<l. 

Consolidated - drained shear test (CU-test) 

During undrained shear tests the effective stresses 

of laboratory specimen is kept at that desired. 

Practice and research have shown that due to sample 

disturbance the samples of normally consolidated 

clays generally show lower effective stress than that 

of in situ clays. It has been found that the undrained 

shear strength determined by UU-test is generally too 

low, whereas from CU-test it is too high (Ladd and 

Lambe, 19 6 3) . 

From the above results it is .understood that it is 

necessary to find valuable methods for correcting the 

value of the undrained shear strength. 

Some different methods have been suggested to correct 

the undrained shear strength. These methods have been 

applicable only on saturated, normally consolidated 

or slightly overconsolidated clays. Some of these 

methods are summarized below. 

a. The Schmertmann method 

Schmertmann (1956) proposed a method for determination 

of the field undisturbed strength. This method is based 

on unconfined compression tests and consolidated tests. 

In this method "undisturbed" and remoulded series 

of slowly dried unconfined compression tests and 

"undisturbed" consolidation tests are required. The 

field compression strength curve is constructed by 

the following procedure (Fig 26). 
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Reconstructed field 
undisturbed strength 

e0 • in situ void ratio 

Fig 26. Alternate method of reconstructing the field 

undisturbed strength 

Reconstruction of the undisturbed field consolidation 

curve is performed on the basis of laboratory "un

disturbed" consolidation tests to determine the true 

virgin curve. This is done according to the procedure 

described by the author in the method for correcting 

the results of laboratory consolidation tests. 

The void ratio e-log (0 1 -0 3 )-curves for "undisturbed" 

and remoulded samples are plotted on the basis of 

unconfined compression tests on slowly dried samples. 

Point C is determined by extending these curves as 

straight lines until they intersect at one point. 

The field undisturbed strength curve is constructed 

by drawing the line through point C and parallel 

to the reconstructed field virgin curve. 

SGI nr 198 Klintland Grafiska, Unkoping 1981 



49 STATENS GEOTEKNISKA INSTITUT 

b. The Calhoon method 

Calhoon (1956) presented a method how to determine 

the field strength based on a series of triaxial 

and one-dimensional consolidation tests. From re

sults of these tests the log pressure-water content 

(or void ratio) curves and log-compressive strength-

water content (or void ratio) curves are plotted. 

By this method, if the disturbance percentage in the 

undisturbed triaxial shear test specimens are known, 

it would be possible to compute the position of a 

compressive strength curve representing soil with no 

disturbance. This distBrbance percentage is determined 

on the basis of the location of the log 0 vs. w 
n 

(or e)-curve from triaxial tests in relationship with 

log 0 vs. w (ore) from oedometer tests on different n 
specimen sizes and on a remoulded specimen. The 

method was reduced from tests on saturated clay 

with some organic matters. According to the author, 

it is evident that clays of low and medium sensitivity 

may show lower shearing strength in the field than 

in the laboratory. 

c. The Ladd and Lambe method 

Ladd and Lambe (1963) proposed methods to correct 

the value of undrained shear strength measured from 

unconsolidated-undrained shear tests (DU-tests) and 

from consolidated-undrained shear tests (CU-tests) 

to that corresponding to an undrained triaxial com

pression test on a "perfect" specimen. 

In the DU-test the specimens are made as overcon

solidated samples. The authors suggest that the ratio 

a /a (ratio of the isotropic effective stress after ps r 
perfect sampling to the residual effective stress 

after actual sampling) is considered as an over

consolidation ratio (O.C.R. = o /o = ratio of vm vc 
maximum past to existing vertical consolidation 

pressures) and the DU-strengths corrected accordingly. 
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The strength from CU-tests can be corrected by 

using the Hvorslev ~ parameters (see Hvorslev ·, 1960 

p. 210 or Bishop and Henkel, 1962 p. 166 or Ladd 

and Lambe, 1963 p. 17). In this method the specimens 

are consolidated to pressures much greater than the 

in situ overburden pressure. 

d. The Okumura method 

Okumura (1971) proposed a method similar to but easier 

than that of Ladd and Lambe. The method is based on 

repeated loading tests for perfect samples and for 

taken samples. 

In this method a perfect sample is established by 

consolidation under K conditions and then releasing
0 

its deviator stress in undrained condition. A triaxial 

compression test loaded repeatedly up to failure is 

performed. For taken sample the residual effective 

stress is measured to find out its disturbance ratio 

and shear test on this sample is carried out to 

determine its disturbed strength. The test results 

are plotted in relationship between disturbed strength 

ratio (in linear scale) and disturbance ratio (in log 

scale) and the correction curve representing strength 

of perfectly undisturbed sJmples ~s then determined. 

From the above it can be said that all methods for 

correcting the shear strength are difficult and com

plicated to use in practice. They need a lot of 

specimens and test series. For example for the Calhoon 

method at least 15 specimens with different states 

and different sizes are needed and on these specimens 

series of oedometer tests, unconfined compression tests 

and consolidated quick triaxial shear tests are re

quired. For the Schmertmann method the number of 

required specimens and tests is a littleless than 

for the Calhoon method. However, the Schmertmann 
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method demands series of specimens to be cut and 

slowly dried until the approximate desired void 

ratio is reached. This procedure takes a long time 

and requires carefulness. 

The Ladd and Lambe method and the Okumura method re

quire a few specimens (only two specimens for. 

the Okumura method). However, they are still corn-

plicated. In these methods the residual effective 

stress, 0 of taken sample has to be measured and 
r 

tests have to be performed under K -conditions for 
0 

"perfect" samples. The measurement of o and test r 
procedures on "perfect" samples are rather difficult 

and complicated and demand high accuracy. 

On the other hand all these methods deal only with 

saturated sensitive,normally consolidated clays. 

For other soils there is no existing method of 

correcting the laboratory data of deformation and 

strength characteristics. 

However, these methods have indicated that the de

formation and strength parameters determined in the 

laboratory show great changes as a result of sample 

disturbance. Therefore the samplers for taking soil 

samples with good quality should be thought about 

and the effect of sample disturbance on geotechnical 

properties, especially on deformation and strength, 

should be taken into account. On the other hand it is 

necessary to establish valuable methods for the 

quantitative evaluation of the very significant 

effects of sample disturbance on the geotechnical 

properties of soils. 
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