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Abstract The paper discusses the use of piezocone pen-

etration testing (CPTU) and evaluates four methods of

interpretation for predicting the deformation constrained

modulus (M) used to calculate the consolidation settlement

of cohesive soil. CPTU tests were performed at eight

embankment sites in the Lianyungang marine clay and

high-quality samples for laboratory testing were collected

close to the CPTU test locations. The constrained modulus

(M) values predicted using the different interpretation

methods were compared with the reference values deter-

mined from the laboratory consolidation tests. A new

correlation was also developed to predict M from the net

cone tip resistance (qt - rvo). The paper discusses a simple

approach to the use of the CPTU method to estimate the

settlements of expressway embankments

Keywords CPTU � Soft soil � Settlement � Constrained

modulus

Résumé L’article discute de l’utilisation du test de péné-

tration au piézocône (CPTU) et évalue quatre méthodes

d’interprétation pour la prévision du module de déformation

oedométrique (M) utilisé pour calculer le tassement de

consolidation de sols cohérents. Les tests CPTU ont été

réalisés sur huit sites de remblais reposant sur l’argile marine

de Lianyungang et des échantillons de haute qualité ont été

prélevés près des sites d’essais au CPTU pour des essais de

laboratoire. Les valeurs de module de déformation oe-

dométrique (M) prévus en utilisant différentes méthodes ont

été comparées avec les valeurs de référence déterminées à

partir des essais de consolidation au laboratoire. Une nou-

velle corrélation a également été développée pour prévoir M

à partir de la résistance au piézocône (qt - rV0). L’article

discute d’une approche simplifiée concernant l’utilisation de

la méthode CPTU pour estimer les tassements de remblais

d’autoroutes.

Mots clés CPTU � Sol mou � Tassement � Module

oedométrique

Introduction

In geotechnical practice, settlement and stability are two

primary considerations related to the design of an

embankment on soft ground (Ladd and Foott 1977; Ladd

1991; Yin 1999). With the development of expressways

and high-speed railways in China, the prediction of

embankment settlement becomes increasingly important.

Generally, elastic theory is used to predict settlement,

based on the deformation modulus and coefficient of con-

solidation of the soil. Both these parameters can be esti-

mated from laboratory tests, such as the one-dimensional

(1-D) consolidation test, conducted on the samples

extracted from the field at different depths. However, most

recovered samples have been subjected to a certain degree
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of disturbance during sampling, handling and transporta-

tion. In addition, the laboratory testing on small soil sam-

ples with some fissures or layering can be misleading hence

laboratory-derived geotechnical parameters are unlikely to

be entirely representative of the actual in situ soil condi-

tions (Pitts 1984; Hight et al. 1992; Nash et al. 1992; Zhang

1999).

The piezocone penetration test (CPTU) has become

more acceptable and popular for in situ testing, subsurface

investigation and evaluation of soil properties and there is

now much in the literature on this robust, fast and eco-

nomical method which provides continuous soundings of

the subsurface soil with depth (Lunne et al. 1997; Liu and

Wu 2004; Cai et al. 2010). The piezocone penetrometer is

capable of measuring the cone tip resistance (qc), sleeve

friction (fs), and pore pressures at different locations,

depending on the location of the pore water pressure

transducer [at the cone face (u1), behind the base (u2), or

behind the sleeve (u3)]. These measurements can be used

for soil stratification and identification and to evaluate

different soil properties such as the strength and deforma-

tion characteristics, hence the CPTU is valuable for a wide

range of geotechnical engineering applications (Konrad

and Law 1987; Abu-Farsakh 2004; Abu-Farsakh and

Nazzal 2005; Abu-Farsakh et al. 2007; Cai et al. 2009).

Several attempts have been made to calculate the con-

solidation settlement of soils using parameters derived

from in situ cone and piezocone penetration tests (e.g.,

Crawford and Campanella 1991; Oakley and Richard 1990;

Kuo-Hsia et al. 1994). Crawford and Campanella (1991)

compared the measured settlements of earth embankments

with settlements calculated from laboratory consolidation

tests, in situ piezocone tests and dilatometer tests and

reported that whilst there was good agreement between the

three methods, the actual settlement was approximately

60% greater than the average calculated value. Oakley and

Richard (1990) found that there was reasonable comparison

between the calculated settlement using cone penetration

test (CPT) data and the actual settlement, but the time rates

of settlement were only within 150% of the actual field

measurements. Kuo-Hsia et al. (1994) compared the CPT

predicted settlement with the measured settlement of an

instrumented test embankment. They reported that the CPT

appeared to be the most valuable basis for assessing the

constrained moduli and hence predicting the total settle-

ment of soft soils.

A reliable estimate of the settlement of structures on soft

soil deposits requires a more accurate evaluation of the

consolidation parameters of foundation soils. The total

consolidation settlement can be estimated from deforma-

tion moduli, such as the constrained modulus (M). In this

paper, different interpretation methods were reviewed to

estimate the constrained modulus (M) from the CPTU data.

The consolidation settlements of soils were calculated

using parameters derived from in situ piezocone penetra-

tion tests in Lianyungang marine clay sites and compared

with field measured settlements of a bridge embankment.

Objective and scope

The main objective of this study was to evaluate the current

methods and develop a new correlation to reasonably

predict the deformation constrained modulus (M) needed to

estimate the magnitude of consolidation settlement of

cohesive soils using the CPTU data. The methods investi-

gated included those proposed by Sanglerat (1972),

Senneset et al. (1989), Kulhawy and Mayne (1990) and

Jones and Rust (1995). In situ CPTU tests were performed

on saturated marine clays at eight sites in Jiangsu Province

and a laboratory testing program was undertaken to

establish reference soil parameters. The capability of the

different methods to reasonably estimate M was evaluated

and a new correlation based on net tip resistance was

developed. The results of this study were verified by

comparing the magnitude of consolidation settlements

predicted from the proposed CPTU method with the actual

field measured settlements at two selected sites.

Interpretation of constrained modulus based

on CPTU data

Many correlations have been developed to relate the lab-

oratory measured constrained modulus, M, and cone tip

resistance. The cone tip resistance can be measured (qc),

corrected (qt) or net (qn). Generally, the one-dimensional

constrained modulus, M, as measured in an oedometer test,

has been expressed in terms of a material coefficient, am,

and cone resistance:

M ¼ amqc ð1Þ

where am = correlation factor and qc is the measured cone

resistance.

In practice, it has been usual to correlate the modulus

M with penetration resistance (e.g., Mitchell and Gardner

1975; Schmertmann 1978; Jamiolkowski et al. 1985;

Senneset et al. 1989; Kulhawy and Mayne 1990). Sanglerat

(1972) developed a comprehensive array of am values for

different soil types with different cone resistance values

(Table 1). Jones and Rust (1995) found that for South

African alluvial clay, a value of am = 2.75 ± 0.55 gives a

good correlation with M. Senneset et al. (1988) developed

a correlation between M and corrected cone resistance

(qt). For silty soils, they obtained the following linear

correlation:
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M ¼ 2� qt qt\2:5 MPa ð2Þ
M ¼ 2� qt qt\2:5 MPa ð3Þ
M ¼ 4� qt � 5 2:5\qt\5 MPa ð4Þ

The corrected cone tip resistance (qt) is given by the

following equation:

qt ¼ qc þ u2 1� að Þ ð5Þ

where a is the cone area ratio, equal to 0.80 for the 10 cm2

piezocone used in this study.

For interpretation of the CPTU data, the constrained

modulus, M, may be expressed as a function of the net cone

resistance (qn). For Glava clayey soils, Senneset et al.

(1989) related the constrained modulus (M) to a linear

interpretation of the net cone tip resistance (qn) and pro-

posed the followings:

For over-consolidated clays:

Moc ¼ ao � qn ¼ ao � qt � rv0ð Þ ð6Þ

For normally consolidation clays:

Mnc ¼ an � qn ¼ an � qt � rvoð Þ ð7Þ

where Moc is the constrained modulus for the over-con-

solidated range; Mnc is the constrained modulus for the

normally consolidated range. For most clays, ao = 10 ± 5,

an = 6 ± 2; rvo is the total overburden stress.

To estimate the one-dimensional constrained modulus

M, the correlation with net cone resistance (qt - rvo) is

used in the form (Kulhawy and Mayne 1990):

M ¼ 8:25� qn ¼ 8:25� qt � rvoð Þ ð8Þ

Some correlations have been proposed between China’s

single or double bridge CPT data and the constrained

modulus M. Table 2 presents a summary of the main

correlations available to calculate the constrained modulus

from CPTU data.

Evaluation of methods to predict constrained modulus

Several sites were selected in three expressways in Jiangsu

province and boreholes were drilled in each site in order to

recover high-quality 76 mm Shelby tube samples from

different depths. The laboratory testing program included

basic soil characterization tests (water content, unit weight,

Atterberg limits, grain size distribution including

hydrometer tests and specific gravity) and one-dimensional

consolidation tests (Table 3). CPTU tests were conducted

Table 1 Estimation of

constrained modulus, M, for

clays (after Sanglerat 1972)

w = water content

M = am 9 qc

qc \ 0.7 MPa 3 \ am \ 8 Clay of low plasticity (CL)

0.7 \ qc \ 2.0 MPa 2 \ am \ 5

qc [ 2.0 MPa 1 \ am \ 2.5

qc [ 2.0 MPa 3 \ am \ 6 Silts of low plasticity (ML)

qc \ 2.0 MPa 1 \ am \ 3

qc \ 2.0 MPa 2 \ am \ 6 Highly plastic silts and clays (MH, CH)

qc \ 1.2 MPa 2 \ am \ 8 Organic silts (OL)

qc \ 0.7 MPa 50 \ w \ 100 1.5 \ am \ 4 Peat and organic clay (Pt, OH)

100 \ w \ 200 1 \ am \ 1.5

w [ 200 0.4 \ am \ 1

Table 2 Summary of methods to estimate M based on CPT/CPTU data

Methods Correlations CPTU parameters Correlation factor Comments

Sanglerat (1972) M = am 9 qc qc am depends on soil types and

cone tip resistance

Jones and Rust (1995) M = am 9 qc qc am = 2.75 ± 0.55 South African alluvial clay

Senneset et al. (1988) M = 2 9 qt qt = qc ? u2 (1 - a) Linear correlation qt \ 2.5 MPa

M = 4 9 qt - 5 qt = qc ? u2 (1 - a) Linear correlation 2.5 \ qt \ 5 MPa

Senneset et al. (1989) Moc = ao 9 qn qn = qt - rv0 ao = 10 ± 5 OC

Mnc = an 9 qn qn = qt - rv0 an = 6 ± 2 NC

Kulhawy and Mayne (1990) M = 8.25 9 qn qn = qt - rv0 8.25

Tongji University M = 3.11 9 ps ? 1.44 ps Linear correlation Coastal clay of Southeast China

Wuhan M = 3.72 9 ps ? 1.26 ps Linear correlation 0.3 \ ps \ 5 MPa

ps = specific penetration resistance
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close to the boreholes and the profiles used to calculate the

average cone tip resistance (qt) values at the same depths as

the Shelby samples. Average total overburden pressures

(rvo) were estimated.

The predicted constrained modulus (Mp) obtained fol-

lowing the methods of Sanglerat (1972), Senneset et al.

(1989), Kulhawy and Mayne (1990) and Jones and Rust

(1995) were compared with the measured constrained

modulus (Mm) obtained from the one-dimensional consol-

idation tests (Fig. 1a–d). The figures also present the best-

fit line (Mfit) of the predicted (Mp) to measured constrained

modulus (Mm) and the corresponding coefficients of

determination (R2).

The results indicate that the Sanglerat (1972) and

Kulhawy and Mayne (1990) methods over-estimate the

constrained modulus by a factor of 1.24–2.44, whereas the

Jones and Rust (1995) method tends to under-estimate the

constrained modulus. The Senneset et al. (1989) method,

however, gives a good prediction of the measured con-

strained modulus with the best-fit line of (Mp/Mm) = 1.07

and R2 = 0.97. This is consistent with the comments by

Lunne et al. (1997), who recommend using correlations

specific to a given site and updating existing correlations

with local experience.

It should be noted here that the different CPTU-M pre-

diction methods evaluated in this study were developed

using CPTU data collected from different location sites

with possibly different soil deposits. The methods may

perform well in some cases but not in others, depending on

the local soil type. This emphasizes the importance of

using local experience to calibrate existing methods or

develop better correlations between the CPTU data and the

different soil parameters such as the constrained modulus

with greater reliability.

Case study

Piezocone penetration tests

The field investigation consisted of piezocone testing at

existing embankments where settlement records were

available. The piezocone penetration device used in this

study is produced by Vertek-Hogentogler & Co. of USA.

The CPTU equipment comprised a versatile piezocone

system equipped with advanced digital cone penetrometers

fitted with 60� tapered and 10 cm2 tip area cones which can

provide measurements of cone tip resistance qt, sleeve

friction fs, and penetration pore-water pressures (u2) with a

porous filter 5 mm thick located at shoulder position u2.

The data logging system was connected to both a chart

recorder and a laptop computer so that instantaneous read-

out of cone resistance and pore pressure was available.

Water pressure can act on part of the base area of the cone

in a direction opposite to the resisting forces developed

during pushing, thus the measured total stress qc will be

reduced. To obtain the actual total stress qt, a correction

must be made to account for the design of the cone (Cai

et al. 2005). This is made directly by the field computer

data acquisition system (E4FCS) during data processing for

each set of readings through the following relationship:

qt ¼ qc þ 0:2� u2 ð9Þ

Due to the presence of fill material at the sites, prior to

cone penetration testing shallow pre-drilling was required

until saturated soil was detected. The penetration rate for

all the tests in this study was 20 mm/s, and the readings

were recorded every 50 mm of penetration. The only

difference between the standard CPT and CPTU is that the

piezocone of the CPTU must be saturated first.

Table 3 Summary of soil properties for investigated sites

Site Soil layer Depth (m) Unit weight/

(kN m-3)

Water

content (%)

Specific

gravity

Liquid

limit (%)

Plasticity

index (%)

M (MPa)

Lianyan Expressway

(Lianyungang)

Clay 1.55–2.10 17.7 42.1 2.76 54.3 24.5 4.54

Marine clay 10.50–12.85 15.1–16.4 57.0–81.4 2.75–2.76 55.0–63.5 21.6–24.6 0.79–1.57

Silty clay 21.6–24.10 18.0–19.8 23.4–38.9 2.72–2.76 26.1–52.4 12.5–23.5 4.98–13.5

Huaiyan Expressway

(Yancheng)

Clay 1.75–2.75 18.4–18.5 36.8–39.6 2.71–2.74 30.5–38.3 11.8–18.5 3.1–3.7

Soft clay 12.25–13.1 14.2–17.3 42.8–95.6 2.74–2.76 42.3–76.1 20.1–39.6 1.1–1.7

Silty clay 15.40–26.1 19.6–20.0 23.4–28.8 2.71–2.72 31.0–33.4 11.8–14.9 3.5–7.9

Linlian Expressway

(Lianyungang)

Clay 1.8–2.4 1.83–1.86 32.0–38.0 2.74 50.4–51.3 25.1–26.5 2.6–6.8

Marine clay 11.4–12.7 1.56–1.57 69.2–71.9 2.74 57.0–62.6 30.4–34.1 0.82–1.3

Clay 15.8–17.1 1.86–1.91 24.6–34.8 2.74 42.5–52.0 19.8–27.6 6.8–7.62
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Site conditions

The Lianyan Expressway is located in the coastal area of

Eastern Jiangsu province, where Quaternary marine clays

are widely distributed. The 10–12 m thick marine sediment

overlies silty clay, the top 1.5–2.0 m of which is a surface

crust. The depth to groundwater varies from 0.5 m to

1.8 m. Sand interlayers can be found below 9.0 m and

marine shells are scattered in the whole clay layer. These

deposits are characterized by a very high water content,

high plasticity, high sensitivity, high compressibility, low

shear strength and low permeability (Liu et al. 2008).

The piezocones were located at K15 ? 000, K15 ? 200,

K17 ? 000, K20 ? 800, K21 ? 200, K27 ? 550, K28 ?

900 and K30 ? 000 sections of Lianyan Expressway. As the

geological profile was established at pre-construction stage,

the CPTU tests were carried out in virgin soil adjacent to the

selected embankments. Typical profiles of qt, fs and u2, the

depth of the piezocone tests and the groundwater level are

shown in Fig. 2 for the chainage K15 ? 000. The profiles of

the CPTU sounding were used to classify the soil using the

soil type classification chart.

Figure 2 indicates a relatively homogeneous marine clay

deposit with a 2 m thick surface crust. The soft soil layer is

present below the crust. The depth extends to a depth of

11.5 m and has a water content of about 75.4%. Below this

layer, the average water content decreases to about 52.9%.

Below 2 m qt increases slightly, below which it increases

markedly. This increase in pressure coincides with a

notable drop in pore pressure. The change in tip resistance

and pore pressure coincides with a change in the materials,

as identified from the drilling reports.
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The eight sections were all pre-loaded hence compari-

sons of measured settlements with laboratory test-based

predictions and with CPTU-based predictions require a

definition of settlement and its components. The measured

total settlements were divided into immediate settlement,

primary consolidation and secondary compression. In some

cases this sub-division was possible on the basis of avail-

able field and laboratory results while in other cases some

assumptions were necessary regarding stress conditions,

relative values of drained and undrained moduli and

Poisson’s ratio. The results show that the overall conclu-

sions are not sensitive to these assumptions; nevertheless

the distinction of the individual settlement components is

important (Jones and Rust 1995).

Table 4 presents a brief summary of each embankment

giving the height and the laboratory predicted and field

measured settlements from the settlement plate. An esti-

mate is then made of the yield and secondary components

of the measured settlement, and these are subtracted from

the total settlement so that the am calculated represents only

the immediate and primary consolidation settlements. At a

number of embankments more than one data set is given;

this reflects the extent of the available settlement records

which could be correlated with piezocone results.

Back analysis of correlation factor

The results indicate that, as expected, for the Lianyungang

marine clay, the relations based on net cone tip resistance

(qn) predicted the measured constrained modulus (M) of the

different sites better than the other two CPTU measured

parameters (qc and qt). In order to calibrate existing

methods or develop correlations with greater reliability, the

correlation factor (am) was back-analyzed based on CPTU

data and measured settlements of the K15 ? 000 and

K15 ? 200 sections of the Lianyan Expressway. Accord-

ing to the layer-wise summation method widely used in

China, the total settlement, S, can be predicted using the

piezocone data through the evaluation of the constrained

modulus, M, using the following equation:

S ¼
Xn

i¼1

DPiDhi

Mi
¼
Xn

i¼1

DPiDhi

a � qi
¼ 1

a

Xn

i¼1

DPiDh

qi
ð10Þ

a ¼ 1

S

Xn

i¼1

DPiDh

qi
ð11Þ

where S is the total settlement; DPi is the applied stress in

the i soil layer (kPa); Dhi is the thickness of the i soil layer;

Mi is the constrained modulus of the i soil layer (kPa); qi is

the cone tip resistance of the i soil layer (kPa), such as

measured cone tip resistance qc, corrected cone tip resis-

tance qt, net cone tip resistance qn. a is the correction

factor, as shown in Table 2. a can be ac corresponding to
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Fig. 2 Typical CPTU profiles

for chainage K15 ? 000

Table 4 Measured and predicted settlement data for Lianyan CPTU

sites

Number Location Embankment

height

Lab test-based

settlement

(mm)

Measured

settlement

(mm)

1 K15 ? 000 2.38 450 713

2 K15 ? 200 1.96 476 651

3 K17 ? 000 2.48 433 616

4 K20 ? 800 2.28 374 282

5 K21 ? 200 2.81 573 760

6 K27 ? 550 2.20 375 343

7 K28 ? 900 1.96 373 421

8 K30 ? 000 1.46 227 392
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measured cone tip resistance. a can be at corresponding to

corrected cone tip resistance. a can be an corresponding to

net cone tip resistance.

The back-analyzed correction factors are shown in

Table 5 which indicates the mean of ac is equal to 3. Eval-

uating the embankment settlement based on the CPTU data,

the mean value of at is 3.20 and the mean value of an is 3.60.

Verification of settlement results

The results of this study were verified by comparing the

predicted consolidation settlements using the three differ-

ent back-calculated correlation factors with the measured

field settlements in six other expressway sites. For settle-

ment calculations in these sites, the constrained modulus

(M) for each soil layer was predicted using both the mea-

sured cone tip resistance, corrected cone tip resistance and

the net cone tip resistance value of the soil layer. The

embankments were instrumented with settlement plates to

monitor the consolidation settlement with time. The

observed and predicted results for vertical settlement are

shown in Table 6.

The comparison shows that the CPTU interpretation

method predicted the total consolidation settlement better

than the laboratory calculations. In addition, the variation

in the laboratory-calculated results is much greater than

with the CPTU interpretation method. This is an indication

of sample disturbance. The laboratory method over-esti-

mated the settlement values by 42% for the section of

K17 ? 000. However, the net tip resistance and corrected

cone tip resistance can predict the total consolidation

settlements better than measured cone tip resistance; the

corrected cone tip resistance gave a value of 98% of the

actual field settlement. The net cone tip resistance corre-

lation factor gave a value of 99.5% of settlement, indi-

cating good agreement between CPTU-predicted and field

measured settlements.

The study has shown that for the Lianyungang marine

clay (mainly peat), the deformation constrained modulus

can reasonably predict the magnitude of settlement based

on corrected cone tip resistance and net cone tip resistance,

with correlation factors of at = 3.20 and an = 3.60. The

Senneset et al. (1989) method based on qn shows a good

prediction of the laboratory measured constrained modulus

with the correlation factor an equal to 3.60 and R2 = 0.96

(Fig. 3). This proved that the laboratory tests results on

undisturbed samples are reliable. However, the laboratory

tested constrained modulus over-estimated the settlement

values by 21% for the six sections.

Summary and conclusions

CPTU interpretation methods to predict the deformation

constrained modulus (M) were evaluated for use in the

calculation of the consolidation settlement of cohesive soil.

Eight sites in the Jiangsu province of China were used in

this study. In each site, CPTU soundings were performed

and used to predict the M values using the different inter-

pretation methods. The predicted M values obtained from

the different CPTU interpretation methods were compared

with the laboratory reference M values. The reliability of

the different interpretation methods was evaluated. Based

on the field measurement and back-analysis settlement

data, a new CPTU-based method for predicting the settle-

ment of embankment on soft clays is proposed, which uses

the net cone resistance qn and requires no additional

experimental process for soil sampling and laboratory

testing. The following conclusions are drawn:

Table 5 Constrained modulus correlation factor from back-analysis

Number Embankment Settlement

(mm)

ac at an

1 K15 ? 000 713 2.81 3.27 3.67

2 K15 ? 200 651 3.24 3.07 3.55

Mean 3.03 3.17 3.61

Table 6 Comparison of CPTU-predicted, laboratory-calculated and field-measured settlements for the six embankments

Number Location Measured

S (mm)

Laboratory-

calculated

Slab (mm)

S/Slab ac = 3.00 at = 3.20 an = 3.60

CPTU-predicted

Sqc (mm)

S/Sqc CPTU-predicted

Sqt (mm)

S/Sqt CPTU-predicted

Sqn (mm)

S/Sqn

1 K17 ? 000 616 433 1.42 725 0.84 661 0.93 645 0.96

2 K20 ? 800 282 374 0.75 299 0.94 297 0.95 270 1.04

3 K21 ? 200 760 573 1.33 833 0.91 796 0.95 767 0.99

4 K27 ? 550 343 375 0.91 398 0.86 363 0.94 361 0.95

5 K28 ? 900 421 373 1.13 442 0.95 394 1.06 400 1.05

6 K30 ? 000 392 227 1.72 439 0.89 368 1.06 402 0.98

Mean 1.21 0.90 0.98 0.995
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1. The predicted constrained modulus (Mp) obtained from

four CPTU interpretation methods were compared

with the measured constrained modulus (Mm) from the

one-dimensional consolidation laboratory tests, and the

best fit line of (Mp/Mm) and the corresponding

coefficient of determination (R2) were determined.

A comparison of the results and arithmetic analysis

(mean and standard deviation) showed that the

Senneset et al. (1989) method has a better prediction

of M than the other three methods. The Sanglerat

(1972) and Kulhawy and Mayne (1990) methods over-

estimate the constrained modulus by a factor of

1.24–2.40 times, while the Jones and Rust (1995)

method under-estimates the constrained modulus by a

factor of 0.84 times. Linear correlations were devel-

oped between M and the net cone resistance qn with a

correlation factor (an = 4.0).

2. The findings of this study were verified by comparing

the predicted settlements using the proposed CPTU

correlation and the back-analysis, laboratory-calcu-

lated settlement, and actual field settlements measured

using settlement plates in the eight selected sections.

The results demonstrated that the CPTU method can

predict the magnitude of settlement better than the

laboratory-calculated estimates using parameters

obtained from the consolidation tests. For the Lian-

yungang marine clay, the correlation factors between

the constrained modulus and CPTU parameters (e.g.,

qc, qt, qn) are ac = 3.00, at = 3.20, an = 3.60 from the

settlement back-analysis.

3. The results also showed that the constrained modulus

from the net cone resistance qn can reasonably predict

the consolidation settlements.

In general, the CPTU method is fast, continuous, reli-

able, easy to operate and independent of all the operator-

subjective influence involved in the traditional combination

of borings, sampling and testing. As a consequence, it is

considered particularly suitable for use in predicting

embankment settlements.
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