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1 INTRODUCTION

Gravity-sampling provides a relatively quick and 
economical method of obtaining samples of surficial 
soils during offshore projects.  Figure 1 presents a 
photograph of a typical gravity sampler, showing the 
top-weight and sampler barrel.  It is often observed 
that gravity-sampler (sampler) penetration exceeds 
sampler recovery.  This discrepancy is typically at-
tributed to poor equipment performance or unsuita-
ble testing procedures, or because soil has fallen 
from the base of the sampler during retrieval.  An-
other possibility, however, is that the soil recovery is 
less than the sampler recovery because the sampler-
tube has temporarily “plugged” at one of more eleva-
tions during penetration as a consequence of the soil 
characteristics, rather than any problems with the 
gravity-sampling equipment or sampling procedure –
this possibility is the primary subject of this paper.

2 SCOPE OF PAPER

The scope of this paper encompasses: 
Estimating the velocity of the sampler at seafloor.
Predicting the penetration of the sampler, i.e. the

penetration at which the resistance to sampler
penetration equals the effective weight of the 
sampler.

Predicting unplugged-plugged behaviour and total
sample recovery.

Presenting an example illustrating predicted and
actual penetrations and recoveries at an offshore
site. 

 Discussing the results and presenting recommen-
dations on how the approach might be improved
on future projects. 

Top-weight 

Sampler-barrel 

Figure 1: Generic gravity-sampler

.

ABSTRACT: Gravity-sampling provides a relatively quick and economical method of sampling soils, typical-
ly within 6m of seafloor, during offshore projects.  This paper presents a proposed approach for predicting 
gravity-sampler penetration and sample recovery, when nearby Cone Penetration Test (CPT) data are availa-
ble.  The CPT data are used to predict the resistance to gravity-sampler penetration, and the relationship be-
tween the internal friction in the sampling tube and the plugged end-bearing of the sampler, which is an im-
portant predictor for whether or not soil enters the sampling tube, i.e. whether the soil sampler will behave 
“unplugged” or “plugged”.  Knowledge of the unplugged-plugged behaviour of the gravity-sampler is neces-
sary, for more reliable assessments of geotechnical boundary elevations and for some types of geohazard as-
sessments.
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3 THEORY 

3.1 Estimating the velocity of a gravity-sampler at 
seafloor 

The drag, F, on a sampler with projected top-weight 
area, Ap, passing at velocity, v, through seawater can 
be calculated as: 

2 / A *  v* s  * C = F p

2

wd  (1) 

where Cd is the drag-coefficient and sw is the 
density of seawater. 
 

The terminal velocity, vterm, is the limiting veloci-
ty of the sampler.  It occurs when the induced drag 
equals the submerged static weight of the sampler, 
Fs, as shown in Equation 2. 

0.5

pwsdsterm )]A *   * (C / )F * [(2 = v   (2) 

The key unknown parameter in Equation 2 is the 
drag-coefficient, Cd.  In the absence of specific 
measurements, it is considered likely that the Cd of a 
typical gravity sampler is likely to be in the range 0.4 
to 0.8. 

3.2 Predicting the soil resistance to sampler 
penetration 

Soil resistance to sampler penetration can be esti-
mated using adjacent CPT data – with cone re-
sistance, qc, used to calculate end bearing, and sleeve 
friction, fs, used to calculate friction inside and out-
side the sampler. 

Total soil resistance to sampler penetration, Fr, 
can be calculated using Equation 3. 

minplugunplugr ]F ,[F = F  (3) 

where 
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and 

)z - (z * f *  * D + q * A = F deadsextcextplug   (5) 

Key parameters to note in Equations 4 and 5 are: 
 zdead, the “dead zone” behind the sampler tip, 

where external friction is not mobilised during 
plugged penetration, 

   a factor to account for the reduced friction be-
tween the soil and the inside of the sampler-
barrel. 

 zplug, the accumulated length of plugged penetra-
tion at any elevation – zplug is used to ensure the 
internal friction is calculated taking account of 
any ranges of plugged penetration. 

 
Experience suggests that typically zdead would be 

expected to be between three and five diameters be-

hind the sampler-barrel tip during plugged penetra-
tion, and   would be expected to vary between 
0.05 and 0.2 depending on the geometry of the shoe 
of the sampler-barrel. 

3.3 Predicting the effective weight of the gravity-
sampler 

A simple method for assessing the gravity-sampler 
penetration is to assume that the gravity-sampler will 
stop when the soil resistance is equal to the effective 
weight of the sampler, where the effective weight of 
the sampler is equal to its static weight, plus a dy-
namic component induced by the deceleration of the 
sampler from its velocity at mudline to zero at the 
final penetration.  The average dynamic component 
of deceleration, ad, for any penetration below sea-
floor, can be calculated using Equation 6: 

z)*(2 /  v= a
2

sd  (6) 

Consequently, the effective dynamic weight of 
the sampler, Fd, for any final penetration below sea-
floor can be calculated as: 

1)-g(a *m = F dsd   (7) 

where ms is the mass of the sampler. 

3.4 Predicting unplugged-plugged behaviour and 
total sample recovery 

By calculating the unplugged and plugged resistanc-
es, Funplug and Fplug throughout the cone profile (us-
ing Equations 4 and 5) it is possible to predict the 
ranges of elevation over which plugging is predicted 
to occur, i.e. where Fplug is less than Funplug.  The to-
tal recovery is then calculated by accumulating rang-
es of elevation where unplugged penetration.  As for 
predicting the sampler penetration, key parameters in 
the assessment of unplugged-plugged behaviour are 
zdead,   and zplug. 

4 EXAMPLE 

Figures 2 to 4 present comparisons of predicted and 
actual penetrations and recoveries at an offshore site 
in more than 1,000 metres of water.  Figure 5 pre-
sents more detailed results at one of the locations, 
and illustrates how temporary plugging can occur at 
more than one range of elevations during sampler 
penetration. 

For this example, the following supporting inputs 
were used. 
 Mass of gravity-sampler = 550kg (exception Loca-

tion 9 {330kg} – shown with open symbols on 
Figures 2 and 3). 

 Projected area   of sampler top-weight = 0.2m2 
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 Height of gravity-sampler top-weight above sea-
floor when sampler released = 9m 

 External diameter of sampler = 0.105m 
 Internal diameter of sampler = 0.086m 
 Assumptions: 

 Drag coefficient, Cd = 0.4 
 Sampler velocity at mudline = 12m/s (except 

Location 9 {8m/s} due to lower top-weight 
and reduced drop height – shown with open 
symbols on Figures 2 and 3) 

 Dead-zone, zdead = 4 core-barrel diameters 
   = 0.05 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Actual versus predicted penetration 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Actual versus predicted recovery 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Summary of penetrations and recoveries 

5 DISCUSSION 

Comparisons between the predicted and actual sam-
pler penetrations are encouraging, with predicted 
penetrations generally within -15% of the actual 
penetrations and sample recoveries generally within 
+/-10% actual recoveries. 

It is notable that the predicted penetrations tend to 
be less than the actual penetrations.  This is consid-
ered to be because average decelerations have been 
used for predictions, whereas decelerations will be 
lower in the softer soils close to seafloor and higher 
as the sampler reaches its final penetration, thus in-
creasing the effective weight of the sampler, and 
thus its final penetration. 

It is interesting to note that the data suggest that at 
one location, the sampler was not working properly.  
The results at this location, which are shown with 
larger symbols on Figures 3 and 4, indicate that the 
actual recovery is much lower than the predicted re-
covery, and not consistent with the performance of 
the gravity-sampler at other project locations. 

At this site, “typical” values of Cd, zdead,   and vs 
yielded reasonable estimates of sampler penetration 
and sample recovery.  However, it is possible that at 
other sites, better agreement would be obtained with 
other combinations of values. 

In order to improve the reliability of the approach: 
 An accelerometer could be attached to the 

top-weight, thus enabling vs and ad to be 
measured, rather than assumed. 

 Earth pressure sensors could be attached to 
the external and internal surfaces of the 
sampler-barrel, thus enabling the internal 
and external unit frictions to be measured 
rather than assumed. 
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Figure 5: Example of more detailed results 

6 CONCLUSIONS AND RECOMMENDATIONS 

1. A proposed approach for predicting gravity-
sampler penetration and sample recovery, when 
nearby CPT data are available, has been pre-
sented. 

2. The approach can be used to assess ranges of 
penetration where plugging is likely to have oc-
curred.  This information could be critical for 
reliable assessments of geotechnical boundary 
elevations and for some types of geohazard 
evaluations. 

3. The approach results in slight underestimates of 
predicted penetrations, probably due to the as-
sumption that deceleration of the sampler is 
constant over the penetration length, whereas it 
is likely that decelerations will be greater as the 
sampler reaches its final penetration. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Predicted sample recoveries at an example 

deep-water site, are typically within +/-10% of 
the actual recoveries. 

5. The approach might be used to identify loca-
tions at which the sampler may not have been 
working properly. 

6. The reliability of the approach could be ratified 
and/or improved by adding an accelerometer to 
the top-weight and earth-pressure sensors to the 
sampler-barrel. 
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7 SYMBOLS AND TERMS 

Aext  Base area of sampler-barrel (m2) 
Aann  Annulus area of sampler-barrel (m2) 
ad  average dynamic deceleration for a  

given final depth below seafloor (m/s2). 
Atw  Projected area of sampler top-weight 

(m2) 
Cd  Drag coefficient ( - ) 
CPT  Cone Penetration Test 
Dext  External diameter of sampler-barrel 
Dint  Internal diameter of sampler-barrel 
fs  CPT unit skin friction (kPa) 
g  acceleration due to gravity 
ms  total mass of gravity sampler (kg) 
qc  CPT cone resistance (kPa) 
vs  velocity of gravity sampler at seafloor 

(m/s). 
Fd  Effective dynamic weight of sampler for a 

given z (kN) 
Fs  static weight of sampler (kN) 
Fext  external unit skin friction (kN) 
Fr =  Total soil resistance to sampler 

penetration (kN) 
z  penetration below seafloor (m) 
zdead  the “dead zone” behind the sampler tip, 

where external friction is not mobilised dur-
ing plugged penetration (m) 

zplug   the accumulated length of plugged 
penetration (m) 

  factor to account for reduced friction 
 inside of sampler-barrel ( - ) 

sw  density of seawater (Mg/m3) 
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