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The Osterberg load cell as a research tool 
La cellule d’Osterberg comme instrument de recherche

J.O.Osterberg — Professor Emeritus, Northwestern University, Evanston, Illinois 
J.A.Hayes -  President, LOADTEST, Inc., Gainesville, Florida

ABSTRACT: The Osterberg Cell (O-cell) method has become useful in researching the processes involved in mobilizing the side 
shear and end bearing capacity of bored and driven piles. The O-cell has been used to investigate the effects of aging on side shear, of 
construction methods on end bearing, and the effect of cyclic loading on side shear at depth. The O-cell method uniquely provides a 
way to measure lateral loads and side shear resistance in isolated zones of interest along a foundation pile.

RÉSUMÉ: La cellule d'Osterberg (O-cell) est devenue une méthode utile dans la recherche des processus impliqués dans la 
mobilisation de la capacité de frottement latéral et de résistance de pointe de pilier forés et enfoncés. L'O-cell a été utilisée pour 
étudier les effets du vieillissement sur le frottement latéral, des méthodes de construction sur la résistance de pointe, et sur les effets 
des charges cycliques sur le frottement latéral en profondeur. L1 O-cell est une méthode unique qui permet de mesurer les charges 
latérales et la résistance au frottement latéral dans des zones d'intérêt bien définies, le long de piliers de fondations.

1 INTRODUCTION

The Osterberg Load Cell (O-cell) is a jack-like 
hydraulic device placed at the bottom or/and some distance up 
from the bottom (Fig. 1). When pressure is applied to the device, 
an equal upward and downward force is applied to the pile. The 
load is determined from a load-pressure calibration 
curve. The downward force is resisted by the side shear and 
therefore no overhead load frame or dead weight reaction is 
needed. The test is continued until either the ultimate in side 
shear, the ultimate in end bearing or the capacity of the O-cell is 
reached, which ever occurs first. Since the upward and downward 
loads are always equal, the tested capacity is equal to 2 , or more, 
times the load indicated by the O-cell.

Results of a typical O-cell test in soil are shown in 
Fig.2. Note that as the load is applied, very little upward 
movement occurs until just before the ultimate shear resistance is

reached and that the downward movement, representing 
compression in end bearing is much larger than movement in 
side shear at less than the ultimate load in side shear. This 
characteristic smaller movement required to mobilize side shear, 
as compared to end bearing, is clearly observable in an O-cell 
test. Also shown in Fig. 2 is a typical load-downward movement 
curve for a test in which the bottom has not been sufficiently 
cleaned causing a large initial downward movement (soft base).

Osterberg (1998) described a method of constructing 
an equivalent top-down curve from O-cell test data. This curve is 
initially constructed assuming that the concrete shaft is 
incompressible and that the upward side shear is equal to the 
downward side shear. Ogura (1996) showed with full scale tests 
in which piles were first pushed up with the O-cell and then 
pushed down, that the ultimate side friction up and down were 
the same. At any arbitrary load on the load-downward movement 
curve, the settlement is determined. Then the load for that 
deflection on the upward movement curve is determined. The 
sum of the upward and downward loads at this deflection is the 
equivalent top down load for this movement. The process is 
continued until enough points are determined to draw the top 
down curve. This initial top load curve is then modified for the 
additional elastic compression that would occur in a top down 
test (Schmertmann 1996). The equivalent top down curves 
derived from the test data shown in Fig. 2 are shown in Fig. 3.

TYPICAL O-CELL TEST DATA
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Fig. 3. The Equivalent Top Down Curve for the 
Test Data shown in Fig. 2

A kentledge test (dead weight reaction) was made in 
Singapore on a pile 1.2m in diameter and 37m deep. 10m from 
this test an O-cell test was made on a pile of the same 
dimensions. A comparison of the two tests is shown in Fig. 4. 
Since the O-cell test was completed several weeks before the 
kentledge test it was possible to make a “Class A” prediction of 
the top load curve. The only significant difference between the 
load curves was the larger creep measured in the kentledge test 
beyond 1.5 times the working load. The creep was larger 
because of 1-hour holds at each load interval compared to 4- 
minute holds in the O-cell test. These test results and the 
previous information that the total side shear (but not the 
distribution of side shear along the pile length) is independent of 
whether the pile is pushed up or down, demonstrate the validity 
of the constructed equivalent curve.

2 THE O-CELL AS A RESEARCH TOOL

Approximately 600 tests have been made with the 
Osterberg load test method in over 15 countries under different 
soil and rock conditions. The largest test load to date was on a 
bored pile which reached an ultimate pile capacity of 134MN. 
Piles up to 2m in diameter and 96m deep have been tested. 
Many tests have been made using O-cells placed at two different 
levels to determine the ultimate shear for layers of different 
properties. The largest O-cell is 870mm diameter with a load 
capacity of 27MN. When larger loads are required three or more 
O-cells are place at the same level.

As experience and test information accumulated, it was 
realized that the O-cell method was a useful tool for research on

Comparison of Test Curves
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Fig.4. Kentledge Test vs. O-cell Equivalent 
Top-Down Load-Settlement Curve

the behavior of driven and bored piles. The following 
characteristics of the test method make various types of research 
possible:

1. Side shear and end bearing measured separately.
2. Test load can be maintained for any time length.
3. Lateral loads can be applied to a pile
4. Cyclic loading can be applied indefinitely.
5. Piles inclined at any angle can be tested.
6 . Rock sockets can be tested independent of the 

overburden.
7. Loads can be applied at any zone of interest

3 EXAMPLES

3.1 Effect of disturbance on distribution between side shear and 
end bearing

Osterberg (2000) reported that insufficient bottom cleaning has a 
large effect on the load-downward movement curve. Fig. 3 
shows the top down curve for a typical O-cell test for a case with 
no significant bottom disturbance and a top down curve where 
there is unacceptable disturbance. At a working load of 3.6MN, 
the disturbance has almost no effect on the top down curve 
because virtually all the load is taken in side shear with small 
deflection. However, as the load is increased only a small 
amount over the working load, the side shear reaches its ultimate 
and the increase is taken in end bearing. Due to bottom 
disturbance, the settlement increases rapidly with increased load 
until the disturbed material on the bottom has been compressed 
sufficiently. At the working load the settlement of the top of the 
pile is 3.8mm for both the undisturbed and disturbed case. At 1.5 
times the working load the settlements are 10mm and 40mm 
respectively. Therefore the factor safety for the disturbed case is 
far below 2. Thus a top-loaded (kentledge) test made on this test 
pile with an undisturbed bottom would indicate an acceptable 
pile. A top-down test on a working pile with bottom disturbance 
similar to that shown in Fig.3 would show that the pile is 
unacceptable but the nature of the defect would be unknown. 
The O-cell test, however, clearly shows that the deficiency in 
such cases is due to construction technique and not due to any 
inherent deficiency in the foundation soils.

The importance of sufficient bottom cleaning is often 
underestimated. While some bottom disturbance is permissible, 
just how much is unknown. Research is needed to determine the 
best acceptable methods and procedures for bottom cleaning, 
and a more reliable method of measuring bottom disturbance.

Disturbance of the walls of the hole for bored piles can 
cause considerable reduction in side shear. A number of tests 
made with the O-cell have shown that after drilling and cleaning 
the hole, leaving it open for too long before concreting can 
greatly reduce the side shear capacity. Research is needed to 
determine the proper construction methods required for 
minimum disturbance.

3.2 Time effects on side shear capacity

It long has been known that for driven piles the side shear 
capacity increases with time for many soil types. This 
phenomenon is widely known as “pile freeze” and “pile setup”. 
By using the O-cell, the ultimate side shear resistance is 
measured independent of the end bearing and can be used to 
retest a pile many times over long periods without the necessity 
of reinstalling a test frame or a reaction load (kentledge). A study 
reported by Bullock (1999) gives results for piles driven at five 
sites having soil properties varying from dense fine sand to soft 
to medium stiff silty clay. Each site was a future location of a 
bridge to be constructed by the Florida Department of 
Transportation. One test pile was driven at each location. All 
piles were precast prestressed concrete 457mm (18 inches) 
square with the O-cell cast in the bottom. The ultimate side shear
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of each pile was determined by pushing the pile upward with the 
O-cell as soon after driving as possible and then repeated at time 
intervals approximately double the previous interval with the 
results plotted on a semi-logarithmic graph. The shortest pile, 
10m long driven into dense fine sand, was tested to 240kN (27 
tons), and the longest pile, 27m long driven into layers of sand 
and silty sand was tested to 2450kN (275 tons). Tests were 
repeated for up to a 3-year period.

Fig. 5 gives the results of the tests at the five sites in 
terms of the ratio of the side shear strength at any time to the side 
shear strength at one day (called setup ratio). The symbol “A” 
denotes the setup ratio for one time cycle, i.e. from 1 to 10 
days, 10 to 100 days, etc. Notice that for dense sand there was an 
increase in strength of 25% for the first year and the largest 
increase (soft to medium stiff silty clay) for one year was 75%. 
Pore pressure measurements at various positions along the piles 
indicated that even after the pore pressures that developed as a 
result of pile driving had dissipated, the side shear capacity 
continued to increase linearly with the logarithm of time. The 
Louisiana Department of Transportation as well as Dr. Sam 
Paikowsky at the University of Massachusetts (Lowell) carried 
out similar long-term O-cell tests to assess ageing effects.

3.3 Side shear in rock sockets

Over 50 tests have been made on rock sockets in bored piles. 
Tests are made so that the sockets are tested independently of 
any effect of the overburden. This can be done by placing the O- 
cell on the bottom of the socket and filling with concrete only to 
the top of the socket or by placing the O-cell on the top of the 
socket and filling the entire pile with concrete. By using an 
additional O-cell at the bottom of the socket, both the ultimate 
side shear and end bearing can be obtained. Osterberg (2000) 
discussed the results of 22 of these socket tests results in highly 
weathered shale, weathered granite, bedded sandstone, siltstone, 
claystone, highly fractured limestone, and hard competent 
limestone. In 15 of the 22 tests the ultimate either in side shear or 
in end bearing was not reached. In all but two cases, the test load 
was carried to more than 4 times the design load and in many 
cases 10 times the design load. This indicates that almost all the 
rock sockets were over designed. An O-cell test carried out to a 
loading of 72Mpa (725 tons/sq.ft.) in end bearing on limestone 
far exceeded the loading allowed by the local building code.

In all but a few of these 22 tests, the design engineer 
felt that the values in end bearing and side shear validated the 
design assumptions, and no effort was made to modify the 
design to gain considerable economy in the cost of drilling the 
rock sockets. Unfortunately, the great majority of tests made
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Fig. 5. Increase o f ultimate side shear with time 
From Bullock (1999)

with the O-cell, were made as proof tests rather than tests to 
determine economical and safe values for design.

3.4 Lateral load tests

A unique way of using the load cell for a lateral test in a rock 
socket at some depth has been developed by Professor Michael 
O’Neill and reported by Majano (1998). The object was to 
produce a p-y curve for a rock socket in sandstone for a bored 
pile to be drilled in a river for a bridge. Since there would be 
only a small amount of sand over the sandstone in the riverbed 
there would be no lateral resistance above the top of the rock. 
Because it would be difficult and impractical to perform a test in 
the river, a shaft was drilled on shore to the top of the sandstone 
and a casing inserted to the top of the rock. The overburden was 
cleaned out to the rock surface and 1.2m diameter by 1,6m depth 
socket was drilled into the sandstone. A 27MN capacity O-cell 
having two rectangular plates with dimensions equal to the depth 
and diameter of the socket welded to the top and bottom was 
used. The assembly was inserted vertically along the socket 
centerline and the socket then filled with concrete. Before 
inserting the assembly, the bottom of the socket was greased so 
that the forces of the two plates would be uniform against the 
two halves of the socket. The socket was then tested by three 
load cycles. The results were corrected for the effect of the 
overburden and to conform to the actual dimensions of the 
sockets for the piles to be bored in the river.

4 CONCLUSIONS

The unique ability of the O-cell method to apply loads at 
isolated zones of interest in a deep foundation makes it very 
useful as a research tool. The method has been used successfully 
to investigate ageing effects, lateral load modulus in rock sockets 
at depth, cyclic loading effects and the effect of construction 
technique on bored pile capacity. Future research uses may 
include the measurement of residual stresses in driven piles.
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