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Instrument for in situ testing of static penetration of large diameter in boreholes 

Un instrument pour essai in-situ de pénétration statique de grand diamètre dans les forages

L.M.SOPENA, Civil Engineer, Head of Field Department, Laboratorio de Geotecnia, Madrid, Spain

SYNOPSIS: An instrument designed and developed to carry out static penetration tests in the bottoms of boreholes is des

cribed here. The instrument permits in situ testing of underground levels which would otherwise be practically impossi

ble to sample or to testify (in soils such as gravel, etc). By taking up the reaction in the borehole walls near the bot

tom, the instrument is able to test very high applied loads while measuring vertical strains during the process of soil 

identation by the cone. If the conical point is replaced by a flat disk, the test would be equivalent to a small diame

ter plate load test. Some results obtained in a steel foundry slag tip are described.

1. INTRODUCTION

The specific need for which the instrument was designed, 

and where the tests described were conducted, is a large 

waste tip on an iron and steel plant predominantly con

taining the normal materials of such activity, namely 

cinder and above all slag.

Determining the geomechanical features of this type 

of fill involves a number of varied problems, both derived 

from the actual nature of the constituting materials and 

from their heterogeneous distribution, type, etc.

Determining the typical characteristics of the fill, 

even individually, is also very difficult, particularly 

in the case of slag, where it is virtually impossible 

to obtain unaltered samples.

With the customary sampling and testing methods thus 

proving practically invalid, it was necessary to resort 

to in situ testing in order to attempt to characterize 

these dumped materials.

If large scale load tests could be viable to determine 

surface load strain values, for the study of shear 

strength values (additionally believed to be considerably 

variable in relation to the depth/effective pressure), 

both traditional in situ test types such as direct shear 

test (in view of the impossibility of cutting the test 

pieces) and normal surface tests using penetrometers, 

etc, were practically no possible.

What must also be pointed out is the great usefulness 

of this testing method where materials which are diffi

cult to sample and test, such as coarse gravels, dense 

sands, etc, are concerned, and which are also located 

at depths difficult to reach from the surface using regu

lar static or dynamic boring methods.

Thus, in principle, borehole drilling allows any desi

red depth or level to be reached in materials of this 

kind. Once the level to be tested has been reached, the 

device is lowered by simple means into the borehole and 

Lne test is performed from the surface. Taking up the 

reaction from the casing bottom end makes it possible 

to avoid the problems of transferring loads by means of 

rods, where the first problem to contend with would be 

potential rod buckling.

With this method, testing is done independent of the 

conditions of depth, reaction measuring system, etc, in

volved and it has high load capacity available (in this 

particular case up to the order of magnitude close to 

35 T) at the required depth.

The "particle size” of the material in question will 

determine the diameter of the instrument body to be used 

and the relevant cone size. The smaller the particle size,

the simpler and more economical the mechanical system 

involved will be. What is presented here is the prototype 

of the instrument and method developed to carry out sta

tic penetration tests in the bottom of boreholes, a lar

ge diameter one in this case, so the sampling is suffi

ciently representative in accordance with the particle 

size of the materials being tested (slag).

It is currently being planned to develop this prototy

pe, improving the devieces to have shown less efficiency 

(particularly the thrust and displacement measuring devi

ces) and building other types to be used, for instance, 

on less coarse gravels, sands, etc.

2. INSTRUMENT DESCRIPTION AND OPERATION

The instrument consists on three clearly differentiated 

bodies, as shown in Fig. 1. With reference to the typical 

cross-section shown in Fig. 2, the description and opera

tion is as follows:
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Double acting hydraulic jack for the 

fixing system

Fixing system composed by four meta- 

lic segments with leaf-springs 

attached

Double acting hydraulic jack for 

driving the cone

material its displacement and applied pressure are measu

red and both are recorded. Fig. 6 is a diagram of the 

general testing set-up:

A = Flexible tubing for the extension of the fixing sys

tem

B = Polietiline tubing for the retraction if the fixing 

system

C = Flexible tubing for the cone driving actuator 

D = Polietilene tubing for cone extractor 

E = Electric strand for cone displacement measurement

Figure. 2. Schematic drawing

1. An upper body formed by a double action hydraulic 

cylinder whose piston shaft is connected to the lower 

body's hydraulic cylinder or bit driving system opens 

or closes the anchoring system when activated by a hydrau

lic system controlled by a precision pressure gauge.

2. A central body is the system that anchors the device 

into the borehole walls. It consists of four metal seg

ments screwed to an equal number of layered bow springs, 

bolted to two equal and opposing round tapered pieces 

linked to the upper and lower bodies of the instrument. 

The entire system is held together by means of coil 

springs.

3. A lower body, whose task is to drive the conical 

point into the soil, is connected to the piston shaft 

head (135 mm in diameter and 60° conical angle) through 

the directly applied power of a double action hydraulic 

cylinder.

An electric system is housed along the outside of the 

hydraulic cylinder generator line with its moving end 

connected by a thin rod to the penetrometer' s conical 

point which is the device which measures displacement. 

The readings thus obtained are carried by an inner cable 

to the digital and analogical recording systems.

Fig. 3 shows the configuration of the different mecha

nical parts described here in greater detail. Figs. 4 

and 5 present two photographs of the instrument and the 

auxiliary equipment.

The operating method can be described in a simplified 

manner as follows. The instrument is introduced thorugh 

the casing pipe, suspended from a steel cable, and lowe

red to the borehole bottom. After the correct depth has 

been reached, the anchoring system fixes onto the boreho

le walls where reactions are taking up as required to 

proceed to drive the cone. As this is driven into the

Figure 4. General, view of the instrument and auxiliary 

dispositives

SPR INGS

L E A F -S P R IN G S

C E N T R A L  C R O S S -S E C T IO N

Figure 3. Detailed central section

F IX ING  SEGMENTS

HYDRAULIC JACK 

TIGHT JO INS

STEM

HYDRAULIC JACK 

T IG HT  JO IN TS

RUBBER G ASKET

STEM
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Figure 5. Detail of conical point

A, B, C, D y E = Hydraulic tubing and electric strands 

with connectors

Figure 6. General scheme of the equipment

- Anchorage. This is performed by the motion of the 

hydraulic cylinder piston, a part of the upper body of 

the instrument. Which brings together the two tapered 

pieces connected to bodies Nos. 1 & 3 in Figs. 2 & 3, 

therefore causing the anchoring segments to expand ra

dially and hold the device in place by a wedge effect.

- Cone penetration. This is achieved by direct pressure 

from the hydraulic cylinder of the lower body, No. 3 in 

Fig. 2.

- Anchorage removal. Same procedure as above but rever

sed. The laminated springs recover the anchoring segments 

and the two coil springs ensure that they close fully 

and are positioned correctly.

- Cone recovery. Same procedure as above but reversed.

- Pulling out the instrument of the borehole assembly.

3. RESULTS

The result of each test is given by the vertical displa

cement of the cone and by the pressure applied to obtain 

penetration in the borehole bottom. As the size of this 

particular cone was considerable, the driving was car

ried out over a length of more than 15 cm, thus enabling 

its penetration to be measured.

Fig. 7 shows several results of tests conducted on Bo

ring Site No. 1 at different depths (h) below the surface 

Although several digital readings made during the test

are available, its is most advisable to record the conti

nuous load-deformation curves graphically.

Figure 7. Basic graphics of tests

Aside from other potential applications, curve recording 

enables the point in time to be observed where the exter

nal tip makes contact with the soil and the actual moment 

when failure is caused by the so-called ultimate or limit 

pressure (Pl ) to be determined.

Fig. 8 is a summary of results (PL ), as a function of 

the depth involved, obtained in the different borings 

tested (Sites Nos. 1, 2 & 3). As noticed, occasional 

drops in strength occur owing to the existance of inter

mediate layers of soft materials, such as ashes, muds, 

etc. Summarising the tests, the average dispersion graph 

was plotted where tests were believed to have gone throug 

slag.

As discussed above, the purpose of the study for which 

the instrument was designed was to characterize the 

strength of slag materials found in the large slopes of 

the tip (up to 50 m high). At the same time the hypothe

sis was considered that shear strength parameters varied 

according to the depth involved or, in short, with the 

actual ground pressure involved (as a result of reduction 

of the friction component and increase of soil cohesion).

For this particular casestudy, a linear law of critical 

pressure variation was applied:

(h) (102 KPa) = 30 + 0.8 x h (m)

In the subsequent interpretation and analysis, a method 

was attempted where strains would be taken into account, 

such as those based on the theory of spherical cavity 

expansion. A cohesive and frictional model was adopted 

for the material and the equations developed by Carter 

et al (1986) were applied. Aside from the various simpli

fications required to obtain fast results, and to overco

me the added difficulty of having to take into account 

the stress-strain characteristics of the material (E,y),

BORE-

1 Penetrometer in the bore-hole

2 Coil with hydraulic and electric tubing

3 Hydraulic pressure distributor

4 Pump with manometer

5 Digital register for pressures and displa

cements

6 Analogic register
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it can be said that the final results were satisfactory 

in respect of the objectives proposed.

60

n

Figure 8. Overall test results 

4. CONCLUSIONS

In relation to the problem stated, the objectives propo

sed and the results discussed above, the following con

clusions can be drawn:

a) A prototype for a borehole bottom static penetration 

testing instrument was developed with the basic idea of 

enabling tests of soil materials to be carried out which 

would otherwise be difficult to sample or testify using 

customary methods. The vertical reaction required to dri

ve the cone is taken from the casing walls near the 

bottom.

b) Aside from obtaining high reactions, otherwise vir

tually impossible to convey by the penetration head (bu

ckling), the instrument was set up to measure the soil 

identation process, recording both the applied pressure 

and vertical displacement. In this way, the stress-strain 

curves were obtained for each test.

c) The specific prototype designed was of the so-called 

"heavy" kind in view of the particle size of the material 

tested (slag). The cone base diameter was 135 mm and the 

cone angle 60°. In other instances where the system may 

be useful (gravels, sands, etc) this diameter can be re

duced as a fuction of the specific particle size involved, 

thus making the instrument lighter, less hydraulically 

and mechanically complex and more economical. Furthermore, 

by substituting a flat disk head, a kind of small plate 

load test can be performed.

d) Results may be interpreted on a varied basis, from 

the classic failure methods to those involving strains. 

In this respect, methods based on cavity expansion theo

ries are deemed highly advisable if the geometry of the 

problem is adapted to the actual surrounding conditions. 

Along these lines, the stress-strain data obtained should 

be taken advantage of to the maximum extent.

e) Regardless of the simplifications performed and asi

de from the added uncertainty caused by the need to in

troduce other parameters, such as deformability (E) and 

dilation (V) in the equations used, it can be concluded 

that the results obtained in this specific case were suf

ficiently satisfactory. At any rate, some aspects, such 

as vertical strain measurements, offer room for improve

ment, and the bases for interpretation should be worked 

on in the future.
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