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ABSTRACT 
Dynamic penetration testing is certainly the oldest of geotechnical in situ tests and it was invented 

to investigate mechanical soil characteristics and to design engineering work. It is largely used to 

design prefabricated pile foundations, since the drive model is analogous. From the literature it is 

known that there is a great variety of kinds and characteristics of the dynamic penetrometers; but a 

number of countries follow the German standards (DIN) and, therefore, they use equipment with 

identical characteristics. Yet there donôt exist correct correlations between the results of penetration 

testing and soil mechanical parameters; moreover, there are no correlations between the results 

obtained from different penetrometers. This paper is an attempt to provide fundamental information 

comparing the super heavy Italian penetrometer Meardi AGI and the German heavy SRS.  

KEYWORDS: SPT, dynamic penetration test, Meardi AGI, SRS, rods, skin friction, 

correlation. 

 

INTRODUCTION  

It is known that penetration soundings serve in general to investigate soils with an irregular profile, to 

individualize possible zones with a lack of resistance that were not included from the investigation 

executed by direct soundings and to obtain a possible valuation of the relative density of the soils 

provided with scarce other null cohesion. Given that the soils with an irregular stratigraphic trend 

constitute the greater part in comparison with those with a regular trend, it must be said that the direct 

soundings executed in the first case give huge margins to interpretation. 

The main problem which emerges from this study is that, even though the dynamic penetration test 

with sampler (SPT) is standardized (also only concerning the sampler, the mass of hammer and the fall 

height), the dynamic penetration testing with the conical point, in contrast, is not standardized. This 

was tried to be solved through the emanation of International Reference Procedures (ISSMFE) or 

through the European standards, which suggest guidance, but in general there are not any accurate 

correlations between the values obtained from penetrometers with a conical point and the geotechnical 

properties of the soils. The values deduced from the test give qualitative and quantitative indications of 

the characteristics of the underground and they have a great application in soil mechanics.   

It is well known that a conical object fixed through subsequent blows meets a resistance, which is 

direct proportional to that of the crossed medium. If the crossed medium is the soil, that resistance 
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depends on the physical-mechanical characteristics of the ground in its natural state. In incoherent 

soils, it depends mainly on the state of the density of the grain and in coherent soils, on the contents of 

the natural humidity. 

Keeping constant some characteristics of the blow system, the weight of the mass, its fall height, the 

number of the falls in the unity of time, a controlled fixing system can be obtained where the count of 

the number of falls (= number of blows ñNò) of the blowing mass will allow  the building of a 

histogram, in order to obtain fixing of the conical point in the soils with a constant depth (10-20-30 

cm).  

Dynamic penetration testing enables recognition of the lithology  of the underground in its essential 

lines (that is, it permits characterization of the lithological structure for geomechanical homogeneity of 

the layers which constitute the underground and recognition of the succession of granular litho type 

from the pelitic litho type). In particular it makes it possible to differentiate the non-cohesive soils 

from the cohesive soils.

PRELIMINARY ASP ECTS OF THE TEST

The dynamic cone penetrometer has been too long considered as a rough and unsatisfactory 

investigation device because it is thought to be based on a simple principle [Waschkwoski, 1982]. 

The dynamic cone penetrometer can be reduced to five essential elements: 

¶ The hammer generally has a free fall with more or less friction and a more or less constant 

height of fall; 

¶ The anvil sometimes has a camping cushion and a fixed or friction connexion with the 

extension rods; 

¶ The rods have very different weights and sizes; 

¶ The point is the most sophisticated element. Its characteristics concern the apex angle, the size 

and the point diameter to rod diameter ratio; 

¶ The casing tube that follows the point to remove the friction on the rods.  

The drive occurs through beating: let falling from a constant height, a hammer with a given weight and 

it counting the necessary blows to penetration of a defined distance. 

Generally the dynamic penetrometers are equipped with an enlarged cone. According to different 

countries, it records the number of blows required to drive the penetrometer for a distance of 10-20-30 

cm, which we call respectively N10-N20-N30. 

Nevertheless, N cannot be a significant characteristic of dynamic probing, because it is influenced by 

many factors such as the impact energy, the driving rate, the diameter and the enlargement of the 

point, and the striking mass to struck mass ratio. 

The main obstacle to obtain a clean result derives from the difficulty to separate the component of the 

skin friction of soils along the battery rods; only with particular precautions is this component isolable 

from the resistance due to point penetration.   

Unfortunately the differences between the existing penetrometers and the executive condition are 

numerous, and they are: 

 Mass of hammer: 10 ÷ 100 kg; 

 Height of fall: 200 ÷ 760 mm; 

 Point diameter: 22 ÷ 63 mm; 

 Shape of the point: opening angle, prolongation at the conical;  

 External rod diameter: 16 ÷ 45 mm; 
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 Penetration reference: 100 ÷ 300 mm; 

Method to remove or to reduce the skin friction along the rods: casing pipe, mud trough the 

rods, point diameter greater than the rod diameter. 

In the in situ test the purpose of the dynamic penetration testing is to determinate the point of dynamic 

resistance that characterize a soil layer whatever its depth, its position, its nature, its density or its 

thickness may be [Waschkowski, 1982]. 

To obtain data, the dynamic penetration tests have to be executed with constant operations such as: 

A free hammer fall, with a constant height and with a determinate number of blow range (30 for the 

Meardi AGI, 10 for the ñSchwere Rammsondeò SRS L 15) per minute. A reduction of impact energy 

leads to an overestimation of the dynamic point resistance; 

A drive head connected perfectly with the drive rods, which distributes the hammer energy; 

Rods with same length, which can be perfectly screwed to give more effective energy propagation; 

Hollow rods to ensure the filling, of the annular space between the ground and the drive rods created 

by the cone, to prevent skin friction (not diffused). 

 

 
 

Figure 1: Principal characteristics of the European penetrometers (ISSMFE) 

 



Vol. 12 , Bund. C 4 
 

4 

 

APPLICATION FIELD

Dynamic penetration testing is principally used in granular soils. To interpret the results, especially in 

the cohesive soils, and in tests executed in remarkable depth, care should be exercised because with 

some equipment the skin friction on the rods may create an important fraction of the measured 

resistance. 

The penetration resistance increases more than linearly with increasing of the soilôs density index; 

changing in density index, for instance as a result of deep compaction, can be detected by dynamic 

probing. 

Soils with sharp-edged or rough particles have a higher penetration resistance than soils with round 

and smooth particles. 

The penetration resistance increases particularly with soil cementation. According to Waschkowski 

(1982) in clean dense sands or in gravels, the dynamic resistance is not influenced by the kind of the 

point except for the heterogeneity. It means that the dynamic penetration test must be executed in non-

cohesive soils. Thus is due for a simple fact: during the impact, the relative displacement between the 

rods and the soil is very small, and the transmission of the compression wave down to the rods causes 

vibration in the sands and in gravels which support the drive rods. 

In soft soils the skin friction along the rods battery has a great influence on the penetration resistance. 

Figure 2 shows that penetration resistance is considerably increased by cementation. 

 

 
Figure 2: Change in penetration resistance with density index (ID)  

in a homogeneous backfilled soil (DIN, 2002) 

 

 
Figure 3: Variations in penetration resistance in fine-grained 

and coarse-grained soil (DIN, 2002) 
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Figure 3 shows that the penetration resistance fluctuates more sharply in coarse-grained soils than in 

fine-grained soils. The range is more pronounced in gravels than in sands. 

In coarse-grained soils, the critical depth (1 or 2 m below the surface of the terrain), increases with the 

relative density and with the diameter of the conical point. Below this depth the penetration resistance 

remains almost constant for the same conditions. The soil above the concerned layers (for example a 

filling up) or each overload on the soil (for example the foundation load), could lead to an increase of 

the penetration resistance.

DIFFERENCES BETWEEN THE DPSH MEARDI -AGI AND 

THE DPH SRS 15  
The Recommendations AGI of the 1977 consider a single type of dynamic penetration test, the one 

executed with the penetrometer ñMeardiò. 

This type of penetrometer has the great advantage of being constructed in order systematically to use a 

metallic covering (diameter approximately 48/38 millimeter) preventing the lateral resistance on the 

rods. From the foreign literature on the dynamic penetrometers and from the reading of the Procedure 

of Reference ISSMFE it has the feeling that the fixing of the casing pipe is an operation that limits 

strongly the productivity and makes it necessary to make onerous and complicated modifications of 

the equipment. 

However the Procedure of Reference ISSMFE [Stefannof et al., 1988] recognizes the influence of skin 

friction in the cohesive soils, it is judged sufficient in order to limit such problem the use of one point 

having diameter of approximately greater 30% than the rods. As an alternative, it recognized the utility 

of injection of the mud through the hollow rods in order to support the walls [Waschkowski, 1982; 

Goel, 1982] and, also admitting that use of the casing pipe it represents the ideal solution to the 

problem of the frictions, it does not come prescribed such requirement.  

Theoretically the test conducted with casing pipe supplies a dynamic point resistance that perfectly 

characterizes the soils to every depth without the influence of the above layers. In order to reach this 

scope could also to use bentonite. The lateral resistance is so eliminated but:  

The test is characterized from greater duration; 

There could be friction between rods and covering, that increases with the soil presence between rods 

and casing pipe to the point;  

There could be a possible arrest of the covering for an extreme lateral resistance. 

The main characteristics of the Meardi AGI are: 

Reference penetration every 30 cm;  

Area of the point 40 cm²; 

Diameter of the cone 50.8 mm; 

Diameter of the rods 34 mm; 

Mass of the hammer 73 kg; 

Height of fall 75 cm; 

Angle of the point 60°; 

Dimensions of casing pipe (37 ÷ 48mm). 

 

Therefore we can consider the penetrometer Meardi AGI as a super heavy (DPSH) according to 

terminology of EC7. In Italy they are also known with the nomenclature SCPT. 
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Figure 4: Penetrometer DPSH Meardi AGI. Point and casing pipe (left) and scheme of the German 

DIN penetrometer SRS L15  (right). (Cestari, 1996; DIN, 2002) 

 

The German penetrometer SRS (DPH) is constructed in accordance with the German standards, DIN 

4093-4, and has the following dimensions:  

 Reference penetration every 10 cm 

 Area of the point 15 cm² 

 Diameter of the cone  43.7 mm 

 Diameter of the rods  32 mm 

 Mass of the hammer  50 kg 

 Height of fall   50 cm 

 Angle of the point 90°

 

DIN norms do not prescribe the use of the casing tube in order to eliminate the lateral friction, but a 

cone of greater diameter that creates an inner ring over the same one that it reduces the resistances on 

the rods. The lateral friction governs the depth of penetration; in sands, the tests can be conducted to a 

depth of 15 m without meaning presence of lateral resistance. 

 

INTERPRETATIONS AND CORRELATIONS

The interpretation in terms of energy, in order to deduce the break pressure of the soil, has been made 

by many authors with several formulas and sometimes there are discrepancies among them. [Cassan, 

1968]. 

Muromachi and Kobayashi introduce a correlation between N30 and NSPT. The data have been 

obtained with the Japanese penetrometer RTRI-Heavy: hammer 63,5 kg, fall 0,75. It is much similar to 

than the Italian penetrometer.  There is no mention of the depth reached from the tests, carried out only 

some meters below the surface of the terrain. The authors find that the found data (fig. 5) consent the 

following relation that takes into account the influence of the skin friction: 

N30 DPSH/NSPT = 1 (1) 
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Figure 5: Relationship between the results of SPT with the penetrometer  

DPSH-ISSMFE assuming N30 rather than N20 (Muromachi and Kobayashi, 1982) 

 

Tissoni (1987) compares the SPT and the dynamic penetration tests through the super heavy Meardi 

AGI.  

The tests were carried out in sandy-silty gravels.   

The author finds this relation: 

 N30 DPSH/NSPT = 0.6 (2) 

Also an experience made by Studio Geotecnico Italiano with the same dynamic penetrometer in 

fluvio-lacustral deposit placed in the flat of Novate Mezzola (sandy-silt deposits, sometimes with fine 

gravel) has led to analogous results: 

 N30 DPSH/NSPT = 0.5 (3) 

According to Cestari the differences between the two types of results, Muromachi-Kobayashi and 

Tissoni-SGI seem ascribable to: 

¶ The mentioned lateral friction on the rods; 

¶ The different efficiency of the driving device; 

¶ The different length of the cylindrical extension of the conical point. 

Cestari (2005) measured the rendering of the beating device with a DPSH Pagani and found the 

following relations between data SPT standardizes with 60% (the author estimates approximately to 

60% the efficiency of both types of equipment. It is an evaluation based on the equipment available in 

the ´70 -'80 [Cestari, 2005]). 

 NSPT (60%) = CN20 (60%) (4) 

Where, C, a coefficient that depends on the type of soil, assumes the following values: 

 C = 1.5 ï 2.0  in gravely soils 
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 C = 2.0 ï 2.8  in sandy soils 

 C = 2.8 ï 4.0  in argillaceous soils 

  

 
Figure 6: Comparison between the results obtained with 

DPSH Meardi AGI with the SPT (documentation SGI) 

 

 

 

 
Figure 7: Comparison between the number of blows between the DPH and  

the SPT in a coarse soil over the groundwater (DIN, 2002) 

To complete the correlation between the SPT and the DPSH Meardi AGI we must refer to studies 

conducted by Goel and the guidance provided by publications of Studio Geotecnico Italiano relating to 

tests on sand and gravel deposits. The provided reports proposals values in the range: 

N30 (DPSH) = 0.50 ÷ 1.00 N SPT 

with a suggested value of 0.6 (Cestari). Therefore it seems clear that the empirical correlation of the 

DPSH Meardi AGI the various authors agree among themselves. 

The correlations between a heavy German penetrometer SRS and the SPT in accordance with DIN are 

related by this equation: 

 



Vol. 12 , Bund. C 9 
 

9 

 

 NSPT = 1.4 Ā N10    (fig. 7) (5) 

While for clayey soils the following correlation is applied: 

 NSPT = 1.0 Ā N10 + 3    (fig. 8) (6) 

 

 
Figure 8: Comparison between the number of blows of a DPH and a SPT 

 in slightly plastic clay over the groundwater (DIN, 2002). 

According to Card and Roche (1988), and based on simple pile driving formula, the ultimate 

penetration resistance, Qu, can be related to the penetrations of a driven cone as follows: 

 Qu = (HE ï ȹ)/V (7) 

Where HE = hammer energy per blow; 

ȹ = energy lost, per blow (due to heat, elastic deformations, whipping of rods, etc.); 

V = volume of soil displaced by the cone per blow. 

From Equation 7, assuming Qu remains constant for both sets of apparatus, the energy required to 

drive each cone can be equated as follows: 

 (DPH30 Ā HE1/V1 = NSPT Ā HE2/V2) ï F2 + F1 (8) 

Where 

 F1 = DPH 30 ȹ1/V1 (9) 


