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Abstract: Application of dynamic penetration is not widely spread, considering the limited number of data that can be obtained. When а larger number of boreholes on 
terrains built of soft rocks is required, there exists economic justification for the use of certain dynamic tests that can give data about resistance and soil density. Also, in 
parts where the access is difficult or impossible for the machines for soil probing, penetrometer tests are only possible for obtaining certain parameters. Correlation between 
point of resistance and shear strength can obtain data of undrained firmness shear strengths for clayey soils, and based on the value of point of resistance the percentage 
of compaction of soil with quite real accuracy. The dynamic penetration test was applied along the route of the Zenica-Sarajevo railway. Since this is a rarely used type of 
research, the authors hope that this paper will serve to others as well, towards further research on better correlations between the two types of methods. It is necessary to 
make the method with penetration as applicable as possible, because it can be used in very inaccessible places with many more test points and does not require large 
financial investments. 
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1 INTRODUCTION 
 

In conditions when it is not possibile to completely 
research the terrain with drilling, the method of dynamic 
sounding with certain penetrometers can be applied. On 
inaccessible parts of the railway route Zenica-Sarajevo a 
method of sounding with dynamic penetrometer-medium 
(DPM) was applied for research drilling. In clayey and 
sandy sediments 42 tests were done from which tests in 
clays were correlated with the values of laboratory tests of 
clay samples that were taken from research trial pits till the 
depth of 3,0 m. Other data obtained in sandy sediments 
were treated with the application of appropriate equation. 
Obtained information about firmness and density of layers 
can be observed as relative and can be correlated with the 
same data obtained in research works. 

This type of research is very rare in Bosnia and 
Herzegovina, as well as in Europe. This method was 
applied for the first time in this area by researching the 
Corridor Vc highway on the Svilaj-Doboj route [1]. The 
results of the research were reliable, which provided the 
basis for application in the research of the route of the 
railway Zenica-Sarajevo. 

Dynamic Penetrometer Test (DPM) is favorable for 
detection of soft clay and sand layers. Interpretation of test 
results demanded a complete evaluation of test conditions 
and limitations of test procedures. The test is performed 
through soft layers till the depth of a thicker layer, when 
further cone penetration is stopped. 
 
2 RESEARCH METHODOLOGY 
 

Researched railway route on the length of around 50,0 
km passes through the valley od the river Bosna. It is 
located in the central, closer to the east, part of Bosnia and 
Herzegovina, on the territory of the Federation of Bosnia 
and Herzegovina entity. It passes through several 
municipalities: Zenica, Kakanj, Vareš, Breza, Ilijaš, 
Vogošća and Sarajevo. 

The terrain is built of alluvial sediments of 
decomposed debris, clay, sandy clay and sand, and 

substrate depending on terrain morphology of gravel, marl 
and limestone of different age (Fig. 1). 

Thickness of sediments of decomposed debris is up to 
0,4 m, and is often mixed with deposited materials. Lower 
part of the terrain is clay, which is in certain intervals 
partially sandy. It is a dominant member of fine grained 
fraction of alluvial sediments of the river Bosna. It 
represents soft clays. Under them is a sand layer of fine 
grained fraction that gradually passes into gravel. 

On inaccessible parts of the terrain for research 
drilling, the method of dynamic sounding was applied, or 
investigation of specific soil resistance on cone 
penetration. The test was performed next to the 
embankment of railway track in the natural soil. 

Selected method Dynamic Penetration Test - medium 
(DPM) was accepted as part of the proposition for 
standardization of Penetration Tests for use in Europe 
(ISSMFE 1977 and 1988), and was standardized in Great 
Britain (BS 1377: part 9, clause 3.2), Germany (DIN 4094, 
part 1 and 2) and ISO 22476-2 [2-4]. 

Advantage of the method on researched terrain is 
accessibility of location, work speed; it is economically 
acceptable, it can separate cohesive layers from unbounded 
soil and give data based on which a vertical profile of the 
terrain can be made. 

The method covers assessment of soil and soft rocks 
resistance in relation to dynamic penetration of cone. Load 
as a weight of certain mass and height of fall are used for 
guiding of cone. Resistance of cone penetration is defined 
as the number of strokes that is necessary for performance 
of penetrometer till a certain depth [5]. Continuous record 
is enabled with depth progress of cone. 
Characteristics of parameter are the following: 
 Hammer mass / kg: 30 ± 0,3 
 Height of fall / mm: 500 ± 10 
 Length/diameter (Dn) ratio: ≥ 1 ≤ 2 
 Mass of anvil and guide rod, max. / kg: 18 
 Cone apex angle, deg.: 900 
 Cone base area A / cm2: 10 
 Cone base diameter D / mm: 35,7 ± 0,3 
 Cone base diameter, wom-min. / mm: 34 
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 Cone mantle length / mm: 35,7 ± 1 
 Cone taper angle, upper, Deg.: 11 
 Length of cone, tip / mm: 17,9 ± 0,1 
 Rod mass, max. / kg/m: 6 
 Rod diameter, max. / mm: 32 ± 0,2 
 No. of strokes per x / mm: N10:100 

 Standard range of strokes: 3 - 50 
 Rod deviation: 
o lowermost 5,0 m (%): 0,1 
o remainder (%): 0,2 
 Specific work per stroke mgh/A in kJ/m2: 150 

 

 
Figure 1 Geological map of the researched area, railway route Zenica-Sarajevo 

 
During test performing it is important to maintain 

continuity of cone penetration into the soil. Number of 
strokes is from 15 - 30 in a minute, except at sand where it 
can increase up to 60 strokes/minute. Continuity of strokes 
is best reflected at penetrometers on motor drive. For 
reduced effect of friction, piles are rotated by 11/2 circle on 
every 1,0 m. Rotation of piles was done with wrench, 
capacity > 200 Nm, graduations < 5 Nm. Reduction of 
friction can be achieved by throwing of drilling mud or 
water in perforated part of the pile close to the cone. 
Friction cannot be removed completely, but it can be 
minimized [6-9]. 

Interpretation of results was done with the help of 
Dutch equitation [10] where a point of resistance (qd) was 
determined at constant stroke acceleration [7]: 
 

1

; d d d
m mgh

q r r
m m Ae

 


                                                   (1) 

  
where: rd - point resistance / Pa, 

m - weight mass / kg, 
m1 - total extended pile, anvil and pile guide 
mass / kg 

g - acceleration due to gravity (9,81 m/sec2)  
h - height of weight fall / m 
A - area at the base of the cone / m2 
e - average penetration in m per stroke (0,1 /N10) 
N - number of strokes per penetration: 100 mm 

Value rd is an evaluation of work during cone 
penetration in the soil. Value qd changes rd and should take 
into consideration the inertia driving rod and weight after 
stroke with the anvil for different type of equipment [6]. 
Butcher et al. (1996) showed that dynamic tests are 
characterized with similar values of qd for different types 
of equipment in same clay layer. For determination of 
undrained shear strength cu (kPa) the following equations 
are given: 
 softclay: 
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Butcheretal. (1995). 
 
 hard clay: 
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Langton (2000) 
 

Above equations are in wide range for which can be 
given different coefficients for different locations and 
equipment. Butcher et al. (1996) suggested equations for 
all types of clay [6]. Langton (2000) observed clay as a 
compact soil and gave his equation [11]. 

Correlation of the Eq. (1) is given also through the 
evaluation of dynamic resistance on cone penetration Rpd 
over Olandesi formula [12]: 
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where: 
Rpd - dynamic cone penetration resistance / kg/cm2 
M1 - weight mass 30 kg 
M2 - total pile, anvil and extension mass / kg 
N - number of strokes of dynamic penetrator on 10 cm 
H - height of weight fall (50 cm) 
A - cone surface / cm2 
 - one measuring interval 10 cm 
e - value of decay for one (1) blow, e = δ/N 

This formula gives possibility of transferring the 
strokes energy of weight QDPM into QSPT, whereby is 
obtained theoretical coefficient of energy . Weight mass 
SPT is 63,5 kg, and height of the fall is 76,3 cm. 
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Other SPT characteristics are the following: 

 Diameter of hammer, Dh / mm: 180 
 Diameter of hammer guide rod / mm:  40,5 
 Diameter of anvil, Da / mm: 71 
 Diameter Cone / mm: 50 
 Area of cone A / cm2: 19,6 
 Penetration length for counting stroke numbers L 
/m: 0,3 

 Specific work per stroke mgh/A in kJ/m2: 229 
 
 

3 RESEARCH RESULTS 
 

Tests were performed to the depth of 5,00 m or to a 
depth at which soil resistance goes over the engaged 
penetrator force (> 50strokes/10,0 cm). In situations when 
during test experiment at a certain depth was not achieved 
rod – cone penetration of 10,0 cm after fifty (50) weight 
strokes, additional series of fifty (50) strokes was 
performed, and if even then was not achieved progress-
cone penetration for interval  = 10 cm in terrain records 
was inscribed number of ninety-nine (99) weight strokes 
and the test was aborted. At very soft clays cone resistance 
was low, so depth of cone penetration was recorded by 
stroke and those data were not taken for processing. 

Research trial pits were done to a depth of 3,0 m in 
parts of the terrain that were accessible. They were not 
close to DPM tests, but were related for the same layers on 
terrain (clays, clayey sand and sand). Mapping of open 
profile of trial pit and the use of data from Basic geological 
map introduced the character of sediments that build terrain 
along the railway route. 
 
3.1 Use of Dutch Equitation 
 

Layers of clay, clayey sand and sand were analyzed 
based on the number of strokes of weight with the depth 
(Fig. 2). In sand layer was recorded partial decay because 
of different compactness, while clay layer characterized 
soft clays with average number of strokes 10 per interval 
of 10 cm. Values qd follow legality of strokes number with 
depth of layers, (Fig. 2). 

Determination of undrained strength cu was done 
according to Eq. (2) for soft clays and is shown on diagram, 
(Fig. 3). 
 

 
Figure 2 Number of weight strokes (left) and values of dynamic resistance point 

qd(right) in different layers 
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Characteristic is a linear dependence of dynamic soil 
resistance qd and undrained shear strength cu, considering 
it is about soft clays that are in near surface part of the 
terrain. Đurić N. et al. conducted several hundreds of DMP 
tests in 2012 on highway route of corridor Vc that passes 
with great part through the river Bosna valley in Bosnia 
and Herzegovina. They correlated them with Eq. (2) and 
Eq. (3) of Butchera et al: 1995 [1]. Results sufficiently 
corresponded to the laboratory test results on samples taken 
from research trial pits and trenches. Setting the correlation 
between qd and cu can be obtained data of undrained 
firmness for clayey soils cu with almost real accuracy. 

Values cu obtained according to Eq. (2) are set in 
relation to cohesion c, obtained in laboratory on Shear test, 
(Fig. 3). Samples were taken from research trial pits. 
Results obtained with Shear test show lower values. They 
do not maintain the same depth of testing or close location, 
but characterize the same clayey layer equal with grain size 
composition of clay and state of consistency. Conducted 
correlation gives justification to dynamic resistance of soil 
testing with DPM method, because data are sufficiently 
reliable for use. 
 

 
Figure 3 Relation of dynamic resistance point qd and undrained firmness cu (left) 

and relation of undrained firmness cu - c (right) in clay layer 
 

Based on the value qd was determined the percentage 
of soil compaction CP according to the form: 
 

 0 193
16 454

,
dCP , q                                                           (8) 

 
Dynamic resistance of cone was taken for different 

configurations of DPM, and correlations between cone 
resistance and percentage of compactness are given in Fig. 
4. Compactness of clay layer ranges from 3,0 - 3,75%, and 
of sand layer 3,6 - 4,2%. It can be concluded that those are 

well compacted layers that are placed under the base of 
railway route. 
 

 
Figure 4 Correlations between qd and CP in different layers 

 
With the use of Eq. (8) from which we determine 

percentage of compactness CP we obtain reliable data, 
considering that qd can be used for different configurations 
DPM [13, 14]. Evaluation of compactness percentage CP 
is acceptable and can be used on terrains that are built from 
clay sediments, clayey sand and sand. 
 
3.2 Use of Olandesi Equation 
 

Determination of dynamic resistance depending on 
number of weight strokes, by Olandesi equation is given in 
diagram (Fig. 5), according to the standard EN ISO 22476-
2, 2008 [15]. 
 

 
Figure 5 Test of Dynamic Penetration - Diagram of Dynamic Resistance 

(Research trial pit N0 43) 
 

Lithological  composition: 
0,00 - 3,10 - Alluvial sediments (al) 

- Clay, Clay-Sand 
  -  = 19.6 kN/m3 

  -  = 170 

- c = 20 kPa 

3,10 – 5,00  - Alluvial sediments (al) 
- Sand, occasionally with clay 

interlayers 
‐  = 19.2 kN/m3 

‐  = 280 
- c = 12 kPa 
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In general, along the railway route are present alluvial 
sediments where it is very hard to separate layers of clay 
from sand. Those are mostly clayey sandy sediments with 
occasionally clearly expressed layers of clay and sand. On 
parts of the route where muddy sediments are present, fast 
cone penetration and small number of weight strokes were 
registered. Their values were not analyzed in the work, but 
served for geological interpretation of the terrain profile. 

Dynamic resistance Rpd showed continuous schedule 
of weight strokes in well consolidated soil to 5,0 m. 
Besides determination of Rpd based on number of strokes N 
= N(10), can also be determined dependence of Rpd on pile 
resistance, that rotate on every 1,0 for 11/2 circle. Pile 
resistance is registered at the end of every interval of 1,0 m, 
in order to separate cone penetration resistance from the 
resistance that is shown during the passing of stroke piles 
through soil. Based on the value of dynamic resistance Rpd 
can be determined other important parameters. So Cope 
(2011) gave opportunity for determination of the number 
of strokes of standard penetration test over resistance Rpd 
according to the following Eq. (9) [16]: 
 

 1 60
2 4 pdN , R                                                                      (9) 

 
Index of relative compactness [17] can be determined 

according to the equitation: 
 

 1 60
100 60rD N                                                       (10) 

 
Dependence of the index of relative compactness on 

the number of strokes for sand layer is given in Fig. 6. 
Obtained values Dr are acceptable and give real data for 
sand sediments. 

In sandy sediments number of strokes for cone 
penetration is smaller under the level of underground 
waters, especially in conditions with small number of 
strokes measured. Correlation is done by European 
standards EN ISO 22476-2, 2008. 

Translating DPM test into SPT test according to Eq. (7) 
gives a possibility for determination of angle of internal 
friction, or direct establishment of dependence between 
penetration resistance and angle of shear resistance [18-25]. 
While conducting SPT test in sands Skempton (1986) 
suggested that the number of strokes of weight N is reduced 
to 60% [19]. Correlation only with vertical voltage is for 
normal consolidated soil, while for over consolidated soils 
it is necessary to do correlations with horizontal voltage 
that is characteristic for beginning penetration resistance. 
Values of SPT obtained with Eq. (7) are shown in Fig. 6. 

Angle of shear resistance depends on relative 
compactness and level of normal voltages on research 
location. Relative compactness is directly reflected in 
results of penetration research. Establishment of 
dependence between results of SPT tests obtained with Eq. 
(7) and relative compactness Dr given by Gibbs-Holtz 
(1957) [26] and (1979) [27] is shown in Fig. 7. Haldar and 
Tang approximation of Gibbs and Holtz equation for 
correlation of compactness (1979) is given in the form of 
Eq. (11), [27]: 
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D
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                                                (11) 

 

 
Figure 6 Dependence of relative compactness index Dr on number of strokes 
(N1)60 in sand layer (left) and number of strokes NSPT in clayey sand and sand 

layers (right) 
 

Schmertmann (1975) gave connection between results 
of standard penetration test N and angle of shearing 
resistance for sands, Fig. 6, [28], approximated from 
Kulhawy and Mayne (1990) over the form [29]: 
 

0 34

0arctang 12 2 20 3

,

a

'p
N , ,

p


  
       

                                   (12) 

 
where: 
p0

' - beginning vertical effective voltage in terrain / kPa 
pa - active pressure of soil / kPa 

Based on obtained values of SPT tests from Eq. (7) and 
with the use of Gibbs-Holtz and Schmertmann diagram 
were determined the values of relative compactness and 
angle of shear resistance in clay sand and sand layers, Fig. 
7. 

Values in Fig. 7 relate to consolidated soils, correlated 
with vertical voltage. Relative compactness fits to data 
obtained on terrain during mapping of research works. It is 
about compact to very compact sediments in conditions 
without presence of water, while in water presence their 
values are worse. Angle of shear resistance showed a bit 
bigger results, which is a reality for compact sands. 
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Figure 7 Relative compactness and angle of shear of sand resistance in 

dependence on SPT 
 
3.3 Discussion 
 

 With the use of terrain data obtained during 
terrain research with Dynamic Cone Penetrometer (DPM) 
and research trial pits, together with data of Basic 
geological map was constructed geological map of the 
terrain along the railway route Zenica-Sarajevo. Data 
obtained with DPM tests made it possible to determine 
values of undrained cohesion relative compactness and 
angle of shear resistance by applying certain empirical 
equitations. The equations of several authors were used, 
and obtained values are real and fit to characteristics of the 
terrain, that are geologically well examined during terrain 
research. 

Lithological structure of researched terrain has 
continuity of alluvial sediments, but within this package 
sediments change in vertical and horizontal direction, so it 
is hard to separate clay layer from sand layer. Mostly those 
are clayey sandy sediments with periodic presence of clay 
and sand layers. Geologically all can be observed as one 

layer, separated as fiction of clayey-sandy sediments. 
Because of that occur periodically different values of 
parameters by depth. Somewhere sand is closer to the 
terrain surface, and clay is deeper. 

 The use of Dutch equitation determined dynamic 
resistance in soil point qd, based on which were determined 
values of undrained firmness cu and soil compactness CP. 
For soft clays undrained shear firmness cu is correlated 
with results obtained on Shear test in laboratory. It shows 
continuity of test results, where there are no data wasting, 
and increased values of cu are in acceptable limits. 
Evaluation of compactness percentage is acceptable. 

The use of Olandese equitation determined the value 
of dynamic resistance Rpd, based on which were obtained 
values of Standard penetration test SPT and index of 
relative compactness. With the data of Standard 
penetration test SPT, was established dependence between 
penetration resistance and angle of shear resistance that 
depends on relative compactness. For consolidated soil and 
vertical voltage, correlation gives reliable data in clay sand 
and sand sediments.  
 
4 CONCLUSION 
 

The work presents the use of the Dynamic Cone 
Penetrometer (DPM) method on railway route that passes 
through terrains of complex geological structure and 
morphological characteristics. Two equitations were used, 
based on which it was able to obtain necessary data about  
geomechanical characteristics of the soil. They showed 
that terrain data can be used with sufficient accuracy for 
determining the resistance point qd, undrained cohesion Cu 
and soil compactness Dr. 

Correlation of undrained cohesion cu with results 
obtained in Shear test is satisfactory. Percentage of soil 
compactness CP of clay layer ranges from 3,0 - 3,75%, and 
of sand layer from 3,6 - 4,2%, which shows that those are 
well compacted layers. Translating data of DPM tests into 
SPT tests with the use of equations Gibbs–Holtz and 
Schmertmann, were determined values of relative 
compactness and angle of shear firmness. 

Besides the research on railway route the DPM method 
was used on highway route of corridor Vc  that passes 
through almost same terrains, parallel to railway. This 
showed that the method was favorable for soil research on 
inaccessible terrains and on terrains where there can be a 
reduced number of research works with boreholes. In those 
cases correlation of DPM and SPT data of research 
boreholes have larger reliability. 
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