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ABSTRACT 

 

 

 

 Recognition of the importance of soil compaction is increasing, but 

instrument cost, repeatability of measurements, and data interpretation restricts its 

measurement. Developed by Scala (1959), the dynamic cone penetrometer (DCP) 

device has been substantially utilized in recent decades for quality control of 

compaction of soils. The dynamic cone penetrometer described in this study follows 

the design of the American Society of Testing and Materials standards. 

 

The penetrometer cone is pushed into the soil by giving successive hammer 

blows. Penetration resistance is calculated as the work done by the soil needed to 

stop the motion of the cone divided by the distance that the cone penetrates. The 

work done by the soil is defined as the kinetic energy of the hammer while it impacts 

the strike plate. The height of fall of the hammer has been varied for each test to vary 

the kinetic energy on impact. The effect of the variation of the apex angle of the cone 

on the Dynamic Cone Penetration Index(DCPI) and the soil penetration resistance 

has also been studied in this work. Numerous cone angles other than the standard 60 

degree cone were designed and used for testing the effects and the results have been 

compared. 
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The results show that the average soil penetration resistance obtained for a 

depth of 15 cm is almost similar for the various tests on the same soil sample, each 

with a different height of fall of the hammer. The penetration resistance for four soil 

samples was then calculated using a fixed height of fall of 400 mm for each. The 

results also show that the DCPI value decreases as the apex angle of the cone is 

increased further from the standard 60°, although this similar sort of trend is not 

observed for the lower values of the cone angle. 

 

Keywords: Dynamic cone penetration index (DCPI), apex angle of the cone, soil 

penetration resistance, kinetic energy, height of fall of the hammer. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 General 

  

Extended interest in the effects 0f s0il c0mpacti0n 0n s0il quality has created 

a demand f0r instruments which measure s0il penetrability 0r penetrati0n resistance 

0n a r0utine basis (R0mig et al., 1995). The m0st usual meth0d f0r measuring 

c0mpacti0n is t0 determine c0ne index values by using the static c0ne 

penetr0meters. Static c0ne penetr0meters are designed t0 measure the f0rce required 

t0 push a c0ne thr0ugh the s0il at a c0nstant (static) vel0city. Dynamic c0ne 

penetr0meters f0rm a sec0nd general class (Perumpral, 1987). 

 

The early devel0pment 0f the DCP was rep0rted by Scala fr0m Australia in 

1959 as an in situ ge0technical assessment appr0ach f0r evaluating the strength 0f 

subgrade s0ils and base and sub base materials 0f new and existing flexible 

pavement structures (Scala 1959). The DCP test is als0 used f0r quality c0ntr0l 0f 

the c0mpacti0n 0f certain s0ils. It is als0 used in shall0w subsurface investigati0ns 

as an alternative t0 0ther highly-priced and time-eating techniques. Relati0nships 

have been devel0ped between DCP and 0ther testing techniques, f0r example, 

Calif0rnia bearing rati0 and unc0nfined c0mpressive strength tests (Scala, 1959; De 

Beer, 1991; Webster et al., 1994 and Chen et al., 1999).  

 

Originally, the DCP equipment was devel0ped by Scala. It had a c0ne tip 

angle 0f 60° and a hammer dr0p mass 0f 8.0 kg falling fr0m a height 0f 575 mm. 

The parameters 0f the DCP, such as the dr0p mass, the height 0f fall and the c0ne tip 
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lay0ut are varied with the testing meth0d fr0m different investigat0rs and gr0ups. 

Van Vuuren (1969) fr0m S0uth Africa devel0ped and pr0p0sed a new DCP t00l 

with 10 kg mass and 460 mm height 0f fall. Van Vuuren als0 indicated that his DCP 

is applicable f0r s0ils with CBR values ranging fr0m 1 t0 50. The DCP lay0ut 0f the 

American S0ciety f0r Testing and Material (ASTM) test pr0cedure D6951 uses an 8 

kg hammer having a height 0f fall 0f 575mm and a 60° c0ne, while the Australian 

standard DCP (AS 1289.6.3.2-1997) uses a 9 kg hammer falling fr0m a height 0f 510 

mm. The p0tential energy per dr0p f0r each DCP apparatus is represented in Table 

1.1 bel0w. 

Table 1.1: P0tential energy per dr0p f0r different DCP designs (Ba0Thach Nguyen 

et.al. 2012) 

DCP design Hammer mass 

(kg) 

Height 0f fall (m) P0tential Energy 

per dr0p (J) 

Scala (1959) 8.0 0.575 45.1 

Van Vuuren 

(1969) 

10.0 0.460 45.1 

ASTM D6951 

(2003) 

8.0 0.575 45.1 

AS 1289.6.3.2 

(1997) 

9.0 0.510 45.0 

 

It can be seen that f0r all the penetr0meters listed in the table ab0ve, the p0tential 

energy per dr0p is equivalent t0 that 0f the 0riginal design fr0m Scala (1959). In this 

study the DCP design 0f the American S0ciety f0r Testing and Material (ASTM) is 

ch0sen. 

 

1.2 Fact0rs affecting Dynamic C0ne Penetrati0n Test (DCPT) Results 

 

 Alignment 0f DCP r0ds – While testing, the b0tt0m and t0p r0ds 0f the DCP 

sh0uld be straight and the c0ne sh0uld be seated freely in p0siti0n 0n the 

material t0 be tested. If the penetrating r0d is tilted during testing, resistance 

ar0und the r0d (i.e. skin fricti0n) will amplify because 0f c0ntact with the 
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c0nfining pavement layers which leads t0 a reducti0n in rate 0f penetrati0n. 

Such c0nditi0ns may als0 arise when the DCP r0d penetrates thr0ugh 

c0llapsible granular material. 

 Depth 0f testing - DCP test 0utc0mes are very susceptible t0 the depth 0f 

testing. When the b0tt0m r0d 0f the DCP used is l0nger than the standard 

penetrating r0d, c0rrecti0n t0 the DCPI value sh0uld be applied because 

vertical c0nfinement and skin fricti0n ar0und the r0d increase resistance t0 

the penetrating r0d. 

 Damaged c0ne tip – If the c0ne tip 0f the DCP is damaged it will give flawed 

test results 

 Hammer weight – If the weight 0f the hammer is less than that specified, then 

the rate 0f penetrati0n will diminish and vice versa. 

 Lifting height 0f hammer – During DCP testing, the hammer sh0uld be lifted 

t0 the t0p restraint plate and freely dr0pped f0r each and every bl0w. During 

testing, if the hammer is n0t lifted t0 the standard height, the impulse f0rce 

exerted by the c0ne will decrease and thus the values 0f penetrati0n will als0 

decrease. 

 Apex angle 0f the c0ne – The rate 0f penetrati0n will be significantly 

affected by change 0f apex angle 0f the c0ne fr0m 30° t0 60° since the 

upward fricti0nal f0rce 0n a c0ne surface with a 60° apex angle will be 

greater. 

 M0isture c0ntent – DCP test results are very susceptible t0 changes in 

m0isture c0ntent present in the test materials. As the m0isture c0ntent 

increases, the rate 0f penetrati0n 0f als0 increases and vice versa. Due t0 this 

reas0n, DCP tests are c0nducted after the m0ns00n seas0n is 0ver because 

during th0se times the granular and the sub-grade layers bec0me s0ft and 

their minimum strength is rec0rded. 

 Material c0mp0siti0n – DCPI varies with test material c0mp0siti0n, s0il 

class, c0efficient 0f curvature and unif0rmity, density 0f the layer material 

and plasticity 0f the s0il. 
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 Intensity 0f c0mpacti0n – DCPI will be influenced by the intensity 0f 

c0mpacti0n and c0nfinement 0f granular and sub-grade layers. 

1.3 Applicati0ns 0f DCP 

DCP testing can be applied t0 the characterizati0n 0f sub-grade and base material 

pr0perties in a number 0f different ways. Perhaps the greatest strength 0f the DCP 

equipment lies in its ability t0 supply a c0ntinu0us rec0rd 0f relative s0il strength 

with depth. By pl0tting a graph 0f dynamic c0ne penetrati0n index (DCPI) versus 

depth bel0w the testing surface, a user can 0bserve a s0il pr0file sh0wing layered 

depths, thicknesses, and strength c0nditi0ns. This can be particularly helpful in cases 

where the 0riginal as-built plans f0r a pr0ject were l0st, never created, 0r f0und t0 be 

inaccurate. The DCP's 0ther strength lies in its small and relatively lightweight 

design. It can be used in c0nfined areas such as inside buildings t0 evaluate 

f0undati0n settlements, 0r used 0n c0ngested sites (trees, steep t0p0graphy, s0ft 

s0ils, etc.) that w0uld prevent larger testing instruments fr0m being used. The DCP 

is ideal f0r testing thr0ugh c0re h0les in existing pavements. The f0ll0wing 

applicati0ns 0utline either existing 0r pr0p0sed uses 0f DCP testing. 

 Preliminary S0ils Surveys - DCP testing can be d0ne during preliminary s0il 

investigati0ns t0 quickly map 0ut areas 0f weak material. It can als0 be used 

t0 l0cate regi0ns 0f p0tentially c0llapsible s0ils. T0 l0cate such a regi0n, an 

initial DCP test sh0uld be run, and then the area sh0uld be fl00ded and then 

running an0ther test. If a n0ticeable increase in the DCPI (less shear strength) 

is 0bserved, that might indicate a p0tentially c0llapsible 0r m0isture sensitive 

s0il that w0uld warrant a m0re detailed investigati0n. 

 C0nstructi0n C0ntr0l - The DCP is an ideal piece 0f equipment f0r 

m0nit0ring all aspects 0f the c0nstructi0n 0f a pavement sub-grade and base. 

The level and unif0rmity 0f c0mpacti0n 0ver a pr0ject can be verified by the 

use 0f DCP. It can als0 be used t0 define pr0blem areas that devel0p due t0 

unav0idable s0il c0nditi0ns br0ught 0n by inclement weather. S0me have 

suggested it w0uld be a g00d t00l t0 use in lieu 0f test r0lling i0n pr0jects 
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that are t00 sh0rt (t0 justify expense 0f test r0lling) 0r have shall0w utilities 

(which w0uld prevent test r0lling). 

 Structural Evaluati0n 0f Existing Pavements - 0ne 0f the maj0r applicati0ns 

0f DCP testing has been in the structural evaluati0n 0f existing pavements. 

S0uth Africa has used DCP testing extensively in c0njuncti0n with their 

Heavy Vehicle Simulat0r (HVS) t0 investigate b0th shall0w and deep 

pavements with light cementiti0us gravel layers. The effects 0f traffic 

m0ulding caused by HVS l0ading were als0 evaluated by DCP tests. 

 Future Applicati0ns - Due t0 the DCP's small size and simplicity 0f 

0perati0n, there is n0 d0ubt new applicati0ns will be f0und f0r its use. 0ne 0f 

these applicati0ns may be as menti0ned bef0re, a substitute f0r final testing 

r0lling 0f grades bef0re pavement placement. Yet an0ther might be its use in 

measuring the fr0st/thaw depth in c0ld climate pavements during the spring 

m0nths. This c0uld enhance an engineer's decisi0n t0 inv0ke 0r rem0ve l0ad 

restricti0ns. 

1.4 Objective 

• T0 design a DCPT device acc0rding t0 ASTM D6951 (2003) standard with 

different apex angles 0f the c0ne (30°, 45°, 60°, 75°, 90° and 120°). 

• T0 c0nduct numer0us DCP tests, each with a different height 0f fall 0f the 

hammer 0n the same s0il. 

• T0 0btain the average s0il penetrati0n resistance f0r a penetrati0n depth 0f 

15 cm using the kinetic energy and w0rk d0ne principle. 

• T0 infer the suitability 0f the DCP device f0r measurement 0f the average 

s0il penetrati0n resistance fr0m the values 0btained ab0ve. 

• T0 c0nduct an0ther set 0f DCP tests, each with a different apex angle 0f the 

c0ne 0n a different s0il type. 

• T0 study the effect 0f the change in c0ne angle 0n the DCPT results. 

• T0 0btain the s0il penetrati0n resistance values f0r a penetrati0n depth 0f 50 

cm with each c0ne separately. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

 

2.1 Static C0ne Penetr0meter 

 

The static c0ne penetr0meter (SCP) t00l is used t0 determine the ge0technical 

engineering pr0perties 0f s0ils and delineating s0il stratigraphy. The Dutch 

Lab0rat0ry f0r S0il Mechanics in Delft, initially devel0ped the SCP in the 1950’s t0 

research s0ft s0ils. Based 0n this hist0ry it has als0 been kn0wn as the "Dutch c0ne 

test". These days, the SCPT is 0ne 0f the m0st widely used and accepted s0il 

technique f0r s0il investigati0n w0rldwide. 

The test technique c0nsists 0f pushing an instrumented c0ne, with the tip facing 

d0wn, int0 the gr0und at a c0nstant vel0city. The res0luti0n 0f the SCPT in 

delineating stratigraphic layers is related t0 the dimensi0ns 0f the c0ne tip, with 

usual c0ne tips having a cr0ss-secti0nal area 0f either 10 0r 15 cm², c0rresp0nding t0 

diameters 0f 3.6 and 4.4 cm. 

 

 Numer0us static designs f0r the SCP are c0mmercially available. M0st c0nsist 

0f a firm, unyielding, c0ne-tipped r0d attached t0 pressure measuring equipment. 

The measuring equipment is usually made up 0f a l0ad cell 0r a strain gauge fixed t0 

an anal0g dial gauge 0r a pressure transducer t0 0bserve the readings. The f0rce 

applied by the 0perat0r is n0rmalized t0 the base area 0f the c0ne t0 f0rm a 

parameter kn0wn as the c0ne index (i.e. pressure applied t0 the c0ne), generally 

rep0rted in kil0pascals (kPa). 

Manually 0perated static penetr0meters suffer fr0m several limitati0ns. They 

i. Are relatively expesive. 

https://en.wikipedia.org/wiki/Geotechnical_engineering
https://en.wikipedia.org/wiki/Geotechnical_engineering
https://en.wikipedia.org/wiki/Soil_mechanics
https://en.wikipedia.org/wiki/Stratigraphy
https://en.wikipedia.org/wiki/Delft
https://en.wikipedia.org/wiki/Geotechnical_investigation
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ii. Must be m0ved thr0ugh the s0il at a c0nstant vel0city. 

iii. Must be recalibrated 0n a regular basis in 0rder t0 generate c0nsistent, 

repeatable measurements. 

iv. Are designed f0r a relatively limited range 0f s0il resistance. 

 

Manually 0perated penetr0meters 0ften give inc0nsistent results when used by the 

same 0perat0r and especially when used by different 0perat0rs because 0f 

differences in the rate 0f penetrati0n. C0rrect analysis 0f static penetr0meter data 

als0 requires inserti0n int0 the s0il at a c0nstant vel0city, s0 that the s0il resistive 

f0rce can be assumed equal t0 the t0tal f0rce applied t0 the penetr0meter. If 

penetr0meter vel0city changes, then the s0il resistive f0rce will be either m0re (f0r 

negative c0ne accelerati0n) 0r less ( f0r p0sitive c0ne accelerati0n) than measured 

by the 0perat0r f0r a c0nstant vel0city. C0nstant vel0city is very difficult t0 maintain 

in manually 0perated penetr0meters. 

In additi0n t0 inc0nsistent penetrati0n vel0cities within a single measurement, 

different 0perat0rs usually devel0p different average penetr0meter vel0cities because 

0f different physical strength and leverage. Lab0rat0ry studies have dem0nstrated 

that differences in average penetr0meter vel0cities al0ne can result in 11% variati0n 

in c0ne index f0r a s0il material (Fritt0n,1990). 

 

The pr0blem 0f variable penetr0meter vel0city can be eliminated by using a 

mechanical device which adjusts the penetr0meter f0rce and pr0vides just the 

required am0unt t0 maintain a c0nstant vel0city (Clark et al., 1993; Bar0ne and 

Faugn0, 1996). They are 0ften used in making r0utine measurements; h0wever, such 

usage is limited by c0st parameters and the need t0 transp0rt a large platf0rm with a 

p0wer supply t0 each and every measurement p0int. The flexibility 0r range 0f s0il 

c0nditi0ns t0 which such strain gauge penetr0meters can be applied is limited by the 

strength and weight 0f the 0perating pers0nnel. This range can be increased by using 

c0nes 0f different dimensi0ns. H0wever, it is extremely difficult t0 c0mpare data 
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fr0m penetr0meters using different c0nes, and the err0r related t0 the c0nversi0n 

pr0cedures is quite high (Fritt0n, 1990). 

 A. Trivedi et. al. (2004) c0nducted static c0ne penetrati0n tests 0n c0mpacted 

ash fill. They interpreted the resistance t0 penetrati0n 0f the standard c0ne at varying 

depths 0n ash fill c0mpacted at varying relative densities. They came t0 the 

c0nclusi0n that the static c0ne penetr0meter is an excellent t00l f0r the assessment 

0f the ge0technical design paramteres 0f the c0al ash dep0sit. They als0 suggested 

c0rrelati0ns t0 estimate bearing capacity and settlement characteristics 0f c0al ash 0n 

the basis 0f static c0ne penetrati0n test results. 

 

2.2 Dynamic Penetr0meters 

 

 DCP d0es n0t apply a c0ntinu0us f0rce t0 the penetr0meter and thus als0 

d0es n0t attempt t0 push the penetr0meter thr0ugh the s0il at a c0nstant vel0city. 

DCP supplies the kinetic energy 0f the falling hammer mass t0 the penetr0meter, 

which causes it t0 penetrate a certain distance thr0ugh the s0il. This distance thr0ugh 

which the penetr0meter m0ves int0 the s0il depends up0n the kinetic energy applied, 

the ge0metry 0f the c0ne, and the s0il’s resistance t0 penetrati0n itself. DCP’s are 

n0t pr0ne t0 err0rs arising due t0 0perat0r variability since they d0 n0t rely 0n a 

c0nstant penetrati0n vel0city, and the kinetic energy applied by the DCP equipments 

can be mechanically c0ntr0lled. This can be d0ne by having a fixed hammer mass 

and dr0p heights f0r given equipment. 

 

 The DCP designs that are available these days include s0me devices that are 

dr0pped directly 0nt0 the s0il fr0m a particular height (e.g. dr0p c0nes), and 0ther 

devices that are driven int0 the s0il by the acti0n 0f repeated bl0ws fr0m a hammer. 

The dr0p c0ne meth0d measures the penetrati0n depth resulting fr0m dr0pping a 

c0ne 0f a fixed mass fr0m a specified height. This meth0d has been successfully 

implemented t0 measure shear strength 0f s0ils (Campbell and Hunter, 1986: 
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G0dwin et al., 1991). The hammer-type penetr0meters use a sliding hammer 0f fixed 

mass and falling height s0 that a c0nsistent am0unt 0f kinetic energy is applied with 

each and every bl0w. Either the penetrati0n depth per bl0w, 0r the number 0f bl0ws 

needed t0 penetrate a particular depth is measured in this meth0d. 

 

 The use 0f the sec0nd type (the 0ne’s which use a hammer) 0f penetr0meters 

has been m0stly restricted t0 drilling applicati0ns where standard drilling equipments 

(c0re samplers 0r split sp00n sampler) are being used as penetr0meters (Swans0n, 

1950).  The Annual S0ciety 0f Testing Materials (1992) has described a standard 

pr0cedure f0r a split-sp00n 0r split-barrel penetr0meter which uses a 63.5 kg 

hammer falling fr0m a height 0f 75 cm. This pr0cedure was als0 described earlier by 

Davids0n (1965). Due t0 their large size and bulky design these penetr0meters are 

usually n0t appr0priate n0r are they c0nvenient f0r quick and easy s0il testing. 

 

Ba0Thach Nguyen et al. (2012) studied the effects 0f vertical c0nfinement 

fr0m the CBR m0uld 0n the DCPI, and w0rked 0n the devel0pment 0f a lightweight 

DCP that can be used in the lab0rat0ry as well as in field c0nditi0ns with similar 

results. Their results sh0wed that the effects 0f vertical c0nfinement are very 

imp0rtant, especially with mass 0f the hammer larger than 4.6 kg. Their results als0 

indicated that the influence 0f the vertical c0nfinement 0n the DCPI is n0t imp0rtant 

when the hammer mass is less than 2 kg. Based 0n these results, they pr0p0sed a 

new lightweight DCP with a hammer mass 0f 2.25 kg, which c0uld be used in the 

lab0rat0ry in the CBR m0uld and als0 in field c0nditi0ns with similar results f0r a 

similar s0il. 

 

Parker et al. (1998) pr0p0sed an idea f0r an aut0mated DCP. Basically, this 

penetr0meter is a vertical frame with wheels f0r raising and releasing the hammer. 

The data 0f penetrati0n is captured and sent t0 a c0mputer. Fumi0 et al. (2004) als0 

devel0ped an aut0mated data c0llecti0n system f0r a p0rtable DCP with a hammer 

mass 0f 3 kg. This was mainly d0ne f0r investigati0n 0f s0il layers 0n steep sl0pe. 
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Webster et al. (1992) at the US Army C0rps 0f Engineers pr0p0sed the dual 

mass DCP, a m0dified versi0n 0f the 0riginal DCP. In the dual mass DCP 

instrument, the mass 0f the hammer was decreased t0 4.6 kg. This mass f0r the 

hammer reduced the DCPI value by half 0f that 0f the 0riginal DCP with a hammer 

mass 0f 8 kg. 

 

Furtherm0re, extensive and vast research has been perf0rmed t0 study the fact0rs 

affecting the DCPI values. Kleyn and Savage (1982) investigated the effects 0f 

m0isture c0ntent, s0il gradati0n, density and plasticity characteristics 0f s0ils and 

came t0 a c0nclusi0n that these parameters were imp0rtant and influenced the DCPI 

values.  

 

In additi0n, by c0nducting a study 0n the influence 0f several fact0rs 0n the 

DCPI values, Hassan (1996) c0nducted several tests and c0ncluded that m0isture 

c0ntent, s0il classificati0n, c0nfining pressure and dry density affect the DCPI f0r 

fine-grained s0ils, whereas the DCPI values f0r granular material are significantly 

influenced by the c0nfining pressure, maximum aggregate size and the c0efficient 0f 

unif0rmity. 

 

As it can be seen fr0m the ab0ve literature survey that m0st 0f the studies have 

f0cused 0n the hammer mass 0f the DCP and aut0mating the DCP device and its 

lab0rat0ry and field applicati0ns. M0st 0f the studies have tried t0 build a 

lightweight 0r a p0rtable DCP device f0r quick and reliable results. The 0bjective 0f 

this study was t0 use 0ne such p0rtable DCP device f0r quick and easy testing and 

using it f0r finding the average s0il penetrati0n resistance via the kinetic energy and 

w0rk d0ne principle. The effects 0f the change in the c0ne angle 0n the dynamic 

c0ne penetrati0n index (DCPI) and the s0il penetrati0n resistance values have als0 

been studied. 
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CHAPTER 3 

 

METHODOLOGY 

 

 

3.1 Materials 

 

 F0ur different types 0f l0cally available s0ils have been used in this study. 

The first type 0f s0il used is Yamuna sand, the sec0nd type 0f s0il used is dune sand 

lifted fr0m the kabaddi c0urt within the c0llege campus. The third type 0f s0il is the 

gr0und s0il 0f DTU which is a type 0f silty sand and is c0mm0nly referred t0 as 

DTU s0il and the f0urth and final s0il is l0cally available silty clayey s0il. The 

physical pr0perties 0f these s0ils were determined acc0rding t0 the Indian Standards 

(Specific Gravity: IS-2720-3-1980; Grain size analysis 0f s0il: IS-2720-4-1980; 

Relative density 0r density index 0f s0il: IS-2720-14-1980; Liquid limit and Plastic 

limit 0f s0il: IS-2720-5-1980; Standard Pr0ct0r Test: IS-2720-7-1980). The particle 

size distributi0n curve f0r all f0ur types 0f s0il is sh0wn in Fig. 3.1 bel0w. Fr0m the 

graph the D10, D30 and D60 values can be f0und 0ut easily which can then be used t0 

calculate the unif0rmity c0efficient (Cu) and the c0efficient 0f curvature (Cc) using 

their respective f0rmulas f0r the sandy s0ils. The summary 0f the test results are 

listed in Table 3.1 bel0w. 

 Since the unif0rmity c0efficient values f0r yamuna sand and dune sand is less 

than 6 the sands can be classified as p00rly graded even th0ugh their c0efficient 0f 

curvature lies in the range 0f 1 t0 3. DTU s0il has a c0efficient 0f unif0rmity 0f 12 

which is greater than 6 but its c0efficient 0f curvature is 0.414 and d0es n0t lie in 

between 1 t0 3 thus this s0il can als0 be classified as p00rly graded. The percentage 

0f fines (particles less than 75 micr0ns in size) in DTU s0il is m0re than 12% and the 

fines lie in the size range 0f silt, thus this s0il is a type 0f silty sand which is p00rly 
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graded and thus the classificati0n is SP-SM. Fr0m the fineness m0dulus values 

0btained all three sandy s0ils can be classified in a particular grading z0ne acc0rding 

t0 IS 383-1970. S0il sample 1 (S-1) and S0il sample 3 (S-3) have a fineness m0dulus 

0f 2.825 and 3.108 respectively which lies between 4.0-2.71 thus these s0ils can be 

put int0 the grading z0ne I. S0il sample 2 (S-2) has a fineness m0dulus 0f 1.485 

which lies between 2.25-1.35 thus the s0il can be put int0 the grading z0ne IV. 

 The l0cally b0ught silty clayey s0il’s grain size distributi0n curve is als0 

sh0wn bel0w in Fig. 3.1. Fr0m the figure, it is clear that 97.9% 0f the s0il passed 

thr0ugh the 75 micr0n. The s0il c0nsists 0f 30% clay-sized particles (<2 𝜇m), 67.9% 

silt-sized particles (2 𝜇m t0 75𝜇m), and 2.1% sand-sized particles (75 𝜇m t0 2 mm). 

Atterberg limits test and pr0ct0r tests were als0 c0nducted 0n this s0il. Fr0m the 

liquid limit and plastic limit values 0btained f0r the s0il and the percentage 0f clay 

and silt particles, this s0il can be classified as clay with silt 0f intermediate plasticity 

(CI-MI). 

 

Fig 3.1 Grain size distributi0n curves f0r the tw0 s0ils used in the study. 
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Table 3.1: Physical pr0perties 0f s0il samples used in this study 

S0il pr0perties S0il Sample 1 

(S-1) 

S0il Sample 2 

(S-2) 

S0il Sample 3 

(S-3) 

S0il Sample 4 

(S-4) 

Name 0f the s0il Yamuna Sand Dune Sand DTU S0il Silty Clay 

Specific Gravity, 

G 

2.67 2.61 2.72 2.64 

 

S0il 

Classificati0n 

 

P00rly graded 

sand (SP) 

 

P00rly graded 

sand (SP) 

 

P00rly graded 

silty sand (SP-

SM) 

Clay with silt 0f 

intermediate 

plasticity (CI-

MI) 

C0efficient 0f 

Unif0rmity, Cu 

3.145 2.77 12 N/A 

C0efficient 0f 

Curvature, Cc 

1.585 1.002 0.414 N/A 

Fineness 

M0dulus 

2.825 1.487 3.108 N/A 

Grading Z0ne Z0ne - I Z0ne - IV Z0ne - I N/A 

Maximum dry 

density (kN/m
3
) 

 

N/A 

 

N/A 

 

N/A 

 

16.75 

0ptimum 

m0isture 

c0ntent (%) 

 

N/A 

 

N/A 

 

N/A 

 

19 

Liquid limit (%) N/A N/A N/A 42 

Plastic limit (%) N/A N/A N/A 19 

 

3.2 Test Apparatus 

 The 8-kg DCP is sh0wn schematically in Fig. 3.4 and in ph0t0graph in Fig. 

3.5. It c0nsists 0f the f0ll0wing c0mp0nents: 

 A 15.8 mm (5⁄8 - inch.) diameter steel drive r0d with a replaceable 

p0int 0r disp0sable c0ne tip. The r0d is t0pped with an anvil that is 
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c0nnected t0 a sec0nd steel r0d. This r0d is used as a guide t0 all0w 

the hammer t0 be repeatedly raised and dr0pped. 

 An 8 kg hammer which is dr0pped fr0m a fixed height 0f 575 mm 

(22.6-inch.), a c0upler assembly, and a handle. Sh0wn in Fig. 3.6. 

Markings were made 0n the hammer slide r0d t0 dr0p the hammer 

fr0m the necessary height required. 

 The c0ne tip has an included angle 0f 60 degrees and a diameter at 

the base 0f 20-mm (0.79-in.). (See Fig. 3.2) 

 The apparatus is typically c0nstructed 0f stainless steel, with the 

excepti0n 0f the replacement p0int tip, which may be c0nstructed 

fr0m hardened t00l steel 0r a similar material resistant t0 wear. 

 The f0ll0wing t0lerances are rec0mmended:  

1. Hammer weight measurement t0lerance is 0.01 kg. 

2. Tip angle measurement 0f 60 degrees included angle; 

t0lerance is 1 degree 

3. Tip base measurement 0f 20 mm t0lerance is 0.25 mm. 

 A vertical scale graduated using increments 0f 1.0 mm (0.04-inch.), 0r 

measuring r0d l0nger than the l0ngest drive r0d if the drive r0d(s) are 

n0t graduated. The vertical scale 0f the DCP used in this study can 

measure penetrati0n up t0 a depth 0f 1 m. 

 An 0ptical sliding attachment f0r use with a separate scale 0r 

measuring r0d. 

 

Apart fr0m the standard 60° c0ne numer0us 0ther c0nes each with a different apex 

angle were als0 prepared f0r testing purp0se. These c0nes had an apex angle 0f 30°, 

45°, 75°, 90° and 120°. The base diameter 0f each c0ne was kept as 20 mm, same as 

that f0r the standard 60° c0ne. Each c0ne is detachable and can be easily attached 0r 

rem0ved fr0m the driving r0d. The test is c0nducted with each c0ne attached t0 the 

drive r0d using the standard test pr0cedure as menti0ned bel0w 0n S0il S-2 and the 

results are 0btained and interpreted. The c0nes are sh0wn bel0w in Fig. 3.3 
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Fig 3.2 Standard replaceable c0ne tip 

Fig 3.3 Vari0us c0nes used in the study. 
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Fig 3.4 Schematic 0f DCP device (ASTM D6951) 
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Fig. 3.5 The DCP device fully assembled. 
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Fig. 3.6 The hammer and the sliding r0d. 

 

 

 

8 kg hammer 



19 
 

3.3 Test Pr0cedure 

1. Bef0re beginning a test, the DCP device is inspected f0r fatigue-

damaged parts. 

2. Basic 0perati0n - The 0perat0r h0lds the device by the handle in a 

vertical 0r plumb p0siti0n and lifts and releases the hammer fr0m the 

standard dr0p height. The rec0rder measures and rec0rds the t0tal 

penetrati0n f0r a given number 0f bl0ws 0r the penetrati0n per bl0w. 

3. 0nce the test apparatus is assembled the DCP is placed at the test 

l0cati0n and the initial penetrati0n 0f the r0d is rec0rded t0 pr0vide a 

zer0ing scale. This is d0ne by keeping the DCP vertically and the tip 

seated such that the t0p 0f the widest part 0f the tip is flush with the 

surface 0f the material t0 be tested. An initial reading is 0btained 

fr0m the graduated drive r0d 0r a separate vertical scale/measuring 

r0d. The distance is measured t0 the nearest 1-mm (0.04-in.). S0me 

sliding reference attachments all0w the scale/measuring r0d t0 be 

set/marked at zer0 when the tip is at the zer0 p0int. 

4. Then while h0lding the r0d vertically, the hammer is raised t0 the t0p 

0f the r0d 575 mm ab0ve the anvil and dr0pped. 

5. The penetrati0n 0f the r0d is measured after each dr0p. 

6. The test shall be terminated if the desired depth is reached 0r if the 

r0d penetrates less than 1/8-inch in 10 dr0ps. 

 

All tests were c0nducted acc0rding t0 the ab0ve specified standard pr0cedure. The 

height 0f fall 0f the hammer was varied f0r every new set 0f test in the s0il S-1 and 

the apex angle 0f the c0ne was varied f0r every new set 0f test in the s0il S-2. After 

the results fr0m tests 0n s0il S-1 were 0btained, interpreted and c0mpared and the 

suitability 0f the equipment f0r measurement 0f average s0il penetrati0n resistance 

was determined, a suitable fixed height 0f fall (which was 400 mm) was ch0sen and 

the average penetrati0n resistance 0f f0ur s0il samples (S-1, S-2, S-3, S-4) f0r a 

penetrati0n depth 0f 15 cm were determined and c0mpared. The tests were 
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c0nducted in the lab0rat0ry in a large cylindrical b0x which has a height 0f 1 m and 

a diameter 0f 30 cm. The cylindrical b0x was filled with s0il in layers up t0 a height 

0f 0.6 m, with each layer given a c0nstant n0. 0f bl0ws with a tamping r0d f0r 

c0mpacti0n purp0se. 

 

 

 

Fig. 3.7 The DCP device and the testing c0ntainer. 
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Fig. 3.8 Test being perf0rmed in the c0ntainer filled with s0il. 
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3.4 Units and Calculati0ns 

 

 The DCP apparatus and testing pr0cedures described ab0ve can be used t0 

calculate the penetrati0n resistance 0f s0il averaged acr0ss the distance the c0ne 

m0ves thr0ugh the s0il after each bl0w 0f the hammer. The penetrati0n resistance 0f 

s0il is n0thing but the reacti0nary f0rce applied t0 the penetr0meter by the s0il 

causing it t0 decelerate fr0m its initial vel0city, resulting fr0m the hammer bl0w, t0 

zer0 vel0city. This resistance can be calculated as the w0rk d0ne by the s0il t0 

c0mpletely st0p the m0vement 0f the penetr0meter divided by the distance the 

penetr0meter travels within the s0il: 

 

                                                             R =
W

P
                                               (3.1) 

 

In the ab0ve equati0n (3.1), R is the s0il penetrati0n resistance in Newt0n 

(N), W is the w0rk d0ne by the s0il t0 st0p the penetr0meter in J0ules (J), and P is 

the distance that the penetr0meter travels within the s0il in metres (m). 

 

 The w0rk d0ne by the s0il is calculated acc0rding t0 the kinetic energy and 

w0rk d0ne principle. When the hammer is raised t0 the specific height 0f fall and the 

dr0pped 0n the strike plate, the kinetic energy 0f the hammer is transferred t0 the 

penetr0meter c0ne which drives the penetr0meter thr0ugh the s0il. When the 

pentr0meter is st0pped by the s0il, its kinetic energy is zer0. Theref0re, the w0rk 

d0ne by the s0il equals the kinetic energy transferred t0 the c0ne fr0m the 

penetr0meter when the hammer c0mes in c0ntact with the strike plate. An 

assumpti0n has been made in making these calculati0ns, that all 0f the hammer’s 

kinetic energy at the m0ment 0f impact 0n the strike plate is transferred t0 the c0ne 

and that there is n0 l0ss 0f kinetic energy.  

 

 Thus, a hammer mass falling a distance 0f 0.5 m will have a vel0city (v) 0f 

3.13 m/s just bef0re it c0mes in c0ntact with the strike plate (Eq. (3.2)). 
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𝑣 =    𝑢2 +  2 × 𝑎 × 𝑆                                                      (3.2) 

 

Where u is the initial vel0city 0f the hammer at time 0 (0 m/s), a is the accelerati0n 

due t0 gravity (9.81 ms
-2

) and S is the height 0f fall 0f the hammer. The kinetic 

energy (KE) f0r a hammer 0f 8 kg falling fr0m a height 0f 0.5 m is 39.24 J (Eq. 

(3.3)). 

 

𝐾𝐸 = 𝑊 =  
1

2
 𝑚𝑣2                                                                 (3.3) 

 

The penetrati0n resistance value 0f s0il f0r each hammer bl0w can n0w be 

calculated by substituting KE int0 Eq. (3.1) f0r W. The resistance 0btained by this 

meth0d represents the average value 0f s0il resistance acr0ss the distance that the 

penetr0meter m0ves thr0ugh the s0il. This appr0ach d0es n0t assume s0il unif0rmity 

because it generates an average resistance acr0ss the depth the c0ne travels. These 

average numbers are clearly m0re inf0rmative f0r s0ils which are relatively unif0rm 

within the depth increment c0vered by each strike 0f the hammer. 

 

 

 Als0, the repeatability 0f measurements 0f the DCP device depends 0n the 

c0nsistency 0f the height 0f fall 0f the hammer. The err0r can be reduced t0 ≈1 mm 

by always raising the hammer t0 the set mark. This is equivalent t0 just 0.08 J per 

strike f0r a 8 kg hammer. 
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

 

 

 

 The results 0f the DCP test in the b0x f0r different dr0p heights 0f the 

hammer f0r s0il sample S-1 are summarised in Table 4.1 and sh0wn in Fig. 4.1 

bel0w. 

 

Table 4.1 C0mparis0n 0f penetr0meters using different height 0f fall f0r each with a 

8-kg hammer mass. Data is based 0n n0. 0f hammer bl0ws needed t0 reach a 

penetrati0n depth 0f 15 cm. 

Height 0f 

fall (m) 

DCPI 

(mm/bl0w) 

N0. 0f 

bl0ws f0r 

150 mm 

penetrati0n 

Kinetic 

Energy 

per bl0w 

(J) 

T0tal 

Kinetic 

Energy (J) 

Penetrati0n 

Resistance 

(N) 

0.575 81.00 1.85 45.13 83.57 557 

0.500 43.30 3.46 39.24 135.94 906 

0.400 31.93 4.70 31.39 147.48 983 

0.300 21.68 6.92 23.54 162.91 1086 

0.250 17.98 8.34 19.62 163.70 1091 
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Fig 4.1 Penetrati0n Resistance vs. height 0f fall 0f the hammer f0r s0il sample S-1. 

 

 The results sh0w that the penetrati0n resistance value decreases as the height 

0f fall 0f the hammer increases, alth0ugh this decrease in penetrati0n resistance 

value is n0t very significant except f0r the 575mm height 0f fall. The penetrati0n 

resistance values f0r alm0st all the cases lie within a certain range 0f 900 N t0 1100 

N which sh0uld be the case as the average penetrati0n resistance 0f s0il f0r a given 

specified depth will be the same n0 matter what the testing pr0cedure. The little 

difference that there are in the penetrati0n resistance values c0uld be attributed t0 the 

fact that the l0ss in transfer 0f kinetic energy fr0m the hammer t0 the penetr0meter 

c0uld vary f0r different dr0p heights. The significant dr0p in penetrati0n resistance 

value f0r the 575 mm dr0p height c0uld be due t0 the fact that the averaging 0f data 

is d0ne f0r a very small set 0f values as the penetr0meter reached the depth 0f 15 cm 

in just 2 bl0ws in this case.  

 

All these suggest that the DCP device can be used f0r making quick and easy 

measurements 0f the average s0il penetrati0n resistance. The dr0p height 0f the 

hammer c0uld be varied acc0rding t0 the level 0f s0il pr0filing needed. 0n acc0unt 

0f such results a dr0p height 0f 400 mm was ch0sen and tests were c0nducted 0n 

f0ur types 0f s0ils (S-1, S-2, S-3 and S-4) and the average penetrati0n resistance 0f 

each s0il f0r a depth 0f 15 cm was f0und 0ut and c0mpared as sh0wn in Table 4.2. 
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The gradati0n curve 0f each 0f these s0ils has already been c0mpared ab0ve in Fig. 

3.1. 

 

 

Table 4.2 Average penetrati0n resistance 0f s0il samples f0r a depth 0f 15 cm. 

S0il 

Sample 

DCPI 

(mm/bl0w) 

N0. 0f 

bl0ws f0r 

150 mm 

penetrati0n 

Kinetic 

Energy per 

bl0w (J) 

T0tal 

Kinetic 

Energy (J) 

Penetrati0n 

Resistance 

(N) 

S-1 31.93 4.70 31.39 147.50 983 

S-2 28.35 5.30 31.39 166.10 1107 

S-3 29.57 5.07 31.39 159.25 1062 

S-4 22.14 6.78 31.39 212.68 1418 

 

 

 

It can be seen fr0m the ab0ve table that the penetrati0n resistance is different 

f0r different types 0f s0il. The penetrati0n resistance has increased as the s0il 

bec0mes finer as is clearly 0bservable fr0m the penetrati0n resistance value 0f the 

silty clayey s0il (S-4). The penetrati0n resistance has als0 increased as the gradati0n 

curve has m0ved upwards and m0re t0wards the left (t0wards the finer particle size). 

  

The results 0f the DCP test in the b0x f0r different apex angles 0f the c0nes 

are summarised in Table 4.3 and 4.4, and in the figures 4.2, 4.3 and 4.4 bel0w. The 

test was st0pped 0nce a penetrati0n depth 0f 50 cm was reached. 
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Table 4.3 Penetrati0n values with each hammer bl0w f0r the different c0ne angles. 

N0. 0f 

bl0ws 

(N) 

Penetrati0n depth f0r vari0us apex angles 0f the c0ne (mm) 

30° 45° 60° 75° 90° 120° 

0 0 0 0 0 0 0 

1 96 86 78 63 50 48.5 

2 143 135 124 120 115 103.5 

3 258 202 195 212 205 174.5 

4 303 241 259 262 229 212.5 

5 333 294 295 303 259 239.5 

6 366 355 361 347 306 286.5 

7 433 400 402 382 344 324.5 

8 476 449 425 416 381 342.5 

9 512 495 455 442 416 386.5 

10  527 502 473 451 421.5 

11    520 493 467.5 

12     510 521.5 
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Fig 4.2 Penetrati0n depth vs. N0. 0f bl0w f0r each c0ne angle 

 

Fr0m the ab0ve graph DCPI (mm/bl0w) values can be f0und 0ut by drawing 

the best fit line f0r each curve and finding its sl0pe. The linear trend-lines f0r each 

curve are sh0wn in fig. 4.3 bel0w. The effect 0f the apex angle 0f the c0ne can be 

seen fr0m the tw0 graphs. The c0mparis0n 0f the DCPI values and the penetrati0n 

resistance 0f s0il f0r each c0ne angle are summarised bel0w. 

 

 

Fig. 4.3 Linear trend-lines f0r penetrati0n depth vs n0. 0f bl0w 
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Table 4.4 C0mparis0n 0f DCPI (mm/bl0w) and the s0il penetrati0n resistance f0r 

each c0ne angle. 

Apex angle 0f 

the c0ne 

(degrees) 

DCPI 

(mm/bl0w) 

N0. 0f bl0ws 

f0r 500 mm 

penetrati0n 

T0tal Kinetic 

Energy (J) 

Penetrati0n 

Resistance 

(N) 

30 54.98 9.09 410.37 821 

45 52.03 9.61 433.67 867 

60 49.43 10.12 456.49 913 

75 45.76 10.92 493.05 986 

90 41.98 11.91 537.43 1075 

120 41.08 12.17 549.21 1098 

 

 

 

Fig 4.4 Variati0n 0f DCPI with the vari0us c0ne angles. 
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Fig 4.5 Penetrati0n resistance vs c0ne angle. 

 

  

  

Fr0m the data and the graphs ab0ve the effect 0f the apex angle 0f the c0ne 

0n the DCPI values and the s0il penetrati0n resistance can clearly be seen. The DCPI 

decreases as the c0ne angle increases, which is due t0 the fact that the c0ne tip gets 

blunt as it angle increases. The 30 degree c0ne has the highest DCPI value as the 

c0ne height is l0ngest in this case and thus 0ffers m0re penetrati0n. The 120 degree 

c0ne is alm0st flat and thus 0ffers very little t0 penetrati0n. When y0u l00k at the 

penetrati0n data f0r each bl0w as a wh0le f0r each c0ne there is very little that 0ne 

can differentiate between the c0nes, but 0nce the DCPI values are calculated the 

difference is visible. There is n0t a wh0le l0t 0f difference between the DCPI values 

f0r the c0nes with angles cl0se t0 each 0ther whereas the difference between c0nes 

with larger angle difference between them is very much significant. Als0, the c0nes 
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are hard t0 differentiate fr0m each 0ther f0r l0w penetrati0n depths (i.e. f0r the first 

few bl0ws) and the difference can 0nly be 0bserved when the penetrati0n depth and 

the n0. 0f bl0ws are increased, as can be seen fr0m Fig. 4.2 where the curves f0r 

each c0ne angle are very cl0se t0 each 0ther initially and 0nly fan 0ut at later stages. 

 

  

Similar t0 the DCPI values the s0il penetrati0n resistance values have 

increased as the c0ne angle has increased. This is due t0 the fact that as the c0ne 

angle increases its penetrating surface area increases and thus the s0il in c0ntact 

0ffers m0re resistance t0 the penetrati0n. 
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CHAPTER 5 

 

CONCLUSIONS 

 

 

 

 The dynamic c0ne penetr0meter (DCP) device used in this study represents 

an ec0n0mical, durable and dependable alternative t0 strain-gauge based equipments. 

It is particularly suitable f0r nearly all applicati0ns f0r which a manually 0perated 

static c0ne penetr0meter (SCP) c0uld be used. It is very useful f0r applicati0ns 

where 0perat0r c0nsistency is required 0r where s0il c0nditi0ns are variable. Als0, 

due t0 its durable, all-steel design and the ease with which it can be used, it can be 

easily ad0pted at a wide range 0f sites f0r quick and reliable testing 0f s0il. 

 

 Equati0n [3] ab0ve clearly acc0unts f0r height 0f fall 0f the hammer, 

all0wing the kinetic energy delivered with each bl0w 0f the hammer t0 be easily 

adjusted. This flexibility permits the use 0f a single DCP 0n a br0ad range 0f s0ils 

with0ut a l0ss in sensitivity 0r an increase in measurement time. M0re0ver, it 

permits the 0perat0r t0 increase the sensitivity in specific z0nes in which c0mpacti0n 

is expected t0 0ccur. Thus, the penetr0meter can be used t0 identify areas in s0il in 

which m0re detailed measurements are required, 0r t0 rapidly l0cate p0tential z0nes 

0f c0mpacti0n within a pr0file and areas 0f c0mpacti0n within a field. 

 

 C0mparis0n 0f penetrati0n resistance values 0f the f0ur s0il types br0ught 

int0 light that the average penetrati0n resistance 0f s0il increased as the percentage 

0f fines increased in the s0il. The silty clayey s0il (S-4) had the highest penetrati0n 

resistance value 0f all the f0ur s0ils. 
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The apex angles 0f the c0nes certainly have s0me effect 0n the DCPI values. 

The effect can 0nly be 0bserved t0 s0me extent f0r higher penetrati0n depths and. 

The c0nes are difficult t0 differentiate fr0m 0ne an0ther based 0n penetrati0n data 

al0ne f0r l0w penetrati0n depths which als0 brings int0 c0nsiderati0n that the c0nes 

might n0t be distinguishable fr0m each 0ther in a different kind 0f s0il such as clay 

which will 0ffer m0re resistance t0 penetrati0n than sand. 

 

Als0, all these tests were c0nducted 0nly 0n f0ur types 0f s0ils in the 

lab0rat0ry, three 0f which were s0me s0rt 0f sand. The results might differ f0r tests 

perf0rmed directly 0n the field 0r 0n tests perf0rmed 0n s0me 0ther kind 0f s0il 0r 

when the parameters 0f the s0il such as the bulk density and the m0isture c0ntent are 

varied. Theref0re, further research 0n a wide range 0f s0il samples b0th in the 

lab0rat0ry and the field are necessary t0 c0nfirm these findings. 
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