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INTRODUCTION

Relevance of the thesis/ith growing scopes of constructions and more dempuild-
ings that foundations are located in deeper angeatesoil layers, required prompt and
economical soil testing methods. The key informatm soil characteristics while per-
forming engineering geological researches is tdkem various methods of penetration
test. Among field researches, the most worldwidedgd methods are the cone penetra-
tion test (CPT), and standard penetration test JS9PTa little more rarely used. In
Lithuania, performing engineering geological invgstions, there are static (CPT) and
dynamic (DPT) probes commonly used.

Due to their peculiarities, static cone and stathgeenetration tests are the most
suitable for penetration of relatively weak soilghout gravel and pebble admixture or
their layers. In Lithuania, the most common basifondation is glacigenic and alluvial
deposits of Pleistocene age that physical and nméxddaproperties of separate strata
may differ significantly. These soils often contajaoite large quantities of gravel and
pebble admixtures, in some cases — their entiagastSuch usually complicated geologi-
cal section encumbers work with CPT equipment dratasthat need to be researched
remain beyond penetration test. Dynamic penetragehis impossible to replace when
deeper soil layers covered with strong soils mestelsted. In case of complex construc-
tions, their deepening often exceeds 15-20 m. Sdegth is unreachable with CPT,
therefore DPT is used instead, and then it is tmbteach a target designed depth without
any serious obstacles.

Dynamic penetration test is most often used tduaw@ the physical condition of
soils; however its results are not involved in fdation design directly. Following the
current standard requirements, factors leadinghtygy loss and effecting DPT results
are underevaluated. Interrelations of DPT and C&arpeters have not been studies suf-
ficiently. Identification of these links and coraébn would provide favourable condi-
tions to design deep foundations according to Dd#3Tlts directly.

Object of the thesis— soils occurring within the territory of Lithuansubject to

basis of building foundations.



The aim of the thesis— reliability evaluation of dynamic penetratiorsttelata,

processing of primary results and setting of cdioeccoefficients, search and assess-

ment of interrelation between data of dynamic amkecgpenetration tests.

Tasks of the thesis:

to analyze methods of cone and dynamic penetragisis, application of re-
ceived data for evaluation of soil properties aerdigrmance of geotechnical
design, and to identify points of data interpretaii

to evaluate reliability of dynamic penetration tpatametersNy ir dq), set the
relation between values of the number of bloiNg 6f different type dynamic
penetration tests and find interrelation coeffitsen

to identify factors effecting reliability of datd dynamic penetration test and
assess the scope of such effect;

to trace correlation of dynamic and cone penetnatest parameters in soils

within the territory of Lithuania and evaluate adility of their relation.

Scientific novelty of the thesis:

comprehensive evaluation of reliability of dynamgnetration test parameters
and the ratio of the number of blows between d#ffiétype probes have been
performed;

corrections of the number of blows due to the impzdateral friction and
overburden pressure on penetration data have hdeaied, methods of blow
efficiency evaluation of various dynamic systemsehheen applied to DPT
data;

correlation dependences between the number of bidws of dynamic pene-
tration test parameter and cone penetration tesinpgier — cone resistance

(qo) have been estimated.

Defended propositions:

dynamic point resistance{ — the indirect, derivative parameter of dynamic
penetration test is replaceable with the direct DRSasurement parameter —
number of blowsN);

during dynamic penetration test values of the numbélows (N,) may be in-
creased up to 80% due to the change of penetresirequipment mass, lat-

eral friction and overburden pressure of soils;
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- the number of blowsN,) and cone resistancg.) are closely related and such
relation depends of grain size distribution, meatenproperties and occur-
rence depth.

Scientific and practical value of the thesisThe thesis contributes in better un-
derstanding of energy transfer during the penematest and allows confirmation of
penetration test data. Through interpretation efrtimber of blows, significant errors
resulting from impact of various factors may beided. The analysis of correlation be-
tween dynamic and cone penetrations tests allowpls$ied application of DPT data in
geotechnical design.

Approval of the work results. The work results were discussed in tHesdien-
tific conference of the Faculty of Natural Scienoé¥/ilnius University “Science in the
Faculty of Natural Sciences” (Vilnius, 2006); th® i@ternational conference “Modern
building materials, structures and techniques”r{Mi$, 2007); the ™ geotechnical con-
ference of the Baltic states “Geotechnics in nmraetiengineering” (Gdansk, 2008); the
2" international symposium on cone penetration té68®T*10” (Huntington Beach,
CA, 2010).

Publications. 9 scientific articles on the dissertation subjeate been published,
including 2 publications in editions entered in tig of Information Sciences Institute
(IS), 7 — in reviewed international, foreign andhiuanian editions.

Scope and structure of the thesisThe thesis contains the introduction, 4 chap-
ters, conclusions, the list of references andi#tef the author's publications. The scope
of the thesis — 147 pages. The text includes 1fdrés and 37 tables. The list of refer-

ences provides 95 bibliographies.

1. REVIEW OF GEOTECHNICAL PENETRATION TEST METHODS AND RE-
SULT INTERPRETATION

In engineering geological investigations, there \aagous methods of soil penetration
tests used that differ in both technique and pararaeeceived during works. All probes
used in geotechnics can be divided into two lamgeigs, i.e. probes deepened under the

influence of static and dynamic loadings. The kéyective of interpretation data re-



ceived during the penetration test is to assesgesadf parameters of geotechnical prop-
erties of soils of the investigation site (Fig 1.This is the only objective; however reli-
ability of received data is rather different. Moveo, some probes are suitable for coarse
(uncohesive) soils, the others — for fine (coh@ssls. Calculating physical or me-
chanical properties of soils according to direatgieation data, reliability of the results
also vary (Table 1.1). Thus, all these factors rieitge precise design of foundations and
other underground or overground constructions.

Solil testing by means of cone penetration teststdke main part in engineering
geological field investigations. Scientists are exsglly attentive to this particular re-
search method as it enables indication of the gseatumber of correlation dependences
between CPT rates and geotechnical propertiesihfrsethods of building foundation
designing are based on values of CPT parametase #xists a number of evaluation
methods of potential of liquefaction of soils and. €Lunne, Powell etc., 1997; Schnaid,
2009; Been, Quinonez etc., 2010; Robertson, 2006;2006; Sagaseta, Houlsby, 1992

et al.).

GEOTECHNICAL
PROBING

STATICAL LOADED PROBES DYNAMICAL LOADED PROBES

ELECTRICAL (CPT)| PIEZOCONE (CPT; CRY DYNAMIC (DPT) STANDARD (SPT)

MECHANICAL (CPT)

SEISMIC (SCPT) DILATOMETR (DMT)

THE OBJECTIVES

ENGINEERING PHYSICAL AND MECHANICAL
GOLOGICAL PROFILE PROPERTIES OF THE
SUBSURFACE STRATA
THICKNESS OF ALTERNATION OF MODULUS OF
SOIL TYPE STRATA STRATA DEFORMATION COHESION OTHER PROPERTIES
DEPTH OF ANGLE OF INTERNAL
OCCURRENCE SPREAD OF STRATA ERiCTION LIQUID INDEX

DATA APPLICABILITY FOR USE IN FOUNDATION,
UNDERGROUND AND OVERGROUND CONSTRUCTIONS
DESING

Fig. 1.1. Geotechnical penetration tests: typgzrolbes, objectives and application



Table 1.1. The applicability and usefulness ofitn-gests (Lunne, Robertson and Powell, 1997)

Soil parameters Soil type

DEYES g/gié Profle u ¢ s b M, & k G o OCR G Sa S Cl O
Dggsgic C B - ¢ccc¢c - - - C - C B A B B B
Me(‘éhF;"‘T”)ica' B AB - C C B C - - CC C C A A A A
E(Ig;t_lr_i)c B A . ¢ B g cC - - B (B: B C A A A A
P(i(e:zpo_?l(j)ne A A A B B 'é B 'é‘ B B (B: B - A A A A
(SS?SFT‘T';: A A A B g g B g B A B B - A A A A
D”(‘E)tlc\’/l'?‘)eter B A C B B C OB - - BB B - A A A A
sgga;rd A B - ¢ ¢ B - - - C - €C B A A A A

Applicability: A — high; B — moderate; C — low; -rene.

Soil parameter definitionst — static pore pressurm{situ); ¢ — angle of internal frictions, — undrained shear
strength;l, — relative density indexl, — constrained modulus; — coefficient of consolidatiork — coefficient of
permeability;G, — shear modulus at small straiag:- horizontal stres€)CR— overconsolidationt ratio; Gr —
gravel; Sa — sand; Si — silt; Cl — clay; O — peat.

While performing engineering geological field istigations with probes of other
types (PMT, DMT, DPT, SPT), the usage of rate valmedesign of foundations or cal-
culations of solil liquefaction is limited, therefoin such cases it is endeavored to relate
them with CPT data and to use formula intendedHercone probe in further calcula-
tions.

Dynamic penetration test (DPT) has been rarelyleyeg in performance of en-
gineering soil investigations. Still this methodirgeplaceable when deeper soil layers
covered with strong soils need to be tested. Dubddack of calculation techniques, re-
ceive data is hard to use in further works of gelmtiecal designing; therefore it is often
attempted to relate DPT data with CPT parametdrasd links may be direct or indirect,
related to particular parameters of soil properties this purpose, the indirect link with
intermediate relative density indekp) is the most commonly used (Mandolini, 1999;
Gwizdala, 1997):

DPT — |, — CPT. (1.1)

However such data linking (see formula (1.1)) Itssum big errors and distortion
of final results. Especially with the absence dfatde equations ofpy determination

when data is received by means of probe of DPSHd.t these factors encourage



looking for more precise correlation dependencéwéden direct DPT and CPT parame-

ters.

2. EVALUATION OF RELIABILITY OF DYNAMIC PENETRATION  TEST RE-
SULTS

Indirect differences between the numbers of blovey tne evaluated knowing the spe-
cific work per blow E;) of each type of probe at the moment of blow. blgger spe-
cific work per blow E,) at the moment of blow, the smaller number of [dasvrequired
for the probe to penetrate into the targeted depth.

The performed data analysis shows that an aveddfggence of the number of
blows between DPL and DPSH-A is ~ 74%, Ngp, exceededNppsy_Aby 74%. A simi-
lar (only reverse) difference is observed betwden gpecific works per blowEf) —
75%. The determined relative relation coefficieffi,) is 0.26. It should be taken into
account that the relation coefficient of the numbieblow (5* ) is valid only in the case
when the penetration stage is equal. In this disen, N,g as studied — this applied to
all types of probes.

The analysis of DPL and DPSH-A type probes allaigsinguishing different
relative relation coefficients of the number of Wi (5*») for soils of different genesis
and lithological composition. It was observed thafine soils the relative correlation
coefficient increases together with the increagjogntity of coarse fraction. A similar
situation is observed in coarse soils — the moegsensoil, the higher relative coefficient
(B a) is. Relative coefficients of the number of blog#s,) of the most commonly met

soil varieties are given in Table 2.1.

Table 2.1. Percentage and relative values of fla¢ioa coefficient of the number of blows'{)

Soil type L % L' a unit
saclSi, saCl, clISi (till) 46.8 0.47
sasiCl, siCl (till) 34.8 0.35
saclSi, saCl, clSi 25.8 0.26
sasiCl, siCl 16.3 0.16
CGr, MGr, FGr, saGr 26.9 0.27
grCSa, grMSa, grFSa, CSa — with admixture of otfraxgions 19.1 0.19
MSa, FSa — with moderate admixture of others foasti 14.8 0.15
siSa, siFSa — up to dominate of fraction of silt 12.8 0.13
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The relation coefficient of the number of blovs,f may be determined knowing
the coefficient depending on the composition ofirgsaze distribution of soils. This co-
efficient () in fine soils varies from 1 to 4 and dependsh@domposition of grain size
distribution of soil (see formula (2.1)). In coarsals, such correlation coefficient is the

size of prevailing fraction particled)((see formula (2.2)).

B, =56-10-k; (2.2)

Ba=22-d+135; (2.2)

wherek — coefficient that depends on the composition rairgsize distribution of the
studied fine soil and varies from 1 to di:- fraction size that determines the soil type,

mm.

Collected penetration data enabled to evaluateditierence of the number of
blows penetrating glaciolacustrine fine soils widlPL and DPSH-B. The determined
difference of the number of blows is ~ 86%, thus thlative relation coefficienf(g) is
~0.14.

Differences of the number of blows studying glésastrine fine soils ere evalu-
ated using DPSH-A and DPSH-B type probes as wid. percentage difference of the
number of blows — approximately 10%., the relatoefficient 3 ag ) is ~ 0.9.

Data of dynamic penetration test can be also asdassing the indirect parameter
— dynamic point resistancgq( MPa). To calculate this parameter, many variqusrdy
formulas can be used (Table 2.2).

Comparative calculations of dynamic point resiseawere made analyzing the
data of DPL and DPSH-A probes. Fine (cohesive)iglaoil (sandy clayey silt till) and
coarse solil (fine sand) were selected for studies.

Having calculated values of dynamic point resista@)y, MPa) according to the
data of DPSH-A probe received while penetratiorsaridy clayey silt till, it appeared
that the difference between results estimated Ibypws driving formulas is rather big:

minimal qq value is 4.9 MPa (calculated according to Hilegsnula), maximal gq val-
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ue is 30.3 MPa (calculated according to Haefelbsriula). Percentage difference be-

tween minimal and maximaj; values is 84% (Fig. 2.1).

Table 2.2. Summary table of driving formulas usadalculations of dynamic point resistangg (

Driving formula Equation forgy
Engineering N W-H
ngineering News —_—
gineering A*(S+C)
Eytelwein (Dutch) or ISO 22476-2:2005 W W
ytelwein (Dutch) or -2: A*S W+W,
€; ‘W-H W+n2'WP
Hil
e A* {S+;(Cl+02+03)j WA
1) (W-H
Janbu — |-
K, A*.S
e -W-H
1
Danish 2-e,W-H-L 2
S+
A*.E,
2 2
N. M. Gersevanov o, (e +E- n-a)-Q-H-m
2 2 h Q+q
P-H N P+P, F
K. i r? r?
G. K. Bondarik (1961) (1+sz.ﬂ_r2.s T s
1
G. K. Bondarik (1964) a- A+M
@
A. J. Rubinshtein a-A-F,-Ry,
R. Haefeli etc. A+ﬁ
0]
E. Paprot a- A+M
W
GOST 19912-2001 W

Recalculation of the direct dathlfpsH.p) received from dynamic penetration test
of fine sand with DPSH-A probe to the indirect paeterqy shows that the difference
between the minimal and maximal average is big:MBPa (according to Hiley's for-
mula) and 20.9 MPa (according to Haefeli’'s formdajt amounts 78% (Fig. 2.2).
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Similar results have been worked out while analyzihe data of DPL probe in
sandy clayey silt till. The minimal valug = 1.2 MPa (calculated according to Hiley’'s
formula), maximal valugy = 8.0 MPa (calculated according to Haefeli’s folapuThis

difference between the minimum and maximum makésg @5g 2.3).

70 J29,4
|
60 ] 2470 7 L
©
g 5o Al
I | I
5 40 ] ! [168 17,1}_: '
2 (163! =
S . ] S 0
c 1 I I T P
@© \ I ! 1 1
- 20 \ I’ |
< \
10 oy
[40} 5| &
0 T T T T T x0T A IR S L
3282388832353
= Q. =
O £ 352 325382
8 o & 2 ° ¢ ~ £ T
s 3 o % s 3 o
c33g 5 £ ¢
% S £ 5 >
e} [a0] £ [a0] LICJ
o E
o
CPT @) and driving formulas used on calculations % m_eafl\‘/l
In-Max

dynamic point resistance|{)

Fig. 2.1. Calculation results of dynamic point stmnce (DPSH-A probe; sandy clayey silt till)
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Recalculation of DPL probe data while penetrafing sand tayy values resulted
in a large gap of arithmetic averageg nin. = 1.0 MPagy max. = 4.3 MPa, — differ-
ence 77%). (see Fig. 2.4).

g.andqgy, MPa

CPT {7
Hiley

1SO
Bond(61)
GOST 1
Rubin(69) 1
Paprot
Bond(64) 1
Janbuj
Danish 1

Gersev.{

En. New
Haefelil

CPT (@) and driving formulas used on calculations % m?a&
dynamic point resistance) e

Fig. 2.4. Calculation results of dynamic point sésince (DPL probe; fine sand)
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DPT probe data analysis reveals that while retaicg the number of blows to
gq Values, various coefficients used in formulasiamgrecise and do not reflect an actual
soil resistance to the point penetration. The vaale of dynamic point resistance is un-
known, however it can be supposed that distribubiogy values in the penetration depth
in a particular ratio must repeat values of theecprobe datag, MPa). These calcula-
tion results show that values of the dynamic poasistance are sensitive to the factors
effecting the number of blows (blow efficiency,ded! friction of soils and geostatic
pressure).

Penetrating similar soils with different probesdifferent number of blows is
worked out, and this is natural since probe dinmrsidiffer. According to some scien-
tists (Rubinshtein et al., 1984; Stefanoff et 4b38), recalculation of the number of
blows to the dynamic point resistance makes the idagariant, i.e. independent from the
type of used equipment. Recalculations of the nurobblows (penetrating in fine sand
with DPL and DPSH-A probes) @y have not revealed any invariantability. Although
calculating according to a number of formulas, #ighmetic average of the ratid)(
was close to 1.0, but there was a big data digtabun sample (see Fig 2.5). The arith-
metic average cannot show invariantability. Theugalof analyzed data in sample must

be close to the average, and the sample amplitudé approach zerd\(— 0).

4,5
4,0t
3,5t
3.0 27 %2,7
25}

2,0t
151 151
1,0t
0,5t
0,0

Ratio 4

1,6

3 13
10 |11 (110 11190 11

: w
_—

Hiley
Gersevanoy

ISO 22476-2¢
Bondarik 1961f
Gost 19912-200%
Rubinshtein 1969
Paprotf

Bondarik 1964
Janbuf

Danisht
Engineering News
Haefeli |

Driving formulas used on calculations of dynamidn‘poj—_ mﬁ]arl\‘/lax

resistanceqy)

Fig. 2.5. Distribution of values of the ratig)(calculating according to different driving fornasl
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The key weakness of all driving formulas is the penetration energy value used
in calculations is theoretic, and the real onernknown. It is not possible to evaluate this
by means of available formulas as a great numb&robbrs are involved in energy trans-
fer that distort values of initial delivered energy

Having summarized the aforesaid research and laéitmu results, due to insuffi-
cient reliability of values of the dynamic poinsigtance ;) only the number of blows
(Ny) may be used in further calculations considering type of used equipment and

evaluating the penetration depth.

3. ANALYSIS OF FACTORS EFFECTING THE NUMBER OF BLOW S

The number of blowsN,) revealed during dynamic penetration test doegeftgct ac-
tual strength properties of penetrated soil. Vahfabis parameteiN,,) depend not only
on geotechnical properties of soils but also ongasicularity of used equipment, i.e.
the initial blow energy of the sledge-hammEg,{) and the energy amount in the point
(Exig)- The blow efficiency or energy part distributed the probe depending on the
equipment type will differ (Fig. 3.1). In case oPD probe, all the energy of the sledge-
hammer will reach the probe only in the depth @fh,6and in case of DPSH-A — only a
part of the initial energy will reach the probe.igTs true only if the lateral friction of

rods to soil is eliminated.

Blow efficiency (7)
0,0 0,1 0,2 0,3 04 0,5 0,6 0,7 0,8 0,9 1,0 11

0 1 1 1 1 1 1 1 1 1 1

2]

47

6

8 —--—- Blow efficiency according J. H. Schmertmann (DPS)-I-R\\\
~ 101 X
; 12 Blow efficiency according J. H. Schmertmann (DPL) \‘\\

] N

% 12 . — ——-Blow efficiency according Y. Yokel (DPSH-A) \i
c § |
o i
» 184  ------- Blow efficiency according Y. Yokel (DPL) X
= il 1
n? 20

Fig 3.1. Blow efficiency depending on penetratigpet and selected calculation method
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Researches show that despite the gap betweeansbpenetration rods caused by
the difference of diameters of penetration rod82dnm) and the cone (@ 45 mm) (ratio
0.7), friction influences the number of blows indisoils Nyo). This friction of lateral
surface of penetration rods to soils consumes 5%af energy that should be distrib-
uted to the cone point. In the investigated sibve,tlis reason the number of blows in-
creased by 4-5 blows approximately (Fig. 3.2). Ratiag in fine soils, such, though

small, energy loss may distort resulid) significantly.

N, ir Noyo* N2o - Nao* Difference in %
10 30 50 2 0 2 4 6 8 1012 -0 0 10 20 30 40
A A A
51 E 51
61 61 61
71 71 71
E 8- 8 81
< ] ] ]
£ 9] 91 — N20-N20* 91 — %
8 10° 10 10 -
11- 11- 11°
12 121 12°
13- 13- 13

Fig. 3.2. Diagram of average values of points (N®, 3, 4) of dynamic penetration test (DPSH-A)

The data of dynamic penetration test is greatijp@mced by the lateral overbur-
den pressure of soils. This influence is less olad@e in coarse soils. While analyzing
the penetration data and calculating the ratioanfecresistance (according to CPT) and
number of blows (according to DPSH-A)/(N,g), the change of the ratio was observed
when going deeper: the ratio in the depth rangg&-ab m was lower by 10% to 20% in
comparison to the ratio in the depth of 1-2 m. fdte reduction when going deeper is
linear or close to linear. During the experimentiles penetrating in the stratum of
coarse soil the number of blow, (penetrated from the ground surface) was around
two times bigger than values of the number of bldwg (penetrated from the boring
bottom), i.e. the percentage difference of the nemalh blows was ~ 50%. Such big ratio
of the number of blowsN>o/N,o*) resulted from the till sandy silt layer with th@ck-
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ness of 4 m above the coarse soil layer (Fig. £8hsidering the research and calcula-
tion results above it can be stated the resulidyohmic penetration test in coarse soils
increase when going deeper according to the liegaitation, and in the depth of 8 m to

10 m the percentage difference amounts 10-20%. WWegeological section of pene-

trated thickening changeable and a stratum ofdoiks cover coarse soils, the number of
(Nog) may be up to 50% and more in comparison to thmban of blows possible if

penetration rods were not effected by the horiza@eponents of overburden stress.

d.. MPa, Number of blows @ ,Jy *)
1 2 3 4 5678910 20 30 40 50 60 80 100 200 300 400

Filled soil | || | =

///////// :\\AZ‘

T T TTT! \ \
| I R | |
Sandy clayey silt (tilly : :{f: : : : : : : : : : : : :
s ; ~|_
?///?////‘é ! gg\\\u ! ! \\\\\j | |
Gravely sand, clayey C | e
P R T - X ) |
wodmeonsesans | =
9.8 \ R \ N \ \
Sandy S||ty C|ay (“”)/ | | | [ N | | | [ ! *Rf%\
P // “ 11.4 | | ﬂjj\\/\?\ | o NG | |
|
////// 7 \ | <l T \ I \ \
Sandy clayey silt/(till)/ | | ‘z Y | oL ‘ ‘
S ST S | I | > | NSy 1 Ny | |
///////fse ! g B ! \ N \ \
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Coarse sand, satu ra}%

Fig 3.3. Geological profile in the investigatedesiCPT and DPSH-A penetration data

Researches and analysis of various other probms #hat the influence in fine
(cohesive) soils is very high. The number of blghNg) increases approximately in the
range of logarithmic curve, although geotechnicalpprties of penetrated soil in the
geological section changes insignificantly. Thealanmic change results from ability of
fine soils to maintain walls that appear betweemep@tion rods and soil. The appeared
cavity, according to the data analysis results aiamup to 4-5 m, further this cavity re-
duces do to the overburden stress, and soil gigessing the rods. At the same time, the

growing pressure increases friction and reducesgggrieansfer to the cone. According to
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the research results, penetrating in sandy clajteyllsn the depth from 13 to 16 m the
ratio between the number of blows,{) and the number of blowsdN{,*) is ~5, — it
amounts around 80% of the initial energy loss (thenber of blowsN,, increases by
80%) (Fig. 3.3). Such big difference of the numbielblows may crucial influence on the
evaluation of properties of fine soil, thereforalctlating according to the formula (3.1),
it is possible to assess approximately (correlatioefficientR = 0.86) what number of
blows (N»o*) would be if the geostatic pressure or the redlrssistance to penetration
of the driven probe was eliminated.

_ NZO
© 0.59171 ¢ 4830’

(3.1)

20

4. INTERRELATIONS OF PARAMETERS OF DYNAMIC AND CONE PENE-
TRATION TEST

In the process of dynamic penetration test, thexevarious side factors active. The most
effective ones are the lateral friction and gedstatessure and the change of energy
transferred by the sledge-hammer. These three &etprs are related to the depth of
penetrationlf). Relation of the number of blowhl,) with the cone resistancg.] due to
the said factors depends greatly to the penetrdemth ). Wile correlatingN, andq, it
should be considered and then the correlation aisabecomes trinomial. Such correla-
tion is pretty complex, thus its accuracy is oftgrestioned. The use of the ratio of cone
resistance and number of blows)((4.1)) in the correlation analysis facilitatesntthe

light of mathematics as only two parameters arectated.

a, = I‘\:‘l , (4.1)
a,=+C,-h*+C,-h*+C,-h+C,; 4.2)
a,=%C,-h*+C,-h+C,; (4.3)
a,=1C,-h£C,; (4.4)
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a, =a-h™"; (4.5)

a, =a-e’"; (4.6)

a, =+d-In(h)*c; 4.7)

whereC,, C,, C; andC, — trinomial (formula (4.2)), quadratic (formula.3¥ and linear
(formula (4.4)) equation constanesandb — constants of equations (4.5) and (4r6);
exponents of equations (4.5) and (4dgndc — constant of logarithmic equation (4.7);

h — depth where the ratio valug)is searched.

Correlation of light dynamic probing (DPL) and eoprobe (CPT) parameters
expressed through the ratief, ) shows a close and very close relatiBn~(0.9). Inter-
dependence of rates is clearly described in tm@rrial (cubic) regression polynomial
equation (4.2), which commonly works in the depghto 4—-6 m. In further depths, the
ratio value is taken as a constant or its distidouis described as a power equation (4.5).

Constant values of equations (4.2) and (4.3) dapgrah soil are given in Table 4.1.

Table 4.1. Constant values of equations (4.2) 4rR) for different soils when penetrated with DPL

Constants of polynomial equations

(4.2) and (4.3) Coefficient of

Soil type correlation Remarks
< C Cs C, R
GrSa; CSa;
MSa: FSa 0.001 -0.0149 0.0568 0.0199 0.97
) Applicable to 5.0 m of depth.
51a-|s|:c| 0.0042 -0.0439 0.1319 -0.032 0.99 Deeper use:
o, = 005
) Applicable to 6.0 m of depth.
s;g:Si 0.0024  -0.0306  0.1012 0.0333 0.96 Deeper use:ﬁ I
app. = 05614 -h
) Applicable to 4.0 m of depth.
S;“ac'ssl' -0.0024  -0.0063  0.1443 0.74 Deeper use:
opp. = 015-h™
S - . . . . oo, = 006+ 003(004)

Data presented in table valid if the number of [daswrecorded every 20 ciN4) penetration. If number of
blows is recorded every 10 ciNyf) penetration, theapp, values is necessary to multiply from 2.

The polynomial equations (4.2) and (4.3) (Fig. dnt 4.2) of interdependence of

parameters in the case of DPL correlation with @Rdw the statement that penetration
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data is effected by the efficiency of the blow loé sledge-hammer). Interdependence
of the corrected ratiazfp ) and penetration depth)(is described by both linear (coarse

soil) and logarithmic and exponential (fine sodjuations.

7 0,251 : :
8 ] Coarse (uncohesive) soll
0.2 ocooo
& o

0,15

0,1

0,05 1

07\\ww\wwww\wwww\wwww\wwww\wwww
0 1 2 3 4 5

Fig. 4.1. Diagram of data distribution of averagdues of the ratioap,) in coarse soil (samples every 20 cm)

0,12 1

aDPL

0,1 ©oo Sandy sitty clay til (sasisCl)
0,08

0,06 | o

0,04

0,02 |

Fig. 4.2. Diagram of data distribution of averagéues of the ratioogp ) and depthh) in sandy silty clay till

(samples every 20 cm)

Correlation of the parameters of super heavy dynanobe (DPSH-A) and cone
probe shows a close relatidR £ 0.90) between the ratiagpsy.) and penetration depth
(h). Regression equations, which can be used to lesdcratio values, are very different

and depend on grain size distribution and strepgtiperties of soil. Ratio dependence
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on the depth in coarse soils is best describedifsccand quadratic equations (Fig. 4.3),

and in fine soils — power, exponential and loganithequations (Fig. 4.4).

14

125 & Medium coarse sand (MSa) and fine sand (FSa)

QDPSH-A

1* o D o 2 D és)o d)&ooéz?o
0,8
0,6-
0,4-
02" o

Fig. 4.3. Diagram of data distribution of the rafigpsy.» With the polynomial approximating curve (sampfias

each 20 cm of penetration; penetrated in fine aadinom coarse sand)
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Fig. 4.4. Summarized diagram of data distributibthe ratio ¢ppsy-4) (sasiCl till)
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Analyzing penetration data from coarse soils,rét® oppsy.aiS worked out from
the quadratic equation (4.3), when coarse soitasejly and coarse sand, — in such case
the ratio is determined according to the cubic #qng4.2) (working in the depth up to
12 m) and the linear equation (4.4) (working in tlepth from 12 m). Constant values of

these equations are provided in Table 4.2.

Table 4.2. Constant values of equations (4.2)) @n8@ (4.4), when penetrated with DPSH-A probeoarse soils

Constants of polynomial equations -
Coefficient of
Eely (E:5)) Emel () correlation Remarks

G G Cs Cs (R)

Soil type

Applicable only for strata of

siSa - -0.0005 -0.0184 1.0934 0.99 coarse soil, with do not cov-
ered of fine (cohesion) soils

Applicable only for strata of

FSa - -0.0015 0.00194 0.9352 0.93 coarse soil, with do not cov-
Msa . . .

ered of fine (cohesion) soils

. 0.0014  -0.0332 0.20 0.82 Applicable to 12 m of depth
CSa; Grsa i 0028 1.8 0.91 Applicable from 12 m

Coarse and Applicable only for strata of

; . - - -0.015 0.663 0.81 coarse soil, with is covered
fine soil i . .

of fine (cohesion) soils

Data presented in table valid if the number of ldaswecorded every 20 ciN4) penetration.

Table 4.3. Constant and exponential values of émnmt(4.5), (4.6) and (4.7), when penetrated witASBI-A
probe in fine soils
Constant and exponential of equations (4.5), @)  Coefficient

Soil type (€00) i : Remarks
a b c d n correlation
(R)
0.3238 -0.2045 - - - 0.92 g.<1.5 MPa
Till 0.277 - - - -0.63 0.93 156, MPa<2.0
sasiCl 0.4216 - - - -0.6 0.91 2.06, MPa<4.0
0.72 - - - -0.6 0.94 g. > 4.0 MPa
Till 0.4 - - - -0.55 0.80 g.< 3.0 MPa
saclSi 1.0 - - - -0.8 0.80 3.0 ., MPa< 8.0
2.3 - - - -0.8 0.84 g. > 8.0 MPa
0. < 3.0 MPa
12'82050 - - - :gZS 0.60 to 11 m of depth
' ' from 11 m of depth
3.0<q., MPas<5.0
Cclzally E;)i:iGO - - - -1;3322 0.77 to 11 m of depth
' ' from 11 m of depth
g. > 5.0 MPa
206350 - - - 25 0.92 to 11 m of depth
' ' from 11 m of depth
Silt 2.0 - - - -0.9 0. < 10.0 MPa
Si 3.0 - - - -0.9 0.82 10.0 g, MPa<20.0
4.0 - - - -0.9 g. > 20.0 MPa
- - 0.34 -0.09 - 0. < 3.0 MPa
sasiCl - - 0.65 -0.18 - 0.85 3.&q, MPa<5.0
- - 0.97 -0.27 - g.> 5.0 MPa

Data presented in table valid if the number of [daswrecorded every 20 ciN4) penetration.
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Dependence of the ratiagpsy.) and penetration depth)(in cohesive soils is in
many cases described in equations of power fun¢ids) and the exponent (see formula
(4.6)). However, when data is received while peigtg sandy silty clay, the ratio
(oppsh-a 1S determined according to the logarithmic ecquraté.7).

Values of equations (4.5), (4.6) and (4.7) cortstém b, c, d) and the exponent
(n) depend on grain size distribution and strengtthefpenetrated cohesive soil (qn
value). Summarized values of constants and expsme@atgiven in Table 4.3.

While analyzing the data of dynamic penetrations irelevant to know prelimi-
nary geotechnical properties of penetrated soush$nformation enables a more precise

selection of formula constants of ratio calculation

CONCLUSIONS

1. Dynamic penetration is an irreplaceable soil tastitu method when strong or
gravelly, pebbly soil strata need to be penetratetibig depths (up to 30 m) need
to be reached. It is complicated to use this methapeotechnical design and this
could be seen as its disadvantage; therefore datgnamic and cone penetrations
must be interrelated. Interrelations can diffem d@ both direct and indirect,
through parameters of other properties. The glpbadtice does not offer reliable
direct interrelations of DPT and CPT results. Thieserrelations are essential as
provide significantly smaller errors.

2. Analyzing the data of dynamic penetration and enipbp experience of other
countries in this field, it is necessary to tak&iaccount differences between
probe types and their results. To use data coniplatel accurately, coefficients
of interrelation of the number of blows need tadeéermined. During the work, it
was indicated that the value of the coefficientrdaérrelation of the number of
blows is approximately inverse to the value of #pework per blow. It was ob-
served that in fine soils the relative relationfGont increases together with the
increasing quantity of coarse fraction. This vakighe lowest when glaciolacust-
rine sandy silty clay and silty clay is penetra{@dl6), and the highest when
sandy clayey silt till, sandy clay till and claysift till (0.47) is penetrated. A
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similar situation is observed in coarse soils: wkeil gets coarser, the relative
coefficient {3* ») increases. In silty santi, = 0.13, in gravep‘ s = 0.27.

. Having studied the results of dynamic point resistacalculations, it could be
stated that distribution of values is great, andtg of change of statistic rates are
also large. Such unevenness of received resutiaused by use of different cor-
rection coefficients (or their absence), also by@dification of the blow process.
Amount of energy transferred to the cone of thders probably the most impor-
tant parameter required for accurate calculatiogyolt is not possible to evaluate
this with existing formulas as a great number ctdes are active in energy trans-
formation and they distort values of the initiakegy. Provision of the data of dy-
namic penetration test by means of the indirea ratdynamic point resistance
(qg) — is subject to change.

. The results of dynamic penetration test are eftegteatly by side factors: energy
loss, friction of rods to soil and horizontal geadit pressure. Energy volume per
cone, besides equipment peculiarities, depends @fs®oil properties — the
greater soil friction and overburden pressure ¢shiethe greater energy loss is.
Research show that ~12.5% of energy is lost in$miks due to the lateral surface
friction of rods. When the pressure is higher, fitietion is stronger and energy
transfer to the cone is reduced. Following the aggeresults, while penetrating
in fine glacigenic soils in the depth from 13 to 6 energy loss may reach 80%
(the number of blowsl,, increases up to 80%).

. Correlation of light dynamic probing (DPL) and copmbe (CPT) parameters
expressed through the rati@g ) shows a very close relatioR ¢ 0.9). Interde-
pendence of parameters is clearly described intrthemial (cubic) regression
polynomial equation, which commonly works in theptheup to 4-6 m. In further
depths, the ratio value is taken as a constantsatistribution is described as a
power equation.

. Correlation of the rates of super heavy dynamiberd®PSH-A) and cone probe
shows a close relatiolR(~ 0.9) between the ratiafpsy.) and penetration depth
(h). Regression equations, which can be used to lesdcuatio values, are very

different and depend on grain size distribution atndngth properties of soil. Ra-
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tio dependence on the depth in coarse soils isdessiribed in cubic and quad-

ratic equations, and in fine soils — power, exptiaéand logarithmic equations.
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DINAMINIO ZONDAVIMO REZULTAT U IR JUOS ITAKOJAN CIU VEIKSNI U
ANALIZ E BEI SASAJOS SU STATINIU ZONDAVIMU
LIETUVOS GRUNTUOSE

REZIUME

Augant statybos mastams ir statant viseindesnius statinius, kuripamait pa-
grindu kina vis gilesni grunto sluoksniai, reikalingi grditiekonomiski grunto tyrimo
metodai. Atliekant inzinerinius geologinius tyrimpagrindirg informacip apie gruni
savybes duodg@vairis zondavimo metodai. Pasaulyje i§ Bietod; placiausiai atliekant
lauko tyrimus taikomas statinis zondavimas (CP#@ndartinis zondavimas (SPT) ir di-
naminis zondavimas (DPT). Lietuvoje tradiciSkai ggkt inzinerinius geologinius tyri-
mus naudojami statiniai (CPT) ir dinaminiai (DPDnzdai.

Statinis zondavimasetisavo specifikos labiausiai tinka zonduoti palyggipnus
gruntus be zvirgzdo ir gargzdo priemaidr ju sluoksniy. Lietuvoje pamai pagrindu
dazniausiai bna glacigeniniai ir aliuviniai pleistoceno amziaggintai, kury atskim
sluoksny fizikinés ir mechaniés savyls gali labai skirtis. Toks daznai sitithgas geo-
loginis pjavis apsunkina darbus CHfanga, todl reikalingi istirti sluoksniai lieka ne-
zonduoti. Dinaminis zondavimas (DPT) leidzia zordtwrtus gruntus iki 30 m gylio.

Dinaminis zondavimas dazniausiai naudojamas grtiaikinei biklei jvertinti,
tatiau jo duomenys tiesiogiai pamaprojektavime nenaudojami. Pagal Siuo metu esan-
¢ius norminius reikalavimus nepakankamaertinti DPT metu rezultatamsakos turin-
tys energijos nuostolius sukeliantys veiksniai.kBgaai neistirtos DPT ir CPT rodikli
tarpusavio ssajos. Si sasay, ir koreliacinio rySio nustatymas sudaryialankias glygas
tiesiogiai pagal DPT rezultatus projektuoti giliugspamatus.

Sio darbo tikslas - dinaminio zondavimo duom@atikimumojvertinimas, gaut
pradiny rezultaty apdorojimas ir pataisos koeficignbtustatymas,ssaj tarp dinaminio
ir statinio zond rodikliy paieSka bejvertinimas.

Darbo uzdaviniai: iSanalizuoti statinio ir dinangireondavimo metodikas, gau-
nam; duomem panaudojim gruniy savybi; jvertinimui ir vykdant geotechnimrojek-
tavima, nustatyti duomaninterpretacijos problemines vietgsertinti dinaminio zonda-

vimo rodikliy (Ny ir qq) patikimuna, nustatyti ryg tarp skirtingo tipo dinamimi zondy
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smigiu skatiaus (N, ) vegiy ir rasti gsap koeficientus; nustatyti dinaminio zondavimo
duomem patikimumuijtakos turigius veiksniusjvertinti jy itakos mas, rasti korelia-
cinius rysius Lietuvos gruntuose tarp dinaministatinio zondavimo rodikii, jvertinant
Ju ;asajos glaudum

Atlikus dinaminio zondavimo rezultair juosjtakojartiy veiksniy analiz bei %-
sap su statiniu zondavimu nustatgrgautos Sios iSvados:

1. Dinaminis zondavimas yra nepa&emas grunt tyrimo in-situ metodas, kai rei-
kia zonduoti per tvirtus ar zvirgzdingus, gargzdisgyrunto sluoksnius ir pasiekti
didelius (iki 30 m) gylius. Sio metodoakumas — esamas metodikas &indja
panaudoti geotechniniame projektavime. dlodlinaminio ir statinio zondavimo
duomenis btina susieti tarpusavyje.aSajos gali bti jvairios — tiek tiesiogiés,
tiek netiesiogigs, per kitus savyhirodiklius. Pasauligje praktikoje gra pasiily-
ta patikimy DPT ir CPT rodikliy tiesioginiy tarpusavio #saj;.. Sios §sajos yra
esmires, nes duoda gerokai mazesnes paklaidas.

2. Analizuojant dinaminio zondavimo duomenis ir naashbjvairiy Saly patirt Sio-
je srityje, hutina jvertinti skirtumus tarp skirtingzond; tipy ir jy rezultat;. Kad
duomenys bty visisSkai ir tiksliai panaudoti, reikia nustatytnggiu skatiaus a-
sajos koeficientus. Darbo metu buvo nustatyta, ety skatiaus gsajos koe-
ficiento dydis yra apytiksliai atvirk§as savitojo zondavimo darbo dydziui. Nusta-
tyta, kad smulkiuose gruntuose, ¢aht rupiosios frakcijos kiekiui, santykinig-s
sajos koeficientas digh. Maziausias jis ina, kai zonduojamas limnoglacialinis
smelingas dulkingas molis ir dulkingas molis (0,16)ddausias — kai zonduoja-
mas moreninis saélingas molingas dulkis, séhngas molis ir molingas dulkis
(0,47). Rupiuose gruntuose stebima panasi situagijantui rugjant, santykinis
koeficientas £ ») didéja. Dulkingame srlyje ‘A = 0,13, zvyres‘ , = 0,27.

3. ISnagrirgjus dinamirgs kiigio smigos sk&avimo rezultatus galima teigti, kad
gaui veriy iSsibarstymas yra didziulis, statistimodikliy kitimo ribos taip pat
yra dideés. ToK gaut; rezultat; nevienodum lemia skirting; korekcijos koefi-
cienty panaudojimas (arba pyisiSko nebuvimas), taip pat §gio proceso supap-
rastinimas. Energijos kiekis, perduofasondo kigi, yra bene svarbiausias rodik-
lis, reikalingas tiksliangy apskatiuoti. Turimomis formu¢mis to jvertinti nega-

lima, nes energijos perdavime veikia labai daudssrai, kurie iSkraipo pradiss
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suteiktos energijos dydzius. Dinaminio zondavimormen, pateikimas netiesio-
giniu rodikliu — dinamine #&gio smiga ¢y) — yra keistinas.

. Dinaminio zondavimo rezultatus smarkiai veikia §aiai veiksniai: energijos
nuostolis, Stangtrintis | grung ir horizontalus geostatiniségjis. Energijos kiekis,
tenkantis kgiui, bejrangos specifikos, priklauso ir nuo grunto savybi kuo di-
desré grunto trintis ir horizontalus geostatiniegl, tuo energijos nuostoliai di-
déja. Tyrimais nustatyta, kadédStang; Soninio pavirSiaus trinties smulkiuose
gruntuose netenkama ~ 12,5% energijos.¢faitis ségis kartu didina trintir
mazina energijos perdavin kiigi. Pagal tyrimo rezultatus, nuo 13 iki 16 m gylio
zonduojant smulkiuose glacialiniuose gruntuosergjos nuostoliai gali bti iki
80% (smugiy skatius N, padicja iki 80%).

. Lengvojo dinaminio zondo (DPL) ir statinio zondoR© rodikliy, iSreikst; san-
tykiu (appL), tarpusavio koreliacija parédabai glaud (R ~ 0,9) ry$. Rodikliy
tarpusavio priklausomybgeriausiai apraso trinafkubiné) regresig polinomire
lygtis, kuri paprastai galioja iki 4—6 m gylio. @il santykio ve# priimama kon-
stanta arba jos pasiskirstymas aprasomas laipkmtimi.

. Ypa sunkaus dinaminio zondo (DPSH-A) ir statinio zo@®eT) rodikly tarpu-
savio koreliacija parag kad rysys tarp santykioufpsy.4 ir zondavimo gylio i)
yra glaudusR ~ 0,9). Regresis lygtys, pagal kurias galima apskabti santy-
kio vertes, yra lababairios ir priklauso nuo grunto granuliometrinsudties bei
stipruminiy savybi;. Santykio priklausomyb nuo gylio rupiuose gruntuose ge-
riausiai apraso kubés ir kvadratigs lygtys, smulkiuose gruntuose — laipsisin

eksponentiss ir logaritmires lygtys.
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