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General characteristic of the dissertation

Topicality of the problem. Necessary information about soil properties,
which is needed for designers and constructors, is obtained in each construction
site while examining physical and mechanical properties of soils. Soil strength
parameters and using them determined soil bearing resistance usually are
defined with some errors. If we know the reasons of errors, disadvantages of
testing equipment could be eliminated, methodology of data evaluation could
be developed, soil parameters could be determined more precisely and
foundation designed more economically.

At present triaxial and direct shear tests are the most common tests for
determination of soil shear strength parameters in laboratories. Different values
of soil shear strength parameters are determined using laboratory equipment of
various types. Triaxial test is the most widely used method for determination of
soil shear strength parameters. This is one of the most reliable methods to
model stress-strain state of ground. It is assumed that soil sample deforms
uniformly during the triaxial test. But it is not often the case that a sample in
triaxial apparatus deforms uniformly. Questions arise, what is stress-strain
distribution in soil sample, when a load is transmitted in a prescribed way?
What influence does a non-uniformity have on the soil strength parameters and
on foundation size calculated using determined soil strength parameters? Why
sandy soil strength parameters obtained from triaxial test are bigger than the
one’s, obtained from the direct shear test?

According to currently valid geotechnical design standards soil bearing
resistance can be calculated applying partial factors method, or partial
factors method in addition doing the tests, or applying direct informational-
statistic method. Partial factors method doesn‘t assure an equal ground failure
probability. Applying statistic-probabilistic methods, it is possible to design
foundations of a chosen reliability. Lithuania’s design regulations
recommended SECANT method allows to calculate design condition
arguments which makes the highest influence on the uncertainty of margin of
soil bearing resistance. According to this trying to reduce the uncertainties, it is
possible to foresee the directions of further investigations. The investigations
carried out show that the highest influence on the uncertainty of margin of soil
bearing resistance is made by the of angle of internal friction and cohesion.
Therefore, it is essential that these strength parameters should be determined as
precisely as possible. This would enable to achieve the economy of materials
and labour expenditures for the construction of foundations without decreasing
reliability of soil bearing resistance.



Aim of the work — to improve the triaxial compression test of soil for

determination soil strength parameters as precisely as possible and using them
to forecast the soil bearing resistance more reliable.

Tasks of the work. In order to achieve the aim of the work, these tasks

were formulated:

1.

To analyse stress distribution in the soil sample during triaxial test and
influence of sample boundary conditions on the soil strength
parameters.

To prove in experimental way that the horizontal component of stress
in horizontal cross-section in the case of soil axisymmetric test is
distributed non-uniformly.

To analyse theoretically sandy soil sample height/diameter ratio
influence on the soil shear strength in triaxial test.

To investigate experimentally the influences of sample
height/diameter ratio and free horizontal movement of sample base on
the soil shear strength.

To determine the influence of free horizontal movement of sample
base by the numerical modeling method on soil stress-strain
distribution in the sample.

To prove determination of design values of soil strength parameters
applying the probabilistic-statistic method and using them to evaluate
soil strength reliability.

Scientific novelty. Novelty of the work is showed by:

1.

Review of literature suggests that in order to get a more uniform
stress-strain distribution in soil sample during triaxial test, it is
necessary to reduce the sample height/diameter H/D ratio from 2 to 1
and to eliminate friction between the sample ends and the plates. The
results obtained show that the values of the angle of internal friction ¢
and cohesion ¢ of samples with @#0 are increased. For

determination of soil shear strength parameters the decrease of sample
H/D ratio till 1 is recommended only for soils with ¢ =0.

It is experimentally proved that the horizontal component of stress in
case of axisymmetric circular test in the middle of the sample cross-
section is smaller than at the ends of the sample cross-section.

The theoretical analysis has shown that soil shear strength depends on
the height/diameter ratio of the soil sample.



Comparison of test results obtained in triaxial apparatus for dense sand
sample with free horizontal movement of base and for sample with
regular ends shows that shape of graphs &, = f ((51 - (53) are different.

The residual soil shear strength parameters are different for soil
sample with free horizontal movement of sample base and for sample
with regular ends. Mean values of the tangent of angle of internal
friction obtained from values of vertical component of stress, when
axial relative deformation ¢, is equal to 15 % for sample with free

horizontal movement of base are up to 15 % smaller than for sample
with regular ends. Mean values of cohesion are smaller in 42 %.
Foundation width calculated using results of usual triaxial test
according to the residual shear strength parameters are 23 % smaller
than values calculated using results of improved apparatus.

Methodology of research

1.

The literature analysis of stress state in soil sample during the triaxial
compression test and analysis of influence of sample boundary
conditions on soil shear strength parameters.

The experimental research of stress distribution in soil sample during
triaxial test and sample boundaries conditions influence on soil
strength parameters.

A numerical modeling by COSMOS/M programme of influence of
free horizontal movement of sample base on stress-strain distribution
in soil sample during triaxial test.

Determination of the design values of soil shear strength parameters
applying the probabilistic-statistic method and assessment of soil
bearing resistance reliability by solving optimization problem.

Practical value

1.

It was proposed method for reducing restraint effects of sample ends
on soil shear strength testing by improved triaxial apparatus with free
horizontal movement of sample base. It enables to determine soil shear
strength parameters more accurately.

It was proposed method for calculation of argument design values of
soil bearing resistance design condition which would satisfy the design
conditions itself and the probability function of these values would be
at maximum.

It was proposed method for calculation of soil bearing resistance
applying probabilistic-statistic methods without using partials factors.



Defended propositions

1. It was proposed method to sustain experimentally that the horizontal
component of stress in the sample cross-section distribute non-
uniformly in the case of axisymmetric circular test.

2. By using numerical modeling there has been shown that the vertical
component of stress in soil sample with free horizontal movement of
base is different in comparison with the vertical component of stress
for sample with regular ends when the same vertical displacement acts
on top surface of samples.

3. Increased values of soil shear strength parameters are determined by
standard triaxial test. Design values of the tangent of angle of internal
friction obtained from values of vertical component of stress, when
relative axial deformation is equal to 15 % for sample with free
horizontal movement of base are up to 10,8 % smaller than for sample
with regular ends. Design values of cohesion are smaller in 43 %.

4. Reliability of soil bearing resistance is different designing according to
partial factors method because of determined partial factors are used.
Arguments design values of the ultimate limit state of soil bearing
resistance depend on the derivatives of resistance margin according to
each argument and standard deviations of arguments.

5. Tt is advisable to design ground using probabilistic-statistic methods
without applying partial factors method.

The scope of the scientific work. The scientific work consists of the
general characteristic of the dissertation, 5 chapters including general
conclusions and proposal, list of literature, list of author’s publications and
addenda. The scope of the dissertation — 92 pages without addenda, 66 pictures,
14 tables and 2 addenda.

1. Review of methods for determination of soil shear strength parameters

Literature analysis of experiments and numerical modeling shows that
stress-strain distribution in soil sample is not uniform during triaxial test. The
main reasons mentioned in the literature are: not only normal stress on soil
sample surface acts, as usual is assumed, also tangential stress acts; influence of
sample height/diameter ratio; insufficient drainage; membrane effects, etc.
Maybe these reasons decide that values of sandy soil strength parameters,
obtained from triaxial test are higher than the one’s, obtained from the direct
shear test.



Limit states method in the normative documents CHull and EN 1997 is
used for the calculation of foundations. It does not design rational foundations
using partial factors. Normative documents do not present common calculation
method of partial factors. Eurocodes and Lithuania’s design regulations provide
information regarding structure resistance reliability evaluation methods
without use of partial factors. These methods are most generally used for partial
factors calibration or the purposes of comparing construction reliability, these
methods are applied indirectly. According to the currently valid standards soil
bearing resistance can be calculated applying direct informational-statistical
(DIS) method. DIS designing may be carried out using SECANT
method — secant second moments method. This method is applied to design
future members, for assessment of existing members of construction works and
standard calibration. While applying theoretical model of this method, the
uncertainties of all the arguments X, X,,..., X, that influence uncertainty of

margin of resistance Z are taken into account. In addition, errors of models —
AR, AZ for calculation of resistance R and effect of actions £ may also be
evaluated. Margin of resistance is expressed as follows:

Z=R-E+AR+AZ =z(X,,X,,..X,). (1)

DIS method is based on random values functions Z according (1) to the
mean [, probabilistic assessment problem. Limit states probabilistic

calculation is made by solving the following equation system:

Z(qua“Xz""“Xn|A) —fo. =0,

Az(4)
Vi:[Z(HX1,HX2,--~HX11|A)_Z(MX""'MX"+
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where pir o, — the means and the standard deviations of normally
distributed non-correlated random values X,,i=12,...,n; if random values
X, are distributed not according to the normal law, then they are appropriately
normalized; B — reliability index, i.e. parameter of the Laplacian-Gaussian
function ®(B); A4 — parameter of equation (1), e.g. cross-section of structure

element, foundation area, etc, are calculated in the course of designing.

In order to determine which design condition argument makes the highest
influence on the uncertainty of margin of resistance, the importance factor of
argument should be calculated:

Az(A .
oy, :[V)-oxi]z/oﬁ, i=1,2,...,n (4)

1

2. Experimental analysis of soil shear strength parameters
in triaxial test

For experimental approval that soil sample deforms non-uniformly during
the triaxial test, in geotechnical laboratory a device was designed to analyse
the distribution of horizontal component of stress in soil sample. Experimental
findings of dense sand show that horizontal component of stress inside soil
sample is distributed non-uniformly. 55-61 % higher horizontal component of
stress was found in the sides of soil specimen cross-section and smaller was
found in the centre of soil specimen.

Theoretical analysis of influence of sample H/D ratio on soil strength
parameters has been carried out. The results obtained for sandy and clayey soils
when sample height H > D -tan(45°+¢/2) show no influence of the sample

H/D ratio on soil strength parameters. For determination of soil shear strength
parameters the decrease of sample H/D ratio till 1, as recommended in
literature, is recommended only for soils with @ =0. This decrease does not

have influence on clayey soil shear strength parameters.

Investigating dense sands during standard triaxial compression testing,
failure plane forms up and separate parts of sample situated on the opposite
sides of the plane are moving not only in vertical, but also in horizontal
directions. Friction between the ends of sample and plates is resisting to
horizontal displacements. Not only normal but also tangential stress on the ends
of sample will act. Therefore, for calculation of shear strength design
parameters it should be evaluated. If horizontal displacement of sample ends is



restricted higher values of vertical stress will be required to move soil sample
parts respectively each other in comparison with non restricted displacements
of ends.

In order to determine experimentally what influence of sample ends
restraint makes on soil shear strength parameters, triaxial test apparatus has
been improved (Fig 1), experiments have been carried out and influence of
obtained results on soil bearing resistance have been evaluated. The friction
between the sample ends and the plates was eliminated by allowing the sample
base to move freely in the horizontal direction.

In the geotechnical laboratory, consolidated-drained triaxial tests on
poorly-graded sand with fine (SP-SM) have been carried out. Samples with
ratio H/D = 2 and H/D = 1 were used for experiments. Samples of 6 % water
content have been prepared by compacting. Dense and loose samples properties
were: density p = 1,871 gr/em’, void ratio of e=0,51 and p=1,610
gr/cm’, e = 0,74. The samples of the same density under the same cell pressure
have been sheared at least three times. Conditions of sample boundaries: in the
first case, when the sample top cap can rotate, and the friction between the
sample ends and the plates is not eliminated (regular ends) (Fig la); in the
second case, when the sample top cap can rotate, and the friction between the
sample base and plate is eliminated (free horizontal movement of sample base)
(Figs 1b, 2, 3).

Fig 1. Triaxial samples: a) with regular ends (standard apparatus); b) with free
horizontal movement of sample base (improved apparatus): 1 —rod; 2 — cap;
3 —soil sample; 4 — latex membrane; 5 — pedestal; 6 — porous stone;

7 — thrust bearing; 8 — stainless steel plates
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Fig 2. Stress-strain obtained in triaxial Fig 3. Triaxial test sample with free
compression test on sand sample, which horizontal movement of sample base
ratio H/D = 2

Comparison of test results obtained in triaxial apparatus for dense sand
sample with free horizontal movement of base and for sample with regular ends
shows that shape of graphs g, = f (G] —(53) are different (Fig 2). Values of
vertical component of stress vary evenly till it research relative axial strain
€, = 3 %. In the first case of sample with regular ends, when the failure plane
begins develop, vertical component of stress decreases evenly as the axial strain
increases. In the second case of free horizontal movement of sample base, when
the axial strain of 4—5 % is achieved, a significant vertical component of stress
decrease is observed, then the curve declines very insignificantly, it remains
stable. In this case vertical component of stress in the bottom of sample is up to
10 % smaller in comparison with vertical stress for sample with regular ends
when relative axial deformation ¢, is equal to 15 %.

Mean values of soil shear strength parameters (Table 1) were calculated by
means of methods provided in design regulations. Mean values of the tangent
of angle of internal friction obtained from maximum values of vertical stress
o, (peak angle of internal friction) in both cases differs insignificantly.
Difference is no higher than 5 %. Mean values of the tangent of angle of
internal friction obtained from values of vertical component of stress, when g,
is equal to 15 % (residual angle of internal friction) for sample with free
horizontal movement of base are up to 15 % smaller than for sample with
regular ends. Mean values of cohesion obtained from maximum values of
vertical stress 6, (peak cohesion) are smaller in 31 %, when ¢, is equal to 15

% (residual cohesion) are smaller in 42 %.



Table 1. Mean values of soil shear strength parameters

Porisity
atel d Soil shear strength | Standart | Improved
/D parameters apparatus | apparatus
ratio
o 36,6 38,0
Peak Q, B B
e=051 e o kPa | 309 214
H/D=2 , o 33,6 31,0
9 ; ;
Residual =5 T 178 10,3
Peak 0,° 42,7 434
e=051 R B
H/D=1 ; @, ° s ,
Residual =2 5 176 114
e=0,74 . o 26,8 28,3
s Residual Q, > s
HD=2 | NN T e | 177 11,4
e=0,74 . o 31,7 32,03
> Residual P > >
H/D=1 e kPa | 17,0 156

Free horizontal movement of soil sample base does not have influence on
dense sand samples, which H/D = 1, and loose sand samples, which H/D = 2
and H/D = 1, strength parameters. H/D ratio of sample has influence on dense
and loose sand strength parameters. The sandy soil potential failure plane is

45° + (p/2. If the sample H/D ratio equal to 1, soil sample is sheared at other

angle, thus obtained values of o, ¢, c are increased.

3. Numerical modeling of stress-strain distribution in soil sample during
triaxial test

A numerical modelling was carried out by COSMOS/M programme which
analyses stress-strain distribution in soil sample during triaxial test. Drucker-
Prager model was used to simulate the behaviour of sand performing nonlinear
analysis. Different parameters of soil were used for the sand specimen and for
the failure plane. The parameters for the specimen: elasticity modulus —
50 MPa, mass density — 1,80 Mg/mS, Poisson’s ratio — 0,3, the cohesion —
25,97 kPa, the angle of internal friction — 37,9°; the parameters for the failure
plane: elasticity modulus — 30 MPa, mass density — 1,67 Mg/mS, Poisson’s
ratio — 0,45, the cohesion — 17,04 kPa, the angle of internal friction —
30,0°. The triaxial sample, 0,05 m in diameter and 0,10 m in height, was
discretised into 4-node tetrahedral solid elements. Only three translational
degrees of freedom are considered per node. Two principal diagrams were



designed: a) in the first case when the sample top cap can rotate, and the
friction between the sample ends and the plates is not eliminated (regular ends).

Displacement u, =const uniformly vertically acts on the top surface of the

model and pressure p = const acts on all surface of the model; b) in the second
case when the sample top cap can rotate, and the friction between the sample
ends and plates is eliminated. The friction is eliminated by allowing the sample
base to move in the horizontal direction. Displacement u, = const uniformly

vertically acts on the top surface of the model and pressure p = const acts on

all surface of the model.

As a result of analysis it was determined that, taking into account changed
soil properties in the failure plane (area) and restriction of a sample ends
horizontal movement, tangential stress in the sample-plate plane develops. Such
tangential stress does not allow horizontal movement of sample ends.
Modeling stress-strain distribution in sample with free horizontal movement
of base, horizontal displacement of sample base was received. In this case
vertical component of stress in the bottom of sample is up to 10 % smaller in
comparison with vertical component of stress for sample with regular ends.
Similar results have been obtained from experimentally tests in triaxial
compression apparatus.

4. Assessment of reliability of soil strength parameters and
soil bearing resistance

Design values of dense sand, which ratio H/D = 2, shear strength
parameters were calculated by means of methods provided in Eurocode. Design
values of the residual angle of internal friction obtained for sample with free
horizontal movement of base are up to 10,8 % smaller than for sample with
regular ends. Design values of the residual cohesion are lower in 43 %.

Design values determined using EN 1997 are not the most probable.
Method was proposed to calculate arguments design values of the design
condition which would satisfy the design condition z;, = 0 itself and the
probability function of these values would be at maximum. Optimization
problem according to the first order reliability method (FORM) is expressed as
follows:

f(x),x5,..x,) = max

Zd :gi(xld,.de,...xnd):O, (5)



where f(x,,x,,...x,)— the probability density function of limit state arguments;
8 (X145 %545--X,,4) — design condition.

Foundation width B has been calculated by recommendations of Eurocode
according to the results of standard triaxial apparatus using the peak values and
residual values of shear strength parameters. Values of B are respectively 4 %
and 23 % smaller than B values calculated using the results of improved triaxial
apparatus (Fig 4).

500 1,99
, 1,53
1,75 ’
1,50 1,25
o 125 1,20 5
S 1,00
2 075
0,50 —
0,25
0,00
regular ends free horizontal
movement of sample
base

M according to peak shear strength
Oaccording to residual shear strength

Fig 4. Values of foundation width B

Reliability index of soil bearing resistance designed according to EN 1997
and arguments values Gy, Qg+ tan s, cg+ By at design point have been
calculated using the FORM method. It is accepted that permanent action G,
variable action Q, soil strength parameters tane, ¢ and foundation width B are
random values whereas other arguments are known without deviations.
Standard deviations are established according to the published findings.

It was determined that values of arguments Gy, Qg+ tan g, ¢z By« at

design point are different from design values G, O, tan 4 cq B, determined
according to Eurocode. G+, Q4 cy+values are smaller, while tan 4+, By« values

are obtained higher than the design ones determined according to the design
regulations. Values Gy« Qg+ tan@ 4, cq+ By« at design point satisfy the design
condition, their probability density function at this point has the highest value,
while the value of reliability index obtained is the smallest.

Calculations demonstrate that reliability index B for soil sample with free
horizontal movement of sample base is higher than that of sample with regular
ends. tane of the latter samples is higher, thus the obtained foundation width B

and reliability index [} are smaller. In samples with free horizontal movement

tan @



of base, tanep decreases because friction between sample base and plates is

eliminated, but B increases. Hence, foundation width calculated according to
the results of standard triaxial tests is smaller than calculated according to soil
strength parameters determined in the improved triaxial test apparatus.
Importance factors of argument G, Q, tane, ¢, B have been calculated
according to formula (4). These importance factors demonstrate influence of
soil bearing resistance design condition arguments on the uncertainty of margin
of soil bearing resistance. Uncertainty of margin of bearing resistance is the
most significantly influenced by the angle of internal friction and
cohesion (Fig5), therefore, it is essential that these shear strength

0,7

0,614
0,6 ]
0,5
= 04 0,348
I —
03
0,2
0,1
0,005 0,009 0,023
0 = —/
G Q tan ¢ c B

Fig 5. Influence of design condition arguments on the uncertainty
of the margin of soil bearing resistance

parameters should be determined more precisely. This would enable to achieve
the economy of materials and labour expenditures for the construction of
foundations, without decreasing reliability of foundations.

5. General conclusions and proposal

1. Axisymmetric circular tests findings of dense sand show that horizontal
component of stress inside soil sample is distributed non-uniformly.
55-61 % higher horizontal component of stress was found in the sides of
soil specimen cross-section and smaller was found in the centre of soil
specimen.

2. It was suggested method for reducing restraint effects of sample ends on soil
shear strength testing by improving triaxial test apparatus with free
horizontal movement of sample base.

3. Comparison of test results obtained in triaxial apparatus for dense sand
sample with free horizontal movement of base and for sample with regular



ends (standard triaxial compression testing) shows that shape of graphs
e, = f(o, —o,) are different,

Design values of the residual angle of internal friction obtained for sample
with free horizontal movement of base are up to 10,8 % smaller than values
for sample with regular ends. Design values of the residual cohesion are
smaller in 43 %. It explains proposition given in literature that sandy soil
strength parameters obtained from triaxial test are higher than parameters,
obtained from the direct shear test.

. Foundation width was calculated using results obtained from standard

triaxial test according the residual values of soil shear strength parameters
are 23 % smaller than foundation width calculated using improved
apparatus results.

. Applying statistic-probabilistic methods it was determined that uncertainty

of ground ultimate limit state design condition is the most significantly
influenced by the angle of internal friction and cohesion. Therefore, soil
strength parameters determination methods should be improved intending to
correct soil ground calculation methods.
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GRUNTO STIPRUMINIU IR DEFORMACINIU SAVYBIU TYRIMAS
TRIASIO SLEGIO APARATE BEI JU TIKIMYBINIS VERTINIMAS

Mokslo problemos aktualumas. Projektuojant ir statant jvairius
pramoninius ir civilinius pastatus, visada reikalingi duomenys, kurie apibidinty
grunty, sudaranciy pastaty pagrindus, fizines ir mechanines savybes. Tokia
projektuotojams ir statybos specialistams biitina informacija gaunama tiriant
grunty fizines, mechanines savybes kiekvienoje statyby aiksteléje. Siy savybiy
rodikliai ir pagal juos apskaiCiuotas pagrindo stiprumas nustatomi su tam
tikromis paklaidomis. Atskleidus ty paklaidy priezastis, Salinami tyrimo
prietaisy trikumai, tobulinami tyrimo duomeny apdorojimo metodai, tiksliau
nustatomi grunto stiprumo rodikliai, ekonomiskiau projektuojami pamatai.

Siuo metu grunto kerpamojo stiprumo rodikliai daZniausiai nustatomi
laboratorijose triasio slégio ir tiesioginio kirpimo aparatais. Siu savybiy
rodikliai nustatyti jvairiy konstrukciju prietaisais gaunami skirtingi. Grunto
itempimy ir deformacijy buvis grunto pagrinde geriau modeliuojamas triasio
slégio aparatu nei tiesioginio kirpimo aparatu, todél triasio slégio aparatas Siuo



metu yra placiai naudojamas pasaulyje nustatant grunto kerpamojo stiprumo
savybiy rodiklius. Daroma prielaida, kad bandinys triasio bandymo metu
deformuojasi vienodai. Sis teiginys yra pagrindiné triasio bandymo idéja.
Taciau dazniausiai bandinys deformuojasi nevienodai dél grunto bandinio galy
suvarzymo, bandinio auks¢io, nepakankamo drenavimo, guminés membranos
poveikio, jo savojo svorio ir kt. Apzvelgtoje literatliroje pazymima, kad
smélinio grunto stiprumo rodikliy reikSmés nustatytos triasio slégio aparatu
gaunamos didesnés, nei nustatytos tiesioginio kirpimo aparatu. Kyla klausimas,
dél kokiy priezas¢iu grunto kerpamojo stiprumo rodikliai nustatyti triaSio slégio
aparatais yra didesni nei nustatyti tiesioginio kirpimo aparatais. Koks itempimy
ir deformacijy biivis yra grunto bandinyje, kai jam apkrova perduodama triasio
slégio aparate numatytu biidu? Kokia jtaka turi prietaiso konstrukcija grunto
stiprumo savybiy rodikliams ir pagal Siuos rodiklius apskaiciuotiems pamato
matmenims?

Pagal geotechninio projektavimo norminius dokumentus pamato
pagrindas gali biiti skaiiuojamas taikant arba daliniy koeficienty metoda, arba
daliniy koeficienty metoda kartu atlickant bandymus, arba taikant tiesiogini
informacinj-statistinj metoda. Daliniy koeficienty metodas neuztikrina vienodos
grunto pagrindo suirimo tikimybeés. Taikant tikimybinius-statistinius metodus
galima projektuoti pasirinkto patikimumo grunto pagrindus ir pamatus.
Statybos techniniame reglamente jau pateikiama informacija apie konstrukciju
stiprio patikimumo jvertinimo metodus (EN rekomenduojamas FORM
metodas — pirmos eilés patikimumo metodas, STR pateiktas SECANT
metodas — kirstinés antryjy momenty metodas). STR pateiktas metodas leidzia
pilniau panaudoti turima informacija apie apkrovas ir medziagas, nustatyti
pagrindo stiprumo patikimumo rodiklj ir kurio projektavimo salygy argumento
itaka pagrindo stiprumo atsargos neapibréztumui yra didziausia. Pagal tai,
siekiant sumazinti neapibréztumus, galima numatyti tolesniy tyrimy kryptis.
Atlikti tyrimai rodo, kad pagrindo stiprumo atsargos neapibréztumui didziausia
itaka turi vidings trinties kampas ir sankiba, todél reikia tiksliau nustatyti $iuos
stiprumo rodiklius. Taip bty galima sumazinti medziagy ir darbo sanaudas,
reikalingas pastaty pamaty statybai nesumazinus pagrindo stiprumo
patikimumo.

Darbo tikslas — tobulinti grunto tyrima triasio slégio aparatu, kad bty
galima tiksliau nustatyti grunto savybiu rodiklius ir pagal juos patikimiau
prognozuoti pagrindo laikymo galia.



Pagrindiniai darbo uZdaviniai. Darbo tikslui pasiekti buvo suformuluoti

Sie uzdaviniai:

1.

2.

ISanalizuoti triaSio slégio aparato jtempimy btivi grunto bandinyje ir
bandinio krastiniy salygu itaka grunto stiprumo rodikliams.
Eksperimentiniu  blidu patvirtinti arba paneigti, kad jtempiy
horizontalioji komponenté horizontaliame pjlvyje aSiai simetrinio
bandymo atveju pasiskirsto nevienodai.

Teoriskai iSanalizuoti triasio slégio bandinio auks$Cio ir skersmens
santykio itaka smélinio grunto kerpamajam stiprumui.
Eksperimentiskai iStirti bandinio auks¢io ir skersmens santykio bei
paslankios atramos jtaka grunto kerpamajam stiprumui.

Skaitinio modeliavimo metodu nustatyti paslankios atramos itaka
itempimy ir deformacijy pasiskirstymui bandinyje.
Pagristi grunto kerpamojo stiprumo rodikliy skaiCiuotiniy reikSmiy
nustatyma tikimybiniu-statistiniu metodu ir jvertinti pagrindo,
apskai¢iuoto naudojant $ias reikSmes, stiprumo patikimuma.

Mokslinis naujumas

1.

TriaSio slégio aparato bandinyje vienodesniems jtempimams gauti
apzvelgtoje literatiroje sitloma naudoti bandini, kurio aukscio ir
skersmens santykis H/D = 1, ir eliminuoti bandinio galy ir Stampy
trinti. Tokiu atveju gruntams, kuriy vidinés trinties kampas ¢ # 0,

gaunamos didesnés vidinés trinties kampo ¢ ir sankibos ¢ reikSmés.

Nustatant grunto kerpamojo stiprumo rodiklius, galima tirti bandinius,
kuriy H/D = 1, tik grunty, kuriy ¢ =0.

Eksperimentiskai patvirtinta, kad jtempiy horizontalioji komponenté
aSiai simetrinio bandymo atveju bandinio skerspjiivio viduryje yra
mazesné nei ties bandinio skerspjiivio krastais.
TeoriSkai pagrista triasio slégio bandinio auk$¢io ir skersmens
santykio itaka grunto kerpamajam stiprumui.
Tiriant tankius smélius standartiniame triaSio slégio aparate ir
modernizuotame aparate, kuriame yra nevarzomi bandinio apacios
horizontalieji poslinkiai, deformacijy priklausomybé nuo itempiy
€1 = flo; — 03) kreivés pobuidis gaunamas skirtingas.
Nustatyta, kad bandiniams, su paslankia ir nepaslankia atramomis
grunto liekamosios kerpamojo stiprio reikSmés yra skirtingos. Pagal
lickamaji kerpamaji stipri apskaiCiuotos vidinés trinties kampo
tangento vidutinés reik§més bandiniams, su nepaslankia atrama gautos
15 % didesnés negu nustatytos bandiniams, su paslankia atrama, o
sankibos reik§més atitinkamai didesnés 42 %.



Pagal grunto liekamojo kerpamojo stiprio rodiklius, nustatytus
standartiniu triaSio slégio aparatu, apskaiCiuotas pamato plotis B
gautas 23 % mazesnis negu apskaiCiuotas pagal grunto tyrimo
modernizuotu triasio slégio aparatu duomenis.

Tyrimy metodika

1.

2.

Itempimu biivio triaSio slégio aparato grunto bandinyje, bandinio
krastiniu salygy itakos grunto stiprio rodikliams literatiiros analizé.
Itempimu pasiskirstymo triaSio slégio aparato grunto bandinyje ir
krastiniy salyguy itakos grunto savybiy rodikliams eksperimentinis
tyrimas.

Paslankios atramos itakos itempimy ir deformacijy buivio triaSio slégio
aparato bandinyje skaitinis modeliavimas baigtiniy elementy
programiniu paketu COSMOS/M.

Grunto kerpamojo stiprio rodikliy skai€iuotiniy reik§miy nustatymas
tikimybiniu-statistiniu metodu ir pagrindo stiprio patikimumo
ivertinimas taikant optimizacijos metodus.

Praktiné verté

1.

Pasitlyta jrengti paslankia atrama triaSio slégio aparate, siekiant
sumazinti bandinio galy horizontaliy poslinkiy suvarzymo itaka grunto
kerpamajam stiprumui ir tokiu biuidu tiksliau nustatyti kerpamojo
stiprumo rodiklius.

Pasitilytas metodas pagrindo stiprio projektavimo salygos argumenty
skaiCiuotines reikSmes nustatyti taip, kad jos tenkinty projektavimo
salyga, o Sios salygos argumenty tikimybés tankio funkcija turéty
didziausia reikSme.

Pasiiilyta pagrindo skai¢iavimui naudoti tikimybinij-statistini metoda
netaikant daliniy koeficienty.

Ginamieji teiginiai

1.

Pasitllytas metodas, kuris leidzia eksperimentiniu biidu patvirtinti
hipotezg, kad itempiy horizontalioji komponenté horizontaliame
pjuvyje asiai simetrinio bandymo atveju pasiskirsto nevienodai.
Skaitinio modeliavimo duomenys rodo, kad esant vienodam bandinio
virSaus vertikaliam poslinkiui, vertikalioji itempiy komponenté yra
skirtinga tiriant bandinius su paslankia ir nepaslankia atramomis
triasio slégio aparate.

Iprastos konstrukcijos triasio slégio aparatu gaunamos padidintos
grunto kerpamojo stiprio rodikliy reik§meés. Liekamosios vidinés
trinties kampo tangento skaiCiuotinés reikSmés gautos 10,8 %



didesnés, negu nustatytos pagal tyrimo modernizuotu aparatu
duomenis. Liekamosios sankibos skaiciuotinés reikSmeés atitinkamai
didesnés 43 %.

4. Pagrindo, suprojektuoto naudojant daliniy koeficienty metoda,
stiprumo patikimumai yra nevienodi, kadangi grunto rodikliy
skaiCiuotiniy reikSmiy nustatymui naudojami determinuoti daliniai
koeficientai y,,. Pagrindo saugos ribinio biivio salygos argumenty

skai¢iuotinés reikSmés priklauso nuo stiprumo atsargos daliniy
iSvestiniy pagal kiekviena argumenta ir to argumento vidutinio
kvadratinio nuokrypio.

5. Pamato pagrindui projektuoti tikslinga naudoti tikimybinius-
statistinius metodus netaikant daliniy koeficientu.

Darbo apimtis. Disertacija sudaro jvadas, 5 pagrindiniai skyriai,
paskutinysis skyrius — darbo rezultaty apibendrinimas ir sitilymas, literatiiros
saraSas, publikaciju saraSas ir priedai. Disertacijos apimtis — 92 puslapiai, be
priedu, 66 paveikslai, 14 lenteliy ir 2 priedai.

Pirmajame skyriuje analizuota uzsienio mokslininky patirtis nagrinéjant
svarbiausius veiksnius, darancius jtaka tiesioginio kirpimo ir triasio slégio
aparaty bandiniy jtempimy biiviui.

Antrajame skyriuje pateiktas biidas jrodyti, kad itempiy horizontaliosios
komponentés horizontaliame pjiivyje aSiai simetrinio bandymo atveju
pasiskirstymas nevienodas. Sis teiginys patvirtintas eksperimentiskai.

Atlikta teoriné analiz¢ ir eksperimentiniai tyrimai, kad bttty galima jvertinti
triasio slégio smélinio grunto bandinio auks¢io ir skersmens santykio itaka
grunto kerpamajam stiprumui.

Atlikti triaSio slégio bandinio atramy horizontaliyjy poslinkiy suvarzymo
itakos grunto kerpamajam stiprumui tyrimai.

Treciajame skyriuje skaitinio modeliavimo metodu naudojant baigtiniy
elementy programini paketa COSMOS/M, istirta paslankios atramos jtaka
itempimy ir deformacijy pasiskirstymui grunto bandinyje.

Ketvirtajame skyriuje nustatytos labiausiai tikétinos skaiciuotinés reik§més
tenkinancios pagrindo saugos ribinio biivio projektavimo salyga z,; =0. Jos
nustatytos sprendziant optimizacijos uzdavini: apskaiciuoti pagrindo saugos
ribinio biivio projektavimo salygos argumenty tikimybés tankio funkcijos
maksimuma, kartu tenkinant pagrindo projektavimo saugos ribinio bivio
salyga.

Penktajame disertacijos skyriuje pateikta darbo rezultaty apibendrinimas ir
sitilymai.



Darbo rezultaty apibendrinimas ir siiilymas

1. Atlikus aSiai simetrinio bandymo tyrimus nustatyta, kad tankiy sméliy
itempiy horizontalioji komponenté horizontaliame bandinio skerspjivyje
pasiskirsto nevienodai. 55-61 % didesnés $iy itempiy reik§més gaunamos
ties grunto bandinio skerspjiivio krastais nei bandinio viduryje.

2. TriaSio slégio aparate pasiiilyta jrengti paslankia atrama tarp grunto
bandinio apacios ir Stampo, kuri sumazina bandinio ir Stampo trinties itaka
grunto kerpamajam stiprumui.

3. Tiriant tankius smélinius gruntus, kuriy bandinio auksCio ir skersmens
santykis H/D = 2, standartiniu ir modernizuotu triasio slégio aparatais,
deformacijy priklausomybés nuo itempimy €; = f{c; — o3) kreivés pobiidis
yra skirtingas.

4. Tankiy sméliy, kuriy H/D = 2, lickamosios vidinés trinties kampo tangento
skaiciuotinés reikSmes, apskaiciuotos pagal Eurokoda 7 tiriant standartiniu
aparatu, gautos 10,8 % didesnés negu nustatytos pagal tyrimo
modernizuotu aparatu duomenis, o liekamosios sankibos skaiCiuotinés
reik§més atitinkamai didesnés 43 %. Tai paaiskina apzvelgtoje literatiiroje
pateikta teigini, kad grunto kerpamojo stiprio rodikliy reikSmés, nustatytos
triaSio slégio aparatu, gaunamos didesnés, nei nustatytos tiesioginio
kirpimo aparatu.

5. Pagal grunto lickamojo kerpamojo stiprio rodiklius, nustatytus standartiniu
triasio slégio aparatu, apskaiCiuotas pamato plotis gautas 23 % maZesnis
negu apskaiciuotas pagal grunto tyrimo modernizuotu triaSio slégio aparatu
duomenis.

6. Taikant tikimybinius-statistinius metodus nustatyta, kad pagrindo saugos
ribinio buvio salygos neapibréztumui didziausia itaka turi vidinés trinties
kampo tangentas ir sankiba. Todél tobulinant pagrindo skaic¢iavimo
metodus, pirmiausia reikia tikslinti §iy rodikliy nustatymo buidus.
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